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1. Drug
A drug is a natural or synthetic substance that produces a physiological or biochemical effect when introduced into the body.
Functions of drugs
· Prevention of diseases
· Diagnosis of diseases
· Treatment of diseases
· Modification of physiological functions
Drugs exert their effects by interacting with specific biological targets, mainly receptors.

2. Receptor
A receptor is a specific binding site present on or within a cell that recognizes and binds with a ligand to produce a biological response.
Characteristics of receptors
· Usually composed of proteins or nucleic acids
· Highly specific for ligands
· Located on cell membrane, cytoplasm, or nucleus
· Responsible for initiating cellular signaling pathways

3. Ligands
A ligand is any molecule that binds to a receptor.
Classification of ligands
Ligands are classified based on their effect on receptors:
1. Agonists
2. Antagonists

4. Agonists
An agonist is a substance that binds to a receptor and activates it to produce a biological response.
Types of Agonists
1. Full Agonist
A ligand that produces maximum biological response when it binds to the receptor.
Example:
Adrenaline acting on adrenergic receptors.
2. Partial Agonist
A ligand that binds to receptors but produces less than maximal response, even when all receptors are occupied.
Partial agonists have lower intrinsic activity than full agonists.
3. Inverse Agonist
A ligand that binds to receptors and reduces the receptor activity below basal level.
Inverse agonists shift receptors from active state to inactive state.

5. Antagonists
An antagonist is a substance that binds to a receptor but does not activate it. Instead, it blocks the effect of agonists.
Types of Antagonists
1. Competitive Antagonist
· Competes with agonist for same binding site (orthosteric site)
· Binding is usually reversible
· Increasing agonist concentration can overcome antagonism
2. Non-Competitive Antagonist
· Binds to different site on receptor
· Prevents receptor activation
· Cannot be overcome by increasing agonist concentration
3. Irreversible Antagonist
· Forms strong covalent bonds with receptors
· Permanently inactivates the receptor

6. Forces Involved in Drug–Receptor Interaction
Drug–receptor binding occurs through several chemical interactions.
Major forces include
1. Ionic interactions
2. Ion–dipole interactions
3. Dipole–dipole interactions
4. Hydrogen bonding
5. Hydrophobic interactions
6. Van der Waals forces
7. Covalent bonding
Most drug–receptor interactions involve weak forces, which allow reversible binding.

7. Drug–Receptor Binding Kinetics
The interaction between drug and receptor can be expressed as:
D + R ⇌ DR
Where:
D = Drug
R = Receptor
DR = Drug–Receptor Complex
Two rate constants determine this process:
kₒₙ
Rate constant for formation of drug–receptor complex
kₒff
Rate constant for dissociation of drug–receptor complex

8. Dissociation Constant (Kd)
The dissociation constant (Kd) represents the equilibrium between bound and unbound drug.
Definition
Kd is the concentration of drug required to occupy 50% of receptors at equilibrium.
Significance
· Low Kd → High affinity
· High Kd → Low affinity
Thus, Kd is an important parameter for measuring drug affinity for receptors.

9. Theories of Drug–Receptor Interaction
Several theories explain how drugs interact with receptors and produce biological effects.
Major theories include
1. Occupation Theory
2. Rate Theory
3. Induced Fit Theory
4. Macromolecular Perturbation Theory
5. Activation–Aggregation Theory
6. Two-State Receptor Model

10. Occupation Theory
Proposed by Clark and Gaddum.
Principle
Pharmacological response is directly proportional to the number of receptors occupied by the drug.
Reaction
D + R ⇌ DR → Response
Key points
· Drug must bind to receptor to produce response
· Maximum response occurs when all receptors are occupied
Limitation
Cannot explain partial agonists or spare receptors.

11. Rate Theory
According to Rate Theory:
The pharmacological response is proportional to the rate at which drug molecules interact with receptors.
Key Concepts
· Drug molecules continuously bind and dissociate
· Biological effect depends on frequency of encounters between drug and receptor
The duration of receptor occupation determines whether the drug behaves as:
· Agonist
· Partial agonist

12. Induced Fit Theory
The Induced Fit Theory suggests that both drug and receptor change their shape during interaction.
This theory replaced the earlier Lock-and-Key model, which assumed rigid structures.
Key points
Agonist → induces conformational change → response
Antagonist → no conformational change → no response
Partial agonist → partial conformational change → partial response

13. Macromolecular Perturbation Theory
This theory suggests that drug–receptor interaction causes structural changes in receptor macromolecules.
Two types of perturbations occur:
Specific conformational perturbation
Produces biological response (agonist)
Non-specific perturbation
Produces no response (antagonist)

14. Activation–Aggregation Theory
This theory states that receptors exist in dynamic equilibrium between active and inactive states.
Receptors may shift between these states depending on ligand binding.
Drug binding can cause activation or aggregation of receptors, resulting in biological response.

15. Two-State Receptor Model
According to this model, receptors exist in two states:
R = Inactive receptor state
R* = Active receptor state
These states exist in equilibrium.
Binding behavior
Full agonists bind preferentially to R*
Partial agonists bind partially to R*
Inverse agonists bind to R
This model explains agonism, partial agonism, and inverse agonism more accurately.

