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Abstract

Pharmacology is a fundamental discipline in medical science that studies the
interactions between drugs and biological systems. This article explores the core
principles of pharmacological mechanisms, including pharmacokinetics and
pharmacodynamics. Special emphasis is placed on how drugs are absorbed, distributed,
metabolized, and excreted, as well as their effects at the cellular and receptor levels.
Understanding these mechanisms is essential for rational drug use, minimizing adverse
effects, and optimizing therapeutic outcomes. This paper follows the IMRAD structure
to provide a comprehensive scientific overview.
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Introduction

Pharmacology plays a central role in modern medicine, providing the scientific
basis for the safe and effective use of medications. Drugs exert their effects by
interacting with biological targets such as receptors, enzymes, ion channels, and

transport proteins.

According to the World Health Organization, rational use of medicines is
essential to reduce morbidity and mortality worldwide. However, improper drug use
remains a significant challenge, leading to adverse drug reactions and therapeutic
failure.

This article aims to explain the fundamental pharmacological mechanisms of
drug action, focusing on pharmacokinetics (what the body does to the drug) and
pharmacodynamics (what the drug does to the body).

Materials and Methods
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This study is a narrative literature review based on peer-reviewed articles,
pharmacology textbooks, and clinical guidelines.
Methodological approach includes:
« Analysis of pharmacokinetic processes (ADME)
« Evaluation of pharmacodynamic models (dose-response relationships)
« Review of receptor theory and drug interactions
« Integration of schematic diagrams for conceptual clarity
Databases used include PubMed, Scopus, and Google Scholar. No experimental
or clinical trials were conducted.

Results
1. Pharmacokinetics (ADME)
Pharmacokinetics describes how the body processes a drug:
o Absorption — movement of drug from administration site into bloodstream
« Distribution — transport of drug to tissues and organs
o Metabolism — chemical transformation, mainly in the liver (e.g., cytochrome
P450 system)
« Excretion — elimination via kidneys or bile
These processes determine drug concentration in plasma and therapeutic
effectiveness.

2. Pharmacodynamics
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Pharmacodynamics explains the biological effects of drugs:

« Receptor binding — drugs interact with specific receptors

« Agonists — activate receptors to produce a response

« Antagonists — block receptor activity

« Dose-response relationship — determines drug potency and efficacy
Key concepts:

« Emax — maximum effect achievable

« ECS50 — concentration producing 50% of maximum effect

3. Mechanisms of Drug Action
Drugs can act through different mechanisms:
« Enzyme inhibition (e.g., ACE inhibitors)
o Ion channel modulation (e.g., calcium channel blockers)
« Receptor activation/blockade (e.g., beta-agonists)
« Alteration of gene expression

Discussion
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Understanding pharmacological mechanisms is crucial for clinical decision-
making. Variability in drug response can occur due to genetic factors, age, liver and
kidney function, and drug interactions.

Modern pharmacology is moving toward personalized medicine, where
treatments are tailored based on individual genetic profiles. Pharmacogenomics helps
predict drug response and minimize adverse effects.

Challenges include:

o Drug resistance
o Adverse drug reactions
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« Polypharmacy in elderly patients

Advancements in biotechnology and artificial intelligence are expected to
revolutionize drug development and therapy optimization.

Conclusion

Pharmacological mechanisms of drug action involve complex interactions
between drugs and biological systems. Pharmacokinetics and pharmacodynamics
together determine the onset, intensity, and duration of drug effects.

A thorough understanding of these principles enables healthcare professionals to
use medications safely and effectively. Continued research is essential to improve
therapeutic strategies and reduce drug-related risks.
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