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TEXT BOOK OF ADVANCE PHARMACOLOGY-I
ABOUT THE BOOK

This Text Book of Advance Pharmacology-I provides a comprehensive foundation in modern pharmacology by
integrating fundamental principles with system-wise therapeutic applications. It begins with pharmacokinetics,
explaining in detail how drugs are absorbed from various routes, distributed into different body compartments,
biotransformed mainly by hepatic enzymes and finally eliminated through renal and non-renal pathways. The concepts
of linear and non-linear compartment models are introduced to quantitatively describe drug disposition, and the clinical
significance of protein binding is emphasized in relation to drug distribution, free drug concentration and potential
interactions. The section on pharmacodynamics clarifies how drugs act at molecular targets, especially receptors, and
how the relationship between drug concentration and effect governs potency, efficacy and safety. It describes the
structural features of receptors, their functional families such as ion channel-linked, G-protein-coupled, enzyme-linked
and nuclear receptors, and presents quantitative aspects of drug—receptor interaction and drug-elicited effects. A
dedicated unit on neurotransmission explains the general aspects and sequential steps of synaptic transmission, covering
synthesis, storage, release, receptor activation and inactivation of neurotransmitters. Neurohumoral transmission in the
autonomic nervous system is discussed with special focus on acetylcholine and adrenaline, while central
neurotransmission includes detailed study of histamine, serotonin, dopamine, GABA, glutamate and glycine, along with
concepts of non-adrenergic non-cholinergic (NANC) transmission and co-transmission. Systemic pharmacology sections
link pathophysiology with pharmacology of parasympathomimetics, parasympatholytics, sympathomimetics,
sympatholytics and agents acting at the neuromuscular junction, highlighting both therapeutic uses and toxicological
aspects. Central nervous system Pharmacology-I deals with the organization of the CNS and the pharmacology of general
and local anaesthetics, as well as sedatives and hypnotics, explaining their mechanisms of action, clinical indications
and adverse effects. Central nervous system Pharmacology-II focuses on drugs used in anxiety, depression, psychosis,
mania and epilepsy, correlating disease mechanisms with drug targets and therapeutic strategies. A further CNS section
covers neurodegenerative disorders and the pharmacology of narcotic and non-narcotic analgesics used for pain
management. Cardiovascular Pharmacology-I encompasses diuretics, antihypertensives, anti-ischemic agents and anti-
arrhythmic drugs, while Cardiovascular Pharmacology-II addresses drugs for heart failure, agents used in hyperlipidemia
and hematinics for the management of different types of anemia. Cardiovascular Pharmacology-Ill elaborates on
coagulants, anticoagulants, fibrinolytics and antiplatelet drugs, stressing their mechanisms, clinical indications and safety
considerations. The final unit on autocoid pharmacology explains the physiological and pathological roles of histamine,
serotonin, kinins, prostaglandins and opioid autacoids, and presents the pharmacology of 5-HT and its antagonists,
linking receptor selectivity to therapeutic application. Overall, the book is structured to bridge basic science with clinical
reasoning, enabling students to understand not only how drugs work but also why and when they are used in rational
therapy.
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TEXT BOOK OF ADVANCE PHARMACOLOGY-I
PREFACE

The authors feel great pleasure in presenting the first edition of the book “Text Book of Advance
Pharmacology-1” ” for graduate and post graduate students. The present book on Text Book of Advance
Pharmacology-I has been written according to the syllabus of M.Pharm-I semester of Pharmacy Council of
India and covers full course of the subject.

THE SALIENT FEATURES OF THE BOOK ARE:-
e Easy to understand style of writing which makes the book a self-study material.

e FEach new concept has been introduced through day-today problem of interest to the students which
makes the subject matter interesting.

o The language of the book, on the whole, is lucid and easy to understand.
e Wherever needed neatly labelled figures have been drawn?

The authors hope that the students, teachers and other readers will find the book interesting and to the point
covering the course. We hope that the students will receive the book warmly.

I express a sincere thank you to the Management of Sunder Faculty of Pharmacy, IFTM University, Guru
Ramdas khalsa institute of science and technology, College of Pharmaceutical sciences School of
Pharmaceutical Sciences, BM College, Teerthanker Mahaveer University, Vels Institute of Science
Technology and Advanced studies for their support during the writing of this book.

