Basic Concept of Pharmacodynamics

Pharmacodynamics is the study of how drugs affect the body. It explores the
relationship between the dose of a drug and the biological response it produces. In
simple terms, pharmacodynamics answers questions like: What does the drug do to

the body? How does it produce its effects?

PHARMACODYNAMICS,

C T
MECHANISMS & EFFECTS of MEDICATIONS
(what medications do & how)

While pharmacokinetics focuses on how the body handles a drug (absorption,
distribution, metabolism, and excretion), pharmacodynamics focuses on how the
drug acts at its target sites and how these actions translate into therapeutic or toxic

effects.

Understanding pharmacodynamics is crucial for clinicians and pharmacists to

predict drug actions, determine appropriate dosing, and minimize side effects.

Mechanism of Drug Action

Drugs exert their effects by interacting with specific molecular targets in the
body. These targets include receptors, enzymes, ion channels, and transporters.
Among these, receptors are the most important for explaining drug actions at a basic

level.
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Agonists: These drugs bind to receptors and activate them, producing a
biological response similar to the body’s own chemical messenger. For
example, adrenaline is an agonist that activates receptors in the heart,

increasing heart rate.

Antagonists: These drugs bind to receptors but do not activate them.
Instead, they block the receptor and prevent a response. An example is

propranolol, which blocks certain heart receptors to lower heart rate.
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Two key properties define drug-receptor interactions:

o Affinity: the strength with which a drug binds to its receptor.
e Efficacy: the ability of a drug to produce a maximum biological effect once it

is bound.
Dose-Response Relationship

The effect of a drug usually depends on its concentration at the target site.
This is described by the dose-response relationship, which is important for

determining both the optimal and safe doses of a drug.
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1. Graded Dose-Response

Graded dose—response curves show the change in effect of a drugin a

single individual as the dose increases. From this curve, we can determine:

e The minimum effective dose — the smallest dose that produces a
measurable effect.

e The maximum response — the greatest effect the drug can produce.

e The half-maximal dose (ED50) — the dose that produces 50% of the

maximum effect.
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2. Quantal Dose-Response

Quantal dose-response curves summarize the responses of a

population of individuals to a drug. They help determine:

e Effective dose (ED50) for 50% of the population
e Toxic dose (TD50) for 50% of the population
e Lethal dose (LD50) for 50% of the population (mostly in experimental

settings)
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Two important terms are used to describe drug effects: potency and efficacy.

Potency refers to the amount of drug required to produce a specific effect. A

more potent drug achieves the same effect at a lower dose.

Efficacy refers to the maximum effect a drug can produce, regardless of the

dose.
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It is important to note that a drug can be highly potent but have low efficacy, or vice
versa. Efficacy is more clinically relevant because it determines the greatest possible

therapeutic effect.
Therapeutic Window

The therapeutic window (or therapeutic index) is the range of drug doses that

produces the desired effect without causing significant harm.

o Lower limit: the minimum dose required for a therapeutic effect.

e Upper limit: the dose beyond which the drug may cause toxicity.

Drugs with a wide therapeutic window are safer, while those with a narrow

window require careful monitoring.
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Types of Drug Action

Drugs can act in different ways to modify the functions of the body. These actions

are often categorized as follows:

1. Stimulation: Drugs that increase the activity of cells or organs. For
example, certain heart medications increase heart rate.

2. Depression: Drugs that reduce the activity of cells or organs. Sedatives
are an example.

3. lrritation: Drugs that produce local non-specific effects, usually
undesirable, such as certain topical agents.

4. Replacement: Drugs that supply substances the body lacks, such as
insulin for diabetes.

5. Cytotoxic action: Drugs that destroy harmful cells, such as

chemotherapy agents.

Factors Affecting Drug Response

Drug response can vary among individuals. Some of the major factors include:

1. Age: Children and the elderly may respond differently to the same dose.

2. Genetics: Inherited differences in metabolism or receptor sensitivity can
alter drug effects.

3. Disease conditions: Liver, kidney, or heart problems can modify drug
action.

4. Drug interactions: Other medicines may increase or decrease the effect.

5. Tolerance: Repeated use of some drugs can reduce their effects over

time.

In short Pharmacodynamics provides a framework to understand how drugs work,

how their doses relate to effects, and how safe they are. It includes:

1. Mechanisms of action at 2. Drug-receptor interactions
target sites
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3. Dose-response 6. Types of drug actions
relationships 7. Factors affecting drug

4. Potency and efficacy response
5. Therapeutic windows and
drug safety

By studying pharmacodynamics, healthcare professionals can predict
therapeutic outcomes, minimize adverse effects, and select the most appropriate

drug for a patient.
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