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CHAPTER- 16........ "

PHARMACODYNAMICS
- A Vijayalakashmi
— —
Objectives:
1. Understand the Concept of Pharmacodynamics:
. Define pharmacodynamics and its role in pharmacology.
. Explain how drugs interact with biological systems.

2. Study Drug Heceptors and Mechanisms of Action:

. Explore the different types of drug receptors.

. Understand the mechanisms through which drugs exert their effects on receptors.
3. Learn about Drug-Drug Interactions:

. Identify commaon interactions between different drugs.

" Understand the implications of drug-drug interactions on therapeutic outcomes,

4. Explore Dose-Response Relationships:

- Define and analyze dose-response curves.

. Explain the relationship between drug dose and therapeutic or adverse effects.

5. Understand the Variability in Drug Responses:

. Explore factors influencing individual variability in drug responses,

s Discuss the importance of personalized medicine in drug therapy.

6. Examine Signal Transduction and Second Messengers:

® Understand the cellular signaling pathways invalved in drug actions.

. Explore the role of second messengers in transmitting signals within cells.
Key Terms Definition

Pharmacedynamics | The study of the binchemical and physiological effects of drugs on

the body and the mechanisms of drug acrion.
Drug Aeceptors Specific molecules or sites with which drugs interact to produce

their o fects,
Mechanism of Action | The specific hiochemical interaction through which a drug produces

its pharmacological effect.
Dose-Response A graphical representation of the relationship between the dose of

Curve a drug and its effect on a biological system.
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Drug-Dirug
Interactions

The effects produced when two or more drugs are administered

together.

Variability in Drug

Differences in the way individuals respond to a drug, influenced

Responses by factors such as genetics, age, and concurrent health conditions.
Personalized An approach to m{!&lfal treatment that takes into account individual
Medicine patlent characteristics for tailoring drug therapy.

Signal Transduction | The process by which extracellular signals are transmitted into the

cell, leading to a cellular response.

Second Messengers

Molecules that relay signals received at receptors on the cell surface
to effector molecules inside the cell.

w

Pharmacodynamics: refers to the study of how drugs exert their effects on the

body, including the biochemical and physiological responses produced. It involves
understanding the mechanisms of action by which drugs interact with specific
receptors, enzymes, or cellular processes to bring about therapeutic or adverse

effects.

Drugs act based on different mechanisms:

1. Stimulation:

. Drugs in this category enhance the activity of physiological processes or stimulate
specific receptors.

. Example: Caffeine: Acts as a central nervous system stimulant by blocking adenosine

receprors, leading to increased alertness and energy.

2. Depression:

Drugs that reduce the activity of physiological processes or depress the function of

Certain recephors.

Example: Benzodiazepines [e.g, Diazepam): Act as central nervous system depressants,

producing sedative and anxiolytic effects.

3. Irritation:

L]

Drugs that cause irritation or inflammation in tissues,

- Example: Tapical Retinoids [(e.g, Tretinoin): Used in dermatology to treat acne, they
may cause skin irritation as a side effect.

4. Replacement:

. Drrugs used to replace deficient or missing substances in the body,
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ta replace or supplem ent the natural production of
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mple: Insulin: Administered

. Exa
y diabetes,

insulin in in dividuals witl

ctive or Cytotoxic Action:
jons or i

EI ﬂ““'i“[’ﬂ
ged in the treatme nk

Drugs that combat infect nhibit the growth of cells, often u

of cancer. _
Example: Antibioti acterial infections by inhibiting

hacterial cell wall synthesis.

cs [e.8- penicillin): Act against b

&. Modification of the Jmmune Status:
. Drugs that alter the body's immune respoise.
Example: immunosuppressants (€8, Cyclosporine): Used

transplanted organs by suppressing the immune system.
The primary way through which most drugs exert their gffects is by binding to 5p ciflc

target proteins such a§ receptors, enzymes, and ion channels. These interactions can oCour
at various locations, including the cell membrane, both inside and outside the cell, leading to
the desired physiological responses. While some drug mechanisms rem ain complex and not
fully understood, the fundamental medes of drug action typically involve interactions with

key cellular components.