Every effort is made to keep the book error free. The author will gratefully acknowledge the suggestions to
improve the book to make it more useful.

Wishing our readers success in examination and life ahead. The authors feel that their efforts will be fully
rewarded if the book serves the purpose for which it is written.
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CHAPTER 1
PHARMACOKINETICS

INTRODUCTION:

Pharmacokinetics refers to the quantitative study of how the body handles a drug from the moment it is administered
until it is eliminated. It describes the time course of drug concentration in different body compartments and explains the
processes that determine how much drug reaches the site of action and how long it stays there. Pharmacokinetics is
classically described by four major processes—absorption, distribution, metabolism, and excretion—collectively known
as ADME. These processes govern the intensity and duration of a drug’s action and allow prediction of appropriate
dose, dosing interval, and route of administration.

Pharmacokinetics begins with absorption, the movement of a drug from the site of administration into the systemic
circulation. Absorption depends on the physicochemical properties of the drug such as lipid solubility, degree of
ionization, molecular size, and formulation, as well as physiological factors like blood flow, membrane permeability,
and pH at the site of absorption. Passive diffusion is the most common mechanism, but facilitated diffusion, active
transport, and endocytosis also participate for specific drugs. The proportion of the administered dose that reaches
systemic circulation unchanged is called bioavailability, which is especially important for orally administered drugs
because they undergo variable absorption and first-pass metabolism.

After entering the bloodstream, the drug undergoes distribution, the reversible transfer between the blood and tissues.
Distribution is influenced by plasma protein binding (mainly to albumin for acidic drugs and al-acid glycoprotein for
basic drugs), perfusion of tissues, lipid solubility, pH gradients, and the presence of barriers like the blood—brain barrier
or placental barrier. Only the free, unbound fraction of the drug is pharmacologically active and available to cross
membranes. The concept of volume of distribution (Vd) expresses how extensively a drug distributes into tissues
relative to the plasma; drugs with high Vd penetrate deeply into tissues, while drugs with low Vd remain mainly in the
vascular compartment.

As the drug circulates, the body begins to metabolize it. Metabolism (biotransformation) mainly occurs in the liver but
also in the intestine, kidneys, lungs, and plasma. The aim of metabolism is to convert lipid-soluble drugs into more
water-soluble metabolites that can be excreted easily. Metabolism occurs in two phases: Phase I reactions (oxidation,
reduction, hydrolysis), primarily mediated by the cytochrome P450 enzyme system, introduce or expose functional
groups. Phase Il reactions such as glucuronidation, sulfation, acetylation, and glutathione conjugation add polar groups,
making the drug more hydrophilic. Some drugs become activated or produce toxic metabolites during this process.

The final step is excretion, which removes drugs and their metabolites from the body. The kidneys are the major route,
eliminating drugs through glomerular filtration, tubular secretion, and tubular reabsorption. Factors like urine pH and
renal function greatly influence elimination. Other routes include bile (enterohepatic circulation may prolong drug
action), lungs (for volatile anesthetics), sweat, saliva, and breast milk. The efficiency of elimination is expressed by
clearance, which represents the volume of plasma completely cleared of the drug per unit time. Related to this is the
elimination half-life (t'%), the time required for the plasma concentration to reduce by half, determining how quickly
dosing must be repeated to maintain therapeutic levels.

Pharmacokinetics also includes concepts such as steady-state concentration achieved during repeated dosing, first-
order and zero-order kinetics describing the rate of drug elimination, area under the curve (AUC) which reflects
total drug exposure, and therapeutic drug monitoring especially for drugs with narrow therapeutic windows.
Ultimately, pharmacokinetics provides the mathematical and physiological framework needed to optimize drug therapy
by selecting the correct dose, route, and schedule to achieve maximal therapeutic effect with minimal toxicity.

THE DYNAMICS OF DRUG ABSORPTION

1. Drug absorption refers to the movement of a drug from its site of administration into the systemic circulation,
and its dynamics describe how fast and how completely this movement occurs. It determines the onset of action
and therapeutic effectiveness because only the absorbed portion becomes available to tissues.

2. The primary driving force for most drug absorption is passive diffusion, where the drug moves down its
concentration gradient across biological membranes. This process requires no energy, and the rate depends on
membrane permeability and the physicochemical nature of the drug.

3. Lipid solubility plays a major role in absorption dynamics because biological membranes are lipophilic. Drugs
that are highly lipid-soluble penetrate cell membranes more easily and are absorbed at a faster rate than water-
soluble drugs.
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Ionization of a drug influences its ability to cross membranes; the non-ionized form is more lipid soluble and
thus more readily absorbed. The relationship between drug pKa and physiological pH determines the proportion
of ionized to non-ionized forms at any site.

The surface area available for absorption strongly affects absorption dynamics; the small intestine, with its vast
villi and microvilli, offers the largest surface area in the body and therefore is the principal site for absorption
of most orally administered drugs.

Blood flow to the absorption site maintains the concentration gradient by removing absorbed drug and bringing
fresh unabsorbed drug into contact with the membrane. Tissues with rich perfusion, such as muscle, allow rapid
absorption, while poor perfusion slows it.

Drug formulation and dosage form influence how quickly a drug dissolves and becomes available for
absorption. Solutions are absorbed faster than suspensions or tablets, and technologies such as enteric coating
or sustained-release systems modify the release pattern and absorption rate.

Gastric emptying time influences oral drug absorption by determining how quickly a drug reaches the small
intestine. Faster gastric emptying leads to quicker absorption for most drugs, whereas delayed emptying slows
the absorption process.

The presence of food can alter absorption dynamics by modifying gastric pH, slowing gastric emptying,
interacting chemically with drugs, or enhancing solubility of lipophilic drugs. Therefore, absorption may
increase or decrease depending on the drug’s properties.

First-pass metabolism affects the extent of drug absorption for orally administered drugs. Drugs absorbed from
the intestine enter the portal circulation and may be significantly metabolized in the intestinal mucosa or liver
before entering systemic circulation, reducing bioavailability.

Transport proteins such as P-glycoprotein in the intestinal wall play a role in absorption dynamics by pumping
absorbed drug molecules back into the intestinal lumen, thereby reducing net absorption. Drugs or foods that
inhibit or induce these transporters alter absorption efficiency.

Disease conditions significantly influence absorption; gastrointestinal disorders like diarrhea reduce contact
time and lower absorption, while conditions like malabsorption syndrome or reduced perfusion states hamper
uptake of drugs.

Age-related changes affect absorption patterns; infants have immature gastric enzymes, higher gastric pH, and
slower gastric emptying, while elderly individuals often have reduced gastric motility and altered blood flow,
influencing absorption predictably.

Drug—drug interactions at the absorption level are common and influence dynamics; for example, antacids alter
gastric pH and drug ionization, while calcium or iron form insoluble complexes with certain antibiotics,
reducing their absorption.

The net result of all absorption processes is reflected in the bioavailability of a drug, which represents the
fraction of the administered dose that reaches systemic circulation unchanged. High bioavailability indicates
efficient absorption, while low bioavailability suggests significant losses due to poor absorption or extensive
first-pass metabolism.

THE DYNAMICS OF DRUG DISTRIBUTION

1.

Drug distribution refers to the reversible transfer of a drug between the systemic circulation and various body
tissues, and its dynamics describe how rapidly and extensively a drug spreads throughout different
compartments after absorption or administration. It determines the onset, intensity, and duration of drug action
in target tissues.

The distribution process begins once the drug enters the bloodstream and depends heavily on tissue perfusion.
Highly vascular organs such as the liver, kidneys, lungs, and brain receive drugs faster, whereas poorly perfused
tissues like fat, skin, and bone receive drugs slowly, influencing distribution rate.

Capillary permeability plays a major role in distribution dynamics. Fenestrated capillaries found in liver and
kidney allow easy passage of most drugs, while tight junctions in the blood—brain barrier severely restrict entry
to only highly lipid-soluble or transporter-assisted molecules.

Plasma protein binding greatly modifies drug distribution. Many drugs bind to albumin (acidic drugs) or al-
acid glycoprotein (basic drugs). Only the free, unbound fraction is pharmacologically active and available to
distribute. High protein binding reduces free drug concentration and slows distribution, but displacement
interactions can suddenly increase free levels.

Lipid solubility strongly influences tissue penetration. Lipophilic drugs readily cross cell membranes and
accumulate in fatty tissues, creating large apparent volumes of distribution and prolonged duration of action due
to slow release from these reservoirs.

The degree of ionization affects distribution because only the non-ionized form crosses biological membranes
ecasily. Local pH differences between tissues can cause ion trapping, where a drug becomes ionized in a
compartment and gets retained, altering distribution patterns.
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The volume of distribution (Vd) is a key parameter describing how extensively a drug distributes relative to the
plasma. A small Vd suggests confinement within the vascular compartment, while a large Vd indicates extensive
tissue binding or storage. Vd influences loading dose calculations and predicts tissue penetration.

Blood flow alterations significantly affect distribution dynamics. Conditions like shock, heart failure, or
vasoconstriction reduce perfusion to peripheral tissues and therefore slow drug distribution, while increased
cardiac output enhances distribution rate.

Physiological barriers such as the blood—brain barrier, placental barrier, and blood—testis barrier restrict drug
movement. Only lipid-soluble drugs or those using specific transporters can cross these barriers efficiently, thus
influencing CNS or fetal exposure.

Tissue binding affects both the rate and extent of distribution. Drugs that bind strongly to tissue proteins or
intracellular structures accumulate in specific organs, creating depot effects. This may prolong drug action or
cause toxicity in organs where drugs accumulate, such as aminoglycoside accumulation in renal tissue.

Drug characteristics such as molecular size influence distribution. Small molecules readily penetrate membranes
and capillaries, whereas large molecules, like biologics and monoclonal antibodies, remain largely in the
vascular and interstitial compartments.

Disease states significantly modify distribution dynamics. Hypoalbuminemia increases free drug concentration
due to reduced protein binding, while obesity increases distribution of lipophilic drugs due to larger fat stores.
Edema, ascites, and burns also alter fluid compartments and affect hydrophilic drug distribution.

Age influences distribution patterns. Neonates have higher body water content, lower plasma protein levels, and
immature barriers, making hydrophilic drugs distribute more widely, whereas elderly individuals have increased
fat stores and decreased total body water, affecting distribution of both lipophilic and hydrophilic drugs.
Drug—drug interactions strongly modify distribution when two drugs compete for the same plasma protein
binding sites. Displacement increases free drug concentration and can enhance therapeutic or toxic effects
depending on the drug’s safety margin.

Transporters play a role in distribution dynamics. Efflux pumps such as P-glycoprotein present in tissues like
the brain or placenta limit drug penetration by actively transporting drugs out of cells, influencing their
distribution profile.

Redistribution is an important phenomenon in distribution dynamics, especially for highly lipid-soluble drugs.
Drugs initially enter well-perfused organs (brain, heart) and later redistribute to less-perfused tissues (fat,
muscle), decreasing drug concentration at the site of action and terminating effects, as seen with IV anesthetics
like thiopental.

The physicochemical and biological factors together determine how much drug reaches its target tissues, how
long it stays there, and how quickly it returns to systemic circulation for elimination. These dynamics play a
crucial role in dose selection, therapeutic monitoring, and predicting drug effects.

Overall, the extent and rate of distribution influence therapeutic outcomes, determine loading dose requirements,
contribute to adverse effects in specific organs, and govern how quickly a drug’s action begins and ends after
administration.

THE DYNAMICS OF DRUG BIOTRANSFORMATION

1.

Drug biotransformation, or metabolism, refers to the chemical alteration of drugs in the body into metabolites
that are usually more water-soluble, less active, and easier to excrete. The dynamics describe how rapidly and
extensively these metabolic changes occur, influencing drug action, duration, and toxicity.

The liver is the primary organ responsible for drug metabolism due to its high concentration of metabolic
enzymes, large blood flow, and strategic position receiving drugs directly from the gastrointestinal tract through
the portal system. Extrahepatic sites such as intestine, lung, kidney, plasma, and skin also contribute.

Drug metabolism occurs mainly in two phases—Phase 1 (functionalization) and Phase II (conjugation)—and
the dynamics depend on how efficiently these enzyme systems act on the drug molecules.

Phase I reactions introduce or expose functional groups (—OH, -NH2, —SH) through oxidation, reduction, or
hydrolysis, usually mediated by cytochrome P450 enzymes. These reactions often increase polarity and may
activate, inactivate, or sometimes toxify a drug.

The cytochrome P450 (CYP450) enzyme system is the most important contributor to biotransformation
dynamics. Enzyme levels vary among individuals due to genetics, diet, disease, and drug interactions, which
explains variability in metabolic capacity and drug response.

Phase II reactions conjugate the drug or its Phase I metabolite with endogenous substrates such as glucuronic
acid, sulfate, acetate, methyl group, or glutathione. These reactions generally produce highly water-soluble,
inactive metabolites facilitating rapid elimination.

The rate of metabolism depends on enzyme availability and substrate concentration, following Michaelis—
Menten kinetics. At low drug concentrations, metabolism follows first-order kinetics, but at high concentrations,
enzymes may saturate, leading to zero-order metabolism and risk of toxicity.
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Genetic polymorphisms in metabolic enzymes significantly influence biotransformation dynamics. For
example, slow and fast acetylators differ in isoniazid metabolism, affecting therapeutic outcomes and toxicity
risk.

Age affects metabolic capacity. Neonates have immature enzyme systems, leading to reduced
biotransformation, while elderly individuals often have decreased hepatic blood flow and reduced enzyme
activity, slowing metabolism.

Hepatic blood flow is a critical factor in the dynamics of biotransformation. High-extraction drugs (e.g.,
propranolol, lidocaine) are limited by liver perfusion, while low-extraction drugs (e.g., warfarin, phenytoin) are
limited by enzyme activity.

Liver diseases such as cirrhosis, hepatitis, or fatty liver reduce metabolic capacity. This impairment increases
drug half-life, enhances toxicity risk, and necessitates dose adjustments.

Enzyme induction plays a key role in metabolic dynamics. Certain drugs (e.g., rifampicin, carbamazepine),
foods, or environmental chemicals increase enzyme synthesis, accelerating metabolism and reducing drug
efficacy by lowering plasma levels.

Enzyme inhibition reduces metabolic activity. Drugs like cimetidine, macrolide antibiotics, and azole
antifungals inhibit CYP450 enzymes, slowing metabolism and increasing plasma levels of concurrently
administered drugs, raising the risk of adverse effects.

First-pass metabolism significantly affects the amount of orally administered drug reaching systemic
circulation. Drugs with high first-pass effect (e.g., nitroglycerin, propranolol) undergo extensive metabolism
before entering systemic circulation, resulting in low oral bioavailability.

Formation of active metabolites is an important part of metabolic dynamics. Some drugs are prodrugs (e.g.,
codeine — morphine, enalapril — enalaprilat) that require metabolism to produce their active form. In such
cases, biotransformation is essential for therapeutic action.

Toxic metabolites may form during metabolism. Paracetamol produces a reactive metabolite (NAPQI) via
CYP2E1, which can cause hepatotoxicity when glutathione stores are depleted. Thus, metabolism dynamics
influence drug safety.

Drug interactions affecting metabolic enzymes can drastically alter therapeutic outcomes. Co-administration of
enzyme inducers or inhibitors changes the rate of metabolism and thereby the plasma concentration of other
drugs.

Diseases affecting extrahepatic tissues (e.g., kidney, lung) also modify metabolism for drugs metabolized
outside the liver, altering total biotransformation capacity.

Biotransformation dynamics ultimately determine drug clearance, therapeutic window maintenance, steady-
state levels, and dosing regimen adjustments required for safe and effective therapy.

THE DYNAMICS OF DRUG ELIMINATION

1.

10.

Drug elimination is the process by which a drug is irreversibly removed from the body, mainly through
metabolism (biotransformation) and excretion.

The liver and kidneys are the two major eliminating organs, with minor contributions from lungs, skin,
saliva, tears, sweat, and breast milk.

Elimination determines the duration of drug action, because a drug’s effect ends when its concentration falls
below the minimum effective concentration (MEC).

Elimination follows either first-order or zero-order Kkinetics, each producing distinct concentration—time
profiles.

First-order elimination is the most common, where a constant fraction of drug is removed per unit time and
the rate is proportional to plasma concentration.

Zero-order elimination occurs when eliminating pathways become saturated, causing a constant amount
of drug to be removed per unit time, independent of concentration.

Clearance (CL) is the most important quantitative measure of elimination, expressing the volume of plasma
cleared of drug per unit time.

Total body clearance is the sum of renal, hepatic, biliary, pulmonary, and minor clearances, reflecting
combined eliminating mