Advanced
Pharmacology - I

Dr. Avinash Joriya

Ms. Rama Soni
Dr. Keserla Bhavani



ADVANCED
PHARMACOLOGY -1

Dr. Avinash Joriya
Mprs. Nityashree Mohapatra

Ms. Rama Soni

Dr. Keserla Bhavani

4

Imprint of AKT Multitask Consultancy



KNOWLEDGE PUBLICATION

Imprint of AKT Multitask Consultancy

NEXUS KNOWLEDGE PUBLICATION

All rights reserved

/©Dr. Avinash Joriya, Mrs. Nityashree Mohapatra, Ms. Rama Soni, Dr. Keserla Bhavani \

No part of this publication may be re-produced, stored in a retrieval system or distributed in any form or
by any means, electronic, mechanical, photocopying, recording, scanning, web or otherwise without the
written permission of the publisher. NEXUS has obtained all the information in this book from the sources
believed to be reliable and true, However, NEXUS or its editors or authors or illustratorsdon't take any
responsibility for the absolute accuracy of any information publishedand the damages or loss suffered
there upon. All disputes subject to Bilaspur jurisdiction only. /

Administrative & Production Office

NEXUS KNOWLEDGE PUBLICATION,
Imprint of AKT Multitask Consultancy,
Near Satbahinia Mandir, Arvind Nagar, Sarkanda Bilaspur, Chhattisgarh, India, Pin- 495006

ISBN: 978-81-985724-9-3
PRICE: Rs. 499/-
Manuscript Edited By Gijeesh Nair

FIRST PUBLISHED BY NEXUS KNOWLEDGE PUBLICATION IN 2025
PRINTED & BOUNDED BY JEC PRINTING TECHNOLOGIES (JEC PRESS UNIT)

DOI 10.5281/zenodo.15826881


PC
Stamp


ACKNOWLEDGEMENTS

Editing a comprehensive book on Advanced Pharmacology would not have been possible
without the' support, contributions, and encouragement of many individuals and
institutions. We want to express our heartfelt gratitude to all those who have played a vital
role in making this project a reality. First and foremost, we extend our appreciation to our
families for their unwavering support and patience throughout this journey. Your
understanding and encouragement have been our pillars of strength. We thank our academic
mentors and colleagues whose guidance and expertise have been invaluable. Your insights and
feedback have enriched the content of this book. Our sincere appreciation goes to the students
who have inspired us to embark on this educational endeavour. Your curiosity and enthusiasm
for learning have been a constant source of motivation. We are deeply thankful to the numerous
experts and professionals in the pharmacy field who generously shared their knowledge and
experiences. Your contributions have added depth and relevance to the content of this book.
We thank the publishing team for their dedication and hard work in bringing this book to life.
Your commitment to excellence has made this project possible. Lastly, we would like to
express our gratitude to our readers. We hope this book serves as a valuable resource in your
pursuit of understanding and excelling in the field of Pharmacy. Thank you all for your
unwavering support and belief in the importance of education and the science of beauty, with
heartfelt thanks.



PREFACE

The goal of Advanced Pharmacology | is to provide postgraduate pharmacy students, especially
those enrolled in the M.Pharm program in pharmacology, with a thorough academic resource.
The material in this book provides a thorough examination of the fundamentals of
pharmacology, with a particular focus on the mechanisms of drug action, pharmacokinetics,
pharmacodynamics, and the molecular basis of drug effects. It was created in compliance with
the syllabus specified for the MPL 102T course by the Pharmacy Council of India (PCI).

Pharmacology is a constantly changing field that requires a thorough understanding of how
medications affect biological systems. This book attempts to close the gap between
fundamental ideas in pharmacology and how they are used in clinical settings. It explores the
pharmacological underpinnings of therapeutic treatments, signal transduction pathways, and
the intricacies of drug-receptor interactions. It provides readers with a strong basis for both
academic success and future research pursuits by paying particular emphasis to the most recent

developments in receptor theory, enzyme inhibition, ion channels, and transporters.

In order to integrate theoretical ideas with current advancements in the pharmaceutical
sciences, each chapter is thoughtfully organized. To improve understanding, the information
is reinforced by clear explanations, current references, and illustrated diagrams. There is clear
and clinically relevant discussion of important subjects like autonomic pharmacology,
cardiovascular pharmacology, and neuropharmacology. The result of careful collection and
intense scholarly work is this book. We believe that this effort will not only help students
achieve their learning goals, but also spark their interest and motivate them to learn more about

cutting-edge pharmaceutical research.

We express our profound gratitude to our students, mentors, and colleagues for their insightful
criticism and encouragement throughout the writing of this book. We always appreciate
suggestions for improvement, and we want to improve this book in subsequent editions based
on helpful scholarly criticism.

Dr. Avinash Joriya
Mrs. Nityashree Mohapatra
Ms. Rama Soni
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ADVANCED PHARMACOLOGY -1

General Pharmacology is the foundation of the whole pharmacological sciences. It includes the
basic principles that control drug behavior in the human body and the mechanisms by which
drugs produce their therapeutic and side effects. Prior to discussing system-specific or disease-
specific pharmacotherapy, it is important to learn how drugs act on biological systems at the
molecular, cellular, and systemic levels. This unit is divided into two broad domains:

Pharmacokinetics and Pharmacodynamics.

Pharmacokinetics is the examination of the progression of a drug in the body—how it is
absorbed, distributed, metabolized (bio transformed), and eventually cleared from the system.
These functions are affected by several physiological factors and the properties of the drug.
Students will learn important concepts including bioavailability, half-life, clearance, and
volume of distribution. Particular stress is given to linear and non-linear compartmental models
that aid in drug concentration prediction at different time periods. Also, the importance of

protein binding and how it influences drug efficacy and distribution is studied in detail.

Pharmacodynamics, however, deals with the biological and physiological actions of drugs and
their mechanisms of action. This involves an understanding of how drugs interact with specific
receptors, the types and families of receptors (e.g., ion channels, G-protein-coupled receptors,
enzyme-linked receptors), and the intracellular responses that follow. Ideas such as dose-
response relationships, agonism, antagonism, efficacy, and potency are essential to understand
how drugs bring about their desired effects and how and why those effects may differ from

person to person.

At the conclusion of this unit, students will have developed a firm conceptual basis in drug
action, which is critical to interpreting both pharmacological data and to evaluating therapeutic
results and anticipating potential adverse effects. These concepts are the basis for the clinical

and therapeutic uses that will be addressed in future units.

1.1. PHARMACOKINETICS

Pharmacokinetics is an essential foundation of pharmacology that addresses quantitative
examination of a drug's path through the body. Usually termed as "what the body does to the
drug,” pharmacokinetics covers processes that control the level of a drug in the blood and
tissues over a period of time. These processes are grouped under ADME—ADbsorption,

Distribution, Metabolism, and Excretion.
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Figure 1: Pharmacokinetics

Pharmacokinetics is necessary to predict the time of onset, magnitude, and duration of a drug's
effect. It also plays a critical role in designing proper dosage regimens, avoiding toxicity, and

optimizing therapeutic outcomes [1].

e Absorption refers to the movement of a drug from the site of administration into the

bloodstream.

o Distribution describes the dispersion or spreading of drugs throughout the fluids and
tissues of the body.

e Metabolism (or biotransformation) is the chemical alteration of the drug, primarily by

liver enzymes, to facilitate its elimination.

« Excretion is the process by which drugs and their metabolites are eliminated from the

body, commonly through the kidneys (urine), but also via bile, sweat, or lungs.

This section also covers critical pharmacokinetic principles like bioavailability, half-life,
clearance, volume of distribution, and compartmental models (linear and non-linear).
Moreover, protein binding and its contribution to drug distribution and action will be explained
in depth.

By learning pharmacokinetics, students acquire skills to read drug concentration-time plots,
design customized dosing schedules, and recognize the rationale behind therapeutic drug

monitoring—skills they will need as researchers and clinical practitioners.




ADVANCED PHARMACOLOGY -1

1.1.1. Absorption of Drugs

Absorption refers to the mechanism by which a drug travels from its administration site into
the systemic circulation, thus allowing it to reach the target tissues and cause a pharmacologic
effect. It is a significant factor in determining the bioavailability of a drug, which affects not
only the onset and extent of therapeutic effect but also the duration. For extravascular drugs
given by routes like oral, intramuscular, subcutaneous, or transdermal, absorption is the initial

pharmacokinetic process and a primary determinant of clinical efficacy.

+ Factors Influencing Drug Absorption

a) Route and Formulation

The route of administration has a significant effect on the rate and extent of absorption. Oral
administration, for example, is easy but exposed to erratic GI conditions and first-pass
metabolism, typically lowering bioavailability. Sublingual and buccal administration offers
quicker absorption through avoidance of hepatic metabolism. Rectal administration provides
partial escape from first-pass effect but is less reliable. Parenteral pathways (e.g.,
intramuscular, subcutaneous) are determined by local tissue characteristics and blood flow,
whereas transdermal and inhalational pathways may provide slow or quick onset of systemic

effects, respectively.

The type of drug preparation—whether in solution, suspension, tablet, capsule, or enteric
coating—affects disintegration, dissolution, and consequently absorption. Recent delivery
systems such as liposomes, nanoparticles, and controlled-release tablets are all specifically

intended to maximize absorption profiles.
b) Physicochemical Properties of the Drug

A number of intrinsic characteristics of the drug molecule controls its absorbability. Solubility
in lipids is key, because lipophilic drugs permeate more easily across biological membranes of
lipid bilayer structure. The molecular size does have an influence on permeability, with lower
molecular weight drugs being more able to cross the membrane. The ionization state, controlled
by the drug's pKa value and the local pH [2], dictates the percentage of drug present as a
membrane-permeable (non-ionized) species. In addition, chemical stability within the GI
tract—particularly acid resistance for oral medications—also controls how much active form

arrives at absorption sites.
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c) Biological and Physiological Factors

Biological factors at the site of absorption significantly influence the efficiency of drug uptake.
Gastrointestinal motility, gastric emptying time, and intestinal transit time may change the time
of exposure to absorptive surfaces. Splanchnic blood flow, particularly in well-vascularized
tissues like the small intestine, increases drug transport to systemic circulation. The presence
of food can slow gastric emptying, bind to medications, or change pH, thus either increasing
or decreasing absorption. Furthermore, Gl enzymes can break down some drugs prior to

absorption, requiring protective formulations or alternative routes.
+ Mechanisms of Drug Absorption

Drugs become systemically available via a range of physiological processes, and the route
taken is dependent on the drug's physicochemical properties (e.g., molecular weight,
lipophilicity, ionization), and also on the biology of the site of absorption (e.g., membrane

composition and presence of carrier proteins).

Knowledge of these mechanisms is critical to maximizing drug delivery and anticipating how

various formulations or routes of administration will influence drug bioavailability.
1. Passive Diffusion

Passive diffusion is the most prevalent and basic mechanism of drug absorption, particularly
for small, lipophilic, and non-ionized molecules. It is a non-energy-requiring process that takes
place down a concentration gradient, i.e., the drug traverses from an area of high concentration

(e.g., gut lumen) to an area of low concentration (e.g., blood plasma).

Passive diffusion mainly happens across the lipid bilayer of cell membranes. Since cell
membranes consist of lipid molecules, lipophilic drugs (lipid-soluble) pass easily. Hydrophilic
or ionized drugs, however, pass with much greater difficulty unless other mechanisms are

present.
The rate of passive diffusion is described by Fick’s Law:

Rate of dif fusion « p

Where:
e« C1-C2 = concentration gradient
e A =surface area

o P =permeability coefficient
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e d = thickness of the membrane

This process is non-saturable and non-selective, meaning it continues as long as a gradient

exists and does not require specific binding or carrier proteins.
2. Facilitated Diffusion

Facilitated diffusion also entails movement along the concentration gradient but is
distinguishable from passive diffusion in that it involves the help of carrier proteins within the
cell membrane. The proteins capture certain drug molecules and move them across the

membrane by conformational changes without involving cellular energy.
Facilitated diffusion is:
o Saturable: Only a finite number of carrier proteins are available.

e Selective: Only specific drugs or structurally similar substances can bind to the

transporter.

e Inhabitable: Competing molecules can inhibit the transport of the drug by occupying

the same carrier.

This process is usually observed with structurally related drug-endogenous substrate analogs
(e.g., glucose analogs, some vitamins). While more specific than passive diffusion, its rate

becomes saturated at elevated drug concentrations because of transporter saturation.
3. Active Transport

Active transport is the process of drug molecule movement against their concentration
gradient from regions of low concentration to high concentration, which involves metabolic

energy (typically in the form of ATP).

This process is catalyzed by particular transmembrane carrier proteins that actively transfer

drugs across membranes. It is:

o Highly selective: Only drugs resembling natural substrates (e.g., amino acids, ions,

vitamins) are transported.
e Saturable: Once all carriers are occupied, the rate cannot increase further.

e Subject to inhibition: Other compounds or drugs may inhibit the process by competing

for the same transporter.

Examples include:
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e P-glycoprotein (P-gp) efflux transporter: Pumps drugs like digoxin out of cells, often

reducing their absorption.
o PEPT1 transporter: Absorbs certain peptide-like drugs (e.g., p-lactam antibiotics).

Active transport is especially important for polar and large molecules that cannot diffuse

passively and must be absorbed via active mechanisms.
4. Endocytosis and Pinocytosis

For those drug molecules that are too large to pass through pores in the membrane or bind to
transporters, endocytosis offers an avenue for uptake. It is the incorporation of drug particles

into the cell membrane and subsequent formation of vesicles that carry the drug into the cell.
There are two main types:

o Endocytosis: Engulfment of large particles or macromolecules.

e Pinocytosis: Ingestion of fluid and small solutes.
Endocytosis is particularly relevant for:

e Biologic drugs such as monoclonal antibodies

e Nanoparticle-based delivery systems

e Protein and peptide therapeutics

Though slower than diffusion-based methods, endocytosis allows for the targeted and
protected delivery of delicate molecules (e.g., hormones, enzymes) that would otherwise

degrade in the gastrointestinal tract.
+ Bioavailability and First-Pass Metabolism
a) Bioavailability: Definition and Significance

Bioavailability is an important pharmacokinetic factor that is the proportion (or percentage) of
the dose of an administered drug that enters the systemic circulation in its active, unchanged
state. It is a measure of drug absorption efficacy and metabolic stability.

For intravenous (1V) drugs, bioavailability is taken to be 100% since the drug is given directly
into the blood, skipping all barriers to absorption and first-pass metabolism. But for all
extravascular administration routes—maost importantly, oral (per os or PO)—Dbioavailability is

generally less than 100% and varies enormously among drugs.
Bioavailability is influenced by several factors, including:

e Drug formulation and dissolution rate
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e Physicochemical properties (e.g., solubility, stability)
o Gastrointestinal pH and motility

e Presence of food or other drugs

o Enzymatic degradation in the Gl tract

o First-pass metabolism in the gut wall and liver

The absolute bioavailability of a drug is calculated by comparing the area under the plasma

concentration—time curve (AUC) after non-1V administration to that after I\ administration:

AUC, X Dose
Absolute Bioavailability (F) = coral v
AUC,, X Doseypq

A drug with poor bioavailability may require higher oral doses or alternative administration

routes (e.g., sublingual, transdermal, parenteral) to achieve therapeutic plasma levels.
b) First-Pass Metabolism (Presystemic Metabolism)

One of the primary mechanisms decreasing the bioavailability of drugs when they are given
orally is first-pass metabolism or presystemic metabolism. It is the metabolic breakdown of a
drug prior to its entry into systemic circulation.

When a drug is administered orally, it is absorbed by the intestinal epithelium and carried
through the hepatic portal vein to the liver, where it can be extensively metabolized by hepatic
enzymes (particularly the cytochrome P450 family) before entering the general circulation.
This can markedly decrease the amount of active drug that is available to produce a therapeutic
effect.

Furthermore, metabolism can also take place in the gut wall, especially in enterocytes that have

metabolic enzymes.
Examples of drugs with significant first-pass metabolism:

e Propranolol: Undergoes extensive hepatic metabolism, resulting in low oral
bioavailability (~25%).

o Nitroglycerin: Nearly completely metabolized during the first pass, requiring

sublingual administration to bypass the liver.

e Morphine: Subject to substantial hepatic metabolism, reducing its oral efficacy
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c) Clinical Implications of First-Pass Effect

The extent of first-pass metabolism has important consequences for drug dosing and route

selection:

Drugs with high first-pass metabolism may require higher oral doses or alternative

routes such as sublingual, rectal, or parenteral to ensure adequate systemic levels.

Hepatic disease (e.g., cirrhosis) can reduce first-pass metabolism, leading to increased

bioavailability and risk of toxicity if doses are not adjusted.

Enzyme inducers (e.g., rifampin, carbamazepine) can increase the extent of first-pass
metabolism, while enzyme inhibitors (e.g., ketoconazole, grapefruit juice) can decrease

it, altering drug exposure.

Furthermore, pharmaceutical strategies such as prodrugs, enteric coatings, and liposomal

encapsulation are employed to bypass or minimize the effects of first-pass metabolism and

enhance bioavailability.

1.1.2. Distribution of Drugs

After a drug has entered systemic circulation, it is distributed, the dispersion of the drug through

the body fluids and tissues. The degree and nature of distribution are important in deciding

both the action and the toxicity of a drug.

Drug distribution is influenced by:

Blood flow to tissues: Highly perfused organs (liver, kidney, brain) receive drugs

faster.

Capillary permeability: The structure of the capillary endothelium varies across

organs, affecting drug passage.

Drug binding to plasma proteins: Drugs often bind to albumin and other proteins,

which affects their free (active) concentration.

Lipid solubility of the drug: Lipophilic drugs readily cross cell membranes and
distribute widely.

Tissue binding: Some drugs accumulate in specific tissues (e.g., fat, bone), which can

act as reservoirs.

One of the most important pharmacokinetic parameters employed to define distribution is the

volume of distribution (\VVd). It is an imaginary volume that correlates drug quantity in the body
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with drug concentration in the plasma/blood. A large VVd implies wide distribution to tissues,

whereas a small VVd implies restricted distribution to plasma or extracellular fluid.
Drug distribution can be altered in conditions such as:

o Liver or kidney disease (affecting protein levels and metabolism),

o Obesity or cachexia (changing fat stores and fluid compartments),

« Pregnancy (affecting plasma volume and protein binding).
An understanding of distribution is essential in:

o Determining the loading dose of a drug.

e Predicting potential drug-drug interactions due to protein binding.

o Assessing the impact of physiological or pathological changes on drug action.

1.1.3. Biotransformation (Drug Metabolism)

Biotransformation, also referred to as drug metabolism, is a biochemical process in which the
body chemically changes drug molecules primarily to facilitate their elimination. The main
goal of metabolism is to transform lipophilic (fat-soluble) drugs into more hydrophilic (water-
soluble) metabolites, which can be eliminated easier via the urine or bile. While the primary
organ of drug metabolism is the liver, multiple other organs of varying degrees—that include

the kidneys, lungs, gastrointestinal tract, skin, and blood plasma—all play a part in it.

Drug metabolism is an important factor in establishing the duration, strength, and safety of a
drug's therapeutic action. During this process, a drug can be inactivated, activated from a
prodrug, or produce toxic metabolites that may be responsible for adverse effects. Therefore,
knowledge of the principles and mechanisms of biotransformation is essential to predict drug

efficacy, interindividual variability in response, and possible drug-drug interactions.
» Sites of Drug Metabolism

The liver is the major location for drug metabolism because it is well supplied with metabolic
enzymes, with the majority located in the smooth endoplasmic reticulum (microsomal
enzymes) and the cytosol of hepatocytes. The enzymes have an abundance of roles to perform
during both Phase | and Phase Il metabolic reactions. Except for the liver, extra-hepatic organs
like the gastrointestinal mucosa, kidneys, lungs, plasma, and even skin are involved in the

metabolism of a few drugs, albeit to a lesser extent. In certain situations, drugs are first

10
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metabolized in the gut wall before even entering the liver, particularly when the drugs are taken

orally.
» Phases of Drug Metabolism

Drug metabolism is broadly categorized into two sequential phases: Phase | (functionalization

reactions) and Phase Il (conjugation reactions).
Phase | Reactions — Functionalization

Phase | reactions are intended to add or reveal polar functional groups like hydroxyl (-OH),
amino (-NHz), sulfhydryl (-SH), or carboxyl (-COOH) in the drug molecule. Such reactions
tend to produce more reactive and polar products. The main types of Phase | reactions are

oxidation, reduction, and hydrolysis.

Of these, the most prevalent is oxidation and is largely catalyzed by the cytochrome P450
enzyme system (CYP450). CYP450 is a superfamily of heme-containing enzymes with a
majority based in the liver [3]. The four major isoforms are CYP3A4, CYP2D6, CYP2C9, and
CYP1AZ2, all of which are responsible for the metabolism of many drugs. These enzymes
undergo induction (to cause elevated activity and quickened metabolism) or inhibition (the
slowing of metabolism), which is a critical factor in drug-drug interaction and therapeutic

response variability.
Phase Il Reactions — Conjugation

Phase Il reactions are the conjugation of the drug—or its Phase | metabolite—with an
endogenous substrate to produce a very polar, water-soluble compound, typically inactive and
easily excreted by the kidneys or bile. These reactions increase water solubility, thus making

excretion easier and minimizing reabsorption from renal tubules.

The most prevalent Phase Il reaction is glucuronidation, which is catalyzed by the enzyme
UDP-glucuronosyltransferase. Other conjugation reactions are sulfation, acetylation,
methylation, amino acid conjugation, and glutathione conjugation. These reactions not only

facilitate detoxification but also inactivate the biological activity of most drugs.
» Factors Affecting Drug Metabolism

Several physiological, pathological, environmental, and genetic factors influence the rate and

extent of drug metabolism.
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o Genetic Factors

Genetic polymorphisms within drug-metabolizing enzymes have major impacts on how a
person metabolizes drugs. For example, CYP2D6 and N-acetyltransferase 2 (NAT2)
polymorphisms can make a person poor, intermediate, extensive, or ultra-rapid metabolizers.
This difference may result in failure of treatment or toxicity if a fixed dosing is applied to all

genotypes.

o Age
Age is an important determinant of metabolic ability. Neonates have immature enzyme systems
of the liver, which can inhibit drug metabolism and require dosage adjustments. On the other

hand, older people tend to have decreased hepatic blood flow and enzyme activity, which can

influence drug metabolism and clearance as well as enhance the risk of adverse effects.
o Diet and Environmental Influences

Nutritional constituents and environmental toxins can influence drug metabolism. Charcoal-
broiled foods, cruciferous vegetables, and cigarette smoke, for instance, can induce CYP450
enzymes, thereby increasing drug clearance. Conversely, chemicals such as grapefruit juice
inhibit CYP3AA4, resulting in elevated plasma levels of some drugs and toxicity.

o Diseases

Certain pathological states—specifically those of the liver—Ilike cirrhosis, hepatitis, or cancer
of the liver can severely disable metabolic enzyme function. Similarly, conditions like
congestive heart failure can diminish hepatic perfusion, thus diminishing the liver's capacity to

metabolize drugs.
o Drug Interactions

Simultaneous co-administration of drugs can lead to competitive inhibition or induction of the
enzyme, thereby changing metabolism. For instance, drugs such as rifampin and phenobarbital
are strong enzyme inducers and decrease the effect of co-administered drugs by speeding up
their metabolism. Enzyme inhibitors like cimetidine increase plasma levels and risk of toxicity

by slowing down metabolism.

1.1.4. Elimination and Excretion

Elimination pertains to the removal from the body of active drug entities, either in their original
form or as metabolites formed due to biotransformation. It is an important stage in
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pharmacokinetics, wherein the action duration, steady-state concentration, and dosing
frequency to provide therapeutic concentrations of a drug are decided. Drug elimination
involves two primary processes: metabolism (biotransformation) and excretion. While
metabolism itself mainly alters lipophilic drugs into a more water-soluble product, excretion is
the terminal process that bodily eliminates the drug or by-products from the organism.

Effective elimination avoids drug accumulation and possible toxicity. Knowledge of
elimination pathways is important for the optimization of therapeutic regimens, particularly in

individuals with compromised liver or kidney function.
» Sites of Drug Excretion

Drugs and their metabolites are excreted through various routes, depending on their physical

and chemical properties:
o Renal (Kidney) Excretion

The kidneys are the major excretion route for many water-soluble drugs and metabolites. Renal
excretion is the most important elimination route for compounds with low lipid solubility and

little liver metabolism.
o Biliary (Liver) Excretion

The liver excretes drugs and metabolites—particularly conjugated, high molecular weight
compounds—into the bile, which is then secreted into the intestinal tract and eliminated via
feces.

o Pulmonary (Lung) Excretion

Volatile compounds and gases, such as anesthetic agents (e.g., isoflurane, nitrous oxide), are
excreted through the lungs via exhalation.

o Minor Routes

Other excretion routes are saliva, sweat, tears, breast milk, and skin. Quantitatively
insignificant, these routes can have toxicological significance, particularly for lactating infants

(e.g., drugs secreted in breast milk) [4].
» Renal Excretion: Mechanisms and Processes

Renal drug excretion involves three distinct processes within the nephron: glomerular filtration,

active tubular secretion, and tubular reabsorption.
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1. Glomerular Filtration

This is a passive process in the renal glomeruli where free drug molecules are filtered from the
plasma into the renal tubular lumen. Free drug molecules that are not bound to plasma proteins
and are of low molecular weight are freely filtered. Free drug molecules that are bound are left

in the plasma and are not eliminated through this process.
2. Active Tubular Secretion

This mechanism occurs mostly in the proximal tubules and is energy-dependent transport of
drug molecules from blood into tubular fluid. It is carrier protein-mediated that is specific for
acidic (e.g., penicillin) or basic (e.g., morphine) drugs. Due to this specificity, drug-drug
interactions can result when two drugs share the same transporter. One such classic example is

probenecid, which inhibits penicillin secretion and hence increases its plasma half-life.
3. Tubular Reabsorption

After filtration and secretion, drug molecules can be passively reabsorbed in the distal
convoluted tubule. This is especially relevant for lipid-soluble, non-ionized drugs, which can
diffuse back through the tubular membrane into systemic circulation. The degree of
reabsorption is influenced by the drug's lipophilicity, ionization degree, and urine pH.

Therapeutic manipulation of urine pH can be employed to increase drug excretion:

« Alkalinization of urine (e.g., with sodium bicarbonate) enhances the excretion of weak

acids such as salicylates.

« Acidification of urine (e.g., with ammonium chloride) enhances the excretion of weak

bases like amphetamines.
» Biliary and Fecal Excretion

Within the liver, Phase Il conjugated metabolites—most notably glucuronides—can be
transported actively into the bile by means of specific hepatic transporters. The conjugated

metabolites are secreted into the small intestine and then excreted in feces.

Bile-excreted drugs or metabolites, in certain instances, can be enterohepatically recirculated,
in which the drug is reabsorbed back into the blood from the intestine, thus increasing the half-
life and duration of action of the drug. A classic instance of this is oral contraceptives, where

biliary excretion and reabsorption regulate hormone levels.
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» Clinical Relevance of Drug Excretion

Knowledge of the mechanisms of drug elimination is imperative in clinical practice. In patients
with compromised renal or hepatic function, drug clearance tends to be decreased, and thus
drug build-up and a heightened potential for drug toxicity. Hence, dose modification by renal
function tests (e.g., creatinine clearance or estimated glomerular filtration rate) or liver markers

of function is of the essence in safe drug treatment.
A key pharmacokinetic measure related to elimination is clearance (CL), or the volume of

plasma from which the drug is totally eliminated within a unit of time. It can be computed by

the equation:

Rate of Elimination
CL

~ Plasma Drug Concentration

Clearance helps in determining the maintenance dose of drugs, ensuring that therapeutic levels

are sustained without reaching toxic concentrations.

1.1.5. Linear and Non-linear Pharmacokinetics

Pharmacokinetics is the explanation of how a drug is absorbed, distributed, metabolized, and
excreted by the body. Understanding how drug dosage is related to plasma concentration at
different times involves an important part of this investigation, which utilizes pharmacokinetic
principles to generate models. On the basis of how the elimination rate of drugs varies with
regard to drug plasma concentration, they are generally termed as linear (first-order) and non-

linear (zero-order or saturable) pharmacokinetics.

Appreciation of the difference between linear and non-linear pharmacokinetics is important for
proper dose calculation, therapeutic drug monitoring, and prevention of toxicity, particularly

in drugs with narrow therapeutic windows.
1) Linear Pharmacokinetics (First-Order Kinetics)
Definition
In linear pharmacokinetics, the rate of drug disappearance is proportional to its plasma

concentration. A constant fraction or percentage of the drug, independent of the dose given, is

eliminated per unit of time.
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Key Characteristics

e Proportional Dose-Concentration Relationship: If the dose is doubled, the plasma
concentration and exposure (as measured by the Area Under the Curve, or AUC) also
double.

o Constant Half-Life: The elimination half-life (t2) remains unchanged across various

doses, making predictions about drug behavior straightforward.

o Constant Clearance: The drug’s clearance (CL) and volume of distribution (Vd)

remain stable across a range of doses.

e Predictable Accumulation: Steady-state concentrations are easy to predict with

regular dosing.
Examples
Common drugs that exhibit linear kinetics at therapeutic doses include:
e Aspirin (low doses)
e Theophylline
e Ampicillin
o Paracetamol (at therapeutic levels)

Clinical Relevance

Linear pharmacokinetics make it much easier to design dosing regimens, particularly in chronic
treatment where plasma concentrations need to be kept within a narrow therapeutic window.
Since the pharmacokinetic response is independent of dose, clinicians can readily anticipate

the effect of dose changes on drug levels, and titration becomes safer and more predictable.
2) Non-Linear Pharmacokinetics (Zero-Order or Saturable Kinetics)
Definition

In non-linear pharmacokinetics, the drug elimination rate is independent of the drug plasma
concentration and becomes constant. In this instance, a definite quantity of the drug is removed
per unit of time instead of a constant proportion [5]. This takes place when the metabolic

enzymes or transporters participating in absorption, metabolism, or excretion get saturated.

Causes of Non-L inearity

e Enzyme saturation in metabolism (e.g., liver enzymes like CYP450)

o Saturation of plasma protein binding
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e Limited capacity of transport proteins involved in active absorption or renal tubular

secretion
e Altered blood flow to elimination organs

Key Characteristics

« Variable Half-Life: As enzyme or transporter saturation increases, the half-life of the

drug becomes dose-dependent, often increasing at higher doses.

« Disproportionate Increases in Plasma Concentration: Small increases in dose can

result in large, unpredictable increases in plasma levels, increasing the risk of toxicity.

e Non-Constant Clearance: Clearance becomes dose-dependent and decreases as

plasma concentration rises.

e Non-Proportional AUC: The area under the curve does not increase linearly with dose,

making pharmacokinetic predictions complex.
Examples
Drugs known for exhibiting non-linear pharmacokinetics include:
e Phenytoin: Enzyme saturation occurs at therapeutic doses.
« Ethanol: Metabolized by alcohol dehydrogenase, which becomes saturated quickly.

o Salicylates (e.g., aspirin): Show linear kinetics at low doses but shift to non-linear at

higher doses.

Clinical Relevance

In non-linear Kkinetics, dose modification needs to be done with care since minor adjustments
can result in disproportionately elevated drug levels, which may cause toxicity. These drugs
need therapeutic drug monitoring (TDM) and individualized dosing, particularly in patients

with compromised liver or renal function or when employing polypharmacy.

1.1.6. Compartment Models (One-compartment and multi-compartment)

In pharmacokinetics, compartment models are simplified mathematical representations
employed to explain and forecast the behavior of drugs in the body over time. Compartment
models offer a means of examining drug absorption, distribution, metabolism, and excretion
(ADME) by thinking of the body as one or more compartments connected together, each of

which represents a collection of tissues or organs with comparable kinetic characteristics.
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It should be noted that these compartments are not anatomical spaces but theoretical spaces
that act as if the drug concentration in them is constant. Compartmental models play a key role
in the prediction of plasma concentration-time profiles, estimation of pharmacokinetic
parameters like clearance, volume of distribution, and half-life, and dosing regimen design for
effective and safe therapy.

+ Purpose and Utility of Compartment Models

Compartment models are valuable tools in both clinical pharmacology and drug development.
Their primary purposes include:

e Analyzing plasma drug concentration versus time data obtained from pharmacokinetic

studies.

o Describing and quantifying drug behavior in the body, including absorption,

distribution, metabolism, and elimination.

o Calculating essential pharmacokinetic parameters such as clearance (CL), volume of
distribution (\Vd), and half-life (t%%).

o Simulating dosing regimens under various clinical scenarios to optimize therapeutic

outcomes and minimize toxicity.

By giving insight into the time course of drug levels in the body, compartmental models
facilitate rational decision-making in dose adjustment, particularly in organ dysfunction, drug

interactions, or multiple dosing regimens.

+ Types of Compartment Models
1. One-Compartment Model

The one-compartment model is the most basic of pharmacokinetic models, where the body is
regarded as a single, homogeneous compartment. When the drug is administered (most
commonly intravenously), the drug is thought to distribute immediately and homogeneously

throughout the entire compartment, with elimination taking place from this same space [6].

This model is suitable for drugs that quickly equilibrate across the vascular and tissue spaces,
particularly those that are mostly confined to the vascular system or diffuse rapidly (e.g.,

aminoglycosides).

Mathematical Representation

For an intravenous bolus dose, the plasma concentration over time follows a mono-exponential

decline, described by the equation:
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C, = Coe ¥t
Where:
e Ct = plasma concentration at time t
o CO=initial plasma concentration
e k= first-order elimination rate constant
Applications

The one-compartment model is useful in clinical scenarios where rapid distribution is expected.

It is particularly effective in:
e |V bolus dose calculations

o Determining pharmacokinetic parameters like clearance (CL), half-life, and volume of

distribution
« Initial pharmacokinetic modeling in drug development
Limitations

Although it is simple, the model does not include slow penetration into deeper tissues or fat
spaces. It could oversimplify the pharmacokinetics of drugs that take time to equilibrate across

the body and make erroneous predictions for such drugs.
2. Two-Compartment Model

Definition and Structure

In the two-compartment model, the body is divided into two theoretical spaces:

e The central compartment, which includes plasma and highly perfused organs such as

the heart, lungs, liver, and kidneys.

e The peripheral compartment, comprising less perfused tissues like muscle and adipose

tissue, where drug distribution occurs more slowly.

Phases of Drug Disposition

Following intravenous administration, drug movement occurs in two distinct phases:

1. Distribution Phase (a-phase): Characterized by a rapid decline in plasma drug

concentration due to distribution from the central to the peripheral compartment.

2. Elimination Phase (B-phase): Represents a slower decline, reflecting drug elimination

from the central compartment after redistribution equilibrates.
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Mathematical and Graphical Representation

The plasma concentration-time curve in a two-compartment model follows a bi-exponential

decline:

C, = Ae " + Be #

Type equation here.
Where:
e A and B are intercepts of the two exponential phases
e o = distribution rate constant
e [} =elimination rate constant
Applications
This model is more appropriate for drugs that exhibit complex distribution Kkinetics, especially

those that penetrate deep or poorly perfused tissues. It is often used when the plasma

concentration—time profile shows a sharp initial drop followed by a slower terminal phase.
Limitations

The model is more difficult to calculate and necessitates non-linear regression or special
pharmacokinetic computer programs for exact calculations. Yet, it yields a closer simulation
of drug kinetics for most therapeutic drugs.

3. Multi-Compartment Models

Definition and Usage

Multi-compartment models are those with greater than two compartments and are utilized to
explain the pharmacokinetics of drugs having extensive and variable tissue distribution. Multi-
compartment models are tailored to scenarios when a two-compartment model still fails to fully
represent the behavior of the drug, typically owing to the presence of several tissue reservoirs
or long recirculation.

Application

Multi-compartment modeling is typically reserved for:

e Advanced pharmacokinetic simulations

e Research and development of drugs with highly complex ADME profiles
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« Studies requiring precise tissue distribution data for special populations (e.g., neonates,
critically ill patients)
Limitations
Because they are so complicated, these models need advanced computer software and non-
linear mixed-effects modeling methodologies (e.g., NONMEM, Phoenix WinNonlin). They

are not utilized frequently in the everyday clinical pharmacokinetics but are essential during

drug development.

1.1.7. Protein Binding and Its Significance

In systemic circulation, drugs have two forms: bound to plasma proteins and free (unbound).
After introduction into the circulation, most drugs reversibly associate with circulating plasma
proteins to form drug—protein complexes. Such binding has extremely significant effects on
the distribution, pharmacological effect, metabolism, and excretion of the drug. Because only
the unbound (free) part of a drug is pharmacologically active, capable of passing through
biological membranes, reacting with receptors, and being metabolized and eliminated, protein

binding is an important determinant of both pharmacokinetics and pharmacodynamics.

Protein binding is usually reversible and non-covalent, enabling the drug to function as a
dynamic reservoir. The equilibrium between bound and free drug maintains a constant
therapeutic effect. Changes in protein binding, however, caused by disease states, co-
administered drugs, or changed protein levels, can have a major impact on drug action,

efficacy, and toxicity.

+ Major Plasma Proteins Involved in Drug Binding
a) Albumin

Albumin is the most prevalent plasma protein, accounting for approximately 60% of total
plasma protein mass. It has a dominant role in the binding of acidic drugs, e.g., warfarin,
phenytoin, and salicylates. Albumin also binds some neutral and weak bases. The large binding
capacity of aloumin for acidic compounds influences their volume of distribution and half-life,
and displacement of bound drug from albumin by other drugs may cause toxicity from elevated

free drug concentrations.
b) al1-Acid Glycoprotein (AAG)

AAG is a spherical glycoprotein that binds mainly to basic drugs like propranolol, lidocaine,

and imipramine. It is an acute-phase reactant since its concentration rises during stress,
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inflammation, trauma, infection, and cancer. Therefore, in states of acute or chronic disease,

AAG concentration may increase and affect the binding and distribution of basic drugs, at times

requiring dosing adjustments.

c) Lipoproteins and Globulins

Globulins and lipoproteins help in the binding of steroids, hormones, immunoglobulin-related

agents, and lipophilic drugs. Though they are less prominent than albumin and AAG, they

become important when albumin concentration is low or when drugs are highly lipid-soluble.

+ Types of Protein Binding

Protein binding can be categorized based on its reversibility:

Reversible Binding is the most prevalent form and includes non-covalent forces,
including hydrogen bonds, electrostatic forces, and van der Waals interactions. This
means there can be dynamic equilibrium between bound and unbound drug.

Irreversible Binding is quite uncommon and involves covalent binding of the drug to
the protein, typically leading to permanent inactivation or immunogenic response. Such
binding is typically with some drugs or reactive metabolites that structurally modify

proteins.

+ Extent of Protein Binding

The extent to which a drug binds to plasma proteins varies and significantly affects its

pharmacological behavior. Drugs can be classified based on their protein-binding percentage:

Highly protein-bound drugs: Bind to plasma proteins to an extent of more than 90%,
having less than 10% of the drug unbound. Examples are warfarin and diazepam. They
are characterized by low volumes of distribution, increased half-lives, and increased

drug—drug interaction potential.
Moderately protein-bound drugs: Show binding between 30-90%.

Low protein-bound drugs: Less than 30% of the drug binds to plasma proteins,

making them more readily available for action and elimination.

Bind to plasma proteins to an extent of more than 90%, having less than 10% of the drug

unbound. Examples are warfarin and diazepam. They are characterized by low volumes of

distribution, increased half-lives, and increased drug—drug interaction potential.
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+ Factors Influencing Protein Binding

1. Physicochemical Properties of the Drug

A drug's lipophilicity, molecular weight, polarity, and ionic charge have a great influence on
its capacity to bind to plasma proteins. Lipophilic and non-polar drugs tend to have greater

affinity for binding sites on albumin or lipoproteins.
2. Protein Concentration in Plasma

Diseases like liver disease, nephrotic syndrome, malnutrition, and severe burns lower plasma
proteins, particularly albumin, to reduce the amount of bound drug and increase the fraction of
free drug. This raises both efficacy and risk for toxicity, particularly for drugs with a high

protein binding since more of the drug becomes available to exert its action.
3. Drug Concentration and Saturability

At increased plasma levels, the plasma protein binding sites can become saturated, and the free
fraction of the drug increases. For example, phenytoin exhibits non-linear protein binding at

increased doses, necessitating close therapeutic monitoring [7].
4. Competition from Other Drugs

Drugs given at the same time might share the same protein binding sites and displace each
other. This can cause elevated free concentrations of the displaced drug and increase its
therapeutic effect or toxicity. An example is sulfonamides displacing warfarin and causing over

anticoagulation.
5. Pathophysiological Conditions
Various disease states affect protein binding:

o Acute illnesses, trauma, infection, or surgery can elevate AAG levels, which alters the
binding of basic drugs.

e Hypoalbuminemia, commonly seen in chronic liver disease or malnutrition, can lead to
decreased binding of acidic drugs, raising the free drug fraction and increasing

pharmacological effects or toxicity.

1.2. PHARMACODYNAMICS

Pharmacodynamics refers to the investigation of the biochemical and physiological actions of
drugs and the mechanism by which they exert these actions in the body. Pharmacodynamics is

concerned with the interaction of drugs with components of the cell, particularly receptors, to
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trigger a sequence of events that culminates in a therapeutic effect. This area also investigates
the correlation between drug concentration and effect and serves to establish key parameters
like potency, efficacy, therapeutic index [8], and dose-response relationships. A sound
knowledge of pharmacodynamics is critical for rationalizing drug therapy, reducing adverse

effects, and designing new and safer therapeutic compounds.
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Figure 2: Pharmacodynamics

1.2.1. Mechanisms of Drug Action

The drug action mechanism is the specific biochemical interaction by which a drug substance
exerts its pharmacologic effect. It usually entails binding to a specific target molecule in the
body—a receptor, enzyme, ion channel, or transporter—resulting in a cascade of physiological
events. Knowledge of how drugs work at the molecular level is essential to pharmacology and

essential to the design of safe and effective therapeutic agents.
4+ Primary Mechanisms of Drug Action

Drugs act through several well-defined mechanisms, including:
1. Interaction with Receptors

One of the most prevalent mechanisms through which drugs act is by binding to receptors,
which are protein molecules with specialized functions found on the cell membrane or within
the intracellular milieu. Receptor-binding drugs, also called ligands, either activate or inhibit a

physiological reaction by binding to a receptor. When a drug binds to a receptor and causes a
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response, it is referred to as an agonist. Agonists simulate the effect of endogenous ligands,
including hormones or neurotransmitters. Antagonists, on the other hand, are drugs that bind
to receptors but do not activate them, effectively inhibiting the binding or action of the natural
ligands. A third class, inverse agonists, occupies receptors that have constitutive (basal) activity
and suppresses this activity to below the baseline, literally creating the opposite effect of an

agonist.

For example, adrenaline is an agonist at 3-adrenergic receptors, which increase cardiac output
during stress or emergency. On the other hand, propranolol, a B-blocker, is an antagonist at the
same receptors, thus decreasing heart rate and blood pressure in hypertensive patients. Such
receptor-based drug interaction is the principle of most pharmacological treatments of

cardiovascular, neurological, and endocrine diseases.
2. Inhibition or Activation of Enzymes

Most drugs act by modulating enzymes, the biological catalysts that catalyze critical
biochemical reactions. Drug-enzyme interactions usually involve inhibition or, less frequently,
activation of enzymic activity. Enzyme inhibitors function by diminishing the catalytic activity
of enzymes, slowing down or preventing particular metabolic processes. Inhibitors can be
reversible, which temporarily bind to the enzyme through non-covalent, transient bonds, or

irreversible, which bind covalently and inactivate the enzyme permanently.

An illustration of irreversible enzyme inhibition is the aspirin that irreversibly inhibits
cyclooxygenase (COX) enzymes with a consequent decrease in synthesis of prostaglandins that
are inflammatory and pain mediators. Neostigmine is another illustration where neostigmine is
an acetylcholinesterase reversible inhibitor preventing the hydrolysis of acetylcholine in the
synaptic cleft to increase cholinergic transmission during myasthenia gravis. Whereas enzyme
inhibitors are common, enzyme activators are less frequent and typically mean amplifying the

catalytic activity of underactive enzymes in specific metabolic disorders.
3. Modulation of lon Channels

A second primary mechanism of drug action is the modulation of ion channels, which are
protein structures that are embedded in cell membranes and control the flow of ions such as
sodium (Na*), potassium (K*), calcium (Ca?'), and chloride (Cl"). Through changing the
movement of these ions, drugs influence numerous physiological processes including nerve

transmission of signals, muscle contraction, and cardiac rhythm. Drugs can block ion channels,
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inhibiting the flow of particular ions, or they can favorably affect channel opening, stimulating

the movement of ions across membranes.

For instance, lidocaine is a local anesthetic that acts by occluding voltage-gated sodium
channels in neurons, thus hindering the production and transmission of nerve impulses. In
contrast, verapamil, which is a calcium channel blocker, blocks L-type calcium channels in
cardiac muscle and smooth muscles, decreasing myocardial contractility and decreasing blood
pressure. lon channel modulators find extensive application in the therapy of arrhythmias,

hypertension, epilepsy, and pain [9].
4. Inhibition of Transport Systems (Carrier Proteins)

A few drugs exert their action by affecting transporter proteins, which are part of the transport
of ions and molecules through cell membranes. These transporters are important in the
reabsorption, secretion, and uptake of different physiological substances. Through the
inhibition of these transport systems, drugs are able to modify the level of endogenous

compounds in a particular site and thus create a pharmacologic effect.

An example is fluoxetine, a selective serotonin reuptake inhibitor (SSRI), that functions by
blocking the serotonin transporter responsible for the reuptake of serotonin into presynaptic
neurons. This causes the accumulation of serotonin in the synaptic cleft, thus increasing
neurotransmission and mood elevation in depressive disorders. In the same manner, digoxin's
therapeutic action is through inhibiting the Na*/K*-ATPase pump in cardiac muscle cells,
which raises intracellular calcium levels and augments myocardial contraction, and hence is

useful in the treatment of heart failure.
5. Nonspecific Physical or Chemical Interactions

All drugs do not need to interact with particular biological macromolecules to produce their
action. Some exert action through non-specific physical or chemical means, which are not
associated with receptor binding or enzyme inhibition. These actions are usually confined to
the physicochemical properties of the drug, including pH, osmolality, or adsorptive potential.

Antacids, for instance, are basic simple compounds that neutralize gastric acid through a direct
chemical reaction, thus alleviating hyperacidity symptoms. Mannitol, an osmotic diuretic,
raises the osmolarity of tubular fluid in the kidney, pulling water into renal tubules and
increasing urine output—helpful in lowering intracranial or intraocular pressure. Activated
charcoal also acts by adsorbing toxins in the gastrointestinal tract and inhibiting their systemic

absorption during poisoning episodes. These agents demonstrate how physical and chemical
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properties by themselves can dictate therapeutic effects without the necessity of intricate

biological interactions.
6. Prodrug Activation

Certain drugs are given in a less active or inactive state, referred to as prodrugs, which have to
be biochemically converted within the body to become active pharmacologically. This
approach is usually employed to increase absorption, enhance bioavailability, or be tissue-
specific. Prodrugs are usually metabolized by liver enzymes or plasma esterases into their
active metabolites after they enter the body [10].

For example, enalapril, employed in the treatment of hypertension, is a prodrug that is
metabolized in the liver to enalaprilat, the active form that acts as an inhibitor of the
angiotensin-converting enzyme (ACE). Codeine is another example, which is metabolized in
the liver to morphine, the active compound that is responsible for its analgesic action. Prodrug
design is an important area in drug development, enabling better control over drug solubility,

permeability, and target specificity.

1.2.2. Drug—Receptor Interactions

Drug-receptor interaction is the first and foremost event in the pharmacological action of most
therapeutic drugs. A receptor is a particular biological macromolecule, most often a protein,
which is situated either on the cell membrane or inside cells. It binds preferentially to a drug
molecule, or ligand. The binding of a drug to its receptor triggers a cascade of intracellular
signaling cascades that finally culminate in physiological and therapeutic effects. It regulates a
drug's affinity (its binding strength to the receptor), efficacy (its capacity to generate a

response), and selectivity (its capacity to act on specific receptors versus others).

Knowledge of drug-receptor interaction constitutes the basis for understanding drug potency,
therapeutic action, side effects, tolerance, and drug resistance. It also forms the basis for

developing new drugs, designing proper dosing schedules, as well as individualized therapy.
+ Types of Receptor Binding

The interaction between drugs and receptors can occur through two principal mechanisms:

reversible binding and irreversible binding.
v Reversible Binding

Reversible binding is the most prevalent type of drug-receptor interaction. In this, the drug

attaches to the receptor via non-covalent forces, such as hydrogen bonds, ionic bonds, van der
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Waals forces, and hydrophobic bonds. These bonds are generally weak, enabling the drug to
bind and release from the receptor constantly and dynamically in a state of equilibrium. This
enables the body to control the impact of the drug more adaptably, responding to drug

concentration changes and physiological status.
v" Irreversible Binding

On the other hand, irreversible binding is the formation of covalent bonds between the drug
and the receptor. This leads to a permanent inactivation of the receptor site, and the
pharmacological effect lasts until the receptor is degraded and replaced by normal cellular
turnover. Irreversible binding is less frequent and usually with prolonged or toxic effects.
Examples are drugs such as aspirin, which irreversibly inhibits cyclooxygenase (COX)

enzymes, and phenoxybenzamine, an irreversible a-adrenergic antagonist [11].
+ Key Concepts in Drug-Receptor Interactions

Several quantitative and qualitative parameters are used to characterize drug-receptor

interactions, each influencing therapeutic outcomes:
o Affinity

Affinity is the measure of how strongly a drug interacts with a receptor. Affinity is the degree
to which a drug binds and fits into the active site of the receptor. Strong-affinity drugs have
low concentrations that are needed to occupy the receptor significantly and are more potent

overall.
e Efficacy

Efficacy refers to the capacity of the drug-receptor complex to trigger a biological response. It
separates drugs that can stimulate receptors (agonists) from those that cannot (antagonists). A
drug can bind tightly (high affinity) but with low efficacy if it does not cause receptor

activation.
e Dissociation Constant (Kd)

The dissociation constant (Kd) is a measure of affinity quantitatively. It is the concentration of
drug that occupies 50% of receptors. The lower the Kd value, the greater the affinity, i.e., less

drug is required to bind to receptors and produce a response.
e Residence Time

Residence time is the time a drug stays bound to its receptor before it dissociates. The drugs
with greater residence times will have longer pharmacological effects even when their plasma
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levels drop. But too prolonged residence time will also cause long-lasting toxicity or side
effects [12].

+ Signal Transduction Mechanisms

When a drug binds to its receptor, the receptor changes its conformation, which results in the
activation of intracellular signaling pathways. This phenomenon is referred to as signal

transduction, and it converts the extracellular binding event into a particular cellular response.
Common signaling mechanisms include:

« Activation of G-protein coupled receptors (GPCRs) that regulate secondary messengers
like cyclic AMP (cAMP) and inositol triphosphate (IP3)

e Opening or closing of ion channels
e Activation of enzyme-linked receptors such as tyrosine kinases
e Modulation of gene transcription via intracellular nuclear receptors

These pathways ultimately influence cellular processes like gene expression, enzyme activity,

ion flow, or neurotransmitter release, producing the pharmacological effect of the drug.
+ Clinical Significance

An understanding of drug-receptor interactions is essential in both clinical pharmacology and

drug development. These interactions influence key aspects of pharmacotherapy, including:

e Onset and duration of action: Drugs with higher affinity and longer residence time

often act more quickly and for longer periods.

o Tolerance and dependence: Chronic exposure to agonists or antagonists can lead to
receptor desensitization, downregulation, or upregulation, altering drug response

over time.

e Drug resistance: Changes in receptor structure or expression (e.g., in cancer or

infections) can render drugs ineffective.

o Population-specific dosing: Age, disease states, genetic variations, and comorbid
conditions can alter receptor density and function, requiring personalized dosage

adjustments.

In addition, selectivity in receptor binding minimizes off-target effects and improves safety
profiles, making receptor interaction studies a cornerstone of rational drug design.

29



ADVANCED PHARMACOLOGY -1

1.2.3. Dose—Response Relationships

The dose—response relationship is one of the central concepts in pharmacology, stating how the
effect’s intensity or likelihood varies as the dose is increased. With this relationship, clinicians
and scientists can calculate drugs' potency (the amount of drug required to produce an effect),
efficacy (the maximum effect a drug is capable of), and safety margin. By analyzing the manner
in which drugs act upon individuals (graded responses) and groups (quantal responses),
pharmacologists are able to derive peak dosing regimens, anticipate therapeutic results, and

assess risk of adverse effects or toxicity [13].
#+ Graded Dose—Response Relationships

Graded dose—response relationships quantify the size of response elicited by various doses of
a drug in one subject or biological system. The response is quantitative and continuous, i.e., it
can vary from no effect to a maximal effect. Such responses are usually graphed with the x-
axis as the log of the dose and the y-axis as the percentage of the maximal effect.

a. Emax (Maximum Effect)

Emax signifies the highest effect that a drug can achieve, with or without dose. This measure
indicates the drug's inherent efficacy and allows distinguishing between full agonists (which
achieve 100% effect) and partial agonists (which exert submaximal effects even when

occupying all receptor sites).

Example: Morphine has a higher Emax than codeine for pain relief, making it more efficacious

even if both act on the same receptors.
b. ECse (Half-Maximal Effective Concentration)

ECso is the concentration of the drug where 50% of the maximum effect is seen. It is a measure
of potency—lower ECso, more potent the drug. Potency is particularly helpful in comparing

drugs with the same mechanism of action.

Example: Fentanyl has a lower ECso than morphine, meaning it is more potent (requires a

smaller dose to achieve the same level of pain relief).
c. Slope of the Curve

The slope indicates the degree to which the response rises with dose. A steep slope indicates
that small dose changes can cause large effect changes—helpful in emergencies but risky
because of narrow therapeutic windows. A shallow slope has a wider safety margin and permits

more flexible dosing.
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d. Shape and Significance

The typical graded dose—response curve is sigmoidal (S-shaped) on a semi-logarithmic scale.

It illustrates that:
e Low doses produce minimal effects.
e Moderate doses produce rapidly increasing effects.

o High doses reach a plateau (Emax) where additional dose increases produce no further
effect.

This visualization assists in dose titration and optimizing the therapeutic window.
+ Quantal Dose—Response Relationships

Quantal dose-response curves examine dichotomous (yes/no) responses across a population, as
opposed to continuous responses in an individual. Instead of "how much™ response is

generated, quantal analysis queries "how many" respond at each dose [14].
o EDso (Median Effective Dose)

EDso is the dose at which 50% of the population will have the desired therapeutic effect. It is
employed to contrast drugs and learn about the range over which a drug will be effective in the
majority of patients.

o TDso (Median Toxic Dose)
TDso represents the dose that produces a toxic effect in 50% of individuals. This measurement

is important for evaluating side effects, particularly in drugs with narrow therapeutic margins.

Example: Chemotherapy drugs often have EDso and TDso values that are close together,

requiring careful monitoring.
o LDso (Median Lethal Dose)

LDso is the dose that results in death in 50% of test animals. It is used in preclinical studies to

assess drug lethality, but is rarely used in humans for ethical reasons.
o Cumulative Frequency Curves

Quantal responses are graphed as cumulative frequency curves, which produce a sigmoid curve
where every point is the percentage of the population responding at or below a given dose. It

is easy to compare visually efficacy, toxicity, and lethality profiles.
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+ Clinical Relevance of Dose—Response Relationships

Optimal Dose and Frequency

Understanding the dose—response relationship enables physicians to identify the minimum
effective dose, avoid subtherapeutic dosing, and prevent overdose or toxicity. It helps in

determining:
e Loading and maintenance doses
« Dosing intervals
o Steady-state plasma levels

Drug Comparison (Potency vs. Efficacy)

e Potency comparison is based on ECso values.

o Efficacy comparison is based on Emax values. A drug can be more potent but less
efficacious, or vice versa. Thus, both parameters are essential when choosing between

drugs.

Therapeutic Index (T1)

The therapeutic index is a measure of a drug’s safety margin and is calculated as:

TDsgorLDsg

Th tic Ind TI) =
reapeutic Index (TI) EDys

e Wide TI: Indicates a safer drug, where the toxic dose is far above the effective dose

(e.g., penicillin).

o Narrow TI: Indicates a higher risk for toxicity, requiring precise dosing and monitoring

(e.g., digoxin, lithium).

Individual Variability and Personalized Therapy

Patients vary in their sensitivity to drugs due to genetic polymorphisms, age, organ function,
disease states, and other medications [15]. Dose—response analysis helps in:

« Predicting responders vs. non-responders
e Adjusting doses in renal/hepatic dysfunction

e Monitoring in special populations (e.g., pediatrics, geriatrics)
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1.2.4. Receptor Families: Structural and Functional

Receptors are specific macromolecular targets—most commonly proteins—by which drugs,
hormones, and neurotransmitters exert their biological effects. The receptors are structurally
and functionally heterogeneous and are commonly distinguished according to their location,

structural characteristics, and the mechanism by which they couple the signal into the cell [16].

There are unique response times, mode of activation, and intracellular signaling pathways for
each receptor family [17]. Knowing the different types of receptors is important for
appreciating the ways in which different drugs act, how long it takes for their effects to occur,

and how drugs can be selectively created to act on particular receptor systems.
+ Classification of Receptors

Receptors can be broadly categorized into four main families, based on their structural

characteristics and the functional mechanisms they employ to generate a response.
a) Ligand-Gated lon Channels (lonotropic Receptors)

Ligand-gated ion channels are transmembrane proteins that function as ion-selective pores that
open upon the occupation of a specific ligand. They permit rapid influx or efflux of ions like
Na*, K¥, Ca*', or CI” upon activation, resulting in instantaneous changes in membrane potential

and cell excitability.
o Response Time: Very fast, typically in milliseconds.
e Mechanism: Direct control of ion flow upon ligand binding.
e Examples:

o GABA-A receptors: When activated by GABA, they open CI~ channels,

causing neuronal inhibition.

o Nicotinic acetylcholine receptors: Located at neuromuscular junctions;

mediate muscle contraction by allowing Na* entry when acetylcholine binds.

These receptors play key roles in neurotransmission, especially in the central and peripheral

nervous systems.
b) G-Protein-Coupled Receptors (GPCRs or Metabotropic Receptors)

GPCRs are the most abundant and heterogeneous family of membrane receptors. They cross

the membrane seven times and convey signals by activating G-proteins, which in turn affect
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second messengers such as cyclic AMP (cAMP), inositol trisphosphate (IPs), or diacylglycerol
(DAG).
o Response Time: Moderate, typically in seconds.

e Mechanism: Ligand binding activates a G-protein — triggers intracellular signaling

cascades.
o Examples:

o B-adrenergic receptors: Activated by epinephrine/norepinephrine to increase

heart rate and bronchodilation.

o Dopamine receptors: Involved in mood regulation, motor control, and

endocrine function.

GPCRs mediate a wide array of physiological responses and are targets for a significant

percentage of clinically used drugs.
c) Enzyme-Linked Receptors (Kinase-Linked Receptors)

These receptors are single-pass transmembrane proteins with intracellular enzymatic activity—
frequently tyrosine kinase activity—that is activated on ligand binding. Ligand binding leads
to receptor dimerization and autophosphorylation [18], initiating phosphorylation cascades

within the cell.
o Response Time: Slower, typically minutes.

e Mechanism: Activation of enzymatic function (e.g., tyrosine kinase) initiates

phosphorylation of intracellular targets.
o Examples:
o Insulin receptor: Stimulates glucose uptake and metabolism.

o Epidermal Growth Factor (EGF) receptor: Regulates cell growth and

differentiation.

These receptors are especially relevant in metabolic regulation, immune responses, and cell

proliferation, making them key targets in conditions like diabetes and cancer.
d) Intracellular (Nuclear) Receptors

Intracellular receptors are found within the cytoplasm or nucleus and respond to lipophilic (fat-
soluble) ligands that are capable of diffusing across the cell membrane. After being activated,
intracellular receptors bind directly to DNA and affect gene transcription and protein synthesis.
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e Response Time: Slow, often hours to days.

e Mechanism: Ligand-receptor complex acts as a transcription factor that alters gene

expression.
o« Examples:
o Steroid hormone receptors: Such as glucocorticoid and estrogen receptors.
o Thyroid hormone receptors: Regulate metabolic rate and development.

Because of the genomic nature of their effects, drugs acting on these receptors often have long-
lasting physiological consequences, useful in chronic inflammatory diseases, hormonal

therapies, and cancers.
+ Functional Characteristics of Receptor Families

Every family of receptors exhibits distinct functional properties that determine its place in
pharmacology and how drugs are constructed to engage with it. These determine the modes
through which signals are transferred, the rates at which responses happen, where the receptors
are found in the cell, and the chemical nature of the ligands through which they can be
activated. It is necessary to have a good grasp of these properties in order to create desired

therapeutic responses and minimal side effects through drug development.
— Mechanism of Signal Transduction

The mode of signal transduction differs greatly between receptor families. lonotropic receptors,
also referred to as ligand-gated ion channels, work through direct regulation of ions moving
through cell membranes in response to binding by the ligand. The instantaneous alteration of
membrane potential may change cell excitability and initiate rapid physiological responses,

including synaptic transmission in neurons.

G-protein-coupled receptors (GPCRs) employ a more indirect method of signaling. When
activated by a ligand, the receptor stimulates an intracellular G-protein, which in turn adjusts
the generation of second messengers like cyclic AMP (cAMP), inositol trisphosphate (IPs), or
diacylglycerol (DAG). These second messengers direct a variety of intracellular consequences

like enzyme activation, ion channel control, and gene expression [19].

Enzyme-linked receptors, especially tyrosine kinase-linked receptors, become enzymatically
active when bound to a ligand. The receptors tend to auto phosphorylate themselves and
phosphorylate downstream signaling proteins, which triggers several signaling cascades

responsible for cell growth, differentiation, metabolism, and immune responses.
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Conversely, intracellular receptors function at the genomic level. When they bind to lipophilic
ligands like steroid or thyroid hormones, they function as transcription factors and bind to DNA
sequences to modify gene expression. This process is slower but produces long-term

physiological changes, especially in growth, development, and homeostasis.
— Speed of Response

The rate at which various receptors induce a response is an important functional characteristic
that influences their pharmacological uses. Ligand-gated ion channels yield the quickest
response, typically within milliseconds, as a result of their direct influence on ion movement.

These are essential for fast processes like muscle contraction and neurotransmission.

GPCRs react within seconds since their signaling is coupled with the activation of G-proteins
followed by second messengers. Though slower than ionotropic receptors, they are fast enough
to respond acutely as in smooth muscle relaxation, modulation of heart rate, and hormone

release.

Enzyme-linked receptors function at the minute level since their mechanism entails protein
phosphorylation and signal amplification by several intracellular intermediates. Such receptors
tend to bring about more prolonged physiological alterations, e.g., in insulin action or cytokine
signaling.

Intracellular receptors, relying on the process of transcription and translation, are the slowest
to start, with a timeframe of hours to days. Nonetheless, their duration of action is long and

essential for developmental control, immune responses, and endocrine functions [20].
— Cellular Location

The intracellular location of receptors determines the kinds of ligands they can bind to and the
character of their actions. Ligand-gated ion channels, GPCRs, and enzyme-linked receptors are
all inserted into the cell membrane and thus are available to hydrophilic ligands that cannot
pass through the lipid bilayer. These membrane-bound receptors are exposed to extracellular

signals and convey quick responses to alterations in the outside environment.

Conversely, intracellular receptors are found inside the cytoplasm or nucleus and are only
accessible to lipophilic ligands that can easily diffuse across the cell membrane. These ligands,
including steroid hormones and vitamin D, bind their receptors within the cell, where they
affect gene transcription and cellular differentiation. The site of the receptor thus profoundly
affects the absorption, distribution, and target specificity of the drug aimed at it.
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— Type of Ligand

The chemical character of the ligand—hydrophilic or lipophilic—dictates which types of
receptors it can reach and activate. Hydrophilic ligands, like neurotransmitters and peptide
hormones, cannot penetrate the cell membrane because they are polar and large. Consequently,
they act mostly on membrane-bound receptors, such as GPCRs, ligand-gated ion channels, and
enzyme-linked receptors. These receptors are located in a strategic position to sense

extracellular signals and quickly translate them into intracellular responses.

By contrast, lipophilic ligands such as glucocorticoids, thyroid hormones, and retinoids can
easily diffuse across the lipid bilayer of the cell membrane. They bind to intracellular (nuclear)
receptors, which elicit a genomic response by controlling the transcription of certain target
genes. These responses are generally slower but more prolonged and extensive, influencing

cellular processes like metabolism, immune regulation, and developmental growth.

1.2.5. Agonists, Antagonists, and Inverse Agonists

Drugs are able to act upon the body by binding to receptors, and, depending on what kind of
interaction this interaction is and the subsequent cellular effect, they can be categorized as
agonists, antagonists, inverse agonists, or agonist-antagonists (mixed-action agents). These
categories assist us in recognizing how drugs mimic, block, or reverse physiologic responses.
Each has specific therapeutic uses, and the choice of the appropriate one is essential in clinical
practice to obtain the desired pharmacological effect with minimal adverse consequences.

+ Agonists
Agonists are drug agents that act by binding to a specific receptor and activating it, thus
triggering a physiological response. Agonists reproduce the action of endogenous ligands like

hormones, neurotransmitters, or peptides and play a critical role in restoring or modulating

normal physiological function when endogenous signaling is deficient or compromised.
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Figure 3: Agonists
The effectiveness of an agonist depends on two fundamental properties:
1. Affinity — the ability of the drug to bind to the receptor.
2. Intrinsic efficacy — the ability to produce a maximal biological response once bound.

Agonists differ in the magnitude of the response they generate, and based on this, they are

classified into three main categories: full agonists, partial agonists, and allosteric agonists.
1. Full Agonists

Full agonists are drugs that engage receptors and bring about the strongest possible response
available to the system. They are highly intrinsic effacacious and, once engaged, completely

stimulate the receptor for a full biological effect.

These medications are commonly employed when maximal stimulation of the receptor is
desired, for example, in instances of severe deficiency or a vigorous pharmacologic response

is desired.

Example:

Isoproterenol, which is a synthetic catecholamine, is a full B-adrenergic receptor agonist. It
raises heart rate and contractility, producing similar effects to those of adrenaline, and is

applied in emergencies such as heart block or bradycardia.
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Full agonists are beneficial in acute care environments and can result in rapid and powerful
therapeutic effects, although they can also pose a greater risk of side effects if there is

overstimulation.
2. Partial Agonists

Partial agonists also bind to the same receptors as full agonists but only bring about a
submaximal response even when they occupy all receptors. This is due to lower intrinsic
efficacy. Partial agonists in certain situations can be functional antagonists when given in the
presence of a full agonist by competing with the receptor and diminishing the overall effect.

This special property is useful for partial agonists in situations where a biological response

must be modulated, minimizing the risk of excessive stimulation.

Example:
Buprenorphine acts as a partial agonist at the p-opioid receptor. It produces effective analgesia

but there is a ceiling to its respiratory depression, rendering it safer in opioid addiction

treatment than full agonists such as morphine.

Partial agonists are especially useful in chronic treatment, where prolonged and controlled

receptor activation is desirable compared to quick or strong stimulation.
3. Allosteric Agonists

Allosteric agonists occupy receptors at sites remote from the active (orthosteric) site of binding.
Such sites are referred to as allosteric sites, and when they are occupied, allosteric agonists
increase the receptor's activity toward the endogenous ligand or primary agonist. Allosteric
agonists increase the affinity or efficacy of the receptor for ligand, lengthen channel opening,

or expand the downstream signal.

In contrast to partial or full agonists, allosteric agonists tend to need the endogenous ligand to
be present in order to be effective and are not able to activate the receptor directly on their own.

Example:
Benzodiazepines such as diazepam are allosteric enhancers of the GABA-A receptor. They

increase the inhibitory activity of GABA (the brain's main inhibitory neurotransmitter) by
enhancing the opening of the chloride channel more frequently, thus producing sedation,

anxiolysis, and muscle relaxation.
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Allosteric agonists are valued for their selectivity and safety, since they enable the fine-tuning
of physiological responses without overstimulation, and they are desirable targets in

neuropharmacology and psychopharmacology.
+ Antagonists

Antagonists are pharmacologic agents that occupy receptors but fail to activate them. Contrary
to agonists, which on binding cause a cellular effect, antagonists merely occupy the receptor
and block the action of endogenous ligands or agonist drugs given. This block leads to a failure
of receptor activation, essentially suppressing the biological response that otherwise would

have been evoked by an agonist.

One of the distinguishing features of antagonists is that they have receptor affinity, that is, they
can bind to the receptor, but do not have intrinsic efficacy, i.e., they don't induce any effect
themselves. Antagonists are very useful in clinical medicine because they enable
pharmacologists and clinicians to suppress overactive physiological processes, to reverse

toxicity effects, or to regulate receptor signalling in a controlled manner.

Antagonists can be divided according to their mode of binding and interaction with receptors.
The main categories are competitive antagonists, non-competitive antagonists, and irreversible

antagonists.
1. Competitive Antagonists

Competitive antagonists occupy the identical active (orthosteric) site on the receptor as the
agonist, but in a reversible manner. Since both the agonist and antagonist compete for an
identical binding site, the action of a competitive antagonist can be reversed by increasing the
agonist concentration. This implies that maximal response (Emax) is still attainable, but at

increased doses of agonist.

Competitive antagonists are applied in the clinical environment when one needs temporary and
modifiable receptor blockade. They are reversible and thus appropriate for short duration use,

dose adjustment, and urgent intervention.

Example:
Naloxone is a competitive p-opioid receptor antagonist. In opioid overdose, it is employed to

quickly reverse opioid-induced effects such as those of morphine or heroin by restoring

respiration through displacement of the agonist from the receptor.
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2. Non-competitive Antagonists

Non-competitive antagonists bind to a receptor in a way that is not overcome by increasing the

concentration of the agonist. This can happen in two ways:
« They bind irreversibly to the active site, forming a covalent bond.

e They bind to an allosteric site—a site different from where the agonist binds—which
induces a conformational change in the receptor, rendering it less responsive or

unresponsive to the agonist.

In either event, non-competitive antagonists cause a reduction in the maximal effect (Emax)
that may be obtained by the agonist even if all accessible agonist receptors are saturated. They
are particularly valuable in chronic states, where long-term inhibition of receptor activity is

desired.

Example:
Ketamine, a non-competitive blocker of the NMDA (glutamate) receptor, utilized as an

anesthetic and anti-depressant. It reduces excitatory neurotransmission within the brain by

altering receptor function in a fashion not reversible with enhancement of glutamate levels.
3. Irreversible Antagonists

Irreversible antagonists bind to the active site of the receptor and create a covalent link,
permanently inactivating the receptor. The blockade caused by irreversible antagonists cannot
be overcome by increasing agonist concentration, unlike competitive antagonists. The effects

last until new receptors are produced by the cell, taking hours or days.

Because of their prolonged action, irreversible antagonists are employed with care, especially
in diseases where the receptor function has to be inhibited for a prolonged period. Incorrect use

or overdosing can lead to an extended suppression of important physiological processes.

Example:
Phenoxybenzamine is a nonreversible a-adrenergic receptor antagonist. It is employed to treat

hypertension in patients with pheochromocytoma, a catecholamine-secreting tumor. The
nonreversible blockade maintains blood pressure despite elevated levels of circulating

adrenaline and noradrenaline.
+ Inverse Agonists

Inverse agonists are a distinct category of pharmacological compounds that, similar to agonists

and antagonists, interact with the same receptor site (most commonly the orthosteric site) but
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differ greatly in the nature of response they evoke. Whereas agonists stimulate receptors to
elicit a biological effect and antagonists inhibit receptor activity without evoking a response,
inverse agonists specifically inhibit receptor activity—namely, lowering the baseline or

constitutive activity of receptors.
1. Constitutive Receptor Activity

Certain receptors, including G-protein coupled receptors (GPCRs) and ion channels, have so-
called constitutive activity—a type of spontaneous activation of the receptor that happens even
in the presence of no ligand. These receptors are constitutively in an active conformation at

baseline, which generates basal levels of intracellular signaling.

Antagonists in these instances can close off further agonist stimulation without influencing the
basal activity of the receptor. Yet, inverse agonists occupy the same site as agonists but stabilize
the receptor's inactive state, thus lessening or silencing the basal activity. The outcome is a

negative or inverse response compared to an agonist.
2. Mechanism of Action
Inverse agonists work by:
« Binding to the same active site as endogenous agonists.
o Stabilizing the receptor in its inactive state.
e Suppressing spontaneous signaling that occurs in the absence of stimulation.

This ability to actively reduce activity below the basal level makes inverse agonists particularly

useful in diseases where overactive receptors play a role, even without ligand binding.

Key Difference:

e Agonist — Increases receptor activity.
e Antagonist — Blocks receptor without affecting baseline.

e Inverse agonist — Suppresses receptor activity below baseline.

1.2.6. Therapeutic Index and Drug Potency

When a drug is being administered, it is important that the benefits be greater than the hazards.
Such is where therapeutic index, potency, and efficacy are critical. These factors are used to
establish the amount of drug to administer so that the required therapeutic effect is attained

while the risk of side effects is kept to a minimum. They also determine the drug selection
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when there is more than one agent to treat a single condition and formulate the plan for dose

titration, safety surveillance, and tailoring of therapy.
1) Therapeutic Index (TI)

Therapeutic index (T1) is a quantitative measure of the safety margin of a drug, being the
ratio between doses that have toxic or lethal effects and doses that have therapeutic effects. It
is usually computed using the formula:

_ TDsy  LDg,

TI = —3°
EDg, ' EDq,

Where:

e EDso (Effective Dose 50%) is the dose at which 50% of a population experiences the
desired therapeutic effect.

e TDso (Toxic Dose 50%) is the dose that causes toxic effects in 50% of the population.

e LDso (Lethal Dose 50%) refers to the dose that causes death in 50% of the test animals

(used in preclinical studies).

A large therapeutic index indicates that the drug possesses a broad safety margin, i.e., there is
a wide gap between the effective dose and the toxic dose. On the other hand, a small therapeutic
index indicates that even minimal dose increments may lead to toxicity, necessitating cautious

dose titration and monitoring of the patient.

Example:

e Penicillin has a wide TI, allowing high doses to be administered with low risk of

toxicity—making it one of the safest antibiotics.

o Digoxin, warfarin, and lithium have therapeutic and toxic levels with narrow
differences between them. Such drugs must have regular therapeutic drug monitoring

(TDM) as in the case of elderly patients or patients with compromised organ function.

Clinically, TI informs the risk—benefit assessment of a drug and plays a central role in deciding
dosing strategies, particularly in patients with co-morbid conditions, polypharmacy, or

impaired drug metabolism.
2) Drug Potency

Potency is the quantity of a drug required to elicit a particular therapeutic effect. A drug is
deemed more potent when it is able to deliver the desired response at a smaller dose in

comparison to a different drug that has the same effect.
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Potency is generally measured by the ECso (Effective Concentration 50%), which is the drug
concentration required to produce 50% of its maximum effect. Potency does not signify greater

therapeutic action; it simply indicates the requirement of a certain dose to start a specific effect.

Example:
« Fentanyl is more potent than morphine because it requires a significantly smaller dose

to achieve equivalent pain relief.

o Losartan and candesartan are both angiotensin receptor blockers (ARBSs), but

candesartan is considered more potent due to its lower ECso.

Understanding potency is crucial in dosing calculations, especially for high-alert medications,

where an error in small volumes can lead to severe toxicity.

3) Drug Efficacy
Efficacy, on the other hand, is the quantification of the maximal effect that a drug is able to
produce, independent of dose. It is denoted as Emax in dose-response research. Higher efficacy

of adrug allows it to produce greater therapeutic effects, and thus it is more desirable in clinical

situations where symptom relief is total or full biological effect is desired.

Efficacy is generally more clinically important than potency since a less potent drug can be

very effective if it can deliver the desired therapeutic effect without toxicity.

Example:
« Morphine is more effective than codeine in pain relief. Codeine is very effective at low
doses, but it is not capable of providing the same degree of pain relief as morphine even

at high doses.

o Hydralazine is less effective than nifedipine in antihypertensive therapy, but both are
effective in reducing blood pressure. The clinical decision is more a function of efficacy

and patient response than pure potency.
4) Graphical Interpretation

Dose-response curves are used to visualize and compare the potency and efficacy of different
drugs. These curves plot the dose or log-dose on the x-axis and the response (effect) on the y-

axis.

e Potency is inferred by the horizontal position of the curve. A left-shifted curve indicates
higher potency—Iess drug is required to reach 50% of Emax.
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o Efficacy is seen in the height (Emax) of the curve. A taller curve represents a drug with

greater efficacy.

Graphical Example:

e If Drug A’s curve is to the left of Drug B, Drug A is more potent.
o If Drug A and Drug B reach the same height, they have equal efficacy.

e IfDrug A’s curve is higher than Drug B’s, then Drug A is more efficacious, even if less

potent.
This visual analysis aids in choosing the optimal agent in multi-drug classes like NSAIDs, beta-
blockers, or antidepressants.
5) Clinical Significance
The practical implications of TI, potency, and efficacy are immense in clinical pharmacology:

e Drug Selection: When multiple agents are available for the same condition, efficacy

guides the primary choice, followed by potency and TI considerations.

e Dosing Guidelines: Narrow TI drugs like phenytoin require slow titration, dose-

response assessment, and possibly plasma level monitoring.

e Formulation Development: Potent drugs may be formulated in low-dose tablets or
transdermal patches, while highly efficacious drugs with poor bioavailability may

require modified-release systems.

e Toxicology and Risk Management: TI is used to assess risk in overdose situations
and set safe upper dosing limits, especially in pediatrics, geriatrics, and patients with

renal/hepatic impairment.

e Regulatory Decision-making: Drugs with low TI often require black-box warnings,
restricted use, or Risk Evaluation and Mitigation Strategies (REMS).

Understanding and applying these parameters helps clinicians tailor therapy to individual

patients, ensuring maximum therapeutic benefit while minimizing adverse effects.
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The fundamental process by which nerve cells, or neurons, interact with effector organs such
as muscles and glands and with each other is referred to as neurotransmission. Electrical and
chemical impulses are created, propagated, and conveyed through specialized junctions called
synapses. Such critical functions as movement, sensation, emotion, cognition, and autonomic
control are facilitated by this precisely regulated machinery, which ensures the coordinated
functioning of the nervous system. Release of chemical messengers, or neurotransmitters,
which bind to specific postsynaptic cell receptors and trigger a chain of cellular responses is
the building block of neurotransmission. Apart from the central nervous system (CNS), which
integrates and processes information, neurotransmission occurs in the peripheral and
autonomic nervous systems (PNS and ANS), which regulate involuntary functions such as
digestion, glandular secretion, and heart rate. Knowledge of the pharmacological actions of
most therapeutic drugs necessitates knowledge of the basics of neurotransmission, including
the role of neurotransmitters like acetylcholine, dopamine, serotonin, and GABA. The drug
manipulation of neurotransmission in clinical practice, some neurotransmitters that play a role
in central and autonomic processes, and the molecular basis of neural communication are all

discussed in this section.

2.1. GENERAL PRINCIPLES OF NEUROTRANSMISSION

Neurotransmission is the basic mechanism through which neurons exchange information with
one another and with effector organs (like muscles and glands) to control physiological
processes. This is an electrochemical communication that takes place through specialized
structures called synapses. Information is transmitted through neurotransmitters—chemical

messengers that convey signals from one neuron to another or from a neuron to other cells [1].

The whole process of neurotransmission is tightly regulated and highly coordinated to ensure
precision, speed, and adaptability. Abnormalities in neurotransmission are associated with
many neurological and psychiatric diseases, such as Parkinson's disease, depression, epilepsy,
and schizophrenia. Therefore, knowledge of its principles is essential for pharmacology,
particularly for the design of drugs that regulate neural communication.
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Figure 1: Neurotransmission

2.1.1. Steps in Neurotransmission

Neurotransmission is the basic process by which neurons interact with one another and with
effector cells like muscles or glands. The complex process includes the production, release,
and reception of chemical messengers (neurotransmitters) between synapses, and is necessary
for all neural processes ranging from movement, sensation, cognition, and emotion. The

following steps explain the entire process of neurotransmission:
1. Synthesis of Neurotransmitters

Neurotransmission is initiated by the synthesis of neurotransmitters. This may take place either
in the cell body (soma) or at the axon terminal, depending on the neurotransmitter type. The
small molecule neurotransmitters like acetylcholine, dopamine, serotonin, and GABA are
typically synthesized within the axon terminal with the help of enzymes that are transported
from the soma. For instance, dopamine is formed from tyrosine by the enzyme tyrosine
hydroxylase. Conversely, neuropeptides (e.g., substance P, endorphins) are larger
neurotransmitters that are made in the soma as pre-propeptides, packaged into vesicles, and

transported down the axon by microtubules to the synaptic terminal.
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2. Storage in Synaptic Vesicles

After synthesis, neurotransmitters are packaged in membrane-bound synaptic vesicles in the
presynaptic terminal. The vesicles shield the neurotransmitters from enzymatic breakdown and
arrange them for quick release. The vesicle membrane has proton pumps and transporter
proteins that assist in sequestering neurotransmitters into the vesicle lumen. This storage makes

neurotransmitters available for quick release upon stimulation of the neuron.
3. Arrival of Action Potential

When a neuron is adequately stimulated, an action potential (a brief, temporary depolarization
of the neuronal membrane) is initiated at the axon hillock and propagated down the axon to the
terminal. The electrical impulse is necessary for inducing neurotransmitter release.
Depolarization of the presynaptic membrane is triggered by the action potential arriving at the

synaptic terminal, which leads to calcium entry and eventual release of neurotransmitter.
4. Calcium Influx

Depolarization of the presynaptic membrane results in opening of voltage-gated calcium (Ca?")
channels. Calcium ions flood into the terminal along their electrochemical gradient. The entry
of calcium is the most important signal causing fusion of vesicles carrying neurotransmitter
with the presynaptic membrane. The quantity of calcium entering the terminal is directly

proportional to the probability and amount of neurotransmitter release [2].
5. Release of Neurotransmitter (Exocytosis)

When calcium reaches the presynaptic terminal, it binds to synaptotagmin, a calcium sensor on
the membrane of the vesicle. This triggers the SNARE complex (which includes proteins such
as synaptobrevin, syntaxin, and SNAP-25), which mediates the fusion of the vesicle with the
presynaptic membrane. The vesicle now opens, and its contents—neurotransmitters—are
released into the synaptic cleft by a process called exocytosis. This process is strictly regulated

and helps ensure that neurotransmitters are released in a precise and timely manner.
6. Binding to Postsynaptic Receptors

Neurotransmitters diffuse through the thin synaptic cleft and combine with specific receptors
on the postsynaptic membrane. The quality of the response is determined by the type of receptor

and neurotransmitter involved. These receptors can be:

e lonotropic receptors (ligand-gated ion channels) that function to directly open or close

ion channels to change membrane potential.
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e Metabotropic receptors (G-protein-coupled receptors) that stimulate intracellular
second messengers such as cAMP or IPs.
For instance, glutamate excitates ionotropic receptors to cause an excitatory effect, whereas

GABA stimulates receptors leading to inhibitory effects through raising chloride ion influx.
7. Postsynaptic Potential

The binding of the neurotransmitters at receptors causes alteration in the postsynaptic

membrane potential. This alteration can be:

e Excitatory postsynaptic potential (EPSP): a depolarization that moves the membrane
potential toward the threshold for firing an action potential (e.g., glutamate-mediated
Na" influx).
e Inhibitory postsynaptic potential (IPSP): a hyperpolarization that decreases the
likelihood that the neuron will fire (e.g., GABA-mediated CI™ influx).
Whether a new action potential will be formed in the postsynaptic neuron or not will depend
on whether there is summation of EPSPs and IPSPs at the axon hillock.

8. Termination of Signal

The neurotransmitter needs to be quickly withdrawn from the synaptic cleft to end the signal

and avoid continuous stimulation. This may happen through:

e Reuptake: the neurotransmitters like serotonin, dopamine, and norepinephrine are
reabsorbed into the presynaptic neuron by specific transporter proteins.
e Enzymatic breakdown: enzymes such as acetylcholinesterase quickly degrade
acetylcholine into acetate and choline.
e Diffusion: neurotransmitters may also diffuse away from the synaptic cleft into the
surrounding extracellular space.
The effectiveness of this process guarantees that neurotransmission is brief, specific, and

cyclical.
9. Recycling of Vesicles

Following exocytosis, the vesicle membrane is recovered through a process named
endocytosis, creating new vesicles that are replenished with neurotransmitters. This recycling
of the vesicle is necessary to achieve a reserve of release-ready vesicles and is facilitated by
proteins like clathrin and dynamin. The whole cycle allows for the neuron to be able to support

several cycles of neurotransmission throughout periods of high activity [3].
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2.1.2. Synaptic Transmission Overview

Synaptic transmission is the basic biological process by which neurons talk to one another or
to effector cells like muscle or glandular cells. It is at specialized synapses, the sites of cell-to-
cell communication within the nervous system. It is essential for the integration of sensory
input, motor output, cognition, behavior, and homeostasis. Synapses may be generally defined
as chemical synapses and electrical synapses, each having different mechanisms and functions
in neural computation.

Synaptic Transmission

© post synaptic mechanisms

Taken back into the
presynaptic cell by
endocytosis

Enzymatic

degradation\

Neurotransmitter
£
Binding with receptors
2

lon channels on post synaptic
membrane open up

£

Movement of ions occurs

Figure 2: Synaptic Transmission

» Chemical Synapses

Chemical synapses are the most common form of synapse found in the human nervous system
and involve unidirectional signal transmission from a presynaptic neuron to a postsynaptic
neuron or effector cell. During this process, neurotransmitters act as chemical messengers that

bridge the gap between the two cells.

At a chemical synapse, an action potential reaching the presynaptic terminal triggers the release
of neurotransmitters contained in synaptic vesicles. These neurotransmitters diffuse through
the synaptic cleft, a narrow space usually 2040 nanometers wide, and bind to specific
receptors on the postsynaptic membrane. The interaction of neurotransmitters with receptors
triggers a chain of intracellular processes leading to excitation or inhibition of the postsynaptic

cell, depending on the receptor and neurotransmitter involved [4].
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Chemical synapses are extremely adaptable and can perform signal amplification, integration
of inputs, modulation, and plasticity. All these make chemical synapses well-suited for
complicated and adaptive processes like learning, memory consolidation, and emotional

processing.
» Electrical Synapses

Electrical synapses are fewer in the mature human nervous system but have very important
functions in some specialized areas. Electrical synapses allow for direct cytoplasmic
transmission of ions and small molecules among neighboring neurons by means of special

protein channels termed gap junctions.

Electrical synapses are different from chemical synapses since they permit bidirectional and
very fast transmission of signals. They do not rely on neurotransmitters and are free from
synaptic delay, thus they play a vital role in reflex arcs, immature brains, and in synchronized
neural activity, as in the case of the retina, thalamus, and glial networks. Their dependability

and swiftness are beneficial for circuits that have to respond very quickly and synchronously.
» Synaptic Plasticity
One of the most interesting features of synaptic transmission is that it can alter in efficiency

and strength over time, something referred to as synaptic plasticity. This feature is responsible

for the nervous system's capacity for learning and adaptation based on experience.
Synaptic plasticity may be:

e Temporary, consisting of temporary alterations in neurotransmitter release or receptor
sensitivity.

e Long-term, for example, long-term potentiation (LTP) or long-term depression (LTD),
which are based on enduring synaptic strength changes via changes in gene expression,
receptor density, or synaptic structure.

Synaptic plasticity constitutes the cellular and molecular substrate of learning and memory,
and its dysregulation is involved in a variety of neurological and psychiatric diseases, such as

Alzheimer's disease, schizophrenia, and addiction.
» Types of Neurotransmitters and Their Roles

Neurotransmitters are classified in accordance with the effect they produce on the postsynaptic
cell and the receptor upon which they act. Neurotransmitters are the primary chemical

messengers for synaptic transmission and each has its own role within neuronal signaling.
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i.  Excitatory Neurotransmitters

These neurotransmitters cause depolarization of the postsynaptic membrane, raising the
probability of creating an action potential. The two most frequently occurring excitatory

neurotransmitters are:

e Glutamate: The major excitatory neurotransmitter of the CNS; it operates on AMPA,
NMDA, and kainate receptors.
e Acetylcholine (ACh): Stimulates nicotinic and muscarinic receptors; excitatory at

neuromuscular junctions and in some regions of the CNS.
ii.  Inhibitory Neurotransmitters

These hyperpolarize the postsynaptic membrane so that it is less likely to fire an action

potential.

e Gamma-Aminobutyric Acid (GABA): The brain's major inhibitory neurotransmitter;
it operates on GABA-A (ionotropic) and GABA-B (metabotropic) receptors.

e Glycine: The primary inhibitory neurotransmitter of the spinal cord and brainstem.

iii.  Modulatory Neurotransmitters

These neurotransmitters are not themselves excitatory or inhibitory but modulate synaptic
transmission strength or quality. They usually act through metabotropic receptors and affect

second messenger systems.

e Dopamine: Involves reward, motivation, motor control, and mood.

e Serotonin (5-HT): Controls mood, appetite, sleep, and cognition.

¢ Norepinephrine: Regulates alertness, arousal, and stress response.
Each neurotransmitter has the ability to mediate through several receptor subtypes, further
enhancing the complexity and specificity of synaptic responses.

Synaptic transmission is a multi-faceted, precisely regulated process that guarantees efficient
communication in the nervous system. Chemical synapses predominate human neural networks
because of their adaptability, accuracy, and capacity for plastic changes. Electrical synapses,
although less common, are necessary to provide rapid signaling in specific pathways. The
variety of neurotransmitters and receptors enables a highly complex network of excitation,

inhibition, and modulation, allowing for anything from reflexes to higher cognitive processes.
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Grasping these mechanisms is important for understanding normal neural functioning as well

as the etiology of most neurological and psychiatric illnesses [5].

2.2. AUTONOMIC NERVOUS SYSTEM (ANS)

The Autonomic Nervous System (ANS) is a vital part of the peripheral nervous system that
manages involuntary physiological activities like heart rate, digestion, respiratory rate,
pupillary reflex, urination, and sexual arousal. It acts subconsciously and maintains

homeostasis by regulating smooth muscle, cardiac muscle, and glandular function.
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Figure 3: Autonomic Nervous System
The ANS is comprised of two main branches:
e The Sympathetic Nervous System (SNS) — linked to "fight or flight" reactions.
e The Parasympathetic Nervous System (PNS) - related to "rest and digest™ functions.

Neurohumoral transmission within the ANS is mediated by two principal neurotransmitters:

acetylcholine (ACh) and adrenaline (epinephrine), with noradrenaline (norepinephrine). These
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chemical messengers convey signals from autonomic neurons to effector organs through a

highly orchestrated series of events.

2.2.1. Neurohumoral Transmission in the ANS

Neurohumoral transmission is the mechanism by which nerve impulses are translated into
chemical signals that affect the activity of target tissues. In the autonomic nervous system
(ANS), this mechanism is critical for the control of involuntary physiological functions like
heart rate, digestion, respiratory rate, pupillary response, and glandular secretion. The
"neurohumoral” designation highlights the utilization of chemical messengers

(neurotransmitters) to facilitate communication between neurons and effector organs [6].
» Overview of Neurohumoral Signaling in the ANS

The ANS is further split into the sympathetic and parasympathetic divisions, with both using a
two-neuron chain to conduct impulses from the CNS to peripheral organs. Both of these
pathways use a preganglionic neuron, which synapses within an autonomic ganglion, and a

postganglionic neuron, which innervates the target organ.

e Preganglionic neurons in both sympathetic and parasympathetic divisions release
acetylcholine (ACh) as their neurotransmitter, which acts on nicotinic cholinergic

receptors on the postganglionic neurons.

e Postganglionic parasympathetic neurons also release acetylcholine, which acts on
muscarinic cholinergic receptors located on the effector organs (e.g., heart, lungs, Gl

tract).

o Postganglionic  sympathetic neurons predominantly release noradrenaline
(norepinephrine), which binds to adrenergic receptors (o and B types) on the target

tissues (e.g., blood vessels, heart, bronchi).
There are notable exceptions:

o Sweat glands (innervated by sympathetic nerves) are activated by acetylcholine rather

than noradrenaline.

e The adrenal medulla acts like a modified sympathetic ganglion, releasing adrenaline
and noradrenaline directly into the bloodstream upon stimulation by preganglionic
sympathetic fibers.
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» Stages of Neurohumoral Transmission in the ANS

Neurohumoral transmission is a stepwise process, providing accurate regulation of autonomic
function. The stages are the same for both branches of the ANS, although the neurotransmitters

and receptors used may be different.
1. Synthesis of Neurotransmitters
Neurotransmitters are produced in the presynaptic terminals of autonomic neurons.

e For acetylcholine, synthesis uses choline acetyltransferase, which catalyzes the reaction
between acetyl-CoA and choline.

e For noradrenaline, the synthesis starts with tyrosine, which is transformed to L-DOPA,
then to dopamine, and eventually to norepinephrine by the activity of dopamine [-
hydroxylase in synaptic vesicles.

These neurotransmitters are responsible for signal transmission and modulation of target organ

function
2. Storage in Synaptic Vesicles

Following synthesis, neurotransmitters are placed into synaptic vesicles in the nerve terminal.
This safeguards them from enzymatic breakdown and positions them for imminent release.
Vesicular transport machinery, including the vesicular monoamine transporter (VMAT) for

catecholamines and VAChHT for acetylcholine, dominate this phase [7].
3. Release Upon Arrival of an Action Potential

On reaching the presynaptic terminal, an action potential causes the opening of voltage-gated
calcium channels, leading to influx of Ca*". Intracellular calcium concentration increases and
causes a cascade of SNARE proteins to induce fusion of synaptic vesicles with the plasma
membrane [8]. This causes neurotransmitters to be released into the synaptic cleft. This is a
quick and tightly controlled process, ensuring that the release of neurotransmitter corresponds

exactly with the arrival of the nerve impulse.
4. Binding to Receptors on the Effector Organ

The released neurotransmitters diffuse through the synaptic cleft and occupy certain receptors

on the postsynaptic membrane or effector organ.

e Acetylcholine is attached to nicotinic receptors on ganglia and muscarinic receptors on

target tissues.
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e Noradrenaline occupies al, a2, B1, B2, and B3 adrenergic receptors, each stimulating
varying physiological outcomes. For instance, Bl increases heart rate and al triggers
vasoconstriction.

The character of the response (inhibitory or excitatory) is a function of the nature and

distribution of the receptors.
5. Termination of Action
To ensure the rapid termination of neurotransmitter action, several mechanisms exist:

e Acetylcholine is hydrolyzed by the enzyme acetylcholinesterase into acetate and
choline, which is reused.

e Noradrenaline is mostly cleared by reuptake into the presynaptic neuron by the
norepinephrine transporter (NET). Others can also be broken down enzymatically by
monoamine oxidase (MAO) or catechol-O-methyltransferase (COMT).

These mechanisms avoid ongoing stimulation of the effector organ and ensure homeostasis

within the autonomic system.
» Significance of Neurohumoral Transmission in ANS Function

Neurohumoral transmission guarantees that autonomic responses are reversible and rapid, so
that the nervous system can have accurate control over essential organ systems. These include
heart rate modulation, regulation of respiratory rhythm, blood pressure, digestion, adjustment
of pupil size, and bladder function. Diseases of neurohumoral transmission may cause
hypertension, orthostatic hypotension, autonomic neuropathy, or dysautonomia. Additionally,
a variety of pharmacological drugs (e.g., muscarinic antagonists, B-adrenergic blockers, a-
adrenergic agonists) have been developed to affect particular stages of this cascade with

therapeutic effect in cardiovascular, respiratory, and gastrointestinal disorders [9].

2.2.2. Acetylcholine: Synthesis, Release, and Action

Acetylcholine (ACh) is probably the most significant and well-studied neurotransmitter in the
human body. It is the major neurotransmitter of the parasympathetic nervous system, but it also
plays pivotal roles in the sympathetic preganglionic neurons, some postganglionic sympathetic
fibers (e.g., those to sweat glands), somatic motor neurons, and some areas of the central
nervous system (CNS). Acetylcholine is implicated in a broad range of physiological processes
such as cardiovascular control, contraction of smooth muscle, glandular secretion, and

neuromuscular transmission.
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Svnthesis of Acetylcholine

The production of ACh takes place in the cytoplasm of cholinergic neurons, namely at the axon
terminals. The enzyme responsible for its production is choline acetyltransferase (ChAT),
which catalyzes the acetyl group transfer from acetyl coenzyme A (acetyl-CoA) to choline to

produce acetylcholine.
ChAT
Choline + Acetyl — CoA — Acetylcholine(ACh) + CoA

o Acetyl-CoA is generated in mitochondria via the citric acid cycle.

e Choline is obtained from the extracellular fluid through active transport or from the

breakdown of phospholipids.

This reaction occurs rapidly and efficiently, ensuring a steady supply of acetylcholine for

neurotransmission.

Storage and Release of Acetylcholine

After synthesis, acetylcholine is transported into synaptic vesicles by the vesicular
acetylcholine transporter (VAChT), which preserves the concentration gradient that is needed

for efficient release.

When an action potential reaches the presynaptic terminal, it triggers depolarization, which
results in the opening of voltage-gated calcium channels. The resulting influx of calcium ions
(Ca?") into the neuron is the stimulus for exocytosis [10]. The synaptic vesicles merge with the
presynaptic membrane via a SNARE protein complex, and ACh is released into the synaptic
cleft.

This release is strictly controlled to provide proper timing and amount of neurotransmitter

availability

Receptor Binding and Post-Synaptic Action

Once released into the synaptic cleft, acetylcholine acts by binding to cholinergic receptors,

which are generally divided into two categories:
1. Nicotinic Receptors (hAAChRS)

These are ligand-gated ion channels that permit the movement of Na* and K* ions through the

cell membrane on activation. They occur at:
e Autonomic ganglia (both sympathetic and parasympathetic)

e Adrenal medulla (stimulates release of adrenaline and noradrenaline)
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e Neuromuscular junctions (causes skeletal muscle contraction)

Activation of nicotinic receptors causes rapid depolarization, leading to excitatory postsynaptic

potentials and, in the case of motor neurons, muscle contraction.
2. Muscarinic Receptors (mMAChRS)

These are G-protein-coupled receptors (GPCRs) and mediate slower, modulatory responses.
They are found mainly on effector organs innervated by postganglionic parasympathetic

neurons. Five subtypes (M1-M5) exist, the most physiologically relevant being:

e M1 - CNS and gastric glands (stimulates cognitive function and acid secretion)

e M2 — Heart (decreases heart rate and contractility)

e M3 - Smooth muscles and glands (elicits contraction and secretion)

e M4 and M5 — CNS (not as well-characterized, modulatory roles)
Each of these receptor subtypes is coupled with various G-proteins and affects second
messengers including IPs, DAG, or cAMP and hence produces an incredible variety of

physiological responses.

Termination of Action

Unlike some neurotransmitters, which are being reabsorbed, acetylcholine is quickly broken
down in the synaptic cleft by the enzyme acetylcholinesterase (AChE). Breakdown products

are:

e Choline, which is reabsorbed actively into the presynaptic terminal through a high-
affinity transporter and recycled.
e Acetate, which diffuses away and is metabolized.
This fast breakdown guarantees tight control of cholinergic transmission and avoids permanent
activation of the post-synaptic receptors, which under other circumstances might result in

desensitization or toxicity [11].

Physiological Effects of Acetylcholine

Acetylcholine has generalized parasympathetic actions, most of which are mediated via M2

and M3 receptors:

e Cardiac system: Decreases the heart rate (negative chronotropy) and force of
contraction (negative inotropy) through M2 receptors.
e Respiratory airway: Results in bronchoconstriction and increased bronchial

secretions.
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e Gastrointestinal system: Increases glandular secretions and peristalsis.

e Urinary bladder: Elicits detrusor muscle contraction and sphincter relaxation,
allowing micturition.

e Eye: Produces pupillary constriction (miosis) and near vision accommodation through
contraction of the ciliary muscle.

These effects represent the parasympathetic "rest-and-digest™ response.

Clinical Relevance

Knowledge of the physiology of acetylcholine has provided the basis for several critical classes
of drugs:

e Anticholinesterases (e.g., neostigmine, physostigmine): These agents block AChE,
raising acetylcholine concentration in the synapse. They are administered to treat
myasthenia gravis, postoperative ileus, and glaucoma, and to reverse neuromuscular
blockade.

e Muscarinic antagonists (e.g., ipratropium, atropine): These blocks ACh at
muscarinic receptors and are employed in asthma, bradycardia, and preoperative drying
of secretions.

¢ Nicotinic antagonists: Used in anaesthesia to induce muscle relaxation during surgery.

e Botulinum toxin: Prevents the release of ACh at the neuromuscular junction and
results in flaccid paralysis. It is therapeutically used in spastic muscle, chronic

migraines, and cosmetic procedures.

2.2.3. Adrenaline: Synthesis, Release, and Action

Adrenaline, or epinephrine, is a potent catecholamine that acts as both a hormone and a
neurotransmitter within the sympathetic nervous system. It is the key player in the body's "fight
or flight" response, which readies the organism to cope with stressful or emergency situations
[12]. Though small quantities of adrenaline can function locally as a neurotransmitter, most of
its actions are systemic, mediated through its release into the blood by the adrenal medulla,

thereby qualifying it as one of the few neurotransmitters with prominent endocrine action.

Synthesis of Adrenaline

Adrenaline is produced in chromaffin cells of the adrenal medulla, which are functionally
equivalent to sympathetic postganglionic neurons. Adrenaline synthesis is a multi-step

enzymatic process, starting with the amino acid tyrosine:
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1. Tyrosine is hydroxylated to L-DOPA by the enzyme tyrosine hydroxylase, the rate-
limiting step in catecholamine synthesis.

2. L-DOPA is decarboxylated to dopamine by DOPA decarboxylase.

3. Dopamine is converted to noradrenaline (norepinephrine) by dopamine -hydroxylase,
an enzyme that exists within storage vesicles.

4. Lastly, noradrenaline is methylated into adrenaline by phenyl ethanolamine-N-
methyltransferase (PNMT), an enzyme that exists largely in the cytoplasm of adrenal
medullary cells.

PNMT activity is induced by cortisol, secreted from the adrenal cortex and transported to the
adrenal medulla via an intra-adrenal portal circulation. This intra-adrenal interaction highlights

the coordination of stress hormones to govern sympathetic function.

Release of Adrenaline

Adrenaline is contained in secretory granules in chromaffin cells. When stimulated by
preganglionic sympathetic fibers, which release acetylcholine that stimulates nicotinic
receptors on chromaffin cells, there is a calcium-dependent exocytosis of the granules. This
results in the release of both adrenaline and noradrenaline into the circulation, with

approximately 80% of catecholamines released by the adrenal medulla being adrenaline.

In contrast to classical neurotransmitters, adrenaline secreted by the adrenal medulla is a
hormone that flows in the blood to affect distant organs and tissues. This system supports a
synchronized, body-wide sympathetic response, particularly in response to acute stress,

hypoglycemia, or exercise.

Receptor Binding and Signal Transduction

Adrenaline works by binding to adrenergic receptors, which are G-protein-coupled receptors
(GPCRs) on the surface of many target tissues. They are categorized into two broad types, with

subtypes:
Alpha-Adrenergic Receptors:

e 01 receptors: Predominantly located on vascular smooth muscle; stimulation leads to
vasoconstriction, peripheral resistance, elevated blood pressure, dilation of the pupils
(mydriasis), and contraction of the bladder sphincter.

e 02 receptors: Presynaptic in location; they inhibit release of norepinephrine, giving a
negative feedback system. They also reduce secretion of insulin and are involved with

vascular tone.
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Beta-Adrenergic Receptors:

e B1 receptors: Primarily found in the heart; stimulation leads to augmented heart rate
(positive chronotropy), increased force of contraction (positive inotropy), and increased
AV conduction (positive dromotropy).

e [ receptors: Present in bronchial smooth muscle, vascular beds, liver, and skeletal
muscle. These mediate bronchodilations, vasodilation, glycogenolysis, and insulin
secretion.

e [ receptors: Found in adipose tissue; activation increases lipolysis, aiding in energy
mobilization.

Binding of adrenaline to these receptors triggers intracellular second messengers like cyclic
AMP (cAMP) or phospholipase C, depending on the receptor type, triggering a series of
physiological reactions.

Termination of Action

The effect of adrenaline is transient because it is quickly inactivated by multiple mechanisms:

1. Reuptake: The main mechanism is reuptake into presynaptic terminals via
transporters like the norepinephrine transporter (NET), although adrenaline is
reabsorbed less efficiently than norepinephrine.

2. Enzymatic breakdown: Circulating adrenaline is broken down by two important

enzymes:

e Monoamine oxidase (MAO): Located in the mitochondria of nerve terminals
and liver.
e Catechol-O-methyltransferase (COMT): Found in other tissues, such as the
liver and kidneys.
These enzymes metabolize adrenaline to inactive metabolites like metanephrine and
vanillylmandelic acid (VMA), which are excreted in urine. Quantitation of these metabolites is

utilized diagnostically in disorders such as pheochromocytoma.

e Physiological Effects of Adrenaline
The body's systemic effects of adrenaline are extensive and quick, and they get the body

ready to cope with emergency conditions:

o Cardiovascular system (f:): Increases stroke volume, heart rate, and

cardiac output.
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o Respiratory system (f2): Causes bronchodilation, facilitating breathing
during asthma attacks or stress.

o Vascular effects: Produces vasoconstriction (o) in splanchnic and skin
vessels, and vasodilation (B2) in skeletal muscle vasculature, redistributing
blood flow to vital organs.

e Metabolic actions (f32):

o Promotes glycogenolysis in the liver and muscle.

o Stimulates gluconeogenesis and lipolysis, increasing blood glucose and free
fatty acids for energy.

o Inhibits insulin secretion and enhances glucagon release.

e Ocular effects (au): Causes mydriasis (pupil dilation) by stimulating radial
muscles of the iris.
e Gastrointestinal and urinary systems: Reduces gut motility and secretions and

relaxes detrusor muscle of the bladder.

Clinical Relevance

Because of its potent sympathomimetic properties, adrenaline is used in several critical medical

situations:

Anaphylaxis: First-line treatment due to its ability to reverse bronchoconstriction,

vasodilation, and hypotension.

Cardiac arrest: Used during advanced cardiac life support (ACLS) to stimulate cardiac

activity.

Acute asthma attacks: Provides rapid bronchodilation when other therapies are

ineffective.

Local anesthesia adjunct: Added to anesthetics to prolong duration by causing local

vasoconstriction, reducing systemic absorption.

Shock states: Used to support blood pressure and cardiac output in severe hypotension.

Nonetheless, owing to its potency, adrenaline needs to be used cautiously so as not to produce

arrhythmias, hypertension, or ischemia, particularly in cardiovascular disease patients.

Adrenaline is a crucial catecholamine that has both neurotransmitter and hormonal activities.

It has a primary role in acute stress response, directing a speedy and coordinated stimulation

of several organ systems to put the body into action. Its action is mediated through a

multifaceted collection of adrenergic receptors [13], each possessing defined tissue localization
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and functional responses. Understanding the biosynthesis, release mechanisms, receptor
interactions, and clinical utility of adrenaline is crucial to both pharmacological and

physiological sciences.

2.3. CENTRAL NERVOUS SYSTEM (CNS)

The central nervous system (CNS) is the thought and movement control center, as well as the
sensation and emotion control center. The CNS includes the brain and spinal cord and operates
through complex webs of neurons that interact through neurotransmitters. The chemical
messengers are crucial for regulating excitatory and inhibitory signals, hence ensuring the

functional balance required for cognition, mood, behavior, and motor activity [14].

Impairment of CNS neurotransmission is the basis for a broad array of disorders including
depression, anxiety, epilepsy, schizophrenia, Parkinson's disease, and others. Pharmacological

manipulation of neurotransmitters is a central approach to treating such diseases.

2.3.1. Histamine

Although histamine is well known for its peripheral roles in inflammation, allergy, and gastric
acid secretion, it also has a crucial role as a neurotransmitter in the central nervous system
(CNS). In the brain, histamine participates in the regulation of several physiological processes
including wakefulness, arousal, appetite, thermoregulation, and neuroendocrine control. Its
effects in the CNS are multifaceted and region-dependent, mediated by a unique set of

histamine receptors on neurons and glial cells [15].

Synthesis and Localization

Histamine is produced in the brain from the amino acid histidine by the action of histidine
decarboxylase (HDC). The process takes place in specialized histaminergic neurons, which are
quite sparse but have far-reaching effects because of their widespread axonal projections across
the CNS.

The main location of histamine synthesis in the brain is the tuberomammillary nucleus (TMN),
which is situated in the posterior hypothalamus. Histaminergic axons emanate from the TMN
to various parts of the brain such as the cerebral cortex, hippocampus, thalamus, basal ganglia,
and brainstem, thus affecting a wide range of cognitive, behavioral, and physiological

processes.
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Histamine Receptors in the CNS

Histamine is active by affecting four forms of G protein-linked receptors—H1, H2, H3, and

H4. In the CNS, both the H1 and H3 receptors are the most important ones:

H1 Receptors: These receptors have a major role in inducing wakefulness, arousal,
and alertness. These receptors are believed to modulate cognitive functions including
learning and memory. Stimulation of H1 receptors enhances the excitability of neurons
and amplifies cholinergic and noradrenergic transmission. Sedation due to first-
generation antihistamines is attributed to their central penetration through crossing the
blood-brain barrier (BBB) and antagonizing H1 receptors, thus lessening arousal and
inducing sleep.

H3 Receptors: These act largely as presynaptic autoreceptors and heteroreceptors.
Upon activation, H3 receptors suppress the release of histamine itself and other
neurotransmitters like dopamine, norepinephrine, serotonin, and acetylcholine. This
negative feedback process serves to fine-tune neurotransmitter balance and CNS
excitability. H3 receptors are particularly found in the cortex, striatum, and thalamus,

areas significant for attention, motor control, and sensory processing [16].

Although H2 receptors are more prevalent in the gastric system, there is also presence in

specific brain regions, where they can affect circadian rhythm and memory consolidation. H4

receptors, while widely characterized in immune function, have few known CNS functions to

date.

Physiological Functions of Histamine in the CNS

Histamine's action in the CNS spans several areas:

Wakefulness and Arousal: Histaminergic TMN neurons are very active during
wakefulness and quiescent during sleep, especially REM sleep. This activity is strongly
coupled with the sleep-wake cycle.

Regulation of Appetite: Histamine is an anorexigenic agent that inhibits appetite by
activating H1 receptors in the hypothalamus.

Thermoregulation: It plays a role in regulating body temperature homeostasis,
particularly in cold exposure.

Endocrine Control: Histamine regulates the hypothalamic-pituitary axis, affecting

hormone secretion of prolactin, ACTH, and vasopressin.
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e Cognition and Learning: Through regulation of cortical and hippocampal function,
histamine aids attention, learning, and short-term memory, presumably through both
H1 and H3 receptor mechanisms.

Clinical Relevance and Pharmacology

The key actions of histamine have significant therapeutic and pharmacological significance:

e First-Generation Antihistamines: Medications like diphenhydramine, hydroxyzine,
and chlorpheniramine can cross the BBB and block central H1 receptors, causing
sedation and drowsiness. This action, although useful in the presence of insomnia or
motion sickness, is undesirable when alertness is required [17].

e H3 Receptor Antagonists/Inverse Agonists: They are being examined as possible
cognitive enhancers and wake promoters. By inhibiting the autoreceptor H3, these
drugs have the ability to increase the release of histamine and enhance alertness,
memory, and attention. Certain candidate drugs in this category are being studied for
the treatment of narcolepsy, ADHD, and Alzheimer's disease.

e Neurodegenerative and Psychiatric Disorders: Histaminergic signaling has been
linked to disorders such as Parkinson's disease, schizophrenia, and depression, although

the precise role is still under active investigation.

2.3.2. Serotonin (5-HT)

Serotonin, which is chemically referred to as 5-hydroxytryptamine (5-HT), is a monoamine
neurotransmitter with far-reaching and varied functions in the central nervous system (CNS)
and peripheral organs. Within the CNS, serotonin plays a fundamental role in modulating
mood, sleep, hunger, pain sensitivity, sexual behavior, and intellectual functions like learning
and memory. Externally, within non-neuronal tissues, it is also involved in gastrointestinal
peristalsis, platelet aggregation, and vascular tone modulation. The flexibility of serotonin's
action results from its multiplicity of receptor subtypes [18], varied localization, and intricate

mechanisms of regulation.

Synthesis and Storage

Serotonin is biosynthesized from the essential amino acid tryptophan, which comes from the

diet. The process involves two major enzymatic steps:

1. Tryptophan hydroxylase catalyzes the conversion of tryptophan to 5-
hydroxytryptophan (5-HTP) — this is the serotonin biosynthetic rate-limiting step.
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2. 5-HTP decarboxylase (also aromatic L-amino acid decarboxylase) subsequently

decarboxylates 5-HTP into serotonin (5-HT).

After synthesis, serotonin is sequestered in synaptic vesicles of the presynaptic terminal of
serotonergic neurons. With stimulation (e.g., action potential-induced depolarization),
serotonin is released into the synaptic cleft and acts on several postsynaptic and presynaptic

receptors.

Anatomical Localization

Throughout the brain, most of the serotonergic cells are found as a group of nuclei called raphe
nuclei located along the midline of the brainstem [19]. From these raphe nuclei, serotonergic

fibers project massively to nearly every region of the brain, such as:

e The cerebral cortex (regulates mood and cognition)
e The hippocampus (learning, memory)
e Thalamus and hypothalamus (pain, arousal, regulation of endocrines)
e The basal ganglia (motor function)
e The spinal cord (regulation of pain)
This widespread projection scheme allows serotonin to have global modulatory influence on

many diverse behavioral and physiological processes.

Serotonin Receptors

There is a minimum of seven big families of serotonin receptors, 5-HT: to 5-HT-, with more
than 15 subtypes. The majority of these receptors are G-protein-coupled receptors (GPCRS),
but 5-HTs receptors are ligand-gated ion channels.

Major Serotonin Receptor Subtypes in the CNS

e 5-HT:A receptors: Broadly distributed throughout the hippocampus, cortex, and
dorsal raphe nucleus. These receptors have a function of inhibiting the firing of neurons
and hence are crucial for regulating anxiety, depression, and temperature.

e 5-HT-A receptors: Present in great numbers throughout the cortex and limbic system.
These receptors contribute to the regulation of mood, perception, and cognition. The
psychedelic drugs like LSD work largely through activation of 5-HT-A.

e 5-HTsreceptors: Distinct from the other serotonin receptors in that they are ionotropic.
These are found in the area postrema, GI tract, and peripheral neurons, and are involved

in nausea, vomiting, and pain processing.

69



ADVANCED PHARMACOLOGY -1

e 5-HT> receptors: These are responsible for circadian rhythm regulation,
thermoregulation, and learning and memory. They are found in the hypothalamus,
thalamus, and hippocampus.

Other receptor subtypes (e.g., 5-HT:B, 5-HT.D, 5-HTa., 5-HTs) play significant roles in both

central and peripheral systems, such as migraine, GI motility, and neurodevelopment.

Physiological Roles of Serotonin in the CNS

Serotonin is a neuromodulator that affects numerous features of brain function:

e Mood and Emotion: Abnormality in serotonin transmission is strongly associated with
depression, anxiety disorders, bipolar disorder, and schizophrenia. Serotonin regulates
emotional stability, reward processing, and stress response.

e Sleep-Wake Cycle: Serotonin plays a role in the control of circadian rhythms and sleep
structure. It induces wakefulness, and its precursor (tryptophan) is a biochemical
precursor for melatonin, which controls sleep onset.

e Appetite and Satiety: Serotonin content in the hypothalamus controls hunger and
satiety. Low serotonin correlates with enhanced food intake and craving for
carbohydrates.

e Pain Modulation: Serotonin plays a pro-nociceptive as well as an anti-nociceptive
function depending on the receptor subtype and location. It is particularly active in
descending pain-modulating pathways of the spinal cord.

e Sexual Behavior and Libido: Serotonin suppresses sexual desire and arousal; high
levels of serotonin (e.g., from SSRIs) can lead to sexual dysfunction.

Clinical Relevance and Therapeutic Applications

e Selective Serotonin Reuptake Inhibitors (SSRIs)

These drugs including fluoxetine, sertraline, paroxetine, and escitalopram block the serotonin
transporter (SERT) which takes the serotonin back to the presynaptic neuron. This leads to the
availability of more serotonin in the synapse [20]. SSRIs are used in the first instance in treating

depression, anxiety disorders, obsessive-compulsive disorder (OCD), and PTSD.
e Triptans (5-HT:iB/iD receptor agonists)

Used in acute migraine management, triptans (e.g., sumatriptan, rizatriptan) constrict cranial
blood vessels and inhibit the release of pro-inflammatory neuropeptides. They act specifically
on 5-HT:B and 5-HT:D receptors.
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e 5-HT:s Receptor Antagonists

Agents such as ondansetron, granisetron, and palonosetron inhibit serotonin at 5-HTs receptors
at the chemoreceptor trigger zone (CTZ) and gastrointestinal tract and therefore are effective

at preventing chemotherapy-induced and postoperative nausea and vomiting.
o Atypical Antidepressants and Antipsychotics

Some newer agents such as vortioxetine and aripiprazole act on multiple serotonin receptors to

produce combined antidepressant and antipsychotic effects.
e Psychedelics and Hallucinogens

Substances like LSD and psilocybin act as agonists at 5-HT:A receptors, producing profound
effects on perception, mood, and cognition. These agents are under investigation for treatment-

resistant depression and PTSD.

2.3.3. Dopamine

Dopamine is a major catecholamine neurotransmitter in the CNS that plays a number of diverse
functions such as controlling movement, motivating behavior, reward processing, emotional
processing, and endocrine signaling. Due to its broad impact and clinical interest, it is widely
investigated in neuropharmacology and most notably in relation to disorders such as

Parkinson's disease, schizophrenia, ADHD, and addiction.

Svynthesis of Dopamine

Dopamine is produced in neurons from dietary tyrosine amino acid, which is supplied by
dietary sources. The synthesis involves two steps involving enzymes. Tyrosine is first
converted into L-DOPA (L-3,4-dihydroxyphenylalanine) by tyrosine hydroxylase, and this is
the rate-limiting step in the process. Second, L-DOPA is converted into dopamine by DOPA
decarboxylase. The dopamine synthesized is loaded into synaptic vesicles by the enzyme
vesicular monoamine transporter 2 (VMATZ2) and discharged into the synaptic cleft upon

stimulation of the neuron.

Dopaminerqgic Pathways in the CNS

There are four main dopaminergic tracts in the brain, each of which is linked to certain

functional effects:
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Nigrostriatal Pathway: This is from the substantia nigra that projects to the striatum.
It has a vital role to play in the initiation and planning of voluntary movement.
Degeneration of the pathway is the hallmark of Parkinson's disease.

Mesolimbic Pathway: Originating from the ventral tegmental area (VTA) and
terminating in the nucleus accumbens and limbic structures, this pathway is most
important for reward, motivation, and addictive behavior. Hyperactivity of this pathway
is involved in the positive symptoms of schizophrenia.

Mesocortical Pathway: This pathway also has its origin in the VTA but projects to the
prefrontal cortex and is responsible for cognition, emotional processing, and executive
function. Hypoactivity within this area is associated with negative symptoms and
cognitive impairment in schizophrenia.

Tuberoinfundibular Pathway: Spanning from the hypothalamus to the pituitary, this
pathway is responsible for regulating the inhibition of prolactin secretion.
Dysregulation may lead to hyperprolactinemia, particularly with dopamine antagonist

medication.

Dopamine Receptors

Dopamine acts through five receptor subtypes, which belong to two families:

Ds-like receptors (D: and Ds): These are associated with Gs proteins, which activate
adenylyl cyclase and enhance intracellular cyclic AMP (cAMP), inducing excitatory
effects.

D:-like receptors (D2, D3, and D.4): These are associated with Gi proteins, which inhibit
adenylyl cyclase, decreasing cAMP levels and generating inhibitory effects. D:
receptors are also found on presynaptic neurons, where they function as autoreceptors,

controlling dopamine synthesis and release.

These receptor families are heterogeneously distributed across the brain, which leads to the

diverse and complex effects of dopamine across different regions.

Physiological Roles of Dopamine

Dopamine has a range of functions in the CNS:

In the nigrostriatal pathway, dopamine enables smooth, coordinated movement.
Deficiency of dopamine here causes the motor symptoms that are seen in Parkinson's
disease.
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Dopamine in the mesolimbic system reinforces behavior through the generation of
pleasure and reward, underlining its contribution to addiction.

In the prefrontal cortex, dopamine facilitates attention, working memory, and decision-
making.

Dopamine controls pituitary hormone release through the tuberoinfundibular pathway,

specifically suppressing prolactin.

Clinical Relevance

Dopamine's clinical utility is observed in several conditions:

Levodopa (L-DOPA), a dopamine precursor that can penetrate the blood-brain barrier,
treats Parkinson's disease. Dopamine agonists ropinirole and pramipexole act like
dopamine, and MAO-B inhibitors (e.g., selegiline) and COMT inhibitors extend the
action of dopamine.

Treatment of schizophrenia includes D: receptor antagonists, which inhibit
dopaminergic hyperactivity in the mesolimbic pathway to reduce positive symptoms.
Yet these medications will also block dopamine in the nigrostriatal and
tuberoinfundibular pathways and cause extrapyramidal symptoms and endocrine side
effects such as hyperprolactinemia.

In ADHD, prefrontal cortical dopamine signaling is decreased. Medications such as
methylphenidate and amphetamine derivatives elevate synaptic dopamine and enhance
attention and impulse control.

In addition, the release of dopamine in the nucleus accumbens rewards drug use. Drugs
such as cocaine, amphetamines, and opioids stimulate an increase in dopamine, a

craving-reward cycle.

2.3.4. GABA (y-Aminobutyric Acid)

GABA (gamma-aminobutyric acid) is the primary inhibitory neurotransmitter in the central

nervous system (CNS). It has a crucial function in balancing neuronal excitation and inhibition,

preventing neuronal hyperactivity and excitotoxicity. GABA, by its inhibitory action, helps in

sedation, control of anxiety, muscle relaxation, and regulation of seizure threshold. GABA is

distributed throughout the brain, especially in areas such as the cortex, hippocampus, thalamus,

and cerebellum.
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Svynthesis of GABA

GABA is produced from the excitatory neurotransmitter glutamate in a reaction catalyzed by
the enzyme glutamic acid decarboxylase (GAD). The reaction involves the use of the coenzyme
pyridoxal phosphate (vitamin B6). GABA is retained in synaptic vesicles after production and
released into the synaptic cleft on stimulation of the neuron. Its effect is terminated mainly by
reuptake into presynaptic neurons and glial cells by GABA transporters (GAT).

GABA Receptors

GABA exerts its effects through two main types of receptors:

e GABA-A receptors are ionotropic receptors that serve as ligand-gated chloride ion
(CI") channels. When stimulated by GABA, the channels open, enabling CI ions to
flow into the neuron, thus causing hyperpolarization and a fast inhibitory postsynaptic
potential (IPSP). These receptors are acted upon by drugs such as benzodiazepines,
barbiturates, and general anesthetics, which amplify their inhibitory action.

e GABA-B receptors are metabotropic (G-protein-coupled) receptors that evoke slow,
sustained inhibitory actions by opening potassium (K*) channels and closing calcium
(Ca?") entry. This decreases neuronal excitability and release of neurotransmitters.
GABA-B receptors are crucial for controlling muscle tone and pain modulation.

Clinical Relevance

Changes in GABAergic transmission have been linked to many neurological and psychiatric
diseases. Medications that increase GABA activity, including benzodiazepines and
barbiturates, are widely used to manage anxiety, insomnia, and epilepsy. Valproic acid, a mood
stabilizer and anticonvulsant, elevates the level of GABA in the brain by blocking GABA
transaminase and stimulating its synthesis. Dysfunction in GABA has been linked to diseases
like epilepsy, anxiety disorders, Huntington's disease, and schizophrenia. Deciphering
GABAergic signaling is crucial for designing therapies against hyperexcitability and anxiety

disorders.

2.3.5 Glutamate

Glutamate is the major excitatory neurotransmitter in the CNS and is implicated in virtually all
facets of normal brain function. It has a key role in synaptic plasticity, learning, and memory,

particularly through its role in long-term potentiation (LTP). In contrast to GABA, which
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inhibits neuronal activity, glutamate facilitates the transmission of excitatory signals and is

therefore essential for the maintenance of neural communication and development.

Synthesis and Recycling of Glutamate

Glutamate is produced from glutamine, a precursor released by astrocytes, using the enzyme
glutaminase present in neurons. Once released into the synaptic cleft, glutamate binds with its
receptors and is subsequently seized quickly by excitatory amino acid transporters (EAATS),
which have a major placement on glial cells (more so astrocytes). Inside astrocytes, glutamate
is retransformed into glutamine by the enzyme glutamine synthetase and then delivered back
to the neurons for recirculation. This glutamate-glutamine cycle is critical in avoiding

glutamate buildup and ensuring neurotransmitter homeostasis.

Glutamate Receptors

Glutamate acts through two main classes of receptors: ionotropic and metabotropic.
« lonotropic Glutamate Receptors are ligand-gated ion channels and include:

o NMDA (N-methyl-D-aspartate) receptors: These need ligand binding and
depolarization for activation. They are permeable to Ca?*, Na*, and K*, and are
important for synaptic plasticity, learning, and memory. Overactivation can

cause excitotoxicity.

o AMPA receptors: Mediate fast excitatory synaptic transmission by allowing

Na" influx.

o Kainate receptors: Similar to AMPA in function, but with distinct

pharmacological profiles and synaptic roles.

e Metabotropic Glutamate Receptors (mGIuRs) are G-protein-coupled receptors that
shape neuronal excitability, neurotransmitter release, and plasticity. They are separated
into three families (I, 11, 111) depending upon their structure as well as on their
mechanisms of signaling. While ionotropic receptors do not have ion channels but

affect intracellular pathways through second messengers.

Clinical Relevance

Over released glutamate or overactivation of the receptor results in excitotoxicity, a pathologic
process involved in many neurological disorders like stroke, traumatic brain injury,
amyotrophic lateral sclerosis (ALS), Alzheimer's disease, and epilepsy. In Alzheimer's disease,

memantine, an NMDA receptor antagonist, is employed to decrease excitotoxic neuronal
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injury. Ketamine, a non-competitive NMDA receptor antagonist, has been found to exert fast
antidepressant effects and is employed in treatment-resistant depression. Drugs for mGIuRs are

also investigated for schizophrenia, anxiety, and neurodegenerative disorders.

2.3.6. Glycine

Glycine is the most straightforward of the amino acids and also a major inhibitory
neurotransmitter of the central nervous system, including the spinal cord, brainstem, and retina.
Glycine functions critically in modulating motor reflexes, perception of pain, and processing
sensory signals. In some parts of the CNS, glycine acts in synergy with the brain's other
principal inhibitory neurotransmitter, GABA, to preserve the fine balance between excitation

and inhibition that is necessary for efficient neuronal communication.

Mechanism of Action

Glycine exerts its inhibitory effects by its interaction with glycine receptors, ionotropic ligand-
gated chloride channels on the postsynaptic membrane. Glycine induces the flow of chloride
ions (Cl") into the neuron upon binding to the receptors. This chloride flow results in
hyperpolarization of the postsynaptic membrane, reducing the likelihood for the neuron to fire
an action potential. This leads to the suppression of excitability of the neurons, especially in

circuits concerned with muscle tone and reflexes.

Co-Agonist Role at NMDA Receptors

Besides its inhibitory function, glycine is also a co-agonist at the NMDA subtype of glutamate
receptors. NMDA receptors are implicated in excitatory neurotransmission, synaptic plasticity,
and memory. For the NMDA receptor to be maximally activated, glutamate and glycine (or D-
serine) need to bind to the receptor at different but cooperative sites. Glycine, thus, has a double
role in the CNS: inducing inhibition in some areas and enabling controlled excitation via
NMDA receptor modulation in others. Such a role is essential for learning, memory, and

neurodevelopment.

Clinical Relevance

Dysfunction in glycinergic neurotransmission has serious clinical implications. One of the most
infamous toxins to act on this system is strychnine, a powerful glycine receptor antagonist.
Strychnine inhibits glycine receptors in the spinal cord, resulting in unopposed excitatory
neurotransmission, which induces violent muscle spasms, hyperexcitability, and convulsions.

Strychnine poisoning can be lethal as a result of paralysis of respiratory muscles.
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On the therapeutic side, glycine and glycine-modulating drugs are under investigation as
treatments for psychiatric and neurological diseases, including schizophrenia. Here,
augmenting the availability of glycine at NMDA receptors can improve glutamatergic function,
commonly disrupted in schizophrenia. Further, glycine-mediated interventions are being
investigated in spinal cord injury, pain, and some types of epilepsy, where augmentation of

inhibitory tone would rebalance neurons.

2.4. NON-ADRENERGIC NON-CHOLINERGIC (NANC) TRANSMISSION

Historically, the autonomic nervous system (ANS) has been dichotomized into two main
divisions on the basis of its master neurotransmitters: the cholinergic system with the
neurotransmitter acetylcholine (ACh) in the parasympathetic division, and the adrenergic
system with the neurotransmitter noradrenaline (NA) in the sympathetic division. But with
advances in neurobiology, it has been shown that this two-way division does not reflect the
intricate nature of autonomic control. Specifically, neurons have been found to release
neurotransmitters other than ACh or NA, particularly in the enteric nervous system (ENS) and
certain autonomic nerve fibers. Such pathways are collectively referred to as Non-Adrenergic,

Non-Cholinergic (NANC) transmission systems.
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Figure 4: NANC transmission

NANC transmission involves a wide and heterogeneous collection of chemical messengers that

cannot be classified in the classical cholinergic or adrenergic categories. These are represented
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by neuropeptides, purinergic agents (such as ATP), gaseous transmitters (nitric oxide), and
other bioactive molecules. Most NANC neurons operate independently of or along with
classical transmitters, and they tend to co-release NANC transmitters along with ACh or NA,
thus augmenting the autonomic signaling in terms of its scope and sophistication. NANC
transmission is especially significant in the enteric nervous system, where it has critical
functions in the control of gastrointestinal motility, secretion, immune response, and vascular

tone.
+ Significance of NANC Transmission

The discovery and comprehension of NANC signaling is a paradigm shift in autonomic
neuroscience. NANC neurotransmitters offer functional redundancy, enabling more precise
and flexible regulation of autonomic responses. This wider repertoire of neurotransmitters fine-
tunes physiological processes, facilitating smooth transitions between different states of organ

function.

Additionally, NANC transmission is important in pathophysiology. For example, NO-mediated
relaxation is important in erectile function, and its failure results in erectile dysfunction, which
is managed with drugs that enhance NO (e.g., sildenafil). In the same manner, substance P and
calcitonin gene-related peptide (CGRP) are involved in neurogenic inflammation and pain
sensation, and they are involved in conditions such as asthma, irritable bowel syndrome (IBS),
and migraine. These results have opened new doors for therapeutic targeting, which have led
to the creation of NANC-directed medications, such as substance P antagonists, VIP analogs,

and NO donors.

+ Common NANC Neurotransmitters
1. Nitric Oxide (NO)

NO is a gaseous neurotransmitter produced from L-arginine by nitric oxide synthase (NOS).
NO diffuses easily across membranes and stimulates guanylyl cyclase in smooth muscle cells,
causing elevated cGMP and smooth muscle relaxation. NO is crucial for vasodilation, intestinal

relaxation, and neurovascular control.
2. Vasoactive Intestinal Peptide (VIP)

VIP is a neuropeptide that is involved in smooth muscle relaxation, intestinal and exocrine
gland secretions, and vasodilation. It exerts most of its action via GPCRs, stimulating adenylate

cyclase and enhancing CAMP. VIP plays a major role in gut motility and bronchodilation, and
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its analogs are being researched for diseases such as asthma and inflammatory bowel disease
(IBD).

3. Substance P

Substance P belongs to the tachykinin group and is pivotal in transmitting pain, inflammation,
and vasodilation. Substance P is released in association with glutamate in nociceptive circuits
and interacts with neurokinin-1 (NK1) receptors. High levels of substance P have been

implicated in chronic pain syndromes, arthritis, and migraine.

4. ATP (Adenosine Triphosphate)
ATP, commonly referred to as the cellular energy currency, is also a neurotransmitter in that it
acts on purinergic receptors (P2X ionotropic and P2Y metabotropic receptors). ATP plays a
role within the autonomic system for regulation of vascular tone, pain transmission, and bladder
function. ATP is frequently co-released with other neurotransmitters within sympathetic
nerves.

5. Neuropeptide Y (NPY)

NPY is among the most prevalent neuropeptides in the CNS and periphery. It plays a role in
vasoconstriction, appetite, stress response, and neuroprotection. It is often co-released with NA
in sympathetic neurons and exerts its effects through Y receptors (particularly Y1 and Y2).

6. Other NANC Mediators
Several other molecules are involved in NANC signaling:

e Somatostatin: Inhibits hormone secretion and neuronal activity; acts via G-protein-

coupled receptors.

o Enkephalins: Endogenous opioid peptides that inhibit pain and modulate sympathetic

tone.

e CGRP (Calcitonin Gene-Related Peptide): A potent vasodilator implicated in

migraine and vascular inflammation.
+ Physiological Integration and Co-Transmission

NANC transmitters can act as main transmitters or as co-transmitters with ACh or NA. The
released neurotransmitter can differ based on the nerve terminal, stimulation frequency, and
physiological states. The co-transmission mechanism enables neurons to dynamically modulate
response in a graded fashion instead of an all-or-none response. Within the enteric nervous
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system, motor neurons might release NO and VIP to encourage muscle relaxation or ATP and

substance P for excitation and contraction.

The Non-Adrenergic, Non-Cholinergic (NANC) transmission concept has revolutionized our
knowledge of the autonomic nervous system. These systems reveal the sophistication and
responsiveness of autonomic signaling outside of the traditional ACh-NA paradigm. NANC
neurotransmitters control vital physiological functions and are now appreciated as significant
pharmacological targets. Modulation of these neurotransmitters promises to cure a wide variety
of disorders such as hypertension, asthma, IBS, erectile dysfunction, and migraine and

constitutes a promising new frontier in neuropharmacology.

2.4.1. Co-Transmission Mechanisms

Co-transmission is the biological process by which a single neuron releases more than one
neurotransmitter at the same time from the same nerve terminal. These transmitters can be a
mixture of traditional neurotransmitters such as acetylcholine (ACh) or noradrenaline (NA)
and non-adrenergic, non-cholinergic (NANC) transmitters including nitric oxide (NO), ATP,
VIP (vasoactive intestinal peptide), or neuropeptides. Co-transmission adds sophistication and
plasticity to synaptic information, enabling one neuron to customize physiological response

and modulate a variety of cell pathways within the target tissue.
» Mechanism of Co-Transmission

In co-transmission, neurotransmitters are stored and packed in independent or common
synaptic vesicles in the presynaptic terminal. With stimulation, action potentials induce
calcium influx that leads to the coincident exocytosis of more than one neurotransmitter. These

transmitters can function:
o On different receptor subtypes (e.g., ionotropic and metabotropic),
o At distinct temporal phases (fast vs. slow),
o Or on different target cells within the same tissue.

The released neurotransmitters may complement, modulate, or even block each other's effects.
This stacked response can lead to additive effects (where the result is the sum of separate
actions), synergistic effects (where the result is greater), or modulatory effects (where one
neurotransmitter changes the action of another). Such versatility provides the nervous system

with a wider control over tissue function, especially in the autonomic and enteric systems.
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» Examples of Co-Transmission in Autonomic Systems

v Parasympathetic Neurons

Acetylcholine (ACh) and vasoactive intestinal peptide (VIP) are co-released from
parasympathetic nerves in the salivary glands. ACh acts upon muscarinic receptors to stimulate
fluid and electrolyte secretion, whereas VIP induces vasodilation, enhancing blood flow into
the gland. They coordinate well with each other in effective secretion of the salivary gland and
perfusion of the gland.

v' Sympathetic Neurons

Sympathetic nerves supplying vascular smooth muscle usually discharge noradrenaline (NA)
and neuropeptide Y (NPY). NA immediately activates oau-adrenergic receptors to produce
vasoconstriction, whereas NPY activates Y receptors to regulate the amplitude and the duration
of the vasoconstriction response. This combination facilitates accurate control of vascular tone
and blood pressure.

v Enteric Nervous System

In the enteric nervous system (ENS), co-transmission is fundamental to the regulation of

gastrointestinal motility and secretion. For example:

e ACh and substance P are co-released from excitatory motor neurons, working together

to produce coordinated smooth muscle contraction.

e Nitric oxide (NO), ATP, and VIP are co-released from inhibitory motor neurons,
resulting in smooth muscle relaxation. These neurotransmitters exert their effects
through distinct mechanisms—NO raises cGMP, ATP acts on purinergic P2 receptors,
and VIP raises cCAMP—yet all culminate in relaxing gut musculature for optimal

digestive function.
v Erectile Tissue (Penile Erection)

Penile erection is a classic example of multi-transmitter synergy, involving ACh, NO, and VIP.

These neurotransmitters are co-released from parasympathetic nerves during sexual arousal:
e ACh promotes endothelial NO production,

« NOdirectly relaxes penile smooth muscle by activating guanylyl cyclase and increasing
cGMP,

« VIP enhances vasodilation and increases penile blood flow. Together, they facilitate

vasodilation of the corpus cavernosum, leading to erection.
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» Physiological Importance of Co-Transmission
The capacity of neurons to release more than one transmitter is essential for:

e Fine-tuning autonomic output, allowing a range of responses from a single neural input.

e Coordinating two or more responses in the same tissue, e.g., simultaneous secretion and
vasodilation in salivary glands.

e To offer compensatory mechanisms in case a transmitter system is damaged—one or
more other co-transmitters can have partial function.

e Facilitating neurodevelopment and neuroplasticity, especially in the ENS and CNS,

where co-transmission assists in modulating responses during development and injury.
» Pharmacological Relevance

The investigation of co-transmission has created new opportunities in drug discovery. Since
numerous NANC transmitters participate in co-transmission, they are being targeted
pharmacologically to treat diseases that were previously believed to be mediated by only ACh
or NA:

« Nitric oxide donors (e.g., nitroglycerin, sildenafil) are used in angina and erectile

dysfunction.

e Substance P antagonists (e.g., aprepitant) are used to treat chemotherapy-induced

nausea and vomiting.

e Purinergic receptor modulators are being investigated for pain, bladder overactivity,

and inflammatory conditions.

e VIP analogs and modulators are explored for treating asthma, pulmonary hypertension,
and IBD.

These treatments emphasize the need to appreciate co-transmission, not merely for
physiological understanding, but for the generation of new-generation therapeutics for

multifactorial diseases.

Co-transmission is an advanced process of neurochemical integration in the autonomic and
enteric nervous systems. Through the release of more than one neurotransmitter, neurons gain
increased functional versatility, accuracy, and responsiveness in controlling intricate
physiological processes. With ongoing research discovering the variety and interaction of these
transmitters, co-transmission is a fundamental concept in neuropharmacology and an exciting

area for therapeutic development.
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2.5. AUTONOMIC PHARMACOLOGY

Autonomic pharmacology is concerned with drugs that influence the autonomic nervous
system (ANS), which regulates involuntary body functions such as heart rate, digestion,
respiratory rate, pupillary reflex, and glandular activity. The ANS has the sympathetic and
parasympathetic divisions, and drugs can stimulate or inhibit these systems by influencing
cholinergic (ACh) or adrenergic (adrenaline/noradrenaline) receptors. Neuromuscular junction

agents also influence communication between motor neurons and skeletal muscles.

Knowledge of autonomic pharmacology is necessary to treat diseases like hypertension,

asthma, bradycardia, glaucoma, urinary retention, and muscle disorders.
2.5.1. Parasympathomimetic (Cholinomimetics)

Parasympathomimetic, or cholinomimetics, are drugs that imitate the physiological actions of
the parasympathetic nervous system. They are active through increasing the activity of
acetylcholine (ACh) by either directly stimulating cholinergic receptors or indirectly elevating
ACh concentration in synaptic junctions. These drugs can affect both muscarinic and nicotinic
receptors, although the majority of therapeutic drugs are selective for muscarinic receptors,

which are located on effector organs such as the heart, lungs, bladder, eyes, and glands.

Types of Parasympathomimetic

Parasympathomimetic agents are classified into two main types:

o Direct-acting agents bind to muscarinic or nicotinic receptors directly and activate
them, thus replicating the effect of endogenous ACh. Pilocarpine, for instance, is
employed to decrease intraocular pressure in glaucoma, and bethanechol, which causes

bladder muscle contraction, is employed to treat urinary retention.

« Indirect-acting agents, also referred to as cholinesterase inhibitors, act by blocking the
enzyme acetylcholinesterase (AChE), which hydrolyses ACh in the synaptic cleft.
Blockage of AChE causes the level of ACh to increase, hence its action being extended
at receptor sites. These include neostigmine and physostigmine, applied in conditions
such as myasthenia gravis, and donepezil, which stimulates cholinergic transmission in

the brain and applied to treat Alzheimer's disease.

Clinical Applications

Parasympathomimetic are used in a variety of clinical settings:
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e In glaucoma, intraocular pressure is decreased by pilocarpine through increased
aqueous humor outflow due to contraction of the ciliary muscle.

e Bethanechol is also helpful in postoperative urinary retention and atonic bladder, since
it increases the contraction of detrusor muscle.

e Neostigmine is administered to enhance neuromuscular transmission in myasthenia
gravis, an autoimmune disease in which there is destruction of nicotinic receptors by
autoantibodies.

e Donepezil and agents of a similar type (e.g., rivastigmine) are used in Alzheimer's
disease to enhance memory and cognition through augmentation of central cholinergic
activity.

Side Effects
Because ACh affects multiple organ systems, parasympathomimetic can cause a range of side

effects, especially when used systemically:

Bradycardia and hypotension due to slowed cardiac conduction,

o Excessive salivation, lacrimation, and sweating as a result of glandular stimulation,
e Bronchoconstriction, which may be problematic in patients with asthma or COPD,
o Diarrhea and abdominal cramping due to enhanced GI motility,

e Miosis (pupillary constriction) and blurred vision due to contraction of the iris sphincter

muscle.

These adverse effects limit the widespread systemic use of cholinomimetics, and selective
delivery methods (e.g., topical eye drops for pilocarpine) are often employed to minimize

systemic toxicity.

2.5.1 Parasympatholytic (Anticholinergics)

Parasympatholytic, otherwise referred to as anticholinergics, are agents which block the
activities of the parasympathetic nervous system by antagonism at muscarinic acetylcholine
receptors (MAChRs). Such action reverses the actions of ACh upon smooth muscle, cardiac
muscle tissue, and secretions of the glands. They are very frequently utilized due to their

bronchodilator activity, ant sialagogue, antiemetic effects, and activity as spasmolytics.
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Mechanism of Action and Examples

Parasympatholytics are competitive antagonists of muscarinic receptors. They bind to

muscarinic receptors without stimulating them, thus inhibiting endogenous ACh from acting.

Some drugs belong to this group, each with their respective clinical uses:

Atropine is the prototype antimuscarinic agent. It is used in emergency settings to
manage bradycardia and as an antidote to organophosphate poisoning, where it
counteracts the cholinergic crisis induced by the overdose of ACh.

Scopolamine is very effective against motion sickness because of its central
antimuscarinic action on the vestibular system.

Ipratropium and tiotropium are inhaled bronchodilators employed in the therapy of
chronic obstructive pulmonary disease (COPD) and asthma, where they prevent
bronchoconstriction and decrease mucus production.

Tolterodine and oxybutynin are utilized for the treatment of overactive bladder
syndrome by diminishing involuntary bladder contractions and expanding bladder
capacity.

Physiological Effects

The pharmacologic blockade of muscarinic receptors leads to:

Increased heart rate (tachycardia) due to vagal inhibition,

Reduced salivation and glandular secretions (dry mouth, dry eyes),
Relaxation of bronchial smooth muscle, leading to bronchodilation,

Pupil dilation (mydriasis) and cycloplegia, which is useful in ophthalmology,

Relaxation of Gl and bladder smooth muscle, reducing cramps and urinary frequency.

These effects make anticholinergics valuable in multiple clinical scenarios ranging from

respiratory and gastrointestinal disorders to pre-anesthetic medication.

Adverse Effects and Anticholinergic Syndrome

Anticholinergic medications, especially when in high doses or administered to patients who

are advanced in age, can cause an array of side effects called anticholinergic syndrome. Signs

and symptoms involve:

Dry mouth, blurred vision, and constipation due to inhibition of secretions and motility,
Urinary retention, especially among elderly men with prostatic hypertrophy,

Tachycardia resulting from loss of vagal tone,
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e Cognitive disturbances like confusion, disorientation, hallucinations, and memory
impairment, particularly in elderly patients or those with a pre-existing dementia.
In severe cases, hyperthermia, seizures, and coma may occur, requiring immediate medical

intervention.

2.5.2 Sympathomimetics (Adrenergic Agonists)

Sympathomimetics or adrenergic agonists are medications that stimulate the sympathetic
nervous system via activation of the adrenergic receptors. These receptors encompass alpha (o
and o2) and beta (B1, B2, and B3) subtypes that are found in different tissues including blood
vessels, heart, lungs, kidneys, and adipose tissue. The drugs replicate the action of the
endogenous catecholamines—adrenaline, noradrenaline, and dopamine—and are common in

both acute and chronic medicine.

Types of Sympathomimetics

Sympathomimetics are divided according to their mechanism of action:

e Direct-acting agents bind directly with adrenergic receptors to trigger a physiological
response. Some examples are adrenaline, which works on both a and  receptors, and
salbutamol, a B2 selective agonist used for asthma.

e The indirect-acting agents do not act on receptors directly but rather enhance the pool
of endogenous catecholamines available by inducing their release or blocking their
reuptake. Amphetamines and tyramine are classic members of this category.

e Both direct receptor action and endogenous catecholamine release stimulation exist in
mixed-acting agents. Ephedrine, employed in hypotension and nasal decongestant, is
an example of a classic mixed-acting sympathomimetic.

Receptor-Specific Actions

Various adrenergic receptors have different physiological effects:

e (u receptors cause vasoconstriction, increase peripheral resistance, and raise blood
pressure. Phenylephrine is a selective o agonist employed as a nasal decongestant and
mydriatic.

e 2 receptors occur mainly presynaptically and act to reduce norepinephrine release,
hence sympathetic tone. The o2 agonist clonidine is employed to treat hypertension and

to alleviate withdrawal symptoms.
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e i receptors, found mainly in the heart, enhance heart rate, contractile force, and cardiac
output upon stimulation. Dobutamine is a selective i agonist for heart failure and
cardiogenic shock.

e [2 receptors cause bronchodilation, uterine relaxation, and vasodilation of skeletal
muscle blood vessels. Salbutamol and terbutaline are selective 2 agonists administered
in asthma and preterm labor, respectively.

e [3s receptors are mainly found in adipose tissue and play a role in lipolysis and
thermogenesis. While less frequently targeted, s agonists are being investigated for
obesity and bladder dysfunction.

Clinical Applications

Sympathomimetics exhibit varied therapeutic applications:

e Adrenaline and noradrenaline find application in emergency medicine in the treatment
of cardiac arrest, anaphylaxis, and shock, because they have a very strong influence on
heart rate and vascular tone.

e [2 agonists like salbutamol are initial-line drugs for asthma and chronic obstructive
pulmonary disease (COPD) and cause immediate bronchodilation.

e Phenylephrine is often utilized for nasal congestion through the induction of
vasoconstriction in nasal mucosal blood vessels.

e Amphetamines are employed to treat attention-deficit hyperactivity disorder (ADHD)
and narcolepsy by elevating norepinephrine and dopamine levels in the CNS.

Adverse Effects

Because sympathomimetics stimulate adrenergic activity systemically, they may cause:
e Hypertension and arrhythmias due to excessive stimulation of cardiovascular receptors.
e Anxiety, tremors, and insomnia as a result of central stimulation.

o Tachycardia, palpitations, and hyperglycemia, especially in patients with preexisting

conditions such as diabetes or cardiovascular disease.

Careful dosing and patient monitoring are crucial when administering these agents.

2.5.3. Sympatholytics (Adrenergic Antagonists)

Sympatholytics, or adrenergic antagonists, are medications that inhibit the activity of the

sympathetic nervous system. They achieve this through either directly blocking adrenergic
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receptors or inhibiting the discharge of catecholamines such as noradrenaline from sympathetic
nerve endings. The medications come in handy when dealing with hypertension, congestive

heart failure, arrhythmias, and pheochromocytoma among other diseases.

Types of Sympatholytics

Sympatholytics are classified based on their site and type of receptor blockade:
e a-Blockers:

o Non-selective a-blockers like phenoxybenzamine and phentolamine are
competitive antagonists at both o and o2 receptors. Phenoxybenzamine is
irreversible and utilized in the treatment of pheochromocytoma, a
catecholamine-secreting tumor.

o ou-blockers such as prazosin, terazosin, and doxazosin induce vasodilation and
are mainly applied for the management of hypertension and BPH.

o [-Blockers:

o Non-selective B-blockers (e.g., propranolol) inhibit both : and . receptors
and are employed in angina, hypertension, and migraine prophylaxis.

o Cardioselective Bi-blockers (e.g., atenolol, metoprolol) primarily affect the
heart and are used in patients with asthma or COPD because they cause little 2
blockade.

o Mixed o and B-blockers like labetalol and carvedilol have extra vasodilatory
action and are indicated in hypertensive emergencies and heart failure.

e Central Sympatholytics:

o Clonidine and methyldopa work by stimulating central oz receptors, thereby
reducing sympathetic outflow from the CNS. Methyldopa is a preferred

antihypertensive in pregnancy-induced hypertension.

Clinical Applications

Sympatholytics are used in a range of clinical conditions:

e Hypertension is treated with both a-blockers and B-blockers based on comorbidities
and patient groups.

e PB-blockers such as carvedilol and metoprolol are used to treat heart failure by lowering
myocardial oxygen demand and correcting cardiac remodeling.

e PB-blockers are advantageous for angina pectoris and arrhythmias by slowing the heart

rate and decreasing contractility.
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e Pheochromocytoma, a tumor of the adrenal medulla, is preoperatively treated with
phenoxybenzamine to avoid hypertensive crises.
e BPH is treated using au-blockers, which cause relaxation of smooth muscle in the
bladder neck and prostate to enhance urine flow.
Adverse Effects

Sympatholytic drugs may cause a range of side effects due to their blockade of normal

sympathetic function:
« Bradycardia, fatigue, and exercise intolerance are common with -blockers.

e Cold extremities and Raynaud’s phenomenon may occur due to reduced peripheral

perfusion.

e Bronchospasm can be triggered by non-selective B-blockers, making them unsuitable

for asthmatic patients.

e Orthostatic hypotension and postural dizziness are often seen with a-blockers,

especially after the first dose (first-dose effect).

e CNS side effects such as depression, sedation, and dry mouth may occur with central

sympatholytics like clonidine.

2.5.4. Neuromuscular Junction Agents

Neuromuscular junction (NMJ) agents are medications that selectively influence skeletal
muscle contraction by modulation of nicotinic acetylcholine receptors (nAChRs) at the
neuromuscular junction. They are mainly utilized in surgical anesthesia, intensive care, and
diagnosis and management of neuromuscular diseases. Through modulation of cholinergic
transmission between motor neurons and skeletal muscle fibers, they cause transient paralysis

or relaxation of the muscles, which is a prerequisite for several clinical procedures.
1. Depolarizing Neuromuscular Blockers

Depolarizing blockers, for example, succinylcholine, simulate the effect of acetylcholine
(ACh) by attaching to nicotinic receptors at the NMJ. But unlike ACh, succinylcholine is not
broken down quickly by acetylcholinesterase in the synaptic cleft. It induces prolonged
depolarization of the muscle endplate, precluding repolarization and hence inhibiting re-
stimulation of the muscle. This results in an initial contracture phase of muscle fasciculations,

followed by flaccid paralysis.

89



ADVANCED PHARMACOLOGY -1

Succinylcholine is characterized by ultra-short onset and duration and is therefore suitable for
rapid sequence intubation (RSI) and other interventions where rapid and short-lived muscle
relaxation is necessary. Although very useful, succinylcholine is linked with severe side effects,
including hyperkalemia (secondary to potassium release from depolarized muscle cells),
malignant hyperthermia (in genetically predisposed patients), and bradyarrhythmias.

2. Non-Depolarizing Neuromuscular Blockers

Non-depolarizing blockers (e.g., rocuronium, vecuronium, pancuronium) are competitive
antagonists of the nicotinic ACh receptor. They block ACh from binding and thus inhibit
depolarization and muscle contraction. They do not produce initial fasciculations and are the
standard for longer-duration muscle relaxation during general anesthesia and mechanical

ventilation of extended duration.

Non-depolarizing drugs differ in their onset and duration of action, enabling clinicians to
choose the optimal agent based on the clinical scenario. Their effects can be reversed
pharmacologically by augmenting synaptic ACh with the use of cholinesterase inhibitors like
neostigmine or edrophonium. More recently, sugammadex, a rocuronium and vecuronium
selective binding agent, has become available as a reversal agent with less muscarinic side
effect.

3. Cholinesterase Inhibitors

Cholinesterase inhibitors (such as neostigmine, pyridostigmine, edrophonium) raise the level
of ACh at the neuromuscular junction by blocking acetylcholinesterase, the enzyme that breaks

down ACh. These drugs are employed in two main situations:

o Reversal of non-depolarizing neuromuscular blockade after surgery, helping restore

voluntary muscle function.

e Therapeutic management of myasthenia gravis, an autoimmune condition in which
ACh receptors are destroyed, resulting in muscle weakness. By boosting ACh levels,

these drugs enhance neuromuscular transmission.

Clinical Relevance

Neuromuscular blocking agents are indispensable in several clinical scenarios:

e They enable relaxation of muscles during surgery, particularly in abdominal,
orthopedic, and thoracic surgery.
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e They are utilized in intensive care units to augment mechanical ventilation by inhibiting
spontaneous respiratory effort.

e These drugs also have a diagnostic function in neuromuscular conditions like
myasthenia gravis, in which edrophonium is utilized for the Tensilon test to evaluate
muscle strength improvement.

« Inaddition, their application in electroconvulsive therapy (ECT) reduces motor seizures
during treatment.

Adverse Effects and Precautions

Each class of neuromuscular agents is associated with potential side effects:
e Succinylcholine can cause life-threatening complications such as:

o Hyperkalemia, particularly in patients with burns, neuromuscular disorders, or

trauma.

o Malignant hyperthermia, a genetic condition requiring prompt treatment with

dantrolene.
o Prolonged apnea in individuals with atypical plasma cholinesterase.

« Non-depolarizing agents, if overdosed or not properly reversed, may cause prolonged

paralysis, leading to postoperative respiratory complications.

Since neuromuscular blockers have no effect on consciousness or perception of pain, they
have to be administered with sedatives and analgesics in awake patients to provide humane

treatment and prevent the unpleasant experience of awareness with paralysis.
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ADVANCED PHARMACOLOGY -1

The CNS governs the whole body, overseeing a number of crucial processes like motor
function, emotion, cognition, sensory perception, and homeostatic regulation. One of the most
important components of modern treatment is the CNS pharmacological manipulation,
encompassing drugs targeting conditions such as anxiety [1], depression, epilepsy,
schizophrenia, pain, sleep disorders, and neurodegenerative disease. The pharmacology of
drugs acting on the brain and spinal cord is discussed in this unit, focusing on the modes of

action of the drugs, their therapeutic applications, and potential side effects.
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Figure 1: Central Nervous System Pharmacology

There is a need for a comprehensive understanding of neurotransmitter systems, receptor
subtypes, ion channels, and signal transduction pathways because of the central nervous
system's complexity. CNS-active drugs can act by altering synaptic plasticity, altering neuronal
excitability, or enhancing or reducing neurotransmission. General and local anesthetics are
administered at the beginning of the unit to induce unconsciousness and analgesia by inhibiting
central nervous system activity. It goes on to drugs employed in the treatment of neurological
disorders such as Parkinson's and Alzheimer's disease, sedatives, hypnotics, anxiolytics,

antidepressants, antipsychotics, and antiepileptics.
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3.1. GENERAL ANESTHETICS

General anesthetics are an indispensable group of pharmacological drugs utilized in
contemporary medicine, mostly utilized for inducing a reversible loss of consciousness in
patients who are undergoing surgical or diagnostic interventions. Such drugs attain a condition
of anesthesia that not only comprises unconsciousness but also analgesia (pain anesthesia),
amnesia (lack of ability to create new memories during the process), relaxation of muscles, and
immobility. The combined outcome of these effects renders general anesthetics critical in
maintaining patients oblivious to the operation, free from pain, and unable to move as a result
of surgical stimuli, which might otherwise result in distress or harm. The mechanisms of action
are specific to the anesthetic applied and involve some drugs with a predominant mechanism
of preventing the perception of pain, whereas others have a more direct influence on

consciousness and memory [2].

The mechanism through which general anesthetics operate is closely entwined with their
capacity for modulating the central nervous system (CNS), especially regions involved in
retaining wakefulness and sensory perception. The reticular activating system (RAS) is one of
the most essential targets of general anesthetics, a web of neurons of the brainstem that is
credited with controlling the state of consciousness. Through action on neurotransmission
within the RAS, anesthetics abolish the brain's capacity for wakefulness and consciousness.
General anesthetics also have profound action on the thalamus, a sensory and motor relay
station, and on the cerebral cortex, which plays a role in higher-order cognitive functions like
awareness and memory. By these activities, general anesthetics inhibit the brain from

processing sensory information, resulting in a total or partial shutdown of conscious perception.

At the molecular level, general anesthetics act by modulating particular receptors and ion
channels that govern the excitability of neurons. One shared mechanism of action for most
anesthetics is enhancing the inhibitory neurotransmission, especially by way of the GABA-A
(gamma-aminobutyric acid type A) receptor. GABA is the major inhibitory neurotransmitter
within the CNS, and its activation results in the opening of chloride channels, rendering
neurons less prone to fire and lessening neural activity. By augmenting GABAergic
transmission, anesthetics enhance this inhibitory effect to induce sedation and
unconsciousness. Others act by preventing excitatory neurotransmission, i.e., blocking the N-
methyl-D-aspartate (NMDA) receptor, which otherwise mediates excitatory glutamate

transmission within the brain. The overall result of these measures is a considerable reduction
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in neuronal activity throughout parts of the brain, resulting in controlled unconsciousness. The
selection and blending of multiple anesthetic agents in precise amounts ensure balanced
anesthesia, maximizing both the effectiveness of the anesthesia and the safety of the patient
during surgery [3].

+ Classification of General Anesthetics

General anesthetics can be divided into two broad categories: inhalational (volatile) anesthetics
and intravenous (1V) anesthetics. Both have unique benefits and are utilized according to the

need of the surgery and the status of the patient.

1. Inhalational (Volatile) Anesthetics: They are delivered via the respiratory system as
gases or vapors. They are usually given by a mask or endotracheal tube, and easy depth
control is achieved. The titration of inhalational anesthetics is possible, allowing for

finely adjustable dosing. Some of the most popular inhalational anesthetics are:

o Halothane: A very early volatile anesthetic that has a pretty smooth induction
and recovery profile but has been pretty much replaced due to its risk of
hepatotoxicity.

o Isoflurane: A commonly employed volatile anesthetic with low potency but a
well-predicted and safe profile, often employed in maintenance as well as
induction of anesthesia.

o Sevoflurane: A newer inhalational agent that has a fast onset and recovery,
which is great for outpatient procedures. It is tolerated well and has fewer side
effects than older agents such as halothane.

o Desflurane: Like sevoflurane in its quick onset and recovery, desflurane is
commonly used for surgeries that need rapid induction and emergence from
anesthesia.

o Nitrous oxide: Also referred to as laughing gas, nitrous oxide is usually
administered as an adjunct agent instead of a sole anesthetic. It is usually used
in combination with other volatile agents to augment their effects and minimize
side effects.

2. Intravenous (IVV) Anesthetics: IV anesthetics are injected directly into the blood
circulation, acting quickly. They are commonly employed for inducing anesthesia so
that unconsciousness can be achieved promptly and in a controlled manner. After the
patient is under anesthesia, inhalational anesthetics can be employed to supplement

anesthesia. Some of the typical IV anesthetics are:
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Propofol: A rapid-acting sedative-hypnotic drug that is commonly employed
for induction and maintenance of anesthesia. It is associated with smooth and
quick recovery and has a lesser risk of nausea and vomiting than other drugs.
Thiopental sodium: A barbiturate employed for induction of anesthesia,
although less so nowadays due to the advent of safer drugs such as propofol.
Etomidate: Tends to be used in high-risk patients because it has very little
impact on cardiovascular stability. It rapidly induces anesthesia but may lead to
adrenal suppression with continued administration.

Ketamine: An NMDA antagonist that causes dissociative anesthesia. It
produces intense analgesia and amnesia with minimal respiratory depression
and thus is beneficial in specific surgical contexts, particularly in trauma and
children.

Midazolam (Benzodiazepine): A sedative and anxiolytic drug that is widely
used as a premedication or anesthetic adjunct. It provides anxiolysis, amnesia,
and light sedation.

Fentanyl (Opioid): An opioid that produces strong analgesia, often used in
combination with other anesthetics for deep analgesia procedures. It assists in
maintaining hemodynamic stability by lowering the need for increased doses of

other anesthetics.

+ Mechanism of Action of General Anesthetics

The main mechanism of action of general anesthetics is their capacity to modulate CNS

neurotransmission to produce a reversible loss of consciousness, analgesia, amnesia, and

immobility. General anesthetics produce anesthesia through several mechanisms:

©)

Increasing Inhibitory Neurotransmission: The most general mechanism for
most general anesthetics is the increase in inhibitory neurotransmission. This is
usually mediated by the GABA-A receptors, which are chloride ion channels
that, when stimulated, cause hyperpolarization of the neuron, making it less
probable to fire. This causes CNS depression, resulting in sedation and
unconsciousness.

Inhibiting Excitatory Neurotransmission: Most general anesthetics also
inhibit excitatory neurotransmitters, especially glutamate, by blocking the
NMDA (N-methyl-D-aspartate) receptors. Drugs such as ketamine and nitrous

oxide are reported to be NMDA antagonists. By inhibiting the excitatory action
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of glutamate, these anesthetics inhibit neuronal firing, which helps to produce
the anesthetic state.

o Modifying lon Channel Function: Anesthetics similarly influence many ion
channels responsible for neuronal firing and synaptic transmission, including
voltage-gated sodium and potassium channels. By controlling the movement of
ions in and out of neurons, these drugs are able to decrease neuronal excitability
and inhibit neural transmission, producing a generalized depressant effect on
the CNS.

The actions have localized effects in particular regions of the brain, with different sites

controlling different features of the anesthetic state:

Thalamus and Cortex: These regions are responsible for consciousness and sensory
processing. Anesthetics depress activity in these areas, leading to a loss of

consciousness and unresponsiveness to sensory stimuli.

Spinal Cord: Anesthetics also act on the spinal cord to produce immobility and muscle

relaxation, preventing the patient from moving during surgery.

Limbic System: This area of the brain is responsible for emotional reactions and
memory. General anesthetics, by blocking the limbic system, result in amnesia, so that

the patient is unable to remember the operation.

+ Stages of General Anesthesia

The stages of anesthesia, particularly for inhalational agents, are defined by Guedel’s

classification, which helps to describe the progressive depth of anesthesia:

1. Stage I (Analgesia): At this level, the patient is awake but feels drowsy and a reduction

in perception of pain. This level represents the passage from complete alertness to
reduced consciousness and is normally attained through the use of a low concentration

of anesthetic agents.

Stage 11 (Excitement/Delirium): This phase is marked by loss of consciousness, along
with involuntary movements, abnormal respiration, and possibly agitation. It is a phase

to be avoided when anesthesia is given gradually and under control.

Stage 111 (Surgical Anesthesia): This is the optimal time for surgery. The patient is
deeply unconscious and respiratory and reflex functions are progressively inhibited.

This plane can further be subdivided into planes of increasing depth, with the most
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appropriate plane yielding the optimal combination of muscle relaxation, analgesia, and

minimal respiratory depression.

4. Stage IV (Medullary Paralysis): This stage indicates an overdose of anesthetic agents,

leading to life-threatening depression of respiratory and cardiovascular functions.

Immediate intervention is required to prevent fatal consequences.

+ Pharmacokinetics of General Anesthetics

The pharmacokinetics of general anesthetics refer to how the body absorbs, distributes,

metabolizes, and eliminates these agents [4]. Understanding these processes is essential for

optimizing their use during surgery:

e Inhalational Agents:

o

Lipid Solubility: As per the Meyer-Overton hypothesis, the strength of
inhalational anesthetics is proportional to their lipid solubility. Agents that are
more lipid-soluble are more potent because they can more readily pass through

cell membranes and bind to CNS structures.

Minimum Alveolar Concentration (MAC): This definition measures the
potency of an inhalational anesthetic and states the concentration needed to
inhibit movement in 50% of patients when subjected to a surgical incision.

Lower MAC values indicate higher potency.

Blood/Gas Partition Coefficient: This coefficient controls the speed with
which an anesthetic will work. Drugs with low blood/gas partition coefficients
(such as desflurane) have fast onset and recovery, whereas those with high

coefficients (such as halothane) take longer to work and recover.

o |V Agents:

o

IV anesthetics tend to have a quick onset because they are very lipid-soluble,
hence easily cross the blood-brain barrier. The agents get distributed to the brain
and highly perfused organs very rapidly, and this accounts for their rapid onset
of action.

Once the drug is released, it tends to be redistributed to muscle and fat tissue,
resulting in termination of action before the drug has been metabolized.
Redistribution assists in determining the duration of action.

The majority of IV anesthetics are metabolized in the liver and excreted through

the kidneys. The metabolic pathways, however, may differ as some agents
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experience phase | and phase Il reactions with the use of enzymes like
cytochrome P450.

It is important to understand the pharmacokinetics of anesthetics to control their dosing during

surgery and to achieve a smooth induction and recovery from anesthesia.

+ Pharmacokinetics and Clinical Considerations of Common Anesthetic Agents

1. Propofol:

o

Rapid Recovery and Induction: Propofol is an extensively used intravenous
anesthetic with the benefit of inducing anesthesia rapidly and also having a
speedy recovery time. This is made possible by its high lipid solubility, which
enables it to penetrate through the blood-brain barrier in a very fast manner,
hence leading to the smooth and speedy onset of unconsciousness.

No Analgesic Effect: In spite of being an effective sedative and hypnotic,
propofol is not analgesic. It is therefore generally administered in conjunction
with other analgesic drugs, especially opioids, to control pain during anesthetic
procedures.

Causes Hypotension and Respiratory Depression: Propofol is linked with
cardiovascular side effects, particularly hypotension, which may be
considerable in patients with impaired cardiovascular function. It also has a
respiratory depressant effect, resulting in respiratory depression and requiring
close monitoring when it is administered.

Anti-Emetic Properties: Propofol's one of the most significant advantages is
its anti-emetic effect. In contrast to certain anesthetic drugs that can cause
nausea and vomiting during the postoperative period, propofol serves to
decrease the frequency of these symptoms, thereby making it the anesthetic of

choice for outpatient surgery.

2. Thiopental (Barbiturate):

o

o

Ultra-Short Acting: Thiopental is a barbiturate that is chiefly employed for
inducing anesthesia. It is ultra-short-acting, and this feature enables it to cause
a swift onset of unconsciousness, hence being best suited for starting general

anesthesia in emergency situations.

Accumulates in Fat with Repeated Doses: Thiopental is very lipophilic; in
that it will be easily absorbed into fatty tissue. This quality can cause lasting
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effects if a series of doses is given because the drug releases slowly from stores
in fat to the bloodstream. Thus, judicious dosing must be performed, especially

in long procedures.

Can Cause Laryngospasm and Respiratory Depression: Similar to most
other anesthetic drugs, thiopental can lead to respiratory depression, which may
require mechanical ventilation. It can also cause laryngospasm, a condition in
which the vocal cords involuntarily close, possibly blocking the airway and

making intubation difficult.

3. Etomidate:

o

Minimal Cardiovascular Depression: Etomidate is the induction agent of
choice in cardiovascular unstable patients since it has less effect on heart rate
and blood pressure. Therefore, it is especially useful for patients with an

impaired cardiovascular status, e.g., critical illness or heart disease [5].

Used in Cardiac Patients: Due to its lack of effect on cardiovascular
parameters, etomidate can be used frequently in cardiac surgery patients or in
patients who are hemodynamically unstable to avoid worsening their situation

through induction of anesthesia.

May Suppress Adrenal Steroid Synthesis: One significant disadvantage of
etomidate is its capacity for inhibiting adrenal steroid production. This can
cause adrenal insufficiency with extended use or repeated administration, and

may necessitate steroid supplementation in some patients.

4. Ketamine:

o

NMDA Receptor Antagonist: Ketamine is distinct as it is an antagonist at the
NMDA (N-methyl-D-aspartate) receptor, and this receptor plays a key function
in excitatory neurotransmission. This activity terminates the excitatory action

of glutamate, hence its dissociative anesthetic properties.

Causes Dissociative Anesthesia: Ketamine produces a condition called
dissociative anesthesia, and the patient seems to be cataleptic—eyes can be
open, and there can be spontaneous movement. Although no unconsciousness

occurs, the patients do not feel pain, and amnesia is produced.

Increases Heart Rate, Blood Pressure, and Intracranial Pressure: Unlike

most anesthetic drugs, ketamine stimulates sympathetic nervous system activity
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and results in increased heart rate and blood pressure. This renders it beneficial
in patients with trauma or hypotension but potentially contraindicated in

patients with hypertension or raised intracranial pressure.

Preserves Airway Reflexes and Spontaneous Respiration: Ketamine is
differentiated among anesthetics in that it will leave the patient's airway reflexes
and spontaneous respiration intact, which makes it an asset in certain surgical

procedures or emergency situations where intubation is not feasible or desirable.

Useful in Asthmatics and Trauma Patients: Ketamine's bronchodilatory
properties render it a useful anesthetic option in asthmatic patients since it
ensures airway patency and prevents bronchospasm. It is also beneficial in
trauma cases where the preservation of circulation and respiratory function is

paramount.

5. Midazolam:

o

Benzodiazepine with Anxiolytic, Amnestic, and Sedative Effects:
Midazolam is a short-acting benzodiazepine used routinely for preoperative
sedation, conscious sedation, and as an adjunct to general anesthesia. It induces
anxiolysis (reduction of anxiety), amnesia (loss of memory), and sedation,

which calm patients prior to procedures.

Often Used for Preoperative Sedation and Conscious Sedation: Midazolam
is often given before surgery or medical procedures to relieve anxiety and
produce a relaxed, cooperative condition in patients. It may also be used in
procedures involving conscious sedation, enabling patients to stay awake but

comfortable.

6. Fentanyl and Other Opioids:

o

Strong Analgesics, Often Used Adjunctively: Fentanyl, an extremely potent
opioid analgesic, is commonly combined with other anesthetic drugs to induce
satisfactory relief of pain during surgery. Fentanyl may be administered either
intravenously or epidurally, and its extremely potent analgesic effect makes it a

key part of most anesthetic protocols.

Risk of Respiratory Depression and Rigidity: Although it is effective in
inducing analgesia, fentanyl is associated with the potential for serious

respiratory depression, especially when administered in large doses or in
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combination with other CNS depressants [6]. Muscle rigidity, which may
interfere with ventilation and necessitate pharmacologic intervention, is another

effect of fentanyl.
7. Inhalational Agents (e.g., Sevoflurane, Isoflurane):

o Sevoflurane: Sevoflurane is an inhalational anesthetic that has a quick onset
and offset of action and is thus well-suited for outpatient procedures. It is not
irritant to the airway, thus especially well-tolerated in children and in patients
with airway sensitivity.

o Isoflurane: Isoflurane is a powerful inhalational anesthetic that is commonly
employed for maintenance of anesthesia in surgery. While effective, it is
irritating and can lead to respiratory depression and airway irritation. It is

generally avoided in pediatric patients or those with sensitive airways.

o Nitrous Oxide: Also known as "laughing gas," nitrous oxide is a weak
anesthetic that has a powerful analgesic effect. It is generally employed in
combination with other anesthetics to improve their analgesic effect. Although
it gives excellent pain relief, its impact on unconsciousness is minimal and

therefore not applicable as a sole anesthetic.
+ Adverse Effects and Toxicity

General anesthetics, while essential for modern surgical procedures, come with several

potential risks and adverse effects:

o Cardiovascular Depression: Most of the general anesthetics, such as propofol,
etomidate, and inhalational agents, have the potential to cause cardiovascular
depression, resulting in hypotension, bradycardia, and decreased cardiac output. These

are especially worrisome in patients with underlying cardiovascular disease [7].

o Respiratory Depression and Loss of Airway Reflexes: Most anesthetic drugs, such
as propofol, thiopental, and inhalational anesthetics, result in respiratory depression,
leading to hypoxia and mechanical ventilation requirement. In addition, some of them,
such as propofol and thiopental, have airway suppressant effects, so that airway

obstruction and aspiration are enhanced.

o Malignant Hyperthermia: Malignant hyperthermia is an unusual, potentially fatal
complication of anesthesia precipitated by certain anesthetic agents, specifically

halothane combined with succinylcholine (a skeletal muscle relaxant). The illness
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involves an extremely high rise in temperature, muscular rigidity, and acidosis.
Malignant hyperthermia is reversed by the use of dantrolene, an agent capable of

countering the hypermetabolic state.

Hepatotoxicity: Some agents, particularly halothane, are linked to uncommon but
severe liver injury, such as halothane hepatitis. This occurs usually in susceptible
patients, usually following repeated exposure to the agent.

Nausea and Vomiting: Inhalational anesthetics such as isoflurane and sevoflurane are
linked with postoperative nausea and vomiting (PONV), which are able to prolong
recovery and add to patient discomfort. Anti-emetic drugs such as propofol are

occasionally administered to counteract these actions.

Emergence Delirium: Ketamine is well-documented to induce emergence delirium,
in which patients become confused, agitated, or have vivid hallucinations when they
emerge from anesthesia. This is especially prevalent in pediatric and geriatric patients

and can be controlled with attention to dosing or the addition of adjunct sedative agents.

3.2. LOCAL ANESTHETICS

Local anesthetics are drugs that inhibit pain sensation in a particular part of the body without

impairing consciousness [8]. They are crucial in contemporary medicine, especially in minor

surgery, dental operations, childbirth, and regional anesthesia, providing site-specific pain

relief with minimal risks of general anesthesia. Local anesthetic use has facilitated shortening

of recovery times, decrease in complications, and improved patient safety.
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+ Mechanism of Action

Local anesthetics work primarily by blocking voltage-gated sodium (Na*) channels, which are

critical for the propagation of action potentials in nerves. The step-by-step process includes:

1. Blockade of Na* Channels: Local anesthetics block the movement of sodium ions into
the nerve fibers upon depolarization, a phenomenon needed for conducting a nerve
impulse. By stopping the process, the action potentials can no longer propagate along

the nerve.

2. Prevention of Signal Transmission: This inhibition leads to the loss of sensation,
particularly the transmission of pain signals, from the area where the anesthetic is

applied to the central nervous system.

3. Selective Fiber Blockade: Local anesthetics preferentially block small, unmyelinated
pain fibers first, followed by larger, myelinated fibers. This results in the following

typical order of sensory loss:
o Pain — Temperature — Touch — Pressure — Motor Function.
+ Classification of Local Anesthetics

Local anesthetics can be classified in two ways: by their chemical structure and by their

duration of action.

A. Classification Based on Chemical Structure
1. Ester-Linked Local Anesthetics:
o They are metabolized quickly in the plasma by cholinesterase enzymes.

o They are of shorter action and more likely to produce allergic reactions,
particularly through the formation of derivatives of para-aminobenzoic acid
(PABA).

o Examples:
= Procaine (Novocain)
= Tetracaine
= Benzocaine

= Chloroprocaine

106



ADVANCED PHARMACOLOGY -1

Amide-Linked Local Anesthetics:
o These are metabolized primarily in the liver via cytochrome P450 enzymes.

o They have a longer duration of action and generally a lower risk of allergic
reactions compared to esters.

o Examples:
= Lidocaine (Xylocaine)
= Bupivacaine
= Ropivacaine
= Prilocaine

= Mepivacaine

B. Classification Based on Duration of Action

Short-Acting: Procaine, Chloropropane.
Intermediate-Acting: Lidocaine, Prilocaine.

Long-Acting: Bupivacaine, Ropivacaine, Tetracaine.

+ Pharmacokinetics of Local Anesthetics

The pharmacokinetics of local anesthetics can vary based on several factors:

Absorption: The uptake of local anesthetics is also a function of injection site and
vascularity (perfusion to the area). Also, the inclusion of vasoconstrictors (e.g.,
adrenaline/epinephrine) lowers the rate of uptake and extends the duration of action by

restricting systemic spread.

Distribution: Highly lipid-soluble anesthetics tend to have a longer duration of action

as they can accumulate in tissues.
Metabolism:

o [Ester anesthetics are hydrolyzed by plasma enzymes (e.g.,

pseudocholinesterase).
o Amide anesthetics are primarily metabolized in the liver by CYP enzymes.

Excretion: The excretion of local anesthetics occurs through the kidneys, and their

urinary pH can influence the rate of excretion.
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+ Factors Influencing Activity

Several factors can modify the efficacy and duration of local anesthetics:

a.

pKa of the Drug: The nearer the pKa of the anesthetic to physiological pH, the quicker
the onset of action.

Lipid Solubility: Agents with greater lipid solubility tend to be more potent and have
a longer half-life of action.

Protein Binding: More highly protein-bound local anesthetics are longer in their
duration of action since they take longer to be eliminated from the system.
Vascularity of the Injection Site: The greater the blood supply in the region
(vascularity), the quicker the drug is removed from the site, lessening its anesthetic
effect. Therefore, poorly vascular areas (such as joints) tend to be more effectively
anesthetized.

+ Clinical Uses

Local anesthetics are versatile and can be used in a wide range of clinical scenarios:

1.

Topical Anesthesia: Applied directly to the skin or mucous membranes for minor

procedures (e.g., lidocaine, benzocaine creams).

Infiltration Anesthesia: Injected locally into the tissue for minor surgical procedures

or laceration repairs.

Field Blocks: Circumferential injection around an operative site, providing anesthesia

to a larger area.

Nerve Blocks: Used for more extensive anesthesia by blocking a specific peripheral

nerve or nerve p|EXUS.

Spinal Anesthesia: Administered into the subarachnoid space for surgeries involving
the lower body.

Epidural Anesthesia: Injected into the epidural space, often used during labor or

abdominal surgeries.

Intravenous Regional Anesthesia (Bier’s Block): Involves injecting a local anesthetic

into the vein of an extremity while occluding the blood flow to the limb.

+ Adverse Effects of Local Anesthetics

While local anesthetics are generally safe, they can cause adverse effects, both locally at the

injection site and systemically [9].
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Local Toxicity

« Pain, edema, hematoma, or infection at the site of injection.

o Neurotoxicity: When used improperly in the intrathecal space (e.g., spinal), there is a

risk of neurotoxic reactions, leading to long-term nerve damage.

Systemic Toxicity (particularly with overdose or accidental intravenous injection):

e CNS Toxicity: Symptoms can include dizziness, tinnitus, seizures, and drowsiness.

Severe toxicity can progress to loss of consciousness or respiratory arrest.

o Cardiotoxicity: Local anesthetics can cause bradycardia, arrhythmias, hypotension,
and, in extreme cases, cardiac arrest. Bupivacaine is particularly cardiotoxic in

overdose situations.

o Allergic Reactions: Ester anesthetics are more likely to provoke allergic reactions due

to the formation of PABA derivatives.

Treatment of Systemic Toxicity:

o Immediate discontinuation of the anesthetic.

e Airway support and oxygenation as needed.

e Benzodiazepines for controlling seizures.

e Lipid Emulsion Therapy: For severe cases of cardiotoxicity (20% intralipid).

Special Considerations

1. Adrenaline (Epinephrine) in Local Anesthetics:

o Prolongs the duration of anesthesia by causing vasoconstriction at the injection
site, which reduces the rate of systemic absorption and extends the anesthetic

effect.
o Reduces bleeding during surgery.

o Contraindicated in end-artery areas (e.g., fingers, toes, ears, nose, penis) due to

the risk of ischemia and tissue necrosis.
2. Eutectic Mixtures:

o Mixtures such as EMLA cream (lidocaine + prilocaine) are ideal for non-
invasive, topical anesthetics on intact skin and are frequently utilized in

venipuncture or small dermatologic procedures.
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3.3. SEDATIVES AND HYPNOTICS

Sedatives and hypnotics are a group of pharmacological agents that act on the central nervous
system (CNS) to cause calming (sedation) or sleep (hypnosis). The main distinction between
the two groups is in their purpose of use and the magnitude of their effect. Sedatives tend to
minimize anxiety, agitation, or excitement without necessarily causing sleep, whereas
hypnotics are employed to produce or sustain sleep [10]. Yet it should be mentioned that, with
increased doses, sedatives also cause hypnosis (sleep), and continued increase in the dose can
lead to anesthesia or even coma. This spectrum of CNS depression from sedation through

hypnosis, anesthesia, and coma is a concept of fundamental importance for grasping both the

therapeutic and possible toxic actions of these drugs.

SEDATIVE-HYPNOTIC DRUGS

Benzodiazepines Barbiturates Miscellaneous agents

Short Ultra
action action
Intermediate Short Buspirone
action action Chloral hydrate
Long Long Zaleplon
action action Zolpidem

Figure 3: Sedatives and hypnotics Drugs
< Mechanism of Action

The majority of sedative-hypnotic medications function by increasing the activity of gamma-
aminobutyric acid (GABA), the brain's major inhibitory neurotransmitter. GABA acts by
binding to GABA-A receptors on neurons, causing the entry of chloride ions into the cell. This
hyperpolarizes the neuron, making it less probable to fire an action potential, and therefore

decreases neuronal excitability.

e Benzodiazepines: These medications, including diazepam, lorazepam, and
alprazolam, augment the activity of GABA by making the chloride ion channels open

more frequently when GABA acts at its receptor. This leads to a decrease in neuronal
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excitability, which facilitates sedation, anxiolysis (removal of anxiety), and muscle

relaxation.

o Barbiturates: Barbiturates such as phenobarbital and thiopental work in a similar way
but are different in that they prolong the time for which the chloride channels are open
when GABA is present. At high doses, barbiturates have the further action of directly
activating the GABA-A receptor, thus acting as powerful CNS depressants.
Barbiturates, however, possess a narrow therapeutic window such that the margin
between an effective dose and a toxic dose is not great, thereby making them more

dangerous to overdose relative to benzodiazepines.

e Z-drugs: Medications such as zolpidem, zaleplon, and eszopiclone are non-
benzodiazepine sedative-hypnotics that selectively act on GABA-A receptors with the
al subunit, which are responsible for inducing sleep. These medications are usually
used for the treatment of insomnia because they have fewer side effects and less risk of

dependence than benzodiazepines.

o Melatonin Receptor Agonists: Ramelteon is a non-GABA receptor acting drug that
mimics the action of melatonin, a naturally occurring hormone, in regulating the sleep-
wake cycle. Melatonin receptor agonists act upon MT1 and MT2 receptors in the
hypothalamus to facilitate sleep without modulation of the GABAergic system and

hence prevent the risk of dependence or withdrawal.

e Antihistamines: Over-the-counter (OTC) sleep medications such as diphenhydramine
and hydroxyzine act by inhibiting H1 histamine receptors in the brain. Histamine is a
neurotransmitter that induces wakefulness, and its blockade results in drowsiness and
sedation. Antihistamines are generally more sedative in their side effects than other

sedative-hypnotic medications and are usually prescribed for short-term insomnia.
+ Classification of Sedatives and Hypnotics

Sedative-hypnotics can be classified based on their chemical structure and pharmacological

properties:
1. Benzodiazepines:
o Examples: Diazepam, lorazepam, alprazolam, midazolam

o Uses: Benzodiazepines are prescribed to manage anxiety, insomnia, seizures,

muscle spasms, and procedural sedation. They are widely regarded as safer than
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barbiturates with less likelihood of a fatal overdose, but they also have the risk

of dependence and withdrawal, particularly upon long-term use.
2. Non-benzodiazepine Hypnotics (Z-drugs):
o Examples: Zolpidem, zaleplon, eszopiclone
o Uses: These medications are largely applied to treat insomnia. They selectively
occupy GABA-A receptors with the al subunit, which play a critical role in the

regulation of sleep. Z-drugs have less side effect profiles, like excessive daytime

sleepiness, and fewer potentials for dependency than benzodiazepines.
3. Barbiturates:
o Examples: Phenobarbital, thiopental

o Uses: Barbiturates are very effective CNS depressants that were commonly used
for anxiety, insomnia, and seizure control. Because their therapeutic index is so
narrow, barbiturates are now infrequently used, with a high risk of lethal

overdose.
4. Melatonin Receptor Agonists:
o Example: Ramelteon

o Uses: These drugs are employed in the treatment of insomnia and have the
benefit of not causing dependence. They work on the melatonin receptors in the
brain to control the sleep-wake cycle, and thus they are best suited for patients
with circadian rhythm disorders or those requiring short-term therapy for sleep

disorders.
5. Antihistamines:
o Examples: Diphenhydramine, hydroxyzine

o Uses: They are mostly employed as OTC sedatives for temporary insomnia.
They induce sedation by inhibiting histamine receptors in the brain but are less
potent than other sedative-hypnotics and tend to induce next-day sedation and

anticholinergic side effects.
+ Pharmacokinetics

Sedative-hypnotics vary in their pharmacokinetic properties, influencing their onset and
duration of action. The properties of these drugs are key factors in determining their clinical

uses:
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Short-acting agents (e.g., midazolam, zolpidem) are ideal for sleep onset or short-term
procedural sedation. These agents have a rapid onset of action, and their effects

dissipate quickly, minimizing the risk of prolonged sedation.

Long-acting agents (e.g., diazepam, flurazepam) are often used for anxiety disorders,
chronic insomnia, or seizure control. They have a slower onset and a longer duration of

action, allowing them to provide more sustained effects.

+ Metabolism

The metabolism of sedative-hypnotics is usually in the liver. Most benzodiazepines form active

metabolites that account for their extended duration of action. Barbiturates are also reported to

induce cytochrome P450 enzymes [11], whose influence on the metabolism of other drugs may

cause drug interactions.

+ Clinical Uses

Anxiolysis (Anxiety Relief): Benzodiazepines, such as diazepam and lorazepam, are

commonly used to treat anxiety and panic disorders due to their calming effects.

Insomnia: Non-benzodiazepine hypnotics, such as zolpidem and eszopiclone, are
specifically designed to promote sleep and improve sleep quality in individuals with

insomnia.

Seizures: Benzodiazepines like lorazepam and diazepam are used in emergency

settings to control acute seizures or status epilepticus.

Sedation: Drugs like midazolam are used for procedural sedation, providing a calming

effect during medical or dental procedures.

+ Adverse Effects

Common side effects associated with sedative-hypnotic drugs include:

CNS Depression: Excessive sedation, dizziness, drowsiness, or even respiratory

depression at high doses.

Dependence and Withdrawal: Long-term use of sedatives or hypnotics can lead to
physical dependence, tolerance, and withdrawal symptoms, particularly with

benzodiazepines and barbiturates.

Cognitive Impairment: Chronic use of sedative-hypnotics, especially

benzodiazepines, can lead to memory impairment and cognitive dysfunction.
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e Drug Interactions: Since sedative-hypnotics affect CNS activity, they can interact
with other CNS depressants (e.g., alcohol, opioids), increasing the risk of severe

sedation, respiratory depression, and even overdose.
+ Special Considerations

e Tolerance and Dependence: Prolonged use of sedative-hypnotics, particularly
benzodiazepines and barbiturates, can result in the establishment of tolerance
(increased doses for the same effect) and dependence (physical and
psychological dependence on the drug). This highlights the need to restrict their

use to short-term or controlled environments.

e Withdrawal Symptoms: Sudden stoppage of prolonged sedative-hypnotic use
will result in withdrawal symptoms like anxiety, agitation, insomnia, seizures,
and in extreme cases, delirium. Therefore, tapering is generally advised to avoid

withdrawal.

o Combination with Other CNS Depressants: Sedative-hypnotics should not be
combined with other CNS depressants (e.g., alcohol, opioids), as the additive
depressant effects can lead to life-threatening respiratory depression, coma, or
death.

#+ Therapeutic Applications

Clinical Applications

1. Insomnia Sedative-hypnotic drugs like zolpidem, eszopiclone, and ramelteon are used

to treat insomnia, particularly when sleep onset and maintenance are compromised.

e Zolpidem and eszopiclone are commonly prescribed for short-term insomnia and

have less risk of tolerance and dependency than traditional benzodiazepines.

« Ramelteon, a melatonin receptor agonist, acts by occupying the MT1 and MT2
receptors in the hypothalamus, controlling the circadian rhythm to induce natural
sleep without acting on GABA receptors. It's a good choice for individuals who

do not want to be dependent.

For acute insomnia, benzodiazepines like lorazepam and temazepam are sometimes
prescribed but are not typically first choice given the risks for dependence, side effects, and
tolerance when taken long term. They are better at inducing sleep than sustaining sleep.

114



ADVANCED PHARMACOLOGY -1

2. Anxiety Disorders Sedative-hypnotics, particularly benzodiazepines, are used as
anxiolytics for generalized anxiety disorder (GAD), panic attacks, and as adjuncts in

treating depression.

e Alprazolam, lorazepam, and clonazepam are the most typically prescribed
medications for anxiety. They provide immediate relief of symptoms through
potentiation of the effects of GABA in the CNS.

e Long-term use of benzodiazepines in anxiety is to be avoided since the risk of
tolerance, dependence, and withdrawal is high. Cognitive-behavioral therapy
(CBT) and other non-pharmacological interventions are suggested for chronic

management.

3. Seizure Management For status epilepticus (a medical emergency characterized by
prolonged seizures), benzodiazepines like diazepam and lorazepam are the first-line

treatment.

« Phenobarbital, a barbiturate, for specific situations when seizures are refractory
to benzodiazepines. It has a long action and is very useful for neonatal seizures
because of its sedative effect [12]. The narrow therapeutic range and sedative side

effects of phenobarbital, however, restrict its application.

4. Pre-anesthetic and Procedural Sedation Drugs like midazolam, a benzodiazepine,
are favored for preoperative sedation and procedural sedation (e.g., endoscopy). They

provide:
o Anxiolysis (relief of anxiety)
e Amnesia (lack of memory for the procedure)

« Sedation to help relax patients before surgery or medical procedures. Midazolam's
short half-life makes it a preferred option for short-term use in these settings.

5. Muscle Spasms and Spasticity Diazepam, a benzodiazepine, is employed to manage
spasticity and muscle spasms that occur in association with diseases such as cerebral
palsy or spinal cord injury. Its muscle-relaxant action proves helpful in lowering muscle
tone and also in relieving pain. Nevertheless, owing to its CNS depressant action, it
must be used with caution.

6. Alcohol Withdrawal Benzodiazepines, such as chlordiazepoxide and diazepam, are
the first-line treatment for the alleviation of symptoms of alcohol withdrawal, such as

agitation, tremors, and seizures. They act by averting the hyperstimulation of the CNS
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which happens when a CNS depressant, alcohol, is abruptly taken away. They also avert
delirium tremens, a serious alcohol withdrawal complication presenting with confusion,

hallucinations, and seizures.

Adverse Effects

Central Nervous System Depression: The primary adverse effects of sedative-hypnotic drugs

are related to CNS depression, which can manifest as:
o Drowsiness or excessive sedation
« Confusion or difficulty concentrating
e Dizziness or lightheadedness
« Motor incoordination, impairing daily activities such as driving or operating machinery

While benzodiazepines and Z-drugs are generally safer than older sedatives like barbiturates,

they still carry the risk of cognitive impairment, especially with prolonged use.

e Benzodiazepines may cause anterograde amnesia, leading to difficulty remembering

events that occur after taking the drug.

e Z-drugs (like zolpidem) may cause side effects such as sleepwalking, hallucinations,

and rebound insomnia after the drug wears off.

Barbiturates, because they have a low therapeutic ratio, are particularly hazardous in overdose.
They produce potentially fatal respiratory depression and cardiac collapse. For these reasons,
barbiturates are no longer used except in certain medical indications, such as neonatal seizure

control or induction of anesthesia.

Chronic Use: Long-term use of sedative-hypnotics can result in tolerance, where increasing
doses are required to achieve the same therapeutic effects. This can lead to dependence and

withdrawal symptoms, including:

e Anxiety
e Tremors
¢ Insomnia

e In severe cases, withdrawal can precipitate seizures or other life-threatening

complications.

As such, sedative-hypnotics are typically recommended for short-term use, and the duration of

treatment should be minimized where possible.
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Contraindications and Precautions

Sedative-hypnotics should be used with caution or avoided in the following circumstances:
1. Pregnancy and Lactation

o Teratogenicity: Many sedative-hypnotics, especially benzodiazepines and
barbiturates, can cause harm to a developing fetus, including cleft palate, neonatal

CNS depression, and withdrawal symptoms after birth.

« Neonatal CNS Depression: These drugs may be excreted in breast milk and may
cause sedation in the infant. Therefore, sedative-hypnotics should be avoided

during pregnancy and lactation unless absolutely necessary.

2. Elderly Patients: Aged patients are more susceptible to side effects, such as falls,
delirium, confusion, and memory impairment. Furthermore, decreased metabolism in
the elderly may result in extended drug effects. Elderly patients should receive lower
doses, and careful monitoring is necessary.

3. Respiratory Disorders: In COPD or sleep apnea patients, sedative-hypnotics can
worsen respiratory depression with severe and life-threatening outcomes. These
medications should be avoided in such scenarios or used with utmost caution.

4. Substance Use Disorder: Due to the dependence potential of sedative-hypnotics, they
should be avoided in patients with a history of substance use disorder or a risk of
misuse.

5. Liver or Kidney Dysfunction: Sedative-hypnotics, especially benzodiazepines, are
metabolized by the liver. Liver disease can delay the half-life of these drugs, resulting
in prolonged sedation and an increased risk of overdose. Likewise, compromised

kidney function can impair the excretion of these drugs.

Drug Interactions

Sedative-hypnotics can interact with several other drugs, potentiating CNS depression or

altering the metabolism of other medications:
1. CNS Depressants:

e Alcohol, opioids, antihistamines, and antipsychotics all enhance the sedative
effects of sedative-hypnotics, leading to potentially dangerous levels of CNS

depression. Concomitant use should be avoided or closely monitored.
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2. Enzyme Inducers/ Inhibitors:

o Barbiturates are potent enzyme inducers, meaning they can accelerate the
metabolism of other drugs, including oral contraceptives, anticoagulants, and

anticonvulsants. This can lead to reduced efficacy of these drugs [13].

o Benzodiazepines and Z-drugs are metabolized by CYP3A4 enzymes, and their
efficacy can be altered by CYP3A4 inhibitors (e.g., ketoconazole) or inducers (e.g.,

rifampin). It’s important to adjust dosages when co-administering these drugs.
3. Other Interactions:

o Opioid analgesics and benzodiazepines together increase the risk of respiratory
depression and sedation. Their use together should be approached with caution,
with the lowest effective doses prescribed.

3.4. DRUGS FOR ANXIETY DISORDERS

Anxiety disorders, such as generalized anxiety disorder (GAD), panic disorder, social anxiety
disorder, and specific phobias, have a huge impact on individuals' quality of life by inducing
constant fear, tension, and worry. Treatment of anxiety disorders may include a combination
of pharmacotherapy and psychotherapy. Medication acts on a specific neurotransmitter system
in the brain to provide relief from symptoms, whereas therapy assists in resolving the
underlying psychological triggers and thought patterns [14]. Following is a more specific
explanation of the pharmacological treatment options for anxiety disorders:

1. Benzodiazepines

Benzodiazepines are one of the most widely prescribed drugs for acute or transient treatment
of anxiety. They exert their action by enhancing the effects of gamma-aminobutyric acid
(GABA), the major inhibitory neurotransmitter of the brain. This potentiating action leads to
decreased neuronal activity, which induces feelings of relaxation and calmness. Because of
their quick onset of action, benzodiazepines are effective in providing instantaneous relief from

the symptoms of anxiety.

Commonly used benzodiazepines

o Diazepam (Valium): Often prescribed for short-term anxiety, muscle spasms,

and alcohol withdrawal.

o Lorazepam (Ativan): Frequently used for generalized anxiety disorder (GAD)

and acute anxiety episodes.
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Alprazolam (Xanax): Commonly prescribed for panic attacks and GAD.

Efficacious for short-term use, but benzodiazepines carry side effects including
drowsiness, memory disturbances, and loss of coordination. Tolerance,
dependence, and withdrawal symptoms including anxiety, tremors, and
insomnia can develop with long-term use [15]. In addition, interaction of
benzodiazepines with alcohol or other CNS depressants may produce an
increased risk of overdose and respiratory depression.

Due to the potential for addiction and withdrawal issues, benzodiazepines are
typically recommended only for short-term use. Long-term use is avoided

unless absolutely necessary.

2. Selective Serotonin Reuptake Inhibitors (SSRIs)

SSRIs have been deemed to be the first-line medication used for long-term treatment of anxiety

disorders. These drugs act through inhibiting reuptake of serotonin, which is a neurotransmitter

that takes part in influencing mood [16]. Increasing the levels of serotonin in the brain, SSRIs

relieve anxiety symptoms and increase mood stability.

Common SSRIs include:

o

Side Effects:

O

Sertraline (Zoloft): Often used to treat GAD, panic disorder, and social anxiety

disorder.

Fluoxetine (Prozac): Used for various anxiety-related conditions, including
GAD.

Escitalopram (Lexapro): Commonly prescribed for GAD and social anxiety

disorder.

Although SSRIs are well-tolerated in general, they can induce side effects such
as insomnia, nausea [17], sexual dysfunction, and temporary rises in anxiety
[108]. Side effects tend to abate after a couple of weeks of medication.

Restlessness or agitation may be experienced as the body gets used to the drug.
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Advantages:
o SSRIs are effective for chronic anxiety and have a relatively safe side effect
profile, making them suitable for long-term use.

3. Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs)

SNRIs are yet another category of antidepressants utilized in the management of anxiety
disorders. SNRIs work on both serotonin and norepinephrine, two neurotransmitters involved
in managing mood and response to stress [18]. Through their blockade of reuptake, SNRIs

enhance mood, inhibit anxiety, and stabilize emotional reactions.
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Figure 4: SNRI Mechanism of Action

Common SNRIs include:

o Venlafaxine (Effexor XR): Effective for treating generalized anxiety disorder,

panic disorder, and social anxiety disorder.

o Duloxetine (Cymbalta): Often used for generalized anxiety disorder, panic

disorder, and chronic pain associated with anxiety.
Side Effects:

o While SNRIs are effective, they can cause side effects such as increased blood
pressure at higher doses, dizziness, dry mouth, and withdrawal symptoms if

discontinued abruptly.

Advantages:

o SNRIs are effective in treating both depression and anxiety, making them
versatile options for patients with comorbid conditions.
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4. Buspirone

Buspirone is a non-benzodiazepine anxiolytic that partially agonizes the 5-HT1A serotonin
receptor, which modulates serotonin activity within the brain. In contrast to benzodiazepines,
buspirone lacks sedation and does not lead to addiction, thus it is a suitable choice for the long-

term treatment of anxiety.
Common use:

o Buspirone is primarily used for generalized anxiety disorder (GAD) and is often

preferred for chronic use due to its lower risk of dependence.
Side Effects:

o Common side effects include dizziness, nausea, and headache. Although it is
well-tolerated, buspirone may take several weeks to show full therapeutic
effects.

Advantages:
o Buspirone is effective for long-term anxiety management without the risk of
dependence or sedation associated with benzodiazepines.

5. Beta-Blockers

Beta-blockers are utilized to treat the bodily symptoms of anxiety, including trembling, racing
heart, and perspiration. Beta-blockers prevent the effect of adrenaline, a stress hormone that
plays a part in the "fight or flight" response [19]. Beta-blockers are especially useful when the

anxiety manifests primarily physically and also in performance anxiety.

Common beta-blockers:

o Propranolol (Inderal): Often used for situational anxiety, such as public

speaking or performance-related anxiety.
Side Effects:

o Beta-blockers can cause fatigue, dizziness, cold extremities, and occasionally
low blood pressure. They are not typically used for chronic anxiety

management, but can provide relief for acute, situational anxiety.

121



ADVANCED PHARMACOLOGY -1

6. Antihistamines

Antihistamines like Hydroxyzine (Vistaril) are occasionally utilized to manage anxiety,
especially for their sedative effect. Hydroxyzine inhibits the histamine receptors in the brain

and possesses a weak anxiolytic effect but without benzodiazepine-associated addiction.
Common use:

o Hydroxyzine is often used for short-term relief of anxiety symptoms, especially

when a sedative effect is required.
Side Effects:

o Common side effects include drowsiness, dry mouth, and blurred vision, but it

generally has fewer severe side effects than benzodiazepines.
7. Tricyclic Antidepressants (TCAS)

While no longer routinely prescribed for anxiety disorders because of side effects, tricyclic
antidepressants (TCAs) may still be prescribed in instances where other drugs fail. TCAs are
effective by preventing the reuptake of both serotonin and norepinephrine, like SNRIs, but they
also block other receptors for neurotransmitters, resulting in broader side effects.

Common TCAs include:

o Amitriptyline (Elavil) and Imipramine (Tofranil).
Side Effects:

o TCAs can cause significant dry mouth, constipation, blurred vision, weight

gain, and sedation, making them less desirable for long-term use.

Advantages:

o TCAs are considered when patients do not respond to other treatments or when
the anxiety disorder is complicated by comorbid depression.

8. Combination with Therapy

Along with pharmacologic treatment, cognitive-behavioral therapy (CBT) is frequently
indicated as a first-line psychological treatment for anxiety disorders. CBT is a systematic,
goal-based therapy that helps patients recognize and challenge negative patterns of thinking
leading to anxiety. It also imparts functional skills, including relaxation skills and problem-
solving skills, to control symptoms of anxiety.
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Advantages of combining therapy and medication:

o Merging medication and therapy is more beneficial than each separately. Although
medication relieves symptoms, therapy resolves the causes of anxiety and offers
better long-term results. For instance, medication can decrease present anxiety, but

CBT will enable the patients to build skills to overcome anxiety in the future.

3.5. ANTIDEPRESSANTS

Antidepressants are a mainstay of mood disorder treatment, especially depression and anxiety.
Antidepressants work to alter the levels of neurotransmitters—chemical messengers in the
brain—Ilike serotonin, norepinephrine, and dopamine, which have a central role in controlling
mood, emotional reaction, and other functions [20]. Selection of an antidepressant is based on
a variety of factors such as the mood disorder type, patient characteristics, and side effects.
Following is a detailed discussion of the different classes of antidepressants, their action

mechanisms, indications, and side effects.
1. Selective Serotonin Reuptake Inhibitors (SSRIs)

SSRIs rank among the most widely prescribed antidepressants because they have been proven
effective and have relatively minor side effects. They selectively inhibit the reuptake of the
neurotransmitter serotonin, which is important in mood control. Increasing the brain

availability of serotonin leads to improved mood and less anxiety or depression.
e« Common SSRIs include:

o Fluoxetine (Prozac): Often used to treat depression, obsessive-compulsive
disorder (OCD), and panic disorder.

o Sertraline (Zoloft): Frequently prescribed for major depressive disorder

(MDD), panic disorder, and social anxiety disorder.

o Escitalopram (Lexapro): Used for generalized anxiety disorder (GAD) and
MDD.

e Indications: SSRIs are first-line treatments for a variety of mood disorders, including:
o Major depressive disorder (MDD)
o Generalized anxiety disorder (GAD)
o Panic disorder

o Obsessive-compulsive disorder (OCD)
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o Post-traumatic stress disorder (PTSD)

o Side Effects: While generally well-tolerated, SSRIs can cause:
o Nausea, particularly in the first few weeks of treatment.
o Insomnia or sleep disturbances.

o Sexual dysfunction, including reduced libido, delayed ejaculation, and

anorgasmia.
o Headaches and gastrointestinal issues (e.g., diarrhea or constipation).

While side effects will eventually pass, some people become even more anxious or agitated
when they first begin taking the medication. The symptoms usually correct after a few weeks

of use.
2. Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs)

SNRIs are analogous to SSRIs but with a wider mechanism of action. They block the reuptake
of serotonin and norepinephrine, both of which are involved in regulating mood, energy, and
physical symptoms such as pain and fatigue. By affecting both of these neurotransmitters,

SNRIs offer a more extensive solution for the treatment of depression and anxiety.
e« Common SNRIs include:

o Venlafaxine (Effexor XR): Used for major depressive disorder, generalized

anxiety disorder, and social anxiety disorder.

o Duloxetine (Cymbalta): Effective for major depression, anxiety disorders, and

chronic pain conditions such as fibromyalgia.
o Indications: SNRIs are typically prescribed for:
o Major depressive disorder (MDD)
o Generalized anxiety disorder (GAD)
o Social anxiety disorder
o Chronic pain conditions (e.g., fibromyalgia, neuropathic pain)
o Side Effects: SNRIs can cause side effects similar to those of SSRIs, including:
o Nausea and insomnia.
o Dry mouth and dizziness.

o Sexual dysfunction.
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o Increased blood pressure at higher doses (particularly with venlafaxine),

necessitating regular blood pressure monitoring.

o Discontinuation symptoms, such as dizziness, nausea, and flu-like symptoms, if

stopped abruptly.
3. Tricyclic Antidepressants (TCAS)

TCA:s are older drugs that work effectively to treat depression and anxiety but are prescribed
less today because of their side effect profile and overdose risk. TCAs block the reuptake of

serotonin and norepinephrine, raising the level of these neurotransmitters in the brain.
e« Common TCAs include:

o Amitriptyline (Elavil): Often prescribed for chronic pain, insomnia, and

depression.
o Imipramine (Tofranil): Used to treat depression and panic disorder.

o Nortriptyline (Pamelor): A less sedating TCA, used for depression and

anxiety.
e Indications: TCAs are used for:
o Major depressive disorder (MDD)
o Panic disorder
o Chronic pain
o Insomnia
o Side Effects: TCAs are associated with a number of side effects, including:
o Dry mouth, constipation, blurred vision, and urinary retention.
o Sedation and weight gain.
o Increased risk of overdose due to their toxicity in high doses.

o Orthostatic hypotension (a drop-in blood pressure when standing), which can

lead to dizziness or fainting.

Due to these side effects and the risk of overdose, TCAs are typically reserved for patients who

have not responded to other medications.
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4. Monoamine Oxidase Inhibitors (MAOISs)

MAOIs are among the oldest antidepressant classes. They function by blocking the monoamine
oxidase enzyme that metabolizes serotonin, norepinephrine, and dopamine in the brain.

Blocking this enzyme, MAOIs raise the levels of the neurotransmitters, enhancing the mood.

¢ Common MAOIs include:

o Phenelzine (Nardil): Often used for treatment-resistant depression and anxiety

disorders.
o Tranylcypromine (Parnate): Used for depression and some anxiety disorders.

e Indications: MAOIs are typically prescribed when other antidepressants have failed.
They are less commonly used due to their strict dietary restrictions and potential for

severe drug interactions.
o Side Effects: MAOIs require careful management, including:

o Dietary restrictions: Patients must avoid foods high in tyramine (e.g., aged
cheeses, cured meats, certain alcoholic beverages), as tyramine can trigger a

hypertensive crisis.
o Orthostatic hypotension.
o Weight gain and sexual dysfunction.
o Insomnia or agitation.
5. Atypical Antidepressants

Atypical antidepressants are a heterogeneous group of drugs that do not easily fit into the
primary classes of SSRIs, SNRIs, or TCAs. They act by mechanisms distinct from the others
to modify neurotransmitter levels, providing alternatives for patients who have not responded
to conventional antidepressants.
o Common atypical antidepressants include:
o Bupropion (Wellbutrin): A norepinephrine-dopamine reuptake inhibitor,
useful for depression and smoking cessation.
o Mirtazapine (Remeron): Increases serotonin and norepinephrine release, often
prescribed for depression with insomnia or poor appetite.

¢ Indications: These medications are used for:

o Major depressive disorder (MDD)

126



ADVANCED PHARMACOLOGY -1

o Seasonal affective disorder (SAD)
o Smoking cessation (bupropion)
o Anxiety (in some cases)
o Side Effects: Atypical antidepressants have varied side effects:
o Bupropion: Can cause insomnia, agitation, and, in rare cases, seizures.
o Mirtazapine: Associated with sedation, weight gain, and increased appetite.
6. Other Antidepressant Classes
There are additional medications that may be used off-label to treat mood disorders.

e Trazodone: Primarily prescribed for insomnia but also has antidepressant properties
due to its serotonin antagonism. It is often used for sleep issues in patients with

depression.

o Vortioxetine (Trintellix): A serotonin modulator with a unique mechanism of action

that helps treat depression by targeting multiple serotonin receptors.

Antidepressants are significant in the therapy of depression, anxiety disorders, and other
relevant illnesses. Selecting an antidepressant is subject to various aspects, such as the nature
of the mood disorder, patient properties, and drug side effect profile. SSRIs and SNRIs are
generally the initial drugs of choice because they work well and have relatively benign side
effects, with TCAs and MAOIs being reserved when other drugs are ineffective. The atypical
antidepressants provide extra choices for people who will not respond to other drugs. A
combination of antidepressant therapy with psychotherapy, including cognitive-behavioral
therapy (CBT), works best in the treatment of mood disorders in most instances. Careful
monitoring by the healthcare professionals is necessary to ascertain the safety and efficacy of

the treatment.

3.6. ANTIPSYCHOTICS (FOR PSYCHOSIS AND MANIA)

Antipsychotics are drugs employed mostly to manage psychotic illnesses, like schizophrenia,
and manic states in the case of bipolar disorder. Antipsychotics balance the activity of
neurotransmitters in the brain, specifically dopamine, and occasionally serotonin.
Antipsychotics are typically classified into two broad categories: first-generation (typical) and

second-generation (atypical) antipsychotics.
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First-Generation (Typical) Antipsychotics

First-generation antipsychotics, or neuroleptics, have been around for decades and are very

effective in managing psychosis by antagonizing dopamine receptors, more specifically the D2

receptors in the brain. Though very effective at managing psychotic symptoms, they are very

much associated with important side effects.

Common Drugs: Haloperidol (Haldol), Chlorpromazine (Thorazine), and

Fluphenazine (Prolixin) are examples of first-generation antipsychotics.

Mechanism of Action: These medications work by blocking dopamine receptors,
which decreases symptoms of psychosis such as delusions and hallucinations. This
effect can also lead to side effects such as extrapyramidal symptoms (movement

disorders) and other negative reactions.

Side Effects: First-generation antipsychotics are linked to movement disorders,
including tremor, rigidity, and bradykinesia (slowness of movement), and tardive
dyskinesia (spontaneous movement). They can also produce sedation, dry mouth,
blurred vision, constipation, and urinary retention. One of the serious but infrequent
side effects is Neuroleptic Malignant Syndrome (NMS), which includes fever, muscle

rigidity, and altered mental status.

Second-Generation (Atypical) Antipsychotics

Second-generation (atypical) antipsychotics are more recently developed drugs that are

preferable because they have less risk of extrapyramidal side effects. These drugs are more

potent in treating positive symptoms (e.g., hallucinations, delusions) as well as negative

symptoms (e.g., apathy, social withdrawal) of psychotic disorders.

Common Drugs: Olanzapine (Zyprexa), Risperidone (Risperdal), Quetiapine
(Seroquel), Aripiprazole (Abilify), and Clozapine (Clozaril) are well-known atypical

antipsychotics.

Mechanism of Action: Atypical antipsychotics have action on both the dopamine and
serotonin receptors in the brain, reducing psychotic symptoms but also enhancing mood
and behavior. Their wider action on neurotransmitters can lead to an improved side

effect profile than with typical antipsychotics.

Side Effects: Atypical antipsychotics come with metabolic side effects, for example,
weight gain, increased cholesterol, and a heightened risk of diabetes. Sedation follows

with medications like quetiapine, while clozapine has a danger of agranulocytosis
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(reduction in the white blood count), which implies frequent blood check-ups. Atypical
antipsychotics have also been observed to lengthen the QT period, thereby the danger

of arrhythmias.

Indications for Antipsychotics

Antipsychotics are mainly used for:

o Psychotic Disorders: These include schizophrenia and schizoaffective disorder. The
drugs help manage the hallucinations, delusions, and disorganized thinking associated

with these conditions.

o Bipolar Disorder: Antipsychotics are used to treat manic episodes in bipolar disorder.
Atypical antipsychotics are especially effective for this purpose, often in combination
with mood stabilizers.

o Severe Agitation: In cases of extreme agitation or aggression, particularly in patients
with psychosis or mania, antipsychotics can help calm the individual and reduce

dangerous behavior.

o Off-Label Uses: Antipsychotics may also be used to treat severe depression (especially
when other treatments fail), anxiety disorders, and even obsessive-compulsive disorder

(OCD) in some cases.

Antipsychotics in the Treatment of Mania

In bipolar illness, antipsychotics are usually employed when the patient becomes manic. Manic
episodes include symptoms such as heightened mood, grandiosity, and decreased sleep
requirement, and antipsychotics are useful in stabilizing mood and diminishing such extreme

behaviors.

o Effectiveness: Atypical antipsychotics, like olanzapine and quetiapine, are especially
effective in the management of mania. They are often administered together with mood

stabilizers, e.g., lithium, for optimal control of manic as well as depressive episodes.

3.7. ANTIEPILEPTIC DRUGS

Antiepileptic medications (AEDSs), or anticonvulsants, are drugs prescribed to prevent and treat
seizures in patients with epilepsy or other seizure disorders. The drugs stabilize the electrical
activity in the brain so that neurons are not abnormally fired to produce seizures. Treating
epilepsy sometimes involves cautious balancing of the nature of seizures, the age of the patient,

and the side effect profile of the medication.
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Mechanisms of Action

Antiepileptic drugs work through various mechanisms to control seizures. These include:

e Inhibition of Sodium Channels: Many AEDs prevent the rapid firing of neurons by
inhibiting sodium channels, which helps control seizures.

« Enhancement of GABAergic Activity: Some AEDs increase the activity of gamma-
aminobutyric acid (GABA), an inhibitory neurotransmitter that helps calm neural
activity.

e Inhibition of Glutamate Activity: Glutamate is an excitatory neurotransmitter, and

some AEDs work by blocking its receptors, reducing excitatory neural firing.

e Modulation of Calcium Channels: Certain drugs target calcium channels, reducing

the release of neurotransmitters that may trigger seizures.

Types of Antiepileptic Drugs

1. First-Generation Antiepileptic Drugs (Traditional AEDs) These are the older,
established drugs that have been around for decades to control seizures. They are
effective but tend to have more side effects and need drug level monitoring.

o Phenytoin (Dilantin): A widely used medication that acts by blocking sodium
channels. It is useful for managing partial and generalized tonic-clonic seizures

but needs monitoring for toxicity because it has a narrow therapeutic window.

o Carbamazepine (Tegretol): Effective for treating partial seizures and
generalized tonic-clonic seizures. It works by inhibiting sodium channels but

can cause side effects like drowsiness, dizziness, and liver toxicity.

o Valproic Acid (Depakote): A wide-spectrum AED with efficacy for a range of
seizure types, including absence and generalized seizures. It enhances GABA
function but may be associated with weight gain, hair loss, and liver injury in

certain individuals.

o Phenobarbital: A barbiturate that enhances GABAergic activity and is used
primarily for partial and generalized tonic-clonic seizures. It can cause sedation,

cognitive impairment, and dependence if used long-term.

2. Second-Generation Antiepileptic Drugs (Newer AEDs) These newer medications
have fewer side effects and often require less monitoring. They are more targeted in

their action and offer improved options for individualized treatment.
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o Lamotrigine (Lamictal): It is used in the treatment of generalized and partial
seizures and blocks sodium channels while stabilizing neuronal membranes.
Lamotrigine has a good side effect profile but needs to be titrated gradually to

avoid serious skin rashes.

o Levetiracetam (Keppra): A useful AED for both partial and generalized
seizures. Its exact mechanism is unclear, but thought to act via modulation of
the synaptic vesicle protein 2A (SV2A). It is easily tolerated, and the most

frequently encountered side effects are irritability and fatigue.

o Topiramate (Topamax): Effective for both partial and generalized seizures,
topiramate works by inhibiting sodium channels and enhancing GABAergic
activity. Side effects can include cognitive dysfunction, weight loss, and kidney

stones.

o Gabapentin (Neurontin): Used mainly for the treatment of partial seizures,
gabapentin inhibits calcium channels and is also employed to manage
neuropathic pain. It is usually well tolerated with side effects being dizziness

and fatigue.

3. Other AEDs

o Ethosuximide (Zarontin): Primarily used for absence seizures, ethosuximide
inhibits calcium channels and is effective in reducing the frequency of these

types of seizures. Common side effects include nausea and drowsiness.

o Clonazepam (Klonopin): A GABA potentiating benzodiazepine, clonazepam
is employed to control seizures, particularly in acute situations or to treat
specific types of seizures, like myoclonic seizures. It has the potential to induce

sedation and dependency upon prolonged use.

Indications for Antiepileptic Drugs

AED:s are used in the management of various seizure types, including:

Generalized Seizures: These involve both sides of the brain and include tonic-clonic

(grand mal) seizures, absence seizures (petit mal), and myoclonic seizures.

Partial Seizures: These seizures begin in one part of the brain and can be simple or
complex. Simple partial seizures do not affect consciousness, while complex partial

seizures do.
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o Status Epilepticus: A medical crisis with ongoing seizures lasting longer than 5
minutes or recurrent seizures with no interlude between. Acute care settings usually

make use of benzodiazepines like lorazepam.

Side Effects and Considerations

While AEDs are essential in managing epilepsy, they can cause various side effects, including:

o Sedation and Cognitive Impairment: Some AEDs, particularly older ones like

phenobarbital, may cause drowsiness, cognitive slowing, and reduced concentration.

e Metabolic and Weight Changes: Drugs like valproic acid and topiramate can cause

weight gain or loss.

e Liver and Kidney Toxicity: Certain AEDs, such as valproic acid and carbamazepine,

may cause liver damage, while topiramate can lead to kidney stones.

e Drug Interactions: AEDs can interact with other medications, affecting their
metabolism. For example, carbamazepine can induce liver enzymes, potentially

decreasing the efficacy of other drugs.

Therapeutic Drug Monitoring

For medications such as phenytoin and carbamazepine, routine blood work is necessary to
check drug levels and ensure that they are within the therapeutic range. This prevents toxicity

and optimal seizure control.

3.8. DRUGS FOR NEURODEGENERATIVE DISEASES

Neurodegenerative conditions like Parkinson's disease and Alzheimer's disease consist of the
progressive loss of neurons in the brain, which causes dysfunction in motor as well as cognitive
abilities. Therapy is aimed at reducing symptoms, enhancing the quality of life, and hindering

disease progression, although present treatment does not include cures.
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Neurodegenerative diseases
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Figure 5: Neurodegenerative Diseases

Here is a closer examination of the drugs prescribed for these disorders:

3.8.1. Parkinson’s Disease

Parkinson's disease (PD) is a progressive disorder that results from the degeneration of
dopamine-producing neurons within the substantia nigra. The degeneration results in motor
impairments such as tremor, rigidity, bradykinesia, and postural instability. Non-motor

symptoms including depression and cognitive impairment are also prevalent.
1. Dopaminergic Agents

The main therapy for PD is the restoration of dopaminergic function in the brain. The most
widely prescribed medication is Levodopa, which is often taken with Carbidopa to avoid early
conversion to dopamine outside the brain. Levodopa relieves the motor symptoms but can lead

to complications such as motor fluctuations and dyskinesia (movement without control).
2. Dopamine Agonists

Medications such as Pramipexole, Ropinirole, and Bromocriptine bind directly to the dopamine

receptors, simulating dopamine action. These are especially valuable in younger or early-stage
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disease patients. Side effects include nausea, dizziness, and potentially more serious such as

impulse disorders (e.g., compulsive gambling or increased sex).
3. MAO-B Inhibitors

Selegiline and Rasagiline prevent the action of the enzyme monoamine oxidase B (MAO-B),
which degrades dopamine. This prolongs dopamine's action, alleviating motor symptoms.
These medications are best in the initial stages of the disease to postpone the requirement of

levodopa and can decrease the motor fluctuations linked to the use of levodopa.
4. COMT Inhibitors

Entacapone and Tolcapone are employed to block catechol-O-methyltransferase (COMT), an
enzyme that degrades levodopa. By prolonging the effect of levodopa, these medications assist
in leveling out motor fluctuation. Tolcapone must be monitored carefully, though, because it

poses a risk of liver injury.
5. Anticholinergic Drugs

Drugs such as Benztropine and Trihexyphenidyl are employed to suppress tremors and rigidity
of Parkinson's disease, particularly in younger individuals. They act by inhibiting the effect of
acetylcholine, a neurotransmitter that becomes hyperactive in PD. They are frequently not used
in older individuals because they have side effects like memory loss, dryness of the mouth, and

constipation.
6. Amantadine

Originally an antiviral medication, Amantadine is also prescribed to alleviate mild symptoms
of Parkinson's disease, especially tremors and stiffness. It does this by stimulating the release
of dopamine and blocking its reuptake, thereby enhancing the level of dopamine in the brain.

It may, however, lead to side effects like hallucinations, confusion, and swelling.

3.8.2. Alzheimer’s Disease

Alzheimer's disease (AD) is the leading cause of dementia and is marked by cognitive
impairment, memory loss, and behavioral alterations. The illness is associated with amyloid
plaque and tau tangle deposition, which impairs neuronal function. A decrease in acetylcholine

(ACh) levels, a memory and learning neurotransmitter, is also a notable characteristic.
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1. Cholinesterase Inhibitors

Donepezil, Rivastigmine, and Galantamine are usually prescribed to treat the shortage of
acetylcholine. These drugs are effective because they block the acetylcholinesterase enzyme,
which hydrolyzes acetylcholine. These medications increase the amount of acetylcholine
present, thereby enhancing memory and thinking. Side effects may be nausea, weakness, and
muscle cramps, and they can result in bradycardia (slowed heart rate).

2. NMDA Antagonists

Memantine is an NMDA (N-methyl-D-aspartate) receptor blocker employed in the
management of moderate to severe Alzheimer's disease. Glutamate, a neurotransmitter, has a
function in learning and memory but may result in excitotoxicity if there is an excess of it.
Memantine accomplishes its effects by modulating glutamate action, thereby averting the
overstimulation of neurons and limiting the potential of neuronal injury. The side effects of

memantine are dizziness, headache, and constipation.
3. Combination Therapy

For more severe cases, donepezil can be used with memantine. The combination therapy acts
on both the cholinergic and glutamatergic systems, allowing for better management of
symptoms. Namzaric is a good example of such a combination drug, which is administered to

patients with moderate to severe Alzheimer's disease.
4. Investigational Therapies

Studies continue to investigate new treatments, especially those that attack the amyloid plaques
and tau tangles that define Alzheimer's disease. Perhaps the latest breakthrough is Aducanumab
(Aduhelm), an anti-amyloid antibody treatment intended to decrease the accumulation of
amyloid plaques in the brain. Promising as they are, these treatments have major risks like brain

swelling and microhemorrhages.

Both Alzheimer's and Parkinson's diseases are complicated neurodegenerative processes that
cause abnormal brain functioning. Although as yet there is no cure, the medications on the
market today can greatly ease symptoms and reverse progression, keeping patients at a better
quality of life. With further research being conducted, drug therapies aimed at the causes of

these diseases rather than just treating the symptoms could be more efficient in the future.
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3.9. NARCOTIC ANALGESICS

Narcotic analgesics, or opioid analgesics, are a group of drugs that are mainly employed for
the treatment of moderate to severe pain. Narcotic analgesics act by binding to opioid receptors
in the spinal cord and brain, which changes the way one perceives pain and feels relief. These
drugs, though, carry some serious risks with them, such as dependence, tolerance, and

overdose.

Mechanism of Action

Narcotic analgesics act by interacting with certain opioid receptors (mu, kappa, and delta) in
the central nervous system. The interaction of these opioids prevents pain transmission

mechanisms, leading to the modification of pain messages and the perception of analgesia.

Common Narcotic Analgesics

1. Morphine

One of the strongest opioids, morphine, is most frequently used for the management of severe
pain, particularly postoperative or cancer pain. Morphine comes in several forms, such as oral,
injectable, and extended release.

2. Codeine

Codeine is a milder opioid often used for moderate pain and as a cough suppressant. It is
typically combined with other medications, such as acetaminophen, for enhanced analgesic

effects.
3. Hydrocodone

Hydrocodone is used to relieve pain and most often is used in combination with acetaminophen
or ibuprofen in combination tablets. Hydrocodone is typically prescribed for conditions like
back pain or pain due to injury.

4. Oxycodone

Oxycodone is a potent opioid used to manage moderate to severe pain. It is often available in
combination with acetaminophen (e.g., Percocet) or aspirin (e.g., Percodan).

5. Fentanyl

Fentanyl is a very powerful opioid for severe pain, particularly for patients with chronic pain
or patients undergoing surgery. It comes as a transdermal patch, injection, and lozenges.

Fentanyl has a high risk of overdose because it is very potent, particularly if misused.
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6. Hydromorphone

Hydromorphone (Dilaudid) is another powerful opioid medication that is prescribed to patients
suffering from extreme pain. It is usually prescribed in hospitals or to patients who have been
tolerant to other opioid drugs.
Risks and Side Effects

o Dependence and Tolerance: Chronic use can lead to physical dependence, where the

body becomes reliant on the drug to function normally. Tolerance develops over time,

requiring higher doses for the same effect.

o Overdose: Narcotic analgesics can cause respiratory depression, leading to overdose
and death, especially when abused or mixed with other depressants (e.g., alcohol or

benzodiazepines).

o Side Effects: Common side effects include nausea, vomiting, constipation, sedation,
and euphoria [127]. Long-term use can also cause hormonal imbalances, cognitive

dysfunction, and immunosuppression.

Management of Addiction

Because of the great potential for abuse, narcotic analgesics are usually prescribed cautiously.
Their use is closely monitored by healthcare providers, and non-pharmacological treatments
like physical therapy and cognitive-behavioral therapy are usually prescribed to complement

their use.

3.10. NON-NARCOTIC ANALGESICS

Non-narcotic analgesics, or non-opioid analgesics, are medications taken to relieve mild to
moderate pain. They neither cause euphoria nor result in addiction, unlike narcotics. They are
usually employed to relieve pain caused by headaches, arthritis, and mild musculoskeletal pain.

Mechanism of Action

Non-narcotic analgesics work through various mechanisms:

e Nonsteroidal anti-inflammatory drugs (NSAIDs): These drugs inhibit the enzyme
cyclooxygenase (COX), reducing the production of prostaglandins, which are
chemicals involved in inflammation and pain. This results in both pain relief and anti-

inflammatory effects.
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e Acetaminophen: Although its exact mechanism is not well understood, acetaminophen
is thought to work by inhibiting the production of prostaglandins in the brain, reducing

pain perception.

Common Non-Narcotic Analgesics

1. Acetaminophen (Paracetamol)

o Acetaminophen is a most popular analgesic used to relieve pain of mild to
moderate degree. It is generally employed in headache, minor aches, and pains
like pain in muscles or teeth. It is also utilized as an antipyretic (an antipyretic
agent).

o While NSAIDs do not have anti-inflammatory activity to any significant extent,
acetaminophen has none. Acetaminophen is, for the most part, safe at normal
dosages, but overdose results in major liver injury.

2. Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

o Ibuprofen, Aspirin, Naproxen, and Diclofenac are among the most ordinary
NSAIDs. These medications work efficiently in treating inflammation and pain
in ailments such as arthritis, muscle strain, and menstrual cramps.

o NSAIDs inhibit the COX enzymes, COX-1 and COX-2. COX-1 is responsible
for protecting the lining of the stomach, and COX-2 is responsible for
inflammation. The use of NSAIDs over the long term or in high doses can lead
to gastric ulcers, kidney injury, and cardiovascular events (e.g., heart attack or
stroke).

3. Aspirin

o Aspirin is a commonly used NSAID with anti-inflammatory, analgesic, and
antipyretic effects. It is frequently utilized for headaches, arthritis, and as a
preventive treatment for cardiovascular events because it can prevent platelet
aggregation.

o Aspirin is also contraindicated in children with viral infections because of the
possibility of developing Reye's syndrome, a rare but dangerous condition.

4. COX-2 Inhibitors (e.g., Celecoxib)

o Celecoxib is a COX-2 selective inhibitor that achieves pain relief with less risk

of gastrointestinal side effects than conventional NSAIDs. It is prescribed for
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conditions such as arthritis, but it can pose a risk of cardiovascular events in
certain patients.

5. Topical Analgesics (e.g., Lidocaine, Capsaicin)

o Topical analgesics are directly applied to the skin and are most often used for
localized pain, including muscle strains, sprains, and joint pain. Lidocaine is a
local anesthetic that blocks the pain by numbing the area, whereas capsaicin
depletes substance P, a neurotransmitter in pain transmission.
Risks and Side Effects

o Acetaminophen: While generally safe at recommended doses, acetaminophen can

cause liver toxicity if taken in excess or combined with alcohol.

e NSAIDs: Long-term or high-dose use can lead to gastrointestinal issues (e.g., ulcers or

bleeding), kidney damage, and cardiovascular problems.

o Topical Analgesics: These are generally well-tolerated but can cause skin irritation

or allergic reactions in some individuals.

Management of Pain with Non-Narcotic Analgesics

Non-narcotic analgesics are usually employed for milder pain or as combination therapy with
narcotic analgesics. They are also preferred in long-term pain management due to their lower
risk of dependence and fewer side effects compared to narcotic analgesics. Proper use and
following dosage recommendations are required in order not to expose the patient to possible

harmful side effects.
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The cardiovascular system is central to the maintenance of physiological homeostasis through
the regulation of blood flow [1], oxygen supply, and nutrient delivery to tissues in the body.
Cardiovascular diseases such as hypertension, ischemic heart disease, heart failure,
arrhythmias, and hyperlipidemia are among the most prevalent causes of morbidity and
mortality globally. Therefore, pharmacological treatment of cardiovascular diseases forms one

of the most important and widely researched topics in clinical pharmacology.
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Figure 1: Cardiovascular System

This unit, Cardiovascular Pharmacology, emphasizes mechanisms of action, therapeutic
applications, and side effects of drugs applied to cardiovascular disease. It treats significant
classes such as diuretics, anti-hypertensive agents, anti-anginal drugs, anti-arrhythmics,
cardiotonic agents, and lipid-lowering agents. Besides, this unit explains pharmacologic agents
involved in hemostasis and thrombosis [2], anticoagulants, antiplatelet agents, coagulants,
fibrinolytics, and hematinics. Knowledge of the pharmacodynamics and pharmacokinetics of
cardiovascular drugs is critical to maximize therapeutic benefits, reduce adverse effects, and
provide patient safety. This unit offers a clinically applicable and integrated framework for
students to understand the intricate relationship between cardiovascular physiology and

pharmacological intervention.

4.1. DIURETICS

Diuretics are a heterogeneous class of pharmaceuticals that enhance the removal of excessive

water and electrolytes by the body through enhanced urine output. They act mainly in the
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kidney, specifically in the nephron, the functional unit of the kidney, where they disrupt sodium,
chloride, and water reabsorption at certain segments including the proximal tubule, loop of
Henle, distal convoluted tubule, and collecting duct [3]. By changing ion transport and
reabsorption of fluid, diuretics eventually decrease plasma volume, which results in a fall in
blood pressure and edema. They are thus useful in the management of several clinical
conditions in which fluid overload or increased blood pressure is a pathologic factor, including
congestive heart failure, chronic kidney disease, cirrhosis of the liver with ascites, and some

renal diseases [4].
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Figure 2: Diuretics

There are a few broad categories of diuretics, each with a different mechanism of action and
clinical use. Loop diuretics, e.g., furosemide and torsemide, target the thick ascending limb of
the loop of Henle and are the most powerful, frequently utilized in acute disease states such as
pulmonary edema and advanced heart failure [5]. Thiazide diuretics, such as
hydrochlorothiazide and chlorthalidone, act at the distal convoluted tubule and are widely used
as first-line therapy for the treatment of hypertension because of their long-term effects and
comparatively benign side effects. Potassium-sparing diuretics, such as spironolactone and
amiloride, act at the level of the collecting duct, with potassium sparing and sodium excretion.
Spironolactone, a aldosterone antagonist, has a special indication in diseases such as
hyperaldosteronism and heart failure with decreased ejection fraction [6]. Carbonic anhydrase
antagonists (for example, acetazolamide) and osmotic diuretics (such as mannitol) have

specialized uses in examples like glaucoma or treating intracranial pressure.

Though effective and in many cases essential drugs in therapy, their application has to be

carefully controlled so as not to provoke possible complications. These are, for instance,
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electrolyte disturbances (such as hypokalemia, hyponatremia), dehydration, uric acid overload
(resulting in gout), and change in kidney function. Their influence on metabolic data like
glucose and lipid profiles must also be considered [7], particularly in long-term therapy.
Diuretics are often combined with other antihypertensives or heart failure drugs to promote
efficacy without exacerbating side effects. For example, the combination of a loop diuretic with
a potassium-sparing agent achieves potassium balance [8]. Generally, diuretics are a mainstay
in the treatment of cardiovascular and renal disorders, offering both symptomatic relief and

eventual reduction in long-term morbidity when used properly.

4+ Classification of Diuretics

1. Loop Diuretics

Loop diuretics are the most effective diuretics and are generally reserved for situations that call
for a rapid and large fluid loss. They work on the thick ascending limb of the loop of Henle in
the nephron. Through inhibition of the sodium-potassium-chloride (Na*/K*/2Cl") symporter,
they inhibit the reabsorption of sodium and chloride, causing the excretion of copious amounts
of sodium, chloride, and water in the urine [9]. The primary therapeutic application of loop

diuretics is in conditions such as:
e Acute pulmonary edema: Helping to reduce fluid buildup in the lungs.

o Congestive heart failure (CHF): Reducing fluid overload associated with the heart’s

inability to pump effectively.
e Chronic kidney disease (CKD): For patients with significant fluid retention.
Common loop diuretics include:
o Furosemide (Lasix): Often the first choice in acute settings due to its rapid onset.

e Torsemide: Has a longer duration of action compared to furosemide, useful in

outpatient settings.
Side Effects:

o Electrolyte imbalances: Such as hypokalemia (low potassium), hyponatremia (low

sodium), and hypocalcemia (low calcium).
e Dehydration: Leading to dizziness and lightheadedness.

e Ototoxicity: High doses, especially when administered intravenously, can lead to

hearing loss, though this is relatively rare.
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2. Thiazide Diuretics

Thiazide diuretics target the distal convoluted tubule of the nephron. They block the sodium-
chloride (Na*/Cl") symporter, resulting in mild sodium and water excretion. Although weaker
than loop diuretics, they are widely employed for chronic management of conditions like
hypertension and mild edema [10]. Thiazides are usually the first-line choice for the treatment
of high blood pressure since they are efficient at lowering both systolic and diastolic blood

pressure over the long term.
Common thiazide diuretics include:

e Hydrochlorothiazide (HCTZ): The most commonly prescribed thiazide for

hypertension and mild edema.

e Chlorthalidone: Often preferred over HCTZ in some studies due to its longer duration

of action.

Therapeutic Uses:

o Hypertension: Thiazides reduce blood pressure by decreasing fluid volume and

causing blood vessel relaxation.
e Mild edema: Effective for conditions like heart failure or chronic kidney disease.
Side Effects:
o Electrolyte disturbances: Hypokalemia, hyponatremia, and hypercalcemia.

o Hyperglycemia: Can worsen glucose control, making it a concern for patients with

diabetes.
e Gout: Thiazides can increase uric acid levels, leading to gout flares.
3. Potassium-Sparing Diuretics

Potassium-sparing diuretics achieve their effect by either directly suppressing sodium
reabsorption or by antagonizing aldosterone [11], a hormone that maintains sodium and
potassium balance. Potassium-sparing diuretics are weaker than loop and thiazide diuretics but

have the benefit of retaining potassium lost with other forms of diuretics.
Typical potassium-sparing diuretics are:

o Spironolactone: An aldosterone antagonist that is used to treat conditions like heart

failure, cirrhosis, and primary hyperaldosteronism.
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e Amiloride: Directly blocks sodium channels in the collecting ducts, used often in

combination with other diuretics to reduce potassium loss.

Therapeutic Uses:

e Heart failure: Spironolactone helps in managing heart failure by reducing fluid

retention while preventing the harmful effects of aldosterone.

o Hyperaldosteronism: Conditions where the body produces too much aldosterone,

leading to sodium retention and potassium loss [12].
Side Effects:

o Hyperkalemia: Since these diuretics’ spare potassium, there is a risk of elevated

potassium levels, which can cause arrhythmias.

e Gynecomastia (with spironolactone): Spironolactone can cause breast tissue

enlargement in men due to its anti-androgenic properties.

o Dizziness and dehydration: Similar to other diuretics, these can occur with excessive

fluid loss.
4. Carbonic Anhydrase Inhibitors

These diuretics block the enzyme carbonic anhydrase, which catalyzes carbon dioxide to
bicarbonate conversion within the kidneys. This blocking of the enzyme causes reduced
reabsorption of sodium and bicarbonate [13], thus reducing the total fluid balance. Carbonic
anhydrase inhibitors are less commonly applied in the management of hypertension but are

effective in other diseases such as glaucoma and mountain sickness.
The most frequent carbonic anhydrase inhibitor is:

o Acetazolamide: Used primarily in the treatment of glaucoma, altitude sickness, and

sometimes for metabolic alkalosis.
Side Effects:
e Metabolic acidosis: Due to the reduced bicarbonate reabsorption.
o Hypokalemia: Potassium depletion is a possible side effect.

o Fatigue and dizziness: These can occur as a result of altered fluid and electrolyte

balance.

147



ADVANCED PHARMACOLOGY -1

5. Osmotic Diuretics

Osmotic diuretics are a group of pharmacological substances that act by raising osmotic
pressure in the nephron of the kidney. In this manner, they inhibit the reabsorption of water
and some solutes and thus enhance diuresis (urine excretion). The agents are freely filtered at
the glomerulus but are not reabsorbed by the renal tubules. They are chemically inert [14].
Their existence in the tubular fluid causes an osmotic gradient which pulls water into the

nephron, enhancing urinary output.

Unlike most other diuretics, osmotic diuretics are generally not employed in the routine
management of hypertension or chronic diseases such as heart failure. Rather, they are saved
for acute medical crises in which rapid removal of fluid from individual body compartments is

critical.
6. Most Common Osmotic Diuretic

Mannitol is the most commonly utilized osmotic diuretic in the clinical context. It is given
intravenously and rapidly mobilizes fluid from the intracellular and interstitial spaces to the
vascular space and ultimately to the urine.

Therapeutic Uses of Mannitol:

1. Reduction of Intracranial Pressure

o Mannitol is routinely used in the treatment of cerebral edema due to traumatic brain
injury, stroke, or brain tumor.

o By sucking water from edematous brain cells, it reduces intracranial pressure and
hence prevents brain herniation and additional neurological injury.

2. Reduction of Intraocular Pressure

o In acute glaucoma attacks, mannitol helps decrease fluid volume within the eye,
rapidly reducing intraocular pressure and alleviating pain and risk of optic nerve
damage.

3. Renal Protection in Acute Kidney Injury (AKI)

o Occasionally, mannitol is used to stimulate urine output in patients at risk of or
experiencing early-stage AKI, particularly after surgeries or contrast dye exposure.
Side Effects of Mannitol:

o Dehydration and Electrolyte Imbalance: Because of the excessive loss of water,
mannitol can cause hypovolemia, which in turn results in low blood pressure [15],

dizziness, and electrolyte imbalances such as hyponatremia and hypokalemia.
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o Pulmonary Edema: In heart failure or impaired cardiac function patients, the acute
intravascular fluid shift due to mannitol can worsen fluid overload in the lungs and
result in pulmonary edema.

o Nausea and Headache: Due to alterations in pressure dynamics and fluid shifts.

o Risk in Anuric Patients: Mannitol is contraindicated in patients with no urine output
(anuria) because of the risk of mannitol overload and increased fluid overload.

+ Therapeutic Uses of Diuretics (Broad Classification)

Diuretics are a mainstay in the pharmacologic treatment of various cardiovascular, renal, and
ocular diseases [16]. Their initial mechanism—encouraging excretion of sodium and water—

makes them useful for those diseases in which fluid overload or hypertension exists.

1. Hypertension

o Thiazide diuretics (hydrochlorothiazide, chlorthalidone) are often used as first-
line therapies.

o They decrease peripheral vascular resistance and lower blood volume, hence
decreasing blood pressure.

o Its long-term use is responsible for cardiovascular risk lowering by reducing
stroke and heart attack rates.

2. Heart Failure

o Loop diuretics (e.g., furosemide, torsemide) are strong drugs employed for
symptom relief of volume overload.

o They decrease pulmonary and peripheral edema, which enhances symptoms such
as dyspnea, fatigue, and exercise intolerance.

o Severe cases are treated with combination therapy using thiazide diuretics for
synergistic effects.

3. Edema from Renal, Hepatic, or Other Causes:

o In nephrotic syndrome, chronic kidney disease (CKD), or cirrhosis of the liver,
diuretics are necessary for the control of fluid buildup in tissues (e.g., peripheral
edema, ascites).

o Aldosterone antagonists such as spironolactone are especially useful in cirrhosis-
induced ascites.

4. Glaucoma:
o Carbonic anhydrase inhibitors (e.g., acetazolamide) reduce aqueous humor

production and are used to lower intraocular pressure in glaucoma.
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o Osmotic diuretics like mannitol are reserved for acute rises in intraocular pressure.
5. Acute Kidney Injury:
o While controversial, diuretics may be used to convert oliguric AKI (low urine
output) into non-oliguric forms, facilitating fluid and electrolyte management.

+ Side Effects and Considerations of Diuretics

Though diuretics are irreplaceable in the treatment of cardiovascular, renal, and fluid overload
diseases, their use must be taken seriously because of the potential for side effects, especially
related to fluid and electrolyte balance, metabolic derangements, and impairment of organ
function [17]. These complications, if not monitored, can undermine treatment efficacy and

patient safety.
1. Electrolyte Imbalances

Diuretics affect electrolyte movement across the renal tubules, tending to produce clinically
relevant imbalances. The disturbances are a function of the class of diuretic employed and the

underlying disease of the patient.

a. Hypokalemia (Low Serum Potassium)
e Mechanism: Loop diuretics (e.g., furosemide) and thiazide diuretics (e.g.,
hydrochlorothiazide) enhance potassium excretion in the distal tubule.
¢ Clinical Manifestations:
o Muscle weakness
o Fatigue and cramps
o Constipation
o Potentially fatal cardiac arrhythmias (e.g., ventricular tachycardia)
e Management: Potassium supplementation and use of potassium-sparing agents
may be needed in susceptible patients.
b. Hyponatremia (Low Serum Sodium)
e Mechanism: Overdiuresis may result in water retention compared to sodium loss
or frank sodium depletion.
¢ Clinical Manifestations:
o Headache
o Nausea and vomiting
o Mental confusion

o Seizures and coma with severe presentation
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Prevention: Slow diuretic titration and monitoring of serum sodium are critical,

particularly in hospitalized or elderly patients.

Hyperkalemia (High Serum Potassium)

Mechanism: Potassium-sparing diuretics (e.g., spironolactone, eplerenone, amiloride)
decrease potassium excretion. Risk is increased when used with RAAS blockers such
as ACE inhibitors or ARBs.
Clinical Manifestations:

o Paresthesia

o Muscle weakness

o Cardiac conduction disturbances (e.g., peaked T waves, bradycardia)
Monitoring: Frequent serum potassium monitoring is recommended, particularly in
patients with CKD or those on concomitant RAAS blockers.

Dehydration and Hypovolemia

Diuretics enhance fluid loss [18], potentially causing inordinate volume depletion if dosing is

excessive or not tailored to the patient's requirements.

3.

Mechanism: Extracellular fluid volume loss through enhanced urinary excretion of
sodium and water.

Adverse Clinical Effects:

o Dizziness or vertigo: Particularly apparent when standing (orthostatic hypotension)
o Hypotension: Can impair organ perfusion

o Syncope (Fainting): Because of acute decrease in blood pressure

Acute Kidney Injury (AKI): Low circulating volume causing decreased renal
perfusion may induce or exacerbate AKI

Precautions: Careful monitoring of fluid balance, blood pressure, and renal function is
required in patients on maximal diuretic dosing or with underlying cardiovascular or

renal impairment.

Renal Function Impairment

Chronic or inappropriate use of diuretics—especially potent loop diuretics—can negatively

impact renal function over time.

Mechanism: Volume depletion and altered renal hemodynamics may reduce
glomerular filtration rate (GFR).
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Risks:
o Worsening of pre-existing CKD
o Prerenal azotemia
Monitoring Parameters:
o Serum creatinine
o Blood urea nitrogen (BUN)
o Estimated GFR

Management: Adjusting the diuretic dose and ensuring adequate hydration can prevent

iatrogenic renal injury.

Metabolic and Other Adverse Effects

Long-term use of certain diuretics, particularly thiazide class agents, can result in various

metabolic abnormalities and endocrine effects.

a. Hyperuricemia

Mechanism: Thiazides decrease uric acid excretion by competing for renal tubular

transport sites.

Clinical Relevance: Increases the risk of gout attacks, particularly in genetically

predisposed individuals or those with a history of hyperuricemia.

b. Hyperglycemia

Mechanism: Impairment of insulin secretion and peripheral glucose utilization.
Risk Factors: Patients with metabolic syndrome or type 2 diabetes.

Impact: May necessitate adjustments in antidiabetic therapy or warrant switching to

alternative antihypertensives.

c. Dyslipidemia

Effect: Thiazide diuretics can increase levels of low-density lipoprotein (LDL)

cholesterol and triglycerides with prolonged use.

Clinical Significance: Particularly concerning in patients with cardiovascular disease

or elevated baseline lipid levels.
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d. Gynecomastia

o Cause: Spironolactone has anti-androgenic properties and can block testosterone

receptors.

e Clinical Outcome: Development of breast tissue in males, decreased libido, and

menstrual irregularities in females.

o Alternative: Eplerenone, a more selective aldosterone antagonist, has a lower risk of

gynecomastia.

4.2. ANTIHYPERTENSIVE AGENTS

Antihypertensive drugs are medications employed to manage high blood pressure
(hypertension), a disorder that can result in severe consequences like stroke, heart failure,
myocardial infarction (heart attack), and kidney disease [19]. Antihypertensive drugs reduce
blood pressure by modulating various physiological mechanisms responsible for blood
pressure control, such as the sympathetic nervous system, the renin-angiotensin-aldosterone
system (RAAS), blood vessel tone, and the pumping action of the heart. Treatment of
hypertension is usually a combination of pharmacological therapy individualized to the specific

patient, with lifestyle changes.

Antihypertensives

Syinpauietic Renin-angiotensin

Vasodilators inhibitors blockers

Increased vascular resistance Increased cardiac output Increased blood volume Increased ven un
(narrower/stiffer blood vessels) A

W\
Y
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Figure 3: Antihypertensive drugs
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4.2.1. Major Classes of Antihypertensive Agents and Their Mechanisms of Action

1. ACE Inhibitors (Angiotensin-Converting Enzyme Inhibitors)

e Mechanism of Action: ACE inhibitors inhibit the enzyme that is responsible for
converting angiotensin | to angiotensin II, a powerful vasoconstrictor. By inhibiting the
production of angiotensin II, these medications lead to vasodilation (the widening of
the blood vessels), decrease the release of aldosterone (a hormone that increases blood

pressure by stimulating sodium and water retention), and lower the blood pressure.

e Therapeutic Use: ACE inhibitors are used to treat hypertension, heart failure, chronic

kidney disease, and to provide renal protection in diabetic patients.
o Examples: Enalapril, Lisinopril, Ramipril.

o Side Effects: Common side effects are a dry cough, hyperkalemia (elevated potassium
levels), dizziness, and less commonly angioedema (swelling of the deeper tissues of the
skin, commonly in the area of the eyes and lips). ACE inhibitors are also contraindicated

in pregnancy, especially during the second and third trimesters.

2. Angiotensin II Receptor Blockers (ARBs)

Angiotensin Il Receptor Blockers (ARBs)

BP = HR x SV x SVR

*Smooth Muscle Contraction
*Vasoconstriction
‘ SVR
; BP

Figure 4: Angiotensin II Receptor Blockers (ARBs)

e Mechanism of Action: ARBs block the receptors that angiotensin II binds to,
preventing its vasoconstrictive and aldosterone-releasing effects. This leads to

vasodilation and reduced blood pressure.
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Therapeutic Use: ARBs are commonly used as alternatives for patients who cannot

tolerate ACE inhibitors, especially those who experience the dry cough side effect.
Examples: Losartan, Valsartan, Telmisartan.

Side Effects: ARBs generally have fewer side effects than ACE inhibitors, but may still

cause dizziness, hyperkalemia, and renal dysfunction.
Calcium Channel Blockers (CCBs)

Mechanism of Action: Calcium channel blockers block the entrance of calcium ions
into cardiac and vascular smooth muscle cells. They cause vasodilation (widening of

blood vessels) due to relaxation and reduced heart rate and cardiac output.

Therapeutic Use: CCBs are especially effective in the treatment of isolated systolic
hypertension (prevalent in the elderly), angina (chest pain), and arrhythmias (irregular
heart rhythms). They also help to decrease blood pressure in patients with

accompanying coronary artery disease.
Examples: Amlodipine, Nifedipine, Verapamil (non-dihydropyridine), Diltiazem.
Side Effects: Common side effects include peripheral edema (swelling of the legs),

constipation (especially with verapamil), and dizziness. Non-dihydropyridine CCBs

may slow heart rate, leading to bradycardia.
Beta-Blockers

Mechanism of Action: Beta-blockers work by blocking the beta-adrenergic receptors
in the heart, which leads to decreased heart rate, reduced force of heart contractions,
and decreased cardiac output. This reduces blood pressure and is also useful in the

treatment of conditions such as heart failure and ischemic heart disease.

Therapeutic Use: Beta-blockers are widely prescribed for hypertension in younger
patients and those with prior heart disease. They are employed in the control of angina,

arrhythmias, and post-myocardial infarction.
Examples: Propranolol, Atenolol, Metoprolol.

Side Effects: Side effects are fatigue, bradycardia (decreased heart rate), bronchospasm
(particularly with non-selective beta-blockers), and sexual dysfunction. Beta-blockers
must be used with caution in asthma or chronic obstructive pulmonary disease (COPD)

patients.
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5. Diuretics

e Mechanism of Action: Diuretics promote the excretion of sodium and water from the
kidneys, reducing blood volume and, in turn, blood pressure. Thiazide diuretics are

commonly used as first-line agents for hypertension.

e Therapeutic Use: Diuretics are primarily used in the management of hypertension,

heart failure, and conditions involving fluid overload such as edema.

o Examples: Hydrochlorothiazide, Chlorthalidone (thiazide diuretics), Furosemide (loop

diuretic), Spironolactone (potassium-sparing diuretic).

o Side Effects: Diuretics can cause electrolyte imbalances, dehydration, dizziness, and in

some cases, metabolic disturbances like hyperglycemia or hyperlipidemia.
6. Alpha-Blockers

e Mechanism of Action: Alpha-blockers inhibit alpha-adrenergic receptors on smooth

muscle in blood vessels, leading to vasodilation and reduced blood pressure.

e Therapeutic Use: These drugs are often used for resistant hypertension and to treat
symptoms of benign prostatic hyperplasia (BPH) by relaxing the smooth muscles of the
prostate and bladder neck.

o Examples: Prazosin, Doxazosin, Terazosin.

o Side Effects: Alpha-blockers can cause orthostatic hypotension (a sudden drop in blood

pressure upon standing), dizziness, and headaches.
7. Central Acting Agents

e Mechanism of Action: Central acting drugs like clonidine and methyldopa produce
their effect by activating alpha-2 adrenergic receptors in the brain, which decreases
sympathetic outflow (the "fight or flight" response), resulting in vasodilation and

decreased blood pressure.

o Therapeutic Use: These agents are particularly useful in resistant hypertension and are

considered safe for use in pregnancy (e.g., methyldopa for gestational hypertension).
o Examples: Clonidine, Methyldopa.

o Side Effects: These drugs may cause drowsiness, dry mouth, and rebound hypertension

if stopped abruptly.
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8. Direct Vasodilators

Mechanism of Action: Direct vasodilators, such as hydralazine and minoxidil, work
by directly relaxing the smooth muscles of blood vessels, which lowers peripheral

vascular resistance and reduces blood pressure.

Therapeutic Use: These are typically used in severe or resistant hypertension or in

hypertensive emergencies.
Examples: Hydralazine, Minoxidil.

Side Effects: These drugs can lead to reflex tachycardia (an increase in heart rate) and

fluid retention, which may require additional treatment with a diuretic.

4.2.2. Treatment Strategy

Hypertension, which is a high-risk factor for cardiovascular disease, stroke, and renal failure,

needs to be managed by an integrated approach [20]. Optimal control is best served by the

association of pharmacotherapy with lifestyle intervention and routine follow-up to customize

treatment to patient-specific needs and minimize long-term complications.

1. Pharmacological Therapy

Initial Drug Selection and Monotherapy

The treatment of hypertension commonly starts with monotherapy—one

antihypertensive drug.

Thiazide diuretics and angiotensin-converting enzyme (ACE) inhibitors are widely

employed as first-line drugs.

o Thiazide diuretics (e.g., hydrochlorothiazide, chlorthalidone) are especially useful
in elderly and salt-sensitive hypertension patients.

o ACE inhibitors (such as enalapril, lisinopril) are used in preference in diabetic,
CKD, or heart failure patients because they have renal-protective and

cardioprotective properties.

Combination Therapy

If blood pressure remains above target levels (typically >140/90 mmHg) despite

monotherapy, combination therapy may be necessary.
Common combinations include:

o ACE inhibitor + thiazide diuretic
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o Calcium channel blocker + ACE inhibitor

o Beta-blocker + diuretic (in specific populations, e.g., post-myocardial

infarction)

e Combining drugs from different classes can produce a synergistic effect while

minimizing the dose-dependent side effects of individual medications.

Individualized Treatment Considerations

The choice of medication or combination depends on:
e Age: Older adults may respond better to calcium channel blockers or diuretics.

o Ethnicity: Black patients often respond better to calcium channel blockers and
thiazides than to ACE inhibitors alone.

o Comorbidities:
o Diabetes: ACE inhibitors or ARBs help protect the kidneys.

o Heart failure: Beta-blockers, ACE inhibitors, ARBs, and mineralocorticoid

receptor antagonists are beneficial.

o Chronic kidney disease: ACE inhibitors or ARBs slow the progression of renal

impairment.
2. Lifestyle Modifications

Pharmacotherapy alone is often insufficient. Non-pharmacological measures play a crucial role

in blood pressure reduction and cardiovascular risk reduction.

Key Lifestyle Recommendations:

e Salt Restriction: Reducing sodium intake (to less than 2,300 mg/day) helps lower

blood pressure, particularly in salt-sensitive individuals.

e Weight Loss: Achieving and maintaining a healthy body weight (BMI <25 kg/m?) can

significantly reduce systolic and diastolic pressure.

e Regular Physical Activity: Engaging in at least 30 minutes of moderate-intensity
exercise (e.g., brisk walking) on most days improves cardiovascular fitness and lowers
BP.

e Alcohol Moderation: Limiting intake to no more than 2 drinks/day for men and 1

drink/day for women reduces blood pressure and cardiovascular risk.
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Smoking Cessation: Smoking increases vascular resistance and cardiovascular risk;

quitting is essential for hypertensive patients.

Healthy Diet: A diet rich in fruits, vegetables, whole grains, and low-fat dairy—such
as the DASH (Dietary Approaches to Stop Hypertension) diet—can reduce BP by up
to 11 mmHg

Adverse Effects and Monitoring

While antihypertensive agents are generally well-tolerated, side effects can occur and may

necessitate dose adjustments, drug substitutions, or additional interventions.

Common Adverse Effects:

Hypotension: Especially in the elderly or those on multiple agents; can cause dizziness,

especially upon standing (orthostatic hypotension), and increase the risk of falls.
Electrolyte Abnormalities:
o Hypokalemia: Often associated with loop or thiazide diuretics.

o Hyperkalemia: Particularly with ACE inhibitors, ARBs, and potassium-

sparing diuretics (e.g., spironolactone).
Renal Dysfunction:

o ACE inhibitors and ARBs may increase serum creatinine, especially in patients

with renal artery stenosis or pre-existing CKD.
o Diuretics may reduce renal perfusion if dehydration or hypovolemia occurs.
Metabolic Disturbances:

o Hyperglycemia and impaired glucose tolerance, particularly with thiazides and

beta-blockers.

o Dyslipidemia with long-term thiazide use, potentially increasing LDL

cholesterol and triglycerides.

Monitoring Requirements:

Routine assessments are essential to ensure therapeutic efficacy and safety:

Blood Pressure: Regular monitoring at clinic visits and home, if appropriate.
Renal Function Tests:

o Serum creatinine and glomerular filtration rate (GFR) to assess kidney function.
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o Electrolytes: Monitoring serum potassium and sodium is critical, especially after

medication changes.

e Blood Glucose and Lipid Profile: For patients on medications known to affect

metabolism.

4.3 ANTIANGINAL AND ANTI-ISCHEMIC DRUGS

Angina Pectoris is a clinical syndrome involving chest pain or discomfort brought about by
myocardial ischemia, which arises when there is a lack of oxygen supply to the heart muscle.
This commonly occurs as a result of narrowing or obstruction of the coronary arteries, which
diminishes the heart's blood supply. Angina is normally provoked by physical exercise, stress,

or other mechanisms that raise the heart's demand for oxygen.

Antianginal Drugs Classification

ANTIANGINAL DRUGS
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Figure 5: Antianginal Drugs Classification
The discomfort can radiate to the lft arm, jaw, or back. Angina has two primary forms:

o Stable angina (exertional), which occurs during physical activity or emotional stress
and is predictable.
o Unstable angina, which occurs unpredictably and is more dangerous, often indicating

a worsening of coronary artery disease (CAD) and potentially leading to a heart attack.

The aim of antianginal medication is to restore the equilibrium between myocardial oxygen

demand and supply, thus minimizing ischemia, pain, and future cardiac events. The drugs
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achieve this by either enhancing heart blood flow, decreasing the heart's oxygen demand, or

both. Nitrates, beta-blockers, calcium channel blockers, and ranolazine are some of the most

widely used antianginal medications, each with a distinct mechanism of action.

4.3.1. Major Classes of Antianginal Drugs

1. Nitrates and Nitrites

Mechanism of Action: Nitrates, including nitroglycerin and isosorbide dinitrate, act
mainly by producing venodilation—dilation of the veins, which decreases preload (the
volume of blood returning to the heart). This decreases the workload and oxygen
requirements of the heart. Nitrates also produce dilation of the coronary arteries,
enhancing the supply of oxygen to the heart muscle, particularly in epicardial coronary
arteries.

Therapeutic Use: Nitrates are effective in both the prevention and acute relief of anginal
attacks. Nitroglycerin is also used as a sublingual tablet for prompt relief of acute chest
pain, whereas isosorbide dinitrate is used for chronic prevention of angina.

Side Effects: The primary side effect of nitrates is the induction of tolerance when taken
on a continuous basis without breaks, referred to as "nitrate tolerance." This can lower
their efficacy with time. Headaches, dizziness, hypotension, and reflex tachycardia

(increased heart rate resulting from a fall in blood pressure) are other side effects.

2. Beta-Adrenergic Blockers

Mechanism of Action: Beta-blockers like metoprolol, atenolol, and propranolol
decrease the heart's demand for oxygen by retarding the rate of the heart (negative
chronotropy), decreasing myocardial contractility (negative inotropy), and decreasing
blood pressure. All of these effects sum up to lessen the workload on the heart, which
is particularly useful instable angina where angina is usually triggered by exertion or
stress.

Treatment Use: Beta-blockers work well for angina attack prevention, especially
among patients with exertional (stable) angina. They are used routinely among patients
with coronary artery disease (CAD) and those with a history of myocardial infarction
(heart attack). However, they should not be prescribed to patients with variant angina
(Prinzmetal's angina) because they are liable to precipitate coronary vasospasm and

increase symptoms.
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Side Effects: Bradycardia, fatigue, hypotension, sexual dysfunction, and occasionally
bronchospasm (particularly with non-selective beta-blockers such as propranolol). All
these drugs must be used cautiously in patients who have asthma or chronic obstructive

pulmonary disease (COPD).

3. Calcium Channel Blockers (CCBs)

Mechanism of Action: Calcium channel blockers, such as amlodipine, verapamil, and
diltiazem, work by inhibiting the influx of calcium ions into vascular smooth muscle
and myocardial cells. This results in vasodilation of the coronary arteries and decreased
contractility of the myocardium. Through blood vessel relaxation, CCBs decrease the
afterload (the resistance against which the heart must pump) and myocardial oxygen
demand. They are especially useful in the treatment of vasospastic angina (Prinzmetal's
angina) and stable angina.

Therapeutic Use: CCBs are utilized for acute as well as chronic treatment of angina,
especially in patients with intolerance to beta-blockers or those with vasospastic angina.
They can also be used to alleviate symptoms of angina in multivessel coronary artery
disease patients.

Side Effects: CCBs have side effects which include peripheral edema (lower limb
swelling), constipation (particularly with verapamil), bradycardia (reduction of heart
rate), and hypotension. CCBs such as verapamil and diltiazem must be utilized

cautiously in bradycardic or blocked patients.

4. Ranolazine

Mechanism of Action: Ranolazine is a newer antianginal drug that acts by blocking
the late sodium current (Na+ current) in cardiac cells. This results in enhancing
myocardial relaxation and lowering oxygen consumption, especially in patients with
ischemic heart disease. It does not have a major impact on heart rate or blood pressure
compared to other antianginal medications.

Therapeutic Use: Ranolazine is generally used as an adjunct therapy in those who are
poor responders to traditional therapies (like nitrates, beta-blockers, and CCBs). It may
be especially useful in the management of chronic stable angina if other drugs have
failed to provide relief.

Side Effects: Ranolazine can lead to dizziness, nausea, constipation, and QT
prolongation (a risk for life-threatening arrhythmias), particularly when administered

in high doses or in patients with underlying heart rhythm disorders.
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4.3.2. Lifestyle and Adjunct Therapy

Apart from pharmacologic therapy, lifestyle changes are also a crucial aspect of angina

management and general cardiovascular risk reduction. These include:

¢ Quitting smoking, as smoking plays an important role in causing atherosclerosis and
exacerbating coronary artery disease.
e Exercise (daily, moderate-level exercise can benefit the heart and decrease angina
symptoms).
e Diet (adopting a heart-healthy diet, with reduced saturated fats, cholesterol, and salt).
e Weight control, as excess weight is a risk factor for heart disease.
e Stress management, because stress can lead to angina attacks.
Adjunctive treatment with drugs like aspirin (to prevent clot formation) and statins (to reduce
cholesterol and stabilize plaque) in most cases may be employed to optimize long-term

cardiovascular outcome and to decrease the chances of heart attack and stroke.

4.4. ANTI-ARRHYTHMIC DRUGS

Anti-Arrhythmic Drugs are a drug group that brings the heart into a normal state of thythm and
conduction for patients with arrhythmias. Arrhythmias are electrical disorderings of the heart
that manifest as abnormal rates or rhythms, ranging from an innocuous event like palpitation
to a near-lethal activity like ventricular fibrillation. Anti-arrhythmic drugs try to regularize the
electric function of the heart, suppress both too rapid and too few heartbeats. These drugs are
grouped into classes based on the Vaughan-Williams classification system, which divides them
into categories based on either their mechanism of action upon cardiac ion channels or effect

on the autonomic nervous system.
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Figure 6: Anti-Arrhythmic Drugs

The following is a comprehensive overview of the different classes and categories of anti-

arrhythmic drugs:

Class I: Sodium Channel Blockers

Sodium channel blockers decrease the flow of sodium ions in a rapid influx during
depolarization phase of the action potential, retarding the depolarization rate. By preventing
sodium entry, they modify the capacity of the heart to carry electrical impulses, which can cure
abnormal rhythms. Class I drugs are further divided depending on the extent of sodium channel

blockade and effect on action potential duration and repolarization.

e Class Ia (Moderate Sodium Channel Blockers): These drugs moderately block the
sodium channels and extend repolarization. This results in an extension of the action
potential duration and refractory period, which can be beneficial in avoiding abnormal
arrhythmias. Examples are:

o Quinidine: It is used for atrial and ventricular arrhythmias, although it can cause
severe side effects, such as gastrointestinal upset and pro-arrhythmic effects.

o Procainamide: Useful for atrial and ventricular arrhythmias, commonly used in
acute situations but can induce lupus-like syndrome and other side effects.

e Class Ib (Mild Sodium Channel Blockers): These drugs have a mild sodium channel

block and abbreviate repolarization, resulting in a decreased action potential duration.
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They are particularly useful in ventricular arrhythmias and acute conditions. Examples

are:

o Lidocaine: A drug of frequent use in acute ventricular arrhythmias, particularly
following myocardial infarction (MI). It is normally given intravenously in
emergencies.

o Mexiletine: An oral preparation equivalent to lidocaine, for chronic ventricular
arrhythmias.

Class Ic (Sodium Channel Strong Blockers): These drugs block sodium channels

significantly and have minimal influence on repolarization or the action potential

duration. They are effective and are generally reserved for life-threatening arrhythmias
because of their pro-arrhythmic effects. Examples include:

o Flecainide: Useful in atrial arrhythmias and certain ventricular arrhythmias but
may enhance the risk of ventricular arrhythmias in hearts with structural
abnormalities.

o Propafenone: Like flecainide, for atrial fibrillation and other arrhythmias but with

a risk of pro-arrhythmic effects, particularly in those with structural heart disease.

Class I1: Beta-Blockers

Beta-blockers suppress the action of sympathetic stimulation on the heart by inhibiting beta-

adrenergic receptors (B receptors). This results in a reduction of heart rate, reduction of

conduction through the AV node, and reduction of myocardial contractility. Beta-blockers are

particularly useful in supraventricular arrhythmias and in states where there is excessive

sympathetic activity involved.

Propranolol: A non-selective beta-blocker, indicated for supraventricular arrhythmias,
especially those induced by stress or hyperthyroidism. Propranolol can also be
employed in preventing atrial fibrillation.

Esmolol: A short-acting beta-blocker that is frequently utilized in the acute

environment for the quick control of heart rate in patients with atrial fibrillation or SVT.

Class II1: Potassium Channel Blockers

Potassium channel blockers achieve this by preventing the efflux of potassium during

repolarization, extending the duration of the action potential and the heart's refractory period.

This is effective in the prevention of reentrant circuits that lead to arrhythmias. Potassium

channel blockers are efficient in treating both atrial and ventricular arrhythmias.
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Amiodarone: Possibly the most versatile anti-arrhythmic drug, amiodarone possesses
a wide range of action and can be used to treat atrial as well as ventricular arrhythmias.
It also possesses Class I, II, and IV drug properties, thus being extremely versatile.
Long-term administration, however, can result in severe toxicity, such as thyroid
dysfunction (both hypothyroidism and hyperthyroidism), liver toxicity, and pulmonary
fibrosis.

Sotalol: A beta-blocker with further potassium channel blocking action. It is utilized in
atrial fibrillation and ventricular arrhythmias. It possesses a pro-arrhythmic effect,
particularly in patients with structural heart disease.

Dofetilide: Used mainly for atrial fibrillation and atrial flutter. It increases the QT
interval and is associated with torsades de pointes, a particular form of ventricular

arrhythmia.

Class I'V: Calcium Channel Blockers

Calcium channel blockers, especially non-dihydropyridine drugs, block the slow calcium

channels that play a significant role in the transmission of electrical impulses through the heart,

especially in the AV node. By slowing down conduction, they decrease the heart rate and can

be used to treat supraventricular arrhythmias, like atrial fibrillation or atrial flutter.

Verapamil: Employed in the management of SVT and atrial fibrillation to decrease the
conduction of the AV node and regulate heart rate.
Diltiazem: Like verapamil, it is employed for the treatment of atrial fibrillation and

atrial flutter and to control heart rate by influencing the AV node.

Other Anti-Arrhvthmic Agents

Certain drugs are not easily categorized under the Vaughan-Williams classification scheme, but

they are very important in certain arrhythmic conditions:

Adenosine: Mainly utilized in acute conversion of paroxysmal supraventricular
tachycardia (PSVT). Adenosine acts to slow conduction across the AV node, hence
terminating the arrhythmia. It has an extremely short half-life and is administered
intravenously.

Digoxin: The drug increases vagal tone by prolonging AV nodal conduction and, as
such, aids in rate control in atrial fibrillation, particularly among patients with heart
failure. Yet its use is restricted because it has a narrow therapeutic window as well as

being toxic.
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Clinical Considerations

Anti-arrhythmic agents occasionally cause or exacerbate arrhythmias, a process referred to as
pro-arrhythmia. This can most commonly occur in individuals with structural heart disease or
electrolyte disturbances. The side effects of anti-arrhythmic therapy highlight the need for

proper patient selection and monitoring of the ECG.

e Electrolyte Imbalances: Medications affecting sodium and potassium channels can
alter electrolyte balance, which leads to arrhythmias. Potassium, calcium, and
magnesium levels should be monitored.

¢ Renal and Hepatic Function: Certain anti-arrhythmic drugs are metabolized by the
liver or are excreted by the kidneys, and dose adjustment may be required in patients
with renal or hepatic impairment.

e Combination Therapy: Combination therapy involving several anti-arrhythmic
medications or adjuvant therapy (e.g., electrophysiological interventions or implantable
cardioverter-defibrillators (ICDs)) might be required in certain situations when

monotherapy with drugs is inadequate.

4.5. DRUGS FOR HEART FAILURE

Heart failure (HF) is a chronic clinical syndrome defined by the heart's failure to generate
adequate blood to satisfy the metabolic and oxygen requirements of the body tissues. It arises
from structural or functional cardiac disease involving ventricular filling (diastolic
dysfunction) or blood ejection (systolic dysfunction). Heart failure can be classified generally
into heart failure with reduced ejection fraction (HFrEF), heart failure with preserved ejection

fraction (HFpEF), and heart failure with mildly reduced ejection fraction (HFmrEF).

rugs for Heart Failure
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Figure 7: Drugs for Heart Failure
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The objectives of drug therapy are to relieve symptoms (such as dyspnea, fatigue, and fluid
overload), enhance functional capacity, retard the rate of disease progression, decrease

hospitalization, and lower mortality.
1. Angiotensin-Converting Enzyme (ACE) Inhibitors

ACE inhibitors, such as enalapril, lisinopril, and ramipril, are the cornerstone of HFrEF
management. They exert their effects by blocking the conversion of angiotensin I to angiotensin
II—a powerful vasoconstrictor. Through a decrease in angiotensin II levels, these agents
decrease systemic vascular resistance (afterload) and venous return (preload), which results in
increased stroke volume and cardiac output. In addition, ACE inhibitors mitigate the adverse
cardiac remodeling processes and fibrosis that normally occur following myocardial injury.
These agents have been demonstrated to decrease morbidity and mortality to a great extent and
are advisable in all symptomatic and asymptomatic patients with decreased LVEF unless

contraindicated by renal dysfunction, hyperkalemia, or a history of angioedema.
2. Angiotensin II Receptor Blockers (ARBs)

Losartan, valsartan, and candesartan can be used as effective substitutes in ACE inhibitor
intolerant patients, mainly because of the side effect of dry cough or angioedema that is caused
by bradykinin accumulation. ARBs are direct blockers of the angiotensin II type 1 receptor,
preventing vasoconstriction, aldosterone release, and sodium retention. Similar to ACE
inhibitors, ARBs attenuate adverse remodeling and decrease mortality and hospitalization in

HFrEF patients.
3. Beta-Adrenergic Blockers

Beta-blockers such as metoprolol succinate, carvedilol, and bisoprolol are essential in the
management of HFrEF. These agents reverse the adverse consequences of sustained
sympathetic nervous system stimulation, such as tachycardia, elevated myocardial oxygen
demand, and irreversible myocardial remodeling. Beta-blockers slow heart rate, enhance
ventricular filling, decrease myocardial oxygen use, and increase ejection fraction with time.
They should be initiated at low doses and gradually titrated once the patient is clinically stable.

Such agents also aid in enhanced survival and fewer hospitalizations.
4. Diuretics

Diuretics are vital in the symptomatic treatment of fluid overload in HF patients. Loop diuretics
like furosemide and torsemide are very effective in alleviating pulmonary and peripheral

congestion through inducing effective natriuresis and diuresis. Even though they do not have
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mortality benefits, their administration is crucial in enhancing quality of life and exercise
tolerance. In resistant situations, thiazide-like diuretics (metolazone) or mineralocorticoid
receptor antagonists can be used for synergy. Electrolyte and renal function monitoring should

be done to avert complications such as hypokalemia and azotemia
5. Aldosterone Antagonists

Spironolactone and eplerenone block the action of aldosterone, a hormone that enhances
sodium retention, potassium excretion, and myocardial fibrosis. These drugs offer symptomatic
and prognostic advantages in HFrEF patients, especially those with NYHA Class III-1V or
following recent myocardial infarction. Through prevention of additional fibrosis and
remodeling, they decrease hospitalization and enhance survival. Potassium and renal function

should be monitored regularly because of the risk of hyperkalemia.
6. Angiotensin Receptor-Neprilysin Inhibitors (ARNIs)

Sacubitril/valsartan is a new combination that augments the natriuretic peptide system and
blocks the renin-angiotensin system at the same time. Sacubitril blocks neprilysin, the enzyme
that degrades natriuretic peptides, causing vasodilation, natriuresis, and prevention of
maladaptive remodeling. Clinical trials (such as PARADIGM-HF) have demonstrated that
ARNIs dramatically decrease cardiovascular mortality and HF hospitalizations in comparison
to ACE inhibitors alone. ARNIs are now being recommended as first-line treatment for

symptomatic HFrEF patients in place of ACE inhibitors or ARBs.
7. Positive Inotropes

In acute decompensated heart failure or cardiogenic shock, inotropic drugs such as dobutamine
(B1-agonist) and milrinone (phosphodiesterase-3 inhibitor) can be employed temporarily to
increase myocardial contractility and increase cardiac output. Although useful in the short term,
these drugs have the disadvantage of promoting more arrhythmias and death with chronic use
and should be reserved for seriously ill or end-stage HF patients who are waiting for more

advanced therapies such as mechanical circulatory support or heart transplantation.
8. Vasodilators

The combination of isosorbide dinitrate and hydralazine is especially useful in self-reported
Black patients with HFrEF, as shown in the A-HeFT trial. These drugs have complementary
actions—hydralazine decreases afterload by dilating arteries, and nitrates decrease preload by
dilating veins. The combination enhances exercise tolerance and lowers mortality and

hospitalization. It is also employed as a substitute in ACE inhibitor or ARB-intolerant patients.
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9. Ivabradine

Ivabradine specifically blocks the funny current (If) of the sinoatrial node, resulting in reduced
heart rate without affecting myocardial contractility or blood pressure. It is indicated for use in
patients with stable HFrEF in sinus rhythm and a resting heart rate >70 bpm despite optimal
beta-blocker therapy. Ivabradine has been demonstrated to decrease HF hospitalization risk and
may be especially valuable when additional beta-blockade is contraindicated or not well

tolerated.
10. Sodium-Glucose Co-Transporter 2 (SGLT2) Inhibitors

Originally designed as antihyperglycemic drugs, dapagliflozin and empagliflozin have become
enormously useful medications in the treatment of heart failure, both HFrEF and HFpEF. They
act by inducing glucosuria and natriuresis, decreasing preload and afterload, and enhancing
myocardial metabolism and vasculature. They cut down on cardiovascular mortality and HF
hospitalization in both diabetic and non-diabetic individuals and are now included in HF

guidelines under routine therapy.

4.6. LIPID-LOWERING AGENTS

Lipid-lowering drugs, also known as antilipidemic or hypolipidemic medications, are crucial
in the treatment of dyslipidemia—a disturbance of cholesterol and triglycerides in the blood.
Dyslipidemia is a significant modifiable risk factor for atherosclerotic cardiovascular diseases
(ASCVD), including coronary artery disease (CAD), stroke, and peripheral arterial disease.
The most important therapeutic aims of lipid-lowering therapy are the decrease of low-density
lipoprotein cholesterol (LDL-C), an increase in high-density lipoprotein cholesterol (HDL-C),
and the decrease in triglyceride (TG) values. These effects diminish the cardiovascular

complications risk and the long-term outcomes.
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Figure 8: Lipid-lowering drugs
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The most commonly prescribed class of lipid-lowering agents is the HMG-CoA reductase
inhibitors, which are also referred to as statins. These agents, such as atorvastatin, simvastatin,
rosuvastatin, and pravastatin, suppress the enzyme HMG-CoA reductase, which is crucial in
cholesterol synthesis within the liver. By suppressing this enzyme, intracellular levels of
cholesterol are reduced, which consequently increases the liver's stimulation to increase LDL
receptors for increased clearance of LDL-C from the circulation. Statins are very potent,
reducing LDL-C by 30-60%, modestly raising HDL-C, and modestly lowering triglycerides.
Besides their lipid-lowering activity, statins possess pleiotropic effects like anti-inflammatory
action, stabilization of atherosclerotic plaques, and optimization of endothelial function.
Muscle pain (myopathy), raised liver enzymes, and in a few instances, rhabdomyolysis are the

major side effects.

Bile acid sequestrants such as cholestyramine and colestipol decrease cholesterol levels by
binding bile acids in the intestine and preventing their reabsorption. This necessitates the use
of more cholesterol by the liver to synthesize bile acids and thereby decreases the level of
cholesterol in the blood. These drugs are usually employed in patients intolerant to statins or
as add-on therapy. Nonetheless, their application is compromised by gastrointestinal adverse
effects like bloating and constipation and can interfere with other drug absorption like warfarin

and digoxin.

Fibric acid derivatives, or fibrates, like gemfibrozil and fenofibrate, are generally utilized to
control hypertriglyceridemia. They act by stimulating the peroxisome proliferator-activated
receptor-alpha (PPAR-a), which promotes the activity of lipoprotein lipase, an enzyme that
hydrolyzes triglyceride-rich lipoproteins. Fibrates can reduce triglycerides considerably and
raise HDL-C moderately. However, if taken together with statins, there is a heightened risk of

myopathy. Renal and hepatic functions must be assessed on a regular basis during treatment.

Niacin (nicotinic acid) is a vitamin that, when used at pharmacologic doses, can safely reduce
LDL and triglycerides and raise HDL-C dramatically. Niacin exerts its effects by inhibiting the
hepatic production of very low-density lipoproteins (VLDL), a precursor molecule to LDL.
Although it has lipid-altering properties, niacin usage has fallen because of its side effects—
chiefly flushing, pruritus, hyperglycemia, and hepatotoxicity—and more recent research

indicating narrow benefit in decreasing cardiovascular events.

Cholesterol absorption inhibitors, such as ezetimibe, inhibit the absorption of dietary and
biliary cholesterol by selectively inhibiting the Niemann-Pick C1-like 1 (NPC1L1) protein in
the small intestine. Ezetimibe is usually added to statins to gain extra LDL-C lowering and is
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especially useful in statin-intolerant patients. It is usually well tolerated and has minimal impact
on HDL or triglycerides.

PCSKQ inhibitors, like alirocumab and evolocumab, are more recently developed lipid-
lowering drugs that are monoclonal antibodies. PCSK9 is inhibited by them, which otherwise
induces the breakdown of LDL receptors on cells in the liver. PCSK9 inhibition results in an
increase in available LDL receptors to remove LDL-C from the bloodstream. These agents are
of particular benefit in familial hypercholesterolemia and those not at target LDL-C with statins
and ezetimibe. PCSK9 inhibitors are given by subcutaneous injection and are very effective,

lowering LDL-C by as much as 60%, though their expense can restrict use.

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) omega-3 fatty acids are
employed mainly in the treatment of severe hypertriglyceridemia. These drugs lower VLDL
production in the liver and increase triglyceride clearance. Prescription-strength forms such as
icosapent ethyl (high-purity EPA) have shown the lowering of cardiovascular events in patients
with high triglycerides and established ASCVD. Omega-3 fatty acids are well tolerated and
may be helpful adjuncts in certain patient groups.

Finally, bempedoic acid is an oral lipid-lowering agent that inhibits ATP-citrate lyase, an
enzyme antecedent to HMG-CoA reductase in the cholesterol biosynthetic pathway. It acts
synergistically with statins and is effective especially in statin-intolerant patients with side
effects related to muscles. Bempedoic acid lowers LDL-C levels very effectively, although it
can cause an increase in uric acid levels, which can be a cause for concern regarding gout in

susceptible patients. Infrequently, it has been reported to be associated with tendon rupture.

4.7. HEMATOLOGICAL AGENTS

Hematological agents refer to a multifarious array of pharmacological drugs employed for
diagnosis, therapy, and prophylaxis of disease conditions related to the blood and its products.
These drugs find an indispensable role in managing a variety of disease conditions such as
anemia, bleeding disorders, clotting dysfunctions, and thromboembolic conditions. The most
prominent categories of hematological agents are hematinics, coagulants, anticoagulants,
antiplatelet drugs, and fibrinolytics, all of which find application for targeted aspects of blood

physiology and disease.
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4.7.1. Hematinics

Hematinics are drugs that are utilized in the stimulation of blood formation, especially the
synthesis of red blood cells. Hematinics are essential in the treatment of anemia of several
types, such as iron deficiency anemia, megaloblastic anemia, and anemia in chronic disease.
Hematinics are responsible for rectification of defects in those nutrients that are vital for
erythropoiesis, the generation of red blood cells. By returning the levels of these essential
nutrients to normal, hematinics facilitate enhanced oxygen transport, oxygenation of tissues,

and overall well-being.

Iron Preparations are also among the most widely used hematinics since they play an important
part in the synthesis of hemoglobin, the oxygen transport protein in the red blood cell. Iron
forms an essential component of hemoglobin, and it deficiency may develop into iron
deficiency anemia that is usually provoked by poor nutritional intake, excessive blood loss
(e.g., due to bleeding in the intestines), pregnancy, or conditions of malabsorption. Oral iron
supplements including ferrous sulfate, ferrous gluconate, and ferrous fumarate are first-line
treatments of iron deficiency. Supplements tend to work well at rebuilding iron stores but are
also very common causes of gastrointestinal side effects including nausea, constipation, and a
metallic taste. Concurrent administration with vitamin C is sometimes suggested as an adjuvant
to aid the absorption of iron, especially for people who are iron-deficient. But in situations
where oral iron is not effective or not well tolerated, parenteral iron products are used.
Parenteral iron preparations include intravenous solutions such as iron dextran, iron sucrose,
and ferric carboxymaltose. Intravenous preparations of iron are particularly useful for patients
with complicated anemia, patients with treatment for chronic kidney disease, or patients who
underwent bariatric surgery because intravenous iron directly supplies iron to the body stores

without being passed through gastrointestinal absorption.

Vitamin B12 (Cyanocobalamin) is also an important element in hematinic therapy that is
required for DNA synthesis, neuronal function, and red blood cell maturation. Vitamin B12
deficiency may lead to pernicious anemia, which is a disorder that affects red blood cell
formation and can further cause neurological abnormalities. The most common etiologies of
vitamin B12 deficiency are autoimmune gastritis (which causes impaired absorption),
syndromes of malabsorption, and dietary deficiency, especially among individuals on strict
vegetarian or vegan diets. Oral supplementation is usually effective in the case of mild vitamin

B12 deficiency. But in advanced cases or in the presence of malabsorption, intramuscular or
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subcutaneous injections of vitamin B12 are indicated. For patients with chronic vitamin B12
deficiency or those with conditions that interfere with absorption, life-long supplementation

would be needed to avert relapse of anemia and to control neurological complications.

Folic Acid (Vitamin B9) is another vitamin necessary for DNA production and cell division
and is vital in the creation of red blood cells. Lack of folic acid can result in megaloblastic
anemia, in which red blood cells are bigger than normal and functionally inactive. This kind of
anemia may be brought about by causes like pregnancy, alcoholism, and malabsorptive disease.
Specifically, pregnant women are commonly advised folic acid supplementation to avoid
neural tube defects in the fetus. Moreover, folic acid supplementation is advised for people
with folate-deficiency anemia because it is required for the normal division and maturation of
red blood cells. Supplementation with folate is generally taken orally and is commonly

incorporated into prenatal vitamins to maintain optimal levels during pregnancy.

4.7.2. Coagulants

Coagulants are therapeutic drugs that are used to enhance blood clot formation, and they play
a vital role in controlling bleeding disorders and reducing blood loss, particularly in surgical
procedures. The drugs function by accelerating the coagulation process, where a blood clot is
formed to prevent excessive bleeding. Coagulants are usually administered in patients with
diseases such as hemophilia, vitamin K deficiency, or in situations where blood loss must be

regulated, including surgeries or trauma.
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Figure 9: Coagulants drugs
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Vitamin K is among the most significant coagulants used in clinical practice. It is required for
hepatic production of a number of clotting factors, such as factor Il (prothrombin), VII, 1X, and
X, all of which are key elements of the coagulation cascade resulting in blood clot formation.
In the absence of adequate vitamin K, the body is unable to efficiently synthesize these clotting
factors, leading to defective clotting and a predisposition to bleeding or hemorrhagic
complications. Vitamin K is employed mainly in instances of vitamin K deficiency, which may
occur due to malabsorption syndromes, liver disease, or as a side effect of drugs such as
warfarin, an anticoagulant that interferes with vitamin K action. A lack of vitamin K is
especially serious in infants, as they are more prone to a condition called hemorrhagic disease
of the newborn. To avoid this, vitamin K is administered routinely to infants at birth. Vitamin
K is also employed to reverse warfarin overdose, since warfarin acts to inhibit the action of
vitamin K, and this results in a heightened risk of bleeding. Vitamin K is also supplied both
orally as tablets and parenterally (as phytonadione), the injectable preparation being employed
in situations where urgent reversal of anticoagulation is desired, e.g., in emergencies or in cases

of severe bleeding.

Desmopressin (DDAVP) is another vital coagulant that works in a distinct manner compared
to vitamin K-based treatments. It is a man-made version of vasopressin, a hormone that controls
water retention in the kidneys but has a particular effect on blood clotting. Desmopressin
achieves this by causing the release of von Willebrand factor (VWF) and factor VIII from
endothelial cells, both of which are required for the normal adhesion of platelets and the
development of a stable clot. This move makes desmopressin very effective in the management
of mild hemophilia A, a hereditary disorder that involves a deficiency of factor VIII, and von
Willebrand disease, a disorder in which the von Willebrand factor is missing or defective.
Desmopressin is also employed in some platelet function disorders in which platelet function
is deficient, but the release of von Willebrand factor and factor V111 can correct normal clotting.
Desmopressin is flexible in its route of administration, and it can be administered through a
number of routes, such as intranasally, intravenously, or subcutaneously, so that flexibility
according to the patient's status and the requirement for immediate action can be achieved.
Desmopressin is utilized in clinical practice to treat bleeding episodes in patients with these
bleeding disorders, especially in cases where an immediate, temporary increase in clotting

factor levels is required.
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4.7.3. Anticoagulant

Anticoagulants are drugs prescribed for the prevention of blood clot formation and expansion,
finding a significant place in the treatment of thromboembolic diseases like deep vein
thrombosis (DVT), pulmonary embolism (PE), and atrial fibrillation-related stroke. These may
contribute to severe complications like organ damage, disability, or even death, necessitating
anticoagulants not just in the prevention but also in the treatment of clot problems. The
mechanism of anticoagulants affects several steps of the coagulation cascade either to prevent
clot formation or clot extension. Different anticoagulants are employed based on the clinical
condition, patient status, and requirements for monitoring. Heparin is among the most
universally used parenterally administered anticoagulants, and it is also well recognized for its
rapid activity. Heparin exerts its action by activating antithrombin 111, which proceeds to

inactivate thrombin and factor Xa, two of the key components of the coagulation cascade.
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The two main types of heparin are unfractionated heparin (UFH) and low molecular weight
heparins (LMWH). UFH needs to be infused continuously as intravenous (1V) and requires
careful monitoring of the activated partial thromboplastin time (aPTT), a measure of
anticoagulation efficacy. UFH is utilized commonly in the acute conditions like in the treatment
of DVT, PE, and even in surgery where anticoagulation is necessary. However, low molecular
weight heparins (LMWH), which include enoxaparin and dalteparin, have a number of

advantages over UFH, including improved bioavailability, more consistent dosing, and the
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ability to forego routine aPTT monitoring. This is more convenient for outpatient management

or the longer-term application, particularly in conditions such as DVT and PE prophylaxis.

Warfarin, a vitamin K antagonist, is another significant anticoagulant, especially valuable for
long-term anticoagulation therapy. It inhibits the production of clotting factors Il
(prothrombin), VII, IX, and X, which all depend on vitamin K for their activation. Although
warfarin is effective in the prevention of thromboembolic events, it must be monitored
frequently because of its narrow therapeutic index—i.e., the margin between a dose that is
effective and one that is dangerous is small. Monitoring is needed to make sure that blood
clotting is suppressed enough to prevent clots but not so much that the patient is at risk for
excessive bleeding. Warfarin has a number of interactions with drugs and diet that can
influence its effectiveness, and it must be properly managed. It is commonly employed for
conditions like atrial fibrillation, prosthetic heart valve disease, and venous thromboembolism.
Although it is effective, the requirement for continued monitoring and possibility of

interactions makes it less convenient than newer equivalents.

Direct Oral Anticoagulants (DOACSs) are a new generation of anticoagulants that offer patients
and health practitioners a more convenient and safer option compared to warfarin. DOACs
inhibit targeted clotting factors directly and are not routine-monitoring dependent like warfarin.
The DOAC:Ss class comprises direct thrombin inhibitors like dabigatran, which blocks thrombin
(factor Il1a), and factor Xa inhibitors like rivaroxaban, apixaban, and edoxaban, which directly
block factor Xa. These drugs have a quick onset of action and are effective in rapidly preventing
or treating thromboembolic events. DOACs also have the benefit of fewer drug-food
interactions than warfarin, and they pose less risk of intracranial hemorrhage, a frequent and
severe complication of anticoagulation therapy. These benefits render DOACS the first choice
for the treatment and prophylaxis of DVT/PE, post-surgical thromboprophylaxis, and non-

valvular atrial fibrillation.

4.7.4. Fibrinolytics

Thrombolytics or fibrinolytic agents are a group of drugs that have an essential function in the
dissolution of blood clots through the activation of the body's fibrinolytic system.
Thrombolytics aim to induce the conversion of inactive precursor plasminogen into active
plasmin, which is a strong proteolytic enzyme that degrades fibrin—the structural protein
responsible for cementing blood clots together. Through fibrinolysis, fibrinolytic agents break

down the clot, restoring the normal blood flow and avoiding tissue damage. This mode of action
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is especially useful in the life-threatening thrombotic situations where treatment should be

given immediately to avoid permanent damage to essential organs or death.

Fibrinolytic drugs are usually applied in acute, severe thrombotic disorders, including acute
myocardial infarction (AMI), acute ischemic stroke, and major pulmonary embolism (PE),
where quick restoration of circulation is critical. These conditions are characterized by the
development of large blood clots that block blood vessels and impair organ function. For AMI,
the clot blocks a coronary artery, and the early dissolution of the clot can help restore blood
flow to the heart, reducing the degree of myocardial damage. Likewise, for ischemic stroke, a
cerebral artery-blocking clot can cause extensive brain damage. Early administration of
fibrinolytics can restrict the size of the infarct and greatly enhance the likelihood of neurologic
recovery. For large PE, fibrinolytic therapy is essential in lysing big emboli occluding the

pulmonary arteries, with a potential of preventing cardiovascular system collapse.

Tissue Plasminogen Activators (tPAs) are the most widely employed fibrinolytic drugs. These
medications are synthetic or recombinant versions of the naturally occurring tissue
plasminogen activator (tPA) enzyme, an integral component of the fibrinolytic process.
Prominent examples of tPAs are Alteplase (tPA), Reteplase (rPA), and Tenecteplase (TNK-
tPA). These drugs are strongly fibrin-specific, that is, they bind with high specificity to
plasminogen bound to fibrin in the clot. This characteristic reduces systemic plasmin
activation, minimizing the risk of widespread bleeding, a common and severe side effect of
fibrinolytic therapy. The fibrin specificity of tPAs is especially beneficial as it guarantees that
fibrinolysis primarily takes place at the thrombus site and not throughout the circulatory

system.

The major indications for tPA fibrinolytic therapy are acute myocardial infarction (AMI), acute
ischemic stroke, and massive pulmonary embolism (PE). In AMI, the administration of tPA
can rapidly dissolve the occluding clot in the coronary artery, restore blood flow, and reduce
damage to the heart muscle. In acute ischemic stroke, one attempts to restore brain circulation
within a narrow window of time, generally in 3 to 4.5 hours since symptom onset, in an effort
to contain the brain damage. In the same manner, in PE, fibrinolytics such as tPA are utilized
to lyse massive clots blocking pulmonary perfusion, with potential stabilization of the patient

and protection from cardiovascular collapse.

Nonetheless, because of their strong clot-dissolving activity, fibrinolytic drugs are highly
dangerous, with the major hazard being bleeding. This includes intracranial bleeding, which

can be life-threatening. Because of the dangers, fibrinolytic therapy is closely regulated and
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patient selection is stringent. Detailed inclusion and exclusion criteria must be adhered to so
that the risks can be outweighed by the benefits of treatment. Only patients fulfilling certain
standards of timing of symptom onset, clot size, and overall patient health are eligible for
fibrinolytic therapy. Intensive monitoring is also necessary during and after administration,
frequently in specialty locations like emergency departments and intensive care units, where
patients can be closely monitored for the slightest evidence of bleeding or adverse effects. In
spite of the perils, in the proper circumstances and duration, fibrinolytics are precious in the
treatment of acute thrombotic disorders, holding the promise for a dramatic potential in

improved outcomes.

4.7.5. Antiplatelet Drugs

Antiplatelet drugs are medications that are intended to prevent platelet activation and
aggregation, subsequently preventing the development of arterial thrombi. Platelets are the core
component of blood clotting in the arteries, leading to major cardiovascular events including
myocardial infarction (heart attack), ischemic stroke, and peripheral arterial disease. In contrast
to anticoagulants, which act on the clotting cascade and modulate many of the coagulation
factors within the blood, antiplatelet medications target specifically the disruption of platelet
function. This renders them particularly valuable in the prevention and management of arterial
thrombosis, where platelets play a key role in the development of clots in the arterial
circulation. These drugs are essential in situations where platelet aggregation is a significant
factor, e.g., in acute coronary syndrome (ACS) and following percutaneous coronary

interventions (PCl), e.g., angioplasty or stenting.

Aspirin (acetylsalicylic acid) is a widely used antiplatelet medication and achieves its effect
through the irreversible blockade of cyclooxygenase-1 (COX-1), an enzyme required for
arachidonic acid conversion into thromboxane A> (TXA:2). TXA: is a strong vasoconstrictor
and an enhancer of platelet aggregation that plays a part in blood clot formation. By inhibiting
TXA: synthesis, aspirin disables platelet function for the duration of the platelet (about 7 to 10
days). It is well accepted in the prevention of cardiovascular events, especially in patients with
risk factors for heart disease, following a myocardial infarction, after stent placements, or in
patients with a high risk of developing thrombotic events. Low-dose aspirin (usually 75-100
mg once a day) is usually adequate for the production of antiplatelet effects, and this lower

dose decreases the risk of gastrointestinal side effects, which are prevalent at higher doses.
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P2Y 12 receptor antagonists are yet another crucial category of antiplatelet medication that act
against the P2Y12 subtype of adenosine diphosphate (ADP) receptors found on the surface of
platelets. The P2Y12 receptor is very important in platelet activation and aggregation. The
drugs work by inhibiting the P2Y12 receptor to prevent ADP from activating the platelets,
which is a crucial step towards clot formation. Two of the most widely prescribed P2Y12
inhibitors are Clopidogrel and Prasugrel, which are usually administered in combination with
aspirin in a therapy known as dual antiplatelet therapy (DAPT). The combination is especially
significant for patients who are being treated with percutaneous coronary interventions (PCI)
or have acute coronary syndrome (ACS), as it minimizes the occurrence of recurrent
thrombotic events. Ticagrelor, yet another P2Y12 inhibitor, is a reversible drug with a faster
onset and offset of action than clopidogrel and is a consideration for some patients because of

its rapid action.

Glycoprotein Ilb/llla antagonists represent a group of highly active intravenous antiplatelet
drugs that inhibit the GPIIb/Illa receptor, the last common pathway for platelet aggregation.
This receptor is essential for fibrinogen binding to platelets, a process that cross-links platelets
and leads to the establishment of stable platelet aggregates within the clot. Inhibition of this
receptor by these drugs precludes platelet aggregation at the last step in clot formation.
Abciximab, Eptifibatide, and Tirofiban are representatives of glycoprotein Ilb/Illa inhibitors.
Such medications are generally reserved for cardiac interventions at risk, especially for PCI in
those with unstable angina or non-ST elevation myocardial infarction (NSTEMI) when a high
thrombus burden is evidenced. Although these agents are extremely effective in preventing
platelet aggregation, they do pose a considerable risk of causing bleeding, which is why their
use is usually limited to in-hospital situations where the patient can be monitored closely. Their

use is determined with careful consideration of the risks of bleeding and the clinical context.

In general, antiplatelet drugs are a crucial part of the treatment of cardiovascular diseases as
they inhibit the formation and enlargement of blood clots in arteries. By inhibiting various steps
in platelet activation and aggregation, these drugs decrease the occurrence of thrombotic events
like heart attacks and strokes and are an essential part of contemporary cardiovascular
medicine. Nonetheless, their administration must be carefully selected and monitored,

particularly because of the attendant risk of bleeding.
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Autocoids are a heterogeneous group of locally acting biologically active molecules produced
and secreted by cells in response to a wide range of physiological and pathological stimuli. In
contrast to classical hormones, which are produced by endocrine glands and delivered through
the bloodstream to remote organs or tissues, autocoids mainly exert their effects at or near the
site of their production. This feature makes autocoids produce quick and fleeting effects, often
of a key importance to the control of diverse physiological activities and to dealing with acute
pathology. The suffix "-coid" in autocoid is constructed from the Greek prefix "auto" (meaning
self) and suffix "-coid" (meaning like), as they are said to be active at or close to where they
are being synthesized. Autocoids are important in the regulation of processes including
inflammation, pain, fever, vascular tone, smooth muscle contraction, allergic response, and
hemostasis. They may exert actions ranging from vasodilation and blood flow regulation to the
induction of pain and promotion of immune responses [1]. Autocoids are frequently
synthesized in response to external stimuli such as injury, infection, or allergy and immediately

take action to trigger or terminate physiological responses.

A number of classes of autocoids have been described, each with unique but complementary
functions in the body. Histamine is one of the most well-known autocoids and is responsible
for inflammatory reactions, especially allergic reactions, where it is responsible for causing
itching, swelling, and vasodilation. Histamine release occurs upon binding of allergens to IgE
antibodies on mast cells, resulting in histamine release from these cells. The action of histamine
is largely mediated by its receptors, Hl and H2, which take part in vascular permeability,
bronchoconstriction, and gastric acid secretion. Serotonin (5-hydroxytryptamine, or 5-HT), on
the other hand, is another significant autocoid, mainly located in the gastrointestinal tract and
central nervous system [2]. It functions crucially in the mood regulation, appetite, and
contraction of smooth muscle. In addition, serotonin plays a part in the regulation of blood
clotting by facilitating platelet aggregation. It also serves as a neurotransmitter, affecting pain
mechanisms, mood stabilization, and gastrointestinal motility. The kinins, including bradykinin
and kallidin, are powerful vasodilators and increase vascular permeability and are thus
significant mediators of inflammation. They also induce pain by their effect on pain receptors

and produce conditions like angioedema.

Yet another essential class of autocoids is prostaglandins, which are produced by the
metabolism of arachidonic acid by the cyclooxygenase (COX) pathway. Prostaglandins
participate in many functions, such as the regulation of inflammation, fever, pain, vascular

tone, and renal function. Prostaglandins have a key role in initiating inflammation due to injury
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or infection and are responsible for swelling [3], redness, and pain. Certain prostaglandins like
PGE2 are implicated in inducing fever in response to the body's inflammatory response, and
others regulate circulation in organs like the kidneys and the lungs. Inflammatory ailments like
arthritis often arise due to the overproduction of prostaglandins and hence drugs such as
NSAIDs (nonsteroidal anti-inflammatory drugs) inhibiting COX enzymes are prescribed to
manage the symptoms by blocking prostaglandin synthesis. Finally, opioid peptides like
endorphins and enkephalins interact with opioid receptors in the central nervous system to
control pain perception and offer natural pain relief. The peptides are part of the body's natural

pain control systems and also affect mood and stress response [4].

Pharmacological intervention of autocoids and their receptors has significant therapeutic
implications in the management of numerous medical conditions. Autocoid-targeting drugs are
commonly applied in clinical settings to treat allergies, asthma, peptic ulcers, migraines,
inflammatory disorders, and pain relief. For example, antihistamines find widespread use as a
treatment for allergic diseases in blocking histamine effects, and serotonin reuptake inhibitors
(SSRIs) are administered as antidepressants to modulate serotonin levels within the brain.
Prostaglandin inhibitors such as NSAIDs are extensively prescribed to cure pain and
inflammation, and bradykinin antagonists are currently being designed for the treatment of
diseases such as angioedema [5]. In the case of opioid peptides, opioid analgesics are often
used for the control of severe pain, although they are well regulated because of dependence
potential and side effects. Additionally, with the better understanding of autocoid systems, new
therapeutic approaches are being sought to control their action in a more selective and

controlled way with less side effects and more therapeutic gain.

Autocoids are key regulators of numerous physiological and disease processes. Due to their
immediate and localized effect, they represent the perfect target for pharmacologic
intervention, and drugs that act on them are critical therapeutic tools in the treatment of many
disorders. Through their comprehension of various autocoids such as histamine, serotonin,
kinins, prostaglandins, and opioid peptides, health care workers can better manage diseases

from acute allergic responses to pain and inflammation.

5.1. PHYSIOLOGICAL AND PATHOLOGICAL ROLE OF AUTOCOIDS

Autocoids are bioactive substances with local action that are involved in key roles in numerous
physiological and pathological processes within the body. They differ from systemic hormones,

which are produced and secreted by endocrine glands and distributed through the blood to have
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an effect on far-removed organs or tissues, as they are produced and secreted locally at the site
of action so they can have fast and highly localized effects. These chemicals are synthesized
upon specific stimuli, usually inflammation, injury, or infection, and exert their effects locally
before they are rapidly broken down. Because of their speedy synthesis, action, and breakdown,
autocoids play a critical role in homeostasis of many systems and are implicated in the
regulation of inflammation, vascular tone [6], contraction of smooth muscles,
neurotransmission, and modulation of pain. Besides their usual physiological functions,
autocoids are also involved in a range of pathological conditions, where their inappropriateness
in release, overproduction, or imbalance is responsible for disease development and worsening
of symptomes. It is important to know the biological functions of autocoids and how they impact
health and disease to formulate proper therapeutic approaches to treat diseases such as

anaphylaxis, asthma, migraine, peptic ulcer disease, and chronic pain.

Autacoids
|
| | |

histamine angiotensin leukotrienes
serotonin kinins- bradykinin & kallikidin thromboxanes
vasopressin

o . . rostaglandins
vasoactive intestinal peptide P g .
substance P plateletactivatingfactors

slow reacting substance of anaphylaxis

Figure 1: Autocoids

One of the most commonly recognized autocoids is histamine, which is a key component of
immune responses, especially in allergic reactions. Histamine is produced and stored in mast
cells and basophils and is released after exposure to various stimuli, such as allergens and
immune responses. When released, histamine binds to histamine receptors (H1, H2, H3, and
H4) on target cells, causing a myriad of physiological effects. These encompass vasodilation,
enhanced vascular permeability (causing fluid loss and swelling), contraction of smooth
muscle, and stimulation of sensory nerves, causing signs such as itching, pain, and
inflammation. Histamine is a major mediator in disorders such as allergic rhinitis, urticaria

(hives), and anaphylaxis, where uncontrolled release results in intense symptoms. In the
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practice of medicine, antihistamines are also used to block histamine receptors and treat

symptoms of allergy, as well as to treat more severe reactions such as anaphylaxis [7].

Another significant group of autocoids includes serotonin (5-hydroxytryptamine, 5-HT), a
neurotransmitter found mainly in the central nervous system (CNS) and gastrointestinal tract.
Serotonin participates in mood regulation, appetite, and sleep and also has an important role in
pain modulation. Serotonin in the gastrointestinal tract is released by enterochromaffin cells
and influences smooth muscle contraction and motility. In the CNS, serotonin contributes to
the modulation of mood and emotional reactions, and is commonly targeted by selective
serotonin reuptake inhibitors (SSRIs) in depression and anxiety disorders. Serotonin also
affects vascular tone and blood clotting by stimulating platelet aggregation. Serotoninergic
dysfunction underlies conditions like migraine, where serotonin levels change, resulting in
vasodilation and the pain of the condition. In addition, changes in serotonin levels may also
lead to gastrointestinal diseases, e.g., irritable bowel syndrome (IBS), and neuropsychiatric

illnesses, e.g., schizophrenia and bipolar disorder.

Kinins, including bradykinin and kallidin, are a group of autocoids that cause inflammatory
reactions. The peptides are formed by the action of the kinin-kallikrein system and act as
powerful vasodilators, causing enhanced vascular permeability and edema promotion.
Bradykinin also contributes to pain by directly stimulating nociceptors (pain receptors), and
this causes a sensation of pain during inflammation. Consequently, kinins play a role in
angioedema, painful inflammation, and cardiovascular disease. Medications that act upon the
kinin system, i.e., bradykinin receptor antagonists, are being investigated as therapeutic agents

for chronic pain, hypertension, and heart failure.

Another important group of autocoids is prostaglandins, which are generated by the metabolism
of arachidonic acid by cyclooxygenase enzymes (COX-1 and COX-2). Prostaglandins exert a
vast range of physiological actions, ranging from modulating inflammation, fever, and pain.
Inflammatory prostaglandins, for example, PGE2, play a role in vasodilation, augmenting
vascular permeability, and sensitizing nociceptors to painful stimuli. They are key players in
conditions such as arthritis, where hyperproduction of prostaglandin results in prolonged
inflammation and pain. Prostaglandins also cause fever as part of the immune response to
infection by the body. Due to their implication in inflammatory mechanisms, NSAIDs
(nonsteroidal anti-inflammatory drugs), which suppress COX enzymes and therefore inhibit
prostaglandin synthesis, are the most frequently administered medications for managing

conditions involving inflammation, including osteoarthritis, rheumatoid arthritis, and gout.
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Lastly, opioid peptides such as endorphins, enkephalins, and dynorphins are natural pain-
relieving chemicals made within the body. These peptides interact with opioid receptors in the
central nervous system and peripheral tissues to block pain signals and cause feelings of
euphoria and well-being. They form part of the body's own analgesic system, causing pain
relief during stressful events, exercise, or injury. Yet dysregulation of this system, for example,
overactivation of opioid receptors, can cause opioid addiction, tolerance, and dependence, now
a major public health problem. Research on opioid peptides and their receptors has resulted in
the production of both opioid analgesics (e.g., morphine, codeine) for the treatment of severe

pain and opioid antagonists (e.g., naloxone) to treat opioid overdose.

5.1.1. Histamine

Histamine is a vital biogenic amine that has a central role in numerous physiological processes.
Histamine is formed from the amino acid histidine by the enzyme histidine decarboxylase,
mainly in mast cells, basophils, enterochromaftin-like cells (ECL) of the gastrointestinal tract,
and some regions of the central nervous system (CNS). Histamine is stored in intracellular
granules and is secreted when the cell is activated [8], usually following injury, infection, or
allergy. When released, histamine binds to a range of target tissues, inducing both local and
systemic effects that are pivotal to immune responses, gastric acid secretion regulation, and

neurotransmission.

Histamine acts through four receptor subtypes: H1, H2, H3, and H4, which have differing roles
in health and disease. The H1 receptor, expressed in smooth muscles, endothelial cells, and the
CNS, evokes allergic reactions, including bronchoconstriction, vasodilation, and increased
capillary permeability. It also plays roles in regulating sleep-wake transitions, appetite
regulation, and cognition. The H2 receptor is chiefly found in gastric parietal cells, where it
stimulates gastric acid secretion. It is also involved in modulating heart rate, myocardial
contractility, and blood flow. The H3 receptor, on the contrary, is mainly found in the CNS and
is an important presynaptic inhibitory receptor involved in the control of neurotransmitter
release, with effects on alertness, cognition, and appetite. Finally, the H4 receptor is implicated
in immune functions, especially in the regulation of inflammation and chemotaxis of immune

cells.

The physiological functions of histamine are essential for homeostasis and defense against
noxious stimuli. In the immune system, histamine is a key mediator of allergic responses, such

as the symptoms of hay fever, anaphylaxis, and asthma. It also contributes importantly to the
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inflammatory response by dilating vessels, which results in increased blood supply to the
involved tissues so that immune cells may reach the point of injury or infection. It also controls
gastric acid secretion to stimulate digestion through the facilitation of the digestion of food
within the stomach. Histamine has a role within the CNS where it modulates wakefulness,

arousal, and circadian rhythm.

Nonetheless, histamine may also play a role in a variety of pathological conditions. Excess
production or dysregulation of histamine release can cause diseases like allergies, asthma, and
chronic inflammatory disorders. The role of histamine in the formation of gastric ulcers and in
disease pathogenesis in gastritis and Zollinger—Ellison syndrome demonstrate its significance
in gastrointestinal physiology. In addition, inappropriate release of excess histamine in allergic
responses may lead to dangerous systemic consequences such as hypotension and shock, as
observed in anaphylaxis. The capacity of histamine to bind to a variety of receptor types makes
it a potential target for therapeutic measures, especially in the treatment of allergic diseases,
gastric ailments, and neurological disorders. Medications that affect histamine receptor
function, including antihistamines and H2 antagonists, are commonly employed in the clinic

to treat symptoms of histamine-related diseases:

e HI receptors play a vital role in the mediation of allergic reactions. Upon binding of
histamine to H1 receptors, it initiates a cascade of reactions such as vasodilation,
bronchoconstriction, and increased vascular permeability, which are typical of allergic
reactions like hay fever, urticaria (hives), and anaphylaxis. The stimulation of these
receptors also leads to symptoms such as itching and edema (swelling).

e H2 receptors are mainly responsible for the control of gastric acid secretion in the
stomach. Histamine binding to H2 receptors on the parietal cells of the gastric mucosa
triggers the secretion of hydrochloric acid (HCI), which is necessary for digestion.
Excessive activation of H2 receptors is involved in diseases like gastric hyperacidity
and peptic ulcers.

e H3 receptors are present in the CNS and regulate the release of neurotransmitters such
as dopamine, norepinephrine, and serotonin. Through modulation of these
neurotransmitters, H3 receptors affect neurological processes such as arousal, learning,
and memory.

e H4 receptors play a mainly immune function. They mediate chemotaxis (movement of

immune cells to the point of infection or injury) and contribute to inflammation through
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the modulation of the function of immune cells such as eosinophils, mast cells, and

neutrophils.
Pathologically, histamine is the key to the development and progression of several allergic and
inflammatory conditions, where its over-release causes harmful effects on several organ
systems. Among the most dangerous conditions associated with histamine release is
anaphylaxis, a potentially fatal allergic reaction that develops quickly after exposure to
allergens like some foods, insect bites, or drugs. During anaphylaxis, the massive histamine
release from basophils and mast cells causes extensive vasodilation, leading to a sudden fall in
blood pressure (hypotension), which can result in shock. Histamine also causes
bronchoconstriction, the constriction of airways, and breathing difficulty, a characteristic
symptom of anaphylactic asthma. The anaphylaxis symptoms can advance very fast, and if left
untreated, it may result in organ failure and death. Aside from anaphylaxis, histamine also plays
a role in less severe but nonetheless notable allergic diseases like allergic rhinitis. During
allergic rhinitis, histamine is discharged upon exposure to allergens like pollen, dust, or animal
dander and triggers inflammation and irritation of the nasal passages. This results in symptoms
like sneezing, itching, congestion, and rhinorrhea (runny nose), which are usually seasonal or

perennial based on the allergen.

For the treatment of histamine-induced pathologies, antihistamines (H1 and H2 blockers) are
commonly employed in clinical practice to inhibit the action of histamine and relieve
symptoms. H1 antihistamines are employed mainly for allergic-related conditions like allergic
rhinitis, urticaria (hives), and conjunctivitis. The drugs function by competitively inhibiting
histamine from attaching to H1 receptors, hence diminishing symptoms such as itching,
swelling, and nasal congestion. First-generation H1 antihistamines (e.g., diphenhydramine) are
also capable of crossing the blood-brain barrier and inducing sedative effects, whereas second-
generation H1 antihistamines (e.g., loratadine, cetirizine) are more peripherally selective for
H1 receptors and are less sedating. H2 blockers (e.g., ranitidine, famotidine) are generally
utilized to treat conditions associated with gastric acid hypersecretion, including
gastroesophageal reflux disease (GERD) and peptic ulcers. These drugs act by inhibiting the
H2 receptors on gastric parietal cells, lowering acid secretion and symptom relief of acid reflux.
Combined, H1 and H2 blockers are significant therapeutic agents in the treatment of conditions
in which histamine release is a key factor, providing symptomatic relief and forestalling the

intensification of allergic or inflammatory reactions.
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5.1.2. Serotonin (5-Hydroxytryptamine or 5-HT)

Serotonin, whose chemical name is 5-hydroxytryptamine (5-HT), is an important monoamine
neurotransmitter that plays a vital role in the control of a vast range of physiological processes
within the central nervous system (CNS) and peripheral tissues. Serotonin is produced from
the amino acid tryptophan, which is ingested through foods like meat, milk, and nuts. After
tryptophan is absorbed into the body, it is converted through a two-stage process: first, it is
hydroxylated to produce 5-hydroxytryptophan (5-HTP), which is then decarboxylated to
produce serotonin (5-HT). Although the CNS stores relatively little serotonin, much of it is
sequestered in the gastrointestinal (GI) tract, namely in enterchromaffin cells [9], which
comprise approximately 90-95% of the body's total serotonin. This significant store of
serotonin is responsible for controlling intestinal motility, secretion, and blood flow. Serotonin
also occurs in the peripheral system within platelets, which release it upon blood clotting to

assist in vasoconstriction and facilitate the formation of clots.

serotonin

Figure 2: Serotonin

Serotonin's multiplicity of purposes goes far beyond its function within the GI tract. Within the
central nervous system (CNS), it exists as a neurotransmitter, functioning to regulate an array
of crucial functions including mood, sleep-wake patterns, appetite, learning, and memory.
Serotonin has been well implicated in the mood disorders for many years now, such as
depression, anxiety, and bipolar disorder, given that changes in serotonin levels correspond

with these mood disorders. The journey of serotonin within the CNS starts with its formation
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in serotonergic neurons found in the brainstem raphe nuclei. They project extensively to other
areas of the brain such as the limbic system responsible for emotion and memory, as well as
the hypothalamus, which is responsible for regulating physiological processes like hunger,
thirst, and body rhythms. The level of serotonin in the brain is tightly controlled and can be

affected by genetics, hormone fluctuations, and environmental stressors.

Another significant feature of serotonin's mechanism is its participation in the enteric nervous
system, commonly called the "second brain" because of its extensive neural network
responsible for governing a large part of the gastrointestinal system independently of the CNS.
Serotonin that is released from enteric neurons and chromaffin cells controls intestinal motility
by modulating the contraction and relaxation of smooth muscle, hence the movement of food
through the digestive system. Additionally, serotonin participates in the secretion of digestive
enzymes and fluids, which aid in proper digestion. It also plays an important role in the control
of blood supply to the intestines, causing vasodilation under specific conditions. Aside from its
role in GI functions, serotonin's involvement in vascular tone is also important since it can
cause both vasodilation and vasoconstriction, depending on the receptor it acts upon. As an
instance, serotonin that is released from platelets upon injury is capable of causing

vasoconstriction, which aids in the clotting of blood.

But serotonin's function is not limited to these conventional roles, for it has been found to
modulate a number of other physiological processes, such as pain sensation, thermoregulation,
and sexual activity. Its receptors, of which there are numerous subtypes (e.g., 5-HT1, 5-HT2,
5-HT3), are found diffusely in the body and are engaged in various pathways based on their
site of location. For example, 5-HT3 receptors are involved in nausea and vomiting; 5-HT1
receptors in mood regulation and are the target for numerous antidepressant drugs like selective
serotonin reuptake inhibitors (SSRIs). Knowledge of the multifaceted actions of serotonin in
different systems underlines its status as a multifunctional molecule with wide-ranging effects

that shape both normal physiological function and disease processes.

Serotonin plays multifaceted physiological functions, mediating through a number of receptors

(5-HT1 to 5-HT7) spread throughout different tissues, organs, and systems:

¢ Inthe CNS, serotonin is also important for regulating mood, emotions, cognition, sleep,
and appetite. Serotonin dysregulation in the brain is associated with psychiatric

illnesses like depression, anxiety, and bipolar disorder.
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e Serotonin in the GI tract increases intestinal motility and peristalsis, facilitating the
movement of food through the digestive system. It also controls intestinal secretion,
which aids in normal digestion.

e In vascular tissues, serotonin may serve as a vasoconstrictor or vasodilator, depending
upon the receptor subtype. For instance, in the cerebral vasculature, serotonin may
cause vasoconstriction, which leads to migraine headache.

Serotonin is intimately implicated in the pathophysiology of many neurological and
gastrointestinal diseases, with its activity and levels being at the center of the expression of a
number of disorders. Perhaps one of the most well-known is migraine, a neurological disease
involving frequent headaches that are frequently accompanied by nausea and vomiting.
Serotonin's implication in migraine is especially interesting because changes in serotonin levels
have a direct impact on the vascular system and pain pathways. During an attack of migraine,
a reduction in serotonin levels is believed to initiate vasodilation (widening of the blood
vessels), especially in the cerebral vasculature, resulting in the typical throbbing headache.
Vasodilation is believed to stimulate the pain receptors in the brain and its surrounding tissues.
Serotonin also has a role in the central pain pathway, regulating the perception of pain.
Therefore, drug therapies that try to restore a balance of serotonin, like the 5-HT receptor
agonists, are common in aborting acute migraine attack. Triptans like sumatriptan are selective
agonists of 5-HT1 receptors that operate by causing dilation of dilated blood vessels to close

and block the release of pro-inflammatory neuropeptides to relieve migraine pain.

In depression and anxiety disorders, serotonin dysfunction is at the center of the
pathophysiology. Both conditions are linked with compromised serotonin signaling in the
central nervous system (CNS), especially in areas like the limbic system, which is responsible
for emotion and mood. In depression, there is commonly a lack of serotonin availability in the
synaptic cleft, such that serotonin cannot efficiently convey signals between neurons. This
disturbance in serotonin signaling may produce symptoms of sustained sadness, anhedonia
(lack of interest in enjoyable activities), and cognitive dysfunction. Likewise, in the anxiety
disorders, diminished serotonin levels or compromised function of serotonin in the brain can
result in a sense of pervasive worry, fear, and nervousness. For treatment of these
neurochemical disturbances, selective serotonin reuptake inhibitors (SSRIs) [10], like
fluoxetine and sertraline, are most often used. SSRIs exert their effects by inhibiting serotonin
reuptake into the presynaptic neuron, thus making more serotonin available in the synaptic cleft

and enhancing interneuronal communication. These drugs are regarded as first-line drugs for
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depression and anxiety disorders because of their efficacy and relative safety compared to older

antidepressants such as tricyclics.

A further disorder in which serotonin is critical is carcinoid syndrome, which is a rare and
unusual disease caused by the production of tumors that secrete serotonin, and usually they
occur in the lung or gastrointestinal tract. The secretion of these so-called carcinoid tumors into
excess serotonin in the bloodstream results in a complex disorder that is simply termed
carcinoid syndrome. The most prevalent symptoms are flushing, diarrhea, and cardiac
dysfunction, leading to valvular heart disease and heart valve fibrosis. Release of excess
amounts of serotonin involves several systems, such as the vascular system (causing flushing
through vasodilation) and the gastrointestinal tract (causing increased motility and diarrhea).
Since serotonin also acts on the heart and vessels, excess serotonin can cause heart valve injury.
Treatment of carcinoid syndrome is most commonly with medications that inhibit serotonin's
effects, such as the somatostatin analog octreotide, which prevents release of serotonin and
other bioactive peptides from tumors. In some instances, the 5-HT3 receptor blockers

ondansetron can be used to control diarrhea and other GI complaints.

Therapeutic action on serotonin receptors is not limited to depression, anxiety, and carcinoid
syndrome. For instance, 5-HT3 antagonists like ondansetron are often used to stop nausea and
vomiting induced by chemotherapy. Chemotherapy agents tend to cause nausea and vomiting
by triggering serotonin receptors in the gastrointestinal system and the chemoreceptor trigger
zone in the brainstem. Through the blockade of 5-HT3 receptors, which are implicated in the
vomiting reflex, ondansetron and other drugs decrease these side effects, dramatically
enhancing the health-related quality of life in cancer patients receiving chemotherapy. Equally,
the introduction of 5-HT1 receptor agonists, like triptans, shows the wide therapeutic scope of
serotonin modulation in different disease states [11]. The role of serotonin in gastrointestinal
motility, vascular tone, and pain pathways underpins its diverse clinical applications, and
ongoing research into serotonin signaling continues to uncover new therapeutic avenues for

treating both common and rare disorders.

5.1.3. Kinins (Bradykinin and Kallidin)

Kinins are biologically active peptides that are involved in the regulation of vascular tone,
inflammation, and pain. They are formed by the enzymatic cleavage of kininogens by kallikrein
enzymes, which split the larger kininogen molecule into smaller active peptides. The two major

kinins formed are bradykinin and kallidin, both of which mediate their physiological effects
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mainly through two receptor subtypes: B1 and B2 receptors. These receptors have a broad
presence in different tissues and are significantly involved in modulating inflammatory as well

as vascular responses.

LMW KININOGEN HMW KININOGEN

Tissue kallikrein Plasma kallikrein

!
i
b

Aminopeptidase

KALLIDIN BRADYKININ
(Lys-bradykinin) [
e CArbOXYPEPLIQASE S iy
v ¥
Des-Arg'%-KALLIDIN Des-Arg?-BRADYKININ

Figure 3: Classification of Kinins (Bradykinin and Kallidin)
a) B2 Receptors and Physiological Effects

The B2 receptors are the more abundant, constitutively expressed receptors found in most
tissues under normal physiologic circumstances. These receptors are responsible for mediating
the traditional, useful effects of the kinins such as vasodilation, increase in vascular
permeability, and induction of pain. Upon bradykinin or kallidin's binding to the B2 receptors,
they result in vasodilation, causing relaxation of the vascular smooth muscle and dilation of
the blood vessels. This vasodilation results in decreased blood pressure and is an integral part
of the body's cardiovascular control [12]. Kinin action also enhances the permeability of blood
vessel walls so that proteins, white blood cells, and fluid leak into the tissue around the vessels,
adding to edema (swelling) and inflammation. This heightened vascular permeability is
important in immune responses because it helps enable immune cells and proteins to reach
areas of infection or injury. Excessive, however, will add too much fluid to areas, worsen

inflammation and injury to tissue.
b) B1 Receptors and Inflammatory Responses

The BI1 receptors, on the other hand, are not expressed under normal conditions but are
upregulated in the presence of inflammatory states, tissue damage, or infection. Stimulation of
the B1 receptors in such pathologic conditions causes an enhancement of the inflammatory
process. The B1 receptors are usually linked to more chronic or sustained inflammatory states.
Activation of the B1 receptors results in increased pain and swelling, adding to the exacerbation

of the condition. This upregulation and activation of B1 receptors by stressors such as injury
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or infection function to enhance the inflammatory response, enhancing the production of pro-
inflammatory cytokines and other mediators. Thus, activation of Bl receptors can worsen
diseases such as rheumatoid arthritis, osteoarthritis, and other chronic inflammatory diseases,

where pain and swelling are characteristic symptoms.
c) Pathophysiological Role of Bradykinin

Bradykinin, in fact, is a very powerful mediator of pain and vasodilation, and an excess of
bradykinin has been shown to play a role in numerous pathological states. A case in point is
angioedema, a state where there is swelling of the deeper tissues of the skin (usually of the lips
and around the eyes), which is usually found in association with an excess of bradykinin.

Swelling in the throat is potentially lethal and causes respiratory distress.

The condition is usually worsened by the use of angiotensin-converting enzyme (ACE)
inhibitors, which are a class of medication used for the treatment of hypertension as well as
heart failure. ACE inhibitors inhibit the enzyme responsible for breaking down bradykinin, and
thereby they cause bradykinin levels to rise. The resulting increase causes the side effects like
dry cough, angioedema, and even hypotension in some patients. The bradykinin in excess can
also cause hypotension as a result of the widespread vasodilation and fluid loss caused by the

activation of B2 receptors.
d) Therapeutic Targeting of the Kinin System

With kinins, particularly bradykinin, playing a pivotal role in inflammation, pain, and vascular
disease, therapeutic strategies involving the manipulation of the kinin system have gained
increasing attention for the treatment of diverse conditions. For instance, kinin receptor
antagonists, especially the B2 receptor antagonists, have been proposed as therapeutic agents

for conditions such as chronic pain, hypertension, and vascular disease.

These therapies are designed to reduce the excessive inflammatory and pain responses of kinin
release while maintaining the useful effects of kinins in normal physiological processes. B1
receptor antagonists are also being explored as potential treatments for diseases in which the
inflammatory response is abnormally triggered, including autoimmune diseases, chronic
inflammatory diseases, and nerve injury. By acting on both Bl and B2 receptors, these
treatments may bring relief in diseases like rheumatoid arthritis, osteoarthritis, and sickle cell

disease where excessive pain and inflammation are the features.
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5.1.4. Prostaglandins

Prostaglandins are biologically active lipid molecules derived from the arachidonic acid, a
polyunsaturated fatty acid. They belong to a larger group of bioactive lipids known as
eicosanoids, which also comprise leukotrienes and thromboxane’s. Prostaglandin synthesis is
through the enzymatic activity of the cyclooxygenase enzymes (COX-1 and COX-2) that
convert arachidonic acid into a variety of prostaglandin intermediates. These intermediates are
then metabolized to yield various prostaglandins with varied physiological and pathological
functions. Prostaglandins are extremely active and tissue-specific in their effects, and therefore
they are prime regulators of various biological processes like inflammation, pain, fever,

reproductive function, and vascular tone.
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Figure 4: Prostaglandins
» Physiological and Pathophysiological Functions of Prostaglandins

Prostaglandins have varied physiological actions, most of which are essential to homeostasis
but also can lead to disease under conditions of overproduction. PGE2 and PGI2 (prostacyclin),
for instance, both are powerful vasodilators. They cause the smooth muscle of vascular walls
to relax, resulting in elevated blood flow and reduced blood pressure. PGE2 is also a primary
fever-producing agent and contributes to pain sensitization, and therefore it is essential to the
body's reaction to inflammation. In diseases such as arthritis or rheumatoid arthritis, excess

production of PGE2 causes pain, swelling, and fever, which are the typical symptoms of these
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conditions. PGI2, in addition to its vasodilating action, prevents platelet aggregation, and hence

it is protective against too much blood clotting [13].

In contrast, PGF2a (prostaglandin F2 alpha) has a role in uterine contractions and is at the heart
of reproductive health. It has a central role in the menstrual cycle and labor, whereby its release
induces contraction of the smooth muscle in the uterus to result in childbirth. Dysregulation of
PGF2a can lead to dysmenorrhea (painful menstruation) and labor complications. In addition,
thromboxane A2 (TXAZ2), another significant member of the eicosanoid family, enhances
platelet clumping and produces vasoconstriction. Because of this, it is an essential contributor
to hemostasis—the mechanism which inhibits pathological blood loss from injury. At the same
time, overproduction of TXA2 can cause thrombosis and vascular illnesses, such as heart
attacks or strokes, through the stimulation of blood clot development.

» Prostaglandins in Pathological Conditions

Prostaglandins play an important role in numerous pathological conditions, particularly those
associated with inflammation, pain, and fever. Overproduction of prostaglandins has been
implicated in a number of chronic diseases. For instance, in arthritis and rheumatoid arthritis,
elevated synthesis of PGE2 plays a key role in joint pain, swelling, and stiffness, which are
classic symptoms of these inflammatory disorders. In a similar fashion, in endometriosis, where
there is growth of endometrial tissue outside of the uterus, excessive prostaglandin synthesis
results in inflammation and pain of the pelvic organs. Prostaglandins contribute to gastritis and
peptic ulcers too, as their activity can undermine gastric mucosal integrity, weakening the

stomach lining and making it susceptible to attacks from gastric acid.

Moreover, prostaglandins play a role in cancer biology, where they have been reported to
enhance tumor growth, angiogenesis (development of new blood vessels), and metastasis
(cancer spread to other locations in the body). The pro-inflammatory condition generated by
increased prostaglandin levels in some cancers can facilitate tumor growth. For instance, in
colorectal cancer, elevated levels of PGE2 are linked with increased tumorigenesis risk.
Therefore, prostaglandins are potential targets for cancer treatment to avoid or reduce tumor
growth.

» Therapeutic Modulation of Prostaglandins

Since they play a central role in inflammation, pain, and other disease states, prostaglandins
are prime targets for therapeutic intervention. Non-steroidal anti-inflammatory drugs

(NSAIDs) like ibuprofen and aspirin are commonly used to block the activity of COX enzymes
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(COX-1 and COX-2), thus inhibiting the production of prostaglandins. By reducing
prostaglandin synthesis, NSAIDs relieve pain, inflammation, and fever, making them useful
for the treatment of conditions such as arthritis, musculoskeletal pain, and headache. The use
of NSAIDs is frequently limited by their gastrointestinal side effects, including ulcers and
bleeding, caused by inhibition of COX-1, an enzyme that has a protective function in the

stomach lining.

To more specifically treat prostaglandin-related disorders, prostaglandin analogues have been
created. For example, misoprostol, a synthetic prostaglandin E1 analog, is used to prevent
gastric mucosal protection, particularly for patients needing chronic NSAID treatment.
Misoprostol is able to sustain the integrity of the stomach lining by enhancing the production
of mucus and lowering gastric acid output. Latanoprost, a synthetic analogue of prostaglandin,
is also applied in glaucoma treatment to lower intraocular pressure. Latanoprost functions by
enhancing the aqueous humor outflow from the eye, which decreases the chance of optic nerve

injury, which is typical of glaucoma.

5.1.5. Opioid Autocoids (Endogenous Opioid Peptides)

Endogenous opioid peptides—such as endorphins, enkephalins, and dynorphins—are peptide
molecules that exist naturally in the body and play a key part in the pain modulation, stress
response, stabilization of mood, and immune defense of the organism. These peptides are
produced by the cleavage of precursor proteins and act through specific opioid receptors (L, K,
and o), which are found dispersed throughout the central nervous system (CNS) and peripheral
tissues. Every class of opioid peptide is linked to unique physiological roles and plays an
important role in the body's innate analgesic system. The endogenous opioid system also serves
as an essential defense against pain, governing the body's response to physical and emotional

stresses and maintaining equilibrium between mood and emotional states.
» The Role of Opioid Receptors and Their Functions

The p-receptors (mu receptors) are arguably the most widely recognized and are mostly
accountable for analgesia (pain relief), respiratory depression, sedation, and the feeling of
euphoria. The receptors mediate the body's strongest natural pain-relieving processes and are
also part of the response to acute and chronic pain. For instance, upon injury or stress,

endorphins get released and bind to p-receptors to cause analgesia, preventing the perception
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of pain and inducing a sense of well-being. Excessive activation of the pu-receptors is, however,

implicated in respiratory depression, a toxic side effect that could be lethal with overdose.

Conversely, k-receptors (kappa receptors) are responsible mainly for spinal analgesia but also
for the generation of dysphoria—a condition of discomfort or dissatisfaction. Stimulation of k-
receptors can decrease the perception of pain in the spinal cord but also lead to undesirable
states of mind, making their function in mood control more complicated. Dysphoria can be a
disruption to the desired euphoric effect of opioid peptides, and such an adverse effect is one
explanation for why k-receptor agonists are used less frequently in clinical practice to treat
pain. Nevertheless, dynorphins that bind preferentially to k-receptors are thought to be centrally

involved in stress responses of the body and the modulation of mood.

The o-receptors (delta receptors) play a main role in the modulation of emotional response,
mood, and the emotional component of pain. 6-receptors activation has been found to induce
analgesic action, especially in chronic pain, and to help stabilize mood. The exact mechanisms
of &-receptors in mood disorders, however, are only beginning to be investigated, with initial
work indicating their role in the modulation of depression, anxiety, and emotional well-being.
Therefore, 6-receptors might become therapeutic targets for mood disorders with resistance to

other therapy.
» Physiological and Pathophysiological Functions of Opioid Peptides

Endogenous opioid peptides play a crucial role in the body's natural mechanism of defense
against pain and stress. They bring about pain relief in reaction to physical trauma, emotional
stress, and intense physical exertion like exercise. This is a common phenomenon known as
the "runner's high" and results from the release of endorphins, which bind to the p-receptors to
cause euphoria and analgesia. This natural pain management system is activated not just for

injury but also for stress and exercise, so the body can tolerate pain and function at best.

But changes in the opioid system can lead to pathological states. For instance, chronic pain,
especially pain lasting longer than the projected healing time following injury, can be caused
by malfunction in the opioid system. In this situation, the body cannot release sufficient
endogenous opioids to effectively suppress pain, or the opioid receptors become desensitized
as a result of prolonged pain stimuli, and the system becomes resistant to opioids. Likewise,
mood disorders such as depression and anxiety can be caused by dysregulation of opioid

peptides because these molecules are implicated in the regulation of emotion. Changes in the
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functioning of the d-receptors, for instance, may compromise the body's capacity to regulate

emotions, leading to the symptoms of these disorders [14].

Also, opioid addiction is a significant public health problem that occurs when repeated,
excessive stimulation of the opioid system takes place. Opioid drug overuse, for instance,
morphine or heroin, provokes changes in the opioid receptors, commonly causing tolerance (in
need of increasing amounts for equivalent effect) and reliance. When the body becomes
dependent on external opioids, the endogenous opioid peptide production may diminish,

further worsening the demand for opioid drugs and perpetuating addiction.
» Therapeutic Use of Opioids and the Challenges of Abuse

Opioid peptides play a well-established function in pain relief. Opioid receptor agonists,
including morphine, fentanyl, and hydrocodone, are commonly utilized in clinical settings to
produce analgesia for moderate to severe pain, particularly in postoperative and cancer patients.
These agents exert their action by binding to the u-receptors of the CNS, acting like endogenous
opioids and thus producing relief from pain. But using opioid drugs for pain relief comes with
serious risks, such as addiction, tolerance, and respiratory depression—a deadly side effect.
Opioid tolerance and dependence are a long-documented issue in chronic pain treatment, and

this has prompted increasing concerns over the opioid crisis in most nations.

As a counter measure to the hazards of opioid overdose, opioid antagonists such as naloxone
have been designed. Naloxone achieves its effect by binding to the same receptors where
opioids bind without activating them and thus reversing the action of opioid overdose, notably
respiratory depression. It is normally administered in case of emergency in order to prevent
death in overdose victims of opioids. Along with naloxone, opioid antagonists like naltrexone
are applied in the therapy of opioid dependency. Naltrexone obstructs the receptors of opioids
to inhibit the pleasurable effects of opioid drugs and to enable the individuals to remain sober

during recuperation.

5.2. PHARMACOLOGICAL AGENTS ACTING ON AUTOCOIDS

Autocoids, or local hormones, are a collection of biologically active molecules with strong
effects at the site of synthesis or action. They include histamine, serotonin, Kkinins,
prostaglandins, and opioid peptides. Autocoids play crucial roles in numerous physiological
functions like immune function, blood pressure regulation, modulation of pain, and

neurotransmission. Because of their general and vital influences on the body, therapeutic
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treatment tends to be directed at autocoid pathways in order to address such conditions as
allergic reactions, inflammatory disorders, gastrointestinal illness, and pain. This chapter
discusses the key drug classes that alter the activity of histamine, serotonin [15],

prostaglandins, and kinins, and highlights the mechanism of action and clinical use.

5.2.1. Antihistamines (H1 and H2 Blockers)

Antihistamines represent a group of drugs that antagonize the action of histamine, one of the
major autocoids that takes part in numerous physiological responses including inflammation,
immune reaction, and secretion of gastric acid. Histamine exerts its action mainly through four
receptor varieties: H1, H2, H3, and H4, that are localized in various tissues and organs. Of
these, antagonists of H1 and H2 receptors are used most frequently in clinical practice, most

notably in the treatment of allergic reactions and gastric pathology.
4+ H1 Receptor Antagonists (H1 Blockers)

HI receptor antagonists, or antihistamines, are medications which inhibit the HI receptor-
mediated effects of histamine. They are used extensively in the management of allergies, since
histamine is centrally involved in the inflammatory response of allergic reactions like hay fever,
urticaria (hives), and conjunctivitis (inflammation of the eye). When histamine is attached to
H1 receptors on many different cells, it provokes symptoms such as itching, swelling,
bronchoconstriction, and vascular permeability. Antihistamines can relieve these symptoms by
blocking the H1 receptor.
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Figure 5: H1 Receptor Antagonists
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First-Generation H1 Antagonists:

First-generation antihistamines are generally lipophilic, thereby easily crossing the
blood-brain barrier to exert central nervous system (CNS) effects. Sedation or
sleepiness is the most frequent CNS effect, which makes these medications useful as
hypnotics. Crossings of the blood-brain barrier by these medications, however, may
result in other CNS side effects, including impaired coordination and cognitive
dysfunction.

They are also anticholinergic in nature, i.e., they can prevent the action of acetylcholine,
a neurotransmitter involved in a number of functions in the body. This can result in
undesirable side effects such as dry mouth, blurred vision, constipation, and retention
of urine. Examples of drugs in this group are diphenhydramine, chlorpheniramine, and
hydroxyzine.

Because of their sedative effects and anticholinergic action, first-generation
antihistamines are usually regarded as not being long-term friendly, particularly for

individuals who must stay awake or drive vehicles and machinery.

Second-Generation H1 Antagonists:

Second-generation antihistamines like loratadine, cetirizine, and fexofenadine are
formulated to produce fewer CNS side effects. They are more peripheral H1 receptor-
selective and have less capacity to cross the blood-brain barrier, which reduces the
sedative effects that are commonly associated with first-generation antihistamines.

These medications have fewer chances of producing anticholinergic effects and are thus
safe for long-term use, even in patients who need to prevent sedation, like motorists
and workers operating machinery. Second-generation antihistamines are also
commonly used for the treatment of seasonal allergies, hay fever, and other allergic

diseases due to the fact that they produce relief while not inducing sleepiness.

First- and second-generation H1 antagonists are equally effective in inhibiting capillary

permeability, smooth muscle contraction, and activation of sensory nerves. This leads to relief

of symptoms of allergy like itching, swelling, and sneezing, bronchodilation, and decreased

vascular leakage, which are major elements of the allergic inflammatory process.

+ H2 Receptor Antagonists (H2 Blockers)

While H1 receptor antagonists are employed mainly for allergic conditions, H2 receptor

antagonists (or H2 blockers) are employed to treat gastric conditions due to overproduction of
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acid. Histamine stimulates the H2 receptors on the parietal cells of the stomach, leading to the
secretion of gastric acid. In conditions where there is excess acid production, like peptic ulcers,
gastroesophageal reflux disease (GERD), and Zollinger-Ellison syndrome, the H2 receptor

blockade can prevent acid secretion and relieve symptoms.

H2 blockers include drugs such as ranitidine, famotidine, and cimetidine. These drugs operate
by binding specifically to the H2 receptors in the stomach, thus blocking the action of histamine
on the parietal cells and minimizing gastric acid secretion. Consequently, these drugs are able
to relieve symptoms of heartburn, acid reflux, and stomach ulcers by facilitating healing of the

injured gastric tissue and discouraging further irritation.

e Ranitidine and famotidine are two examples of more widely used H2 blockers because
they are stronger and have fewer side effects than older medications such as cimetidine.
Cimetidine has been implicated in numerous drug interactions and endocrine side
effects (e.g., impotence and gynecomastia) as a result of its action on some liver
enzymes.

e By lowering basal and stimulated acid secretion, H2 blockers are useful in treating
conditions where acid reflux is a cause of discomfort or damage to the stomach and
esophagus lining.

#+ Mechanism of Action of Antihistamines

Antihistamines act by occupying histamine receptors, thus blocking histamine from binding to
them and triggering its usual physiological effects. H1 receptor blockers block histamine-
mediated allergic reactions like bronchoconstriction, vascular permeability, and itching. H2
receptor blockers decrease gastric acid secretion by blocking histamine from binding to H2

receptors on parietal cells, thus lowering acid-related gastrointestinal symptoms.
+ Clinical Uses of Antihistamines

e HI blockers are most commonly applied to alleviate allergic disorders, such as seasonal
allergies, hay fever, conjunctivitis, urticaria (hives), and rhinitis. They can also be
utilized for alleviating the symptoms of motion sickness and for treating insomnia
because they possess sedative effects.

e H2 blockers are prescribed for the curing of gastric ulcers, GERD, acid reflux, and other
related diseases with excess acid production. They are particularly helpful in bringing

relief from heartburn and in curing gastric ulcers.
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5.2.2. 5-HT Antagonists (Serotonin Receptor Blockers)

Serotonin (5-HT) is a neurotransmitter involved in many physiological functions, such as
mood, digestion, and vasoconstriction. Serotonin antagonists are agents that inhibit serotonin
receptors, aimed at conditions in which excess serotonergic activity produces unwanted
symptoms. Such conditions are nausea, vomiting, migraine, and some gastrointestinal diseases.
The different serotonin receptors, such as 5-HT3, 5-HT2, and 5-HT1, transduce different parts
of the effect of serotonin, and drugs that act on these receptors are used in the treatment of these

diseases.
1) 5-HT3 Receptor Antagonists

5-HT3 receptors are found mainly in the gastrointestinal tract and brainstem chemoreceptor
trigger zone, both of which play a role in the vomiting reflex. When serotonin acts on these
receptors, it induces the sensation of nausea and vomiting, especially due to chemotherapy,
surgery, or some other medical conditions. 5-HT3 receptor antagonists inhibit serotonin's effect
on these receptors, thereby decreasing the frequency of nausea and vomiting.

5-HT3 receptor antagonists that are commonly used include ondansetron, granisetron,
dolasetron, and palonosetron. These medications work very effectively at preventing
chemotherapy-induced nausea and vomiting (CINV) [16], which occurs as a typical side effect
in chemotherapy treatments. They are used to prevent nausea and vomiting related to
postoperative procedures and treat nausea in various gastrointestinal diseases like irritable

bowel syndrome (IBS).

e Ondansetron: This is one of the most widely used antiemetics, particularly for
chemotherapy-induced nausea and vomiting (CINV) and postoperative nausea. It works
by selectively blocking the 5-HT3 receptors in the brain and gut, which helps to stop
the signals that lead to vomiting.

e Granisetron: Similar to ondansetron, granisetron is another 5-HT3 receptor blocker
employed for the prevention of CINV and PONV. Granisetron possesses a longer half-

life than ondansetron, which may prove beneficial in some clinical settings.

o Palonosetron: This drug is a second-generation 5-HT3 antagonist, known for its long-
lasting effects. It is particularly effective in managing delayed nausea associated with
chemotherapy.
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By blocking the 5-HT3 receptors, these medications slow down vomiting and nausea caused
by chemotherapy, surgery, or gastrointestinal upset. 5-HT3 antagonists are among the most
effective drugs for CINV.

2) 5-HT2 Receptor Antagonists

The 5-HT2 receptor is implicated in a range of physiological responses such as mood
regulation, vascular tone, and gastrointestinal motility. 5-HT2 receptor antagonists inhibit these
receptors, thus diminishing the effects of serotonin on vascular constriction and inflammatory

processes.
Cyproheptadine and ketanserin are examples of 5-HT2 receptor antagonists:

o Cyproheptadine: This medication is both an antihistamine and a 5-HT2 receptor
antagonist. It is administered to manage a number of conditions, such as serotonin
syndrome due to an overabundance of serotonin in the body, carcinoid syndrome, and
prophylaxis of migraine. Cyproheptadine is also employed as an appetite stimulant in
cases such as anorexia and cachexia since it has the ability to stimulate increased
appetite.

o Ketanserin: This medication is utilized to treat illnesses of serotonergic excess,
including serotonin syndrome. It also can be used in treating hypertension in specific
patients, since it is a vasodilator due to its action as a blocker of 5-HT2 receptors on
smooth muscle cells. It has been employed in the management of carcinoid syndrome
as well, relieving flushing and other signs resulting from excessive release of serotonin

from carcinoid tumors.

In serotonin syndrome, where heightened serotonin activity causes hyperthermia, autonomic
instability, and neuromuscular hyperactivity, 5-HT2 antagonists counteract these symptoms by
blocking the surplus serotonin at receptor sites. The drug of first choice in this situation is

frequently cyproheptadine.
3) 5-HT1 Receptor Modulators (Triptans)

Although not strictly an antagonist, 5-HT1 receptor agonists are a key drug class in the acute
treatment of migraines. Triptans, e.g., sumatriptan, rizatriptan, and zolmitriptan, are selective
5-HT1 receptor agonists that cross the blood-brain barrier and bind to serotonin receptors in
the brain, namely the 5-HT1B and 5-HT1D subtypes. They cause vasoconstriction of
intracranial blood vessels and suppression of the release of pro-inflammatory neuropeptides,
both of which contribute to the relief of migraine symptoms.
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The action mechanism of triptans includes:

Vasoconstriction: Triptans cause vasoconstriction of the cranial blood vessels, which
is believed to reverse the dilated blood vessels responsible for the headache phase of a
migraine.

Blockade of Neurotransmitter Release: They also block the release of calcitonion
gene-related peptide (CGRP) and other neuropeptides, which are involved in the

pathogenesis of migraine-related inflammation and pain.

Triptans are generally reserved for the acute therapy of migraines, with their being able to cause

dramatic relief from headache, nausea, and other related symptoms. Triptans are not employed

in the prophylaxis of migraine but can abort migraine when already initiated.

Sumatriptan: One of the most widely used triptans, sumatriptan comes in several
forms, including oral tablets, subcutaneous injection, and nasal spray, so that flexibility
is possible based on the intensity of the migraine attack.

Rizatriptan: This medication has an extremely fast onset of action, and is often used
when quick relief is desired.

Zolmitriptan: Like sumatriptan, zolmitriptan is available in oral and nasal spray forms.

Although triptans are very effective, they are not for everyone. They are contraindicated in

patients with some cardiovascular disease, as the vasoconstrictive properties may have the

potential to worsen underlying heart disease or hypertension.

5.2.3. Prostaglandin Analogues and Inhibitors

Prostaglandins are a family of arachidonic acid-derived lipid compounds, which are found in

the cell membrane of numerous tissues. They are produced via the activity of the COX

enzymes, which come in two predominant isoforms: COX-1 and COX-2. Prostaglandins have

extensive physiological actions and play a crucial function in numerous corporeal functions,

such as:

Vasodilation: Relaxation of blood vessel walls, resulting in a reduction in blood
pressure.

Fever: Mediating the hypothalamic response to pyrogens (agents that cause fever).
Pain Sensitization: Prostaglandins increase the sensitivity of pain receptors, leading to

inflammation and pain.

207



ADVANCED PHARMACOLOGY -1

¢ Smooth Muscle Contraction: Facilitating functions such as labor and gastrointestinal
motility.

Since prostaglandins play a crucial role in numerous physiological and pathological events,

prostaglandin analogs and prostaglandin inhibitors have been synthesized for their therapeutic

applications, especially for the control of inflammation, pain, gastrointestinal mucosal

protection, and regulation of ocular pressure.
» Prostaglandin Inhibitors (NSAIDs)

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) constitute a group of drugs that are
inhibitors of COX enzymes and, as a result, diminish the synthesis of prostaglandins. Inhibiting
prostaglandin synthesis, in turn, leads to the lowering of inflammation, pain, fever, and

thrombosis.

e COX-1 is constitutively expressed in a variety of tissues and serves to keep all of these
aspects of normal physiological function running within their "norm.".
e (COX-2, however, is generally induced by inflammation and tissue damage to produce
prostaglandins that cause pain and inflammation.
Inhibition of COX-1 and COX-2 results in the decrease of inflammatory prostaglandins and
thromboxanes. Inhibition of COX-1, however, results in unwanted side effects like gastric

irritation and ulceration, as well as renal impairment.

NSAIDs include such popular medications as aspirin, ibuprofen, diclofenac, and naproxen,
each utilized for their anti-inflammatory, analgesic, and antipyretic actions. Nevertheless,
chronic administration of non-selective NSAIDs leads to gastrointestinal toxicity, that is, ulcers

and bleeding, mainly by virtue of inhibition of COX-1.
» Selective COX-2 Inhibitors

Selective COX-2 inhibitors like celecoxib were invented to offer the anti-inflammatory and
analgesic effects of old NSAIDs while reducing the gastrointestinal side effects resulting from
COX-1 inhibition. The medication selectively inhibits the COX-2 enzyme, which primarily
contributes to inflammation and pain [17], without significantly affecting COX-1 (that is
crucial to lining the stomach and maintaining platelet function). Consequently, COX-2
inhibitors produce less gastric irritation and are usually used for long-term treatment in diseases
such as arthritis, chronic pain, and acute inflammation. Nevertheless, they have been linked
with a possible increased risk of cardiovascular events, including heart attacks and strokes,

because of their selective inhibition of COX-2 and its effect on vascular homeostasis.
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» Prostaglandin Analogues

Prostaglandin analogues are man-made substances that simulate the activities of natural

prostaglandins. Prostaglandin analogues are applied to address particular physiological actions,

including protection of the gastrointestinal tract, reduction of ocular pressure, contraction of

the uterus, and erectile dysfunction. The three primary categories of prostaglandin analogues

and their applications are:

» Misoprostol (PGE1 Analogue)

Misoprostol is a prostaglandin E1 analogue and is used mainly for gastric protection,

particularly in patients who are on NSAIDs, which can enhance the risk of gastric ulcers and

bleeding. Misoprostol acts by:

Increasing mucosal defense: It induces the formation of mucus and bicarbonate in the
lining of the stomach, protecting it from the destructive action of gastric acid.
Enhancing blood supply to the stomach: It induces gastric mucosal vasodilation,

again contributing to gastric protection.

Apart from its application in gastric ulcer prevention, misoprostol is also utilized for:

Induction of labor: Misoprostol can cause uterine contractions and is occasionally
utilized in the induction of labor in some obstetric situations.

Medical abortion: Misoprostol, usually combined with mifepristone, is employed for
medical abortion, in which it causes the uterus to contract and pass out the pregnancy

tissue.

» Latanoprost (PGF2a Analogue)

Latanoprost is a prostaglandin F2a (PGF2a) analog that works in the treatment of glaucoma

and ocular hypertension.

Enhancing aqueous humor outflow: Latanoprost lowers intraocular pressure by
increasing the outflow of the aqueous humor (the fluid within the eye), which is the
most important way to manage conditions such as glaucoma. By lowering intraocular
pressure, latanoprost prevents damage to the optic nerve that may be caused by

glaucoma.

Latanoprost is usually given as an eye drop, and is generally well tolerated. The most frequent

side effects are eye irritation, eye color change (increase in pigmentation), and eyelash growth.
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» Alprostadil (PGE1)

Alprostadil is a prostaglandin E1 (PGE1) analogue employed in various clinical applications.

It acts by:

e Vasodilation: Alprostadil induces the relaxation of smooth muscles of blood vessels,
resulting in vasodilation and enhanced blood supply. The characteristic is employed to
cure different disorders of impaired blood supply.

¢ Ductus arteriosus patency maintenance: In patients with congenital heart defects like
ductal-dependent congenital heart disease, alprostadil is administered to maintain
patency of the ductus arteriosus, which ensures proper circulation until surgery is
possible.

e Erectile dysfunction: Alprostadil is also applied in the treatment of erectile
dysfunction (ED). It is commonly given intracavernously (into the penis) to cause
erections by stimulating blood flow to the erectile tissue.

Alprostadil is also, on occasion, prescribed in addition to other sexual dysfunction treatments

when oral agents such as PDES inhibitors (e.g., sildenafil) fail.

5.2.4. Kinin Modulators

Kinins, particularly bradykinin, are peptide molecules with important roles in numerous
physiological processes such as vasodilation, pain perception, and inflammation. Bradykinin
is generated by the kallikrein-kinin system, and it produces its effects by binding to particular
Kinin receptors on target tissues [18]. It is especially renowned for its strong capacity to cause
vascular permeability, leading to swelling and pain in inflammatory reactions. While there are
no direct kinin antagonists in common use, a number of pharmacological agents affect the kinin
system by raising bradykinin levels or by blocking its action, depending on the desired
therapeutic effect [19].

» Angiotensin-Converting Enzyme (ACE) Inhibitors

Angiotensin-Converting Enzyme (ACE) inhibitors, including enalapril, captopril, and others,
are commonly used in the treatment of hypertension and heart failure. These medications exert
their main effect by inhibiting the angiotensin-converting enzyme (ACE), which possesses two

essential functions:

1. Converting angiotensin I to angiotensin Il (a very strong vasoconstrictor that raises

blood pressure).
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2. Degradation of bradykinin: ACE is responsible for the degradation of bradykinin.
By inhibiting ACE, these drugs raise the level of bradykinin, which results in

vasodilation.

The vasodilating action of increased bradykinin levels is useful in lowering blood pressure and
enhancing blood flow, rendering ACE inhibitors useful in the management of hypertension,
congestive heart failure, and renal disease. They additionally have favorable actions on the
remodeling process of the heart and can prevent or treat such diseases as diabetic nephropathy.

But the rise in bradykinin can also lead to unwanted side effects, such as:

e Dry cough: The presence of bradykinin in the respiratory system may trigger the cough
reflex, a frequent side effect among users of most ACE inhibitors.

e Angioedema: Hyperbradykininemia may cause swelling of the deeper dermal layers,

especially in the face, lips, and airway, and can be fatal if it causes laryngeal swelling.

Due to these side effects, certain patients are forced to change to angiotensin Il receptor

blockers (ARBs), which do not modulate the level of bradykinin in the same manner, although

they also maintain blood pressure under control.
» Bradykinin B2 Receptor Antagonists

The B2 bradykinin receptor is the primary receptor involved in mediating the effects of
bradykinin, such as vasodilation, increased vascular permeability, and pain. Through binding
to this receptor, bradykinin triggers downstream signaling pathways that lead to the above
physiological activities.

Icatibant, a B2 receptor antagonist, is a drug that is intended to inhibit the action of bradykinin
at the B2 receptor. Icatibant is mainly applied in the management of hereditary angioedema
(HAE), a rare genetic condition that involves recurrent episodes of severe swelling in different
areas of the body, such as the face, extremities, and airway. The disease is a result of
overproduction of bradykinin during an attack, resulting in hyperpermeability of vessels and

leakage of fluid into tissues, causing swelling and pain.

By inhibiting the B2 receptor, icatibant stops bradykinin from producing its effects and thus
helps in reducing the pain and swelling that is caused by hereditary angioedema. The
medication is given subcutaneously and is most useful in the management of acute HAE

attacks.
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The administration of icatibant decreases the morbidity of this disease and gives symptomatic
relief in attacks. It is a targeted treatment that acts on blocking the definite pathway that causes

the symptoms of HAE and is thus a useful agent in the clinical treatment of this disorder.
» Kallikrein Inhibitors

Kallikrein inhibitors, like ecallantide, inhibit the enzyme kallikrein, which is the enzyme that
produces bradykinin from kininogen. Kallikrein is a central part of the kinin-kininogen system,
where it converts kininogen to bradykinin. Inhibiting kallikrein decreases the production of

bradykinin and counteracts the effects of overproduction of bradykinin.

Ecallantide is a kallikrein inhibitor that is employed in the treatment of hereditary angioedema
(HAE). In HAE, there is an uncontrolled generation of bradykinin, resulting in attacks of
swelling and pain. Ecallantide prevents the generation of excess bradykinin and thereby the

vascular leakage and swelling experienced in HAE attacks.

e Ecallantide is given subcutaneously and is effective in acute HAE attacks, controlling
symptoms such as angioedema and pain.

e In contrast to icatibant, which inhibits the effect of bradykinin at the receptor level,
ecallantide blocks the generation of bradykinin entirely, providing a complementary
therapeutic mechanism in the treatment of HAE.

This drug class is significant in that they interrupt the kallikrein-kinin pathway and prevent
overproduction of bradykinin, thereby relieving the acute manifestations of hereditary
angioedema [20]. Kinins, especially bradykinin, are implicated in a variety of physiological
processes such as vasodilation, pain and inflammation. Although the effects of bradykinin are
generally useful for normal physiological functions, overproduction or uncontrolled production
of bradykinin can result in pathological states like hereditary angioedema and acute

inflammatory reactions.
A number of pharmacological agents regulate the kinin system to yield therapeutic advantages:

e ACE inhibitors (such as enalapril and captopril) elevate bradykinin levels by blocking
ACE, causing vasodilation and reduced blood pressure but may also result in side
effects such as dry cough and angioedema.

e Bradykinin B2 receptor antagonists, such as icatibant, inhibit the action of bradykinin
and are utilized in the treatment of hereditary angioedema to decrease swelling and

pain.
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e Kallikrein inhibitors like ecallantide inhibit the production of bradykinin and are
utilized in the treatment of hereditary angioedema to alleviate swelling and pain
symptoms.

These therapeutic strategies provide effective treatment for conditions that arise from
overactive bradykinin, specifically for hereditary angioedema, and provide specific

interventions to treat the symptoms of vascular leakage and pain that accompany the disease.
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