1. Through Receptors:
. Definition: Receptors are specific proteins, often located on the cell membrane,

within the cell, or in the nueleus, with which drugs interact to produce their effects.

to prevent rejection of

. Examples: Agonists activate receptors, while antagonists block them. Receptor-

mediated drug actions play a crucial role in many physiological processes.

2, Through Enzymes and Pumps:
. pefinition: Drugs may interact with enzymes, sither inhibiting or enhancing their

activity, as well as with pumps responsible for transporting substances across cell
membranes.
. Examples: Enzyme inhibitors, such as statins {inhibit HMG-CoA reductase], and

proton pump inhibitors (inhibit gastric acid secretion ).

3. Through lon Channels:
" Definition: i i
fon: Drugs can modulate the opening or closing of ion channels, affecting the

flow of ions across cell membranes,
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v ; ion influx, impactin
Examples: Calcium channel blockers, which modulate calcium io £ "

cardiac and smooth muscle contraction.

4. By Physical Action: g
; in
. Definition: Some drugs produce effects through physical changes, such as altering
osmotic pressure, surface tension, or physical properties of tissues.

Examples: Osmotic diuretics like mannitol, which change osmotic pressure in the
remal tubules,

5. By Chemical Interaction:

L]

Definition: Drugs may exert their effects by forming chemical bonds with specific
molecules, altering blochemical pathways or processes.

-

Examples: Antibiotics that interfere with bacterial cell wall synthesis (eg, penicillin).
6. By Altering Metabolic Processes:

. Definition: Drugs can impact cellular metabolisim, either by enhancing ar inhibiting
specific metabolic pathways.
. Examples: Antidiabetic drugs that re

gulate glucose metabolism or drugs affecting
lipicd metabolism,

Drugs that Work by Chemieal Action:

-

Enzyme Inhibitors: These d rugs function by inhibiting specifi
them from catalyzing essential biechemical reactions, Exa
which inhibit HMG-CoA reductase in cholesterol synthesis,

C ENZymes, preventing
mples include stating,

Receptor Agonists/Antagonists: Drugs that mimic or b

lock the action of end OEEnous
subst

ances by hinding to receptors. For instance, beta-blockers (antagonists) block
beta-adrenergic rece ptors, while opioids (agonists) activate o pioid receptors.
Drugs that Work by Physical Action:

-

Osmotic Diuretics: These drugs alter the osmotic pressure in the renal

tubules,
leading to increased urine production. Mannitol

is an example used to reduce
intracranial pressure and treat certain types of edema.

P Antacids: Drugs that neutralize gastric acid, providing relief from heartburn and
indigestion through a physieal buffering action. Examples include aluminum
hydroxide and magnesium hydroxide,
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Drugs that Work by Physicochemical Action:
> Chelating Agents: These drugs form complexes with metal ions, reducing their
availability for physiological processes. EDTA is a chelating agent used in treating

heavy metal poisoning.

¥

Surface-Active Agents (Surfactants): Drugs that modify the surface tension of
liquids, facilitating their spread or reducing It Surfactants are used in respiratory
distress syndrome to improve lung compliance.

- Colloids: Intravenous solutions containing large molecules that remain within the
vascular compartment, influencing osmotic pressure. Albumin |5 an example of a
colloid used o expand biood volume.

Dosage:

- Definition: Dosage refers to the specific amount of a drug that is administered to
an individual over a particular period. It encompasses the quantity, frequency, and
duration of drug intake, and it is a critical aspect of prescribing medications to
achieve therapeutic effects while minimizing adverse reactions.

Significance

1. Prescribed Amount: Dosage indicates the quantity of a drug prescribed for a specific
patient.

2. Frequency: [t specifies how often the drug should be taken (e.g. once daily, nwice
daily).

3. Duration: The length of time the medication should be taken,

Example: If a doctor prescribes a patient to take 500mg of a certain antibiotic twice
a day for 7 days, the dosage would be 500mg, the frequency would be twice a day,
and the duration would be 7 days,

Action:

- Definition: The action of a drug refers to the specific biechemical or physiological
effects it produces in the body. Understanding the drug's mechanism of action &5
crucial for predicting its therapeutic henefits and potential side effects. Actions can
include interactions with receptors, enzymes, ion channels, or ether cellular components,

Significance
1. Mechanism: Describes how the drug produces its effects on a molecular or cellular

[evel.

messam - W




y a7
Fundamental of Pharmacology 5

{ i A particular
2. Therapemic Effects: The intended positive outcomes lor treating a part
condition,

Adverse Effects: Unintended or harmful effects that may occur alongside the
therapeutic effects.
Example: Ifa pain reliever, such as acetaminophen, Is preseribed, its action involves
inhibiting an enzyme {cyclooxygenase) to reduce pain and fever. Understanding this
action helps in predicting its therapeutic effects and potential side effects, such as
liver toxicity if taken in EXCOESIVE amounts.
Drugs that act on enzymes

Drugs that act on
inhibiting or enhancing t
that target enzymes:

enzymes can influence various physiolagical processes by either
he activity of specific enzymes. Here are a few examples of drugs

1. Statins;

= Action: Inhibit HMG-Coa reductase, an enzyvme involved in cholesterol synthesis,

. Use: Lower cholesterol levels in the blood, reducing the risk of cardiovascular

diseases.

Z. Acetylcholinesterase Inhibitors:
L

Action: Inhibit acetylcholinesterase, the enzyme that breaks down acetylcholine.

levels, primarily in the treatment of conditions like
Alzheimer’s disease and myasthenia gravis.

Use: Increase acetylcholine

3. Proton Pump Inhibitors (PPIs):
. Action:

Inhibit the proton pump in the stomacl; lining, reducing gastric acid secretion.
Use: Treat conditions related to excess stomach

acid, such as gastroesophageal
reflux disease (GERD) and peptic ulcers

4. Angiotensin-Converting Enzyme [ACE) Inhibitors:

. Action: |nhibit ACE, an enzyme invalved in the renin-angictensin-aldosterone
system.

. Use: Lower blood pressure and treat conditions like lieart failure and chronie kidney
disease,

5. Monoamine Oxidase Inhibitors [(MADIs):

Action: Inhibit moneamine oxidase, an eneyme that breaks down neurotransmitters




376 Fundamental of Pharmacology

like serotonin, norepinephrine, and dopamine.

Use: Used as antidepressants and sometimes for Parkinzon's disease.
- Lyclooxygenase (COX) Inhibitors:
Action: Inhibit COX, an enzyme involved in the synthesis of prostaglanding,

. Use: Nonsteroidal anti- inflammatory drugs {NSAIDs) like ibuprofen and aspirin act
25 COX inhibitors, reducing pain and inflammation,

7. Allopurinol:

. Action: Inhibits xanthine oxidase, an enzyme involved in purine metabolism.

. Use: Reduces uric acid production and is used in the treatment of gout,

Competitive Inhibition

Enzymes play a pivotal role in catalyzing biochemical reactions, and their activity
can be modulated by various regulatory mechanisms. Competitive inhibition represents
a distinctive form of enzyme regulation where a specific molecule, termed the inhibitor,
competes with the natural substrate for binding to the enzyme's active site. This mechanism
holds profound implications in both enzymology and pharmacology, offering insights into
drug design and the fundamental kinetics of enzymatic reactions.

Key Features:
Active Site Competition:

- Definition: In competitive inhibition, the inhibitor ctlosely resembles the substrate,
sharing structural characteristics that enable it to bind to the enzyme’s active site.

- Molecular Mimicry: The inhibitor and substrate cannot occupy the active site
simultaneously due to their similarity, initiating a competitive scenario.

Reversibility:

- Dynamic Interaction: Competitive inhibition is typically reversible, allowing the
inhibitorto dissociate from the enzyme and freeupthe active site for substrate binding.

- Temporary Nature: The reversible nature enables transient inhibition, making it a
valuable regulatory mechanism in biological systems.

Effect on Reaction Rate:

- Apparent Km Alteration: The presence of a competitive inhibitor alters the
Michaelis constant (Km) of the enzyme-substrate comples.

- V... Unaffected: While the apparent Km increases, the maximum reaction velocity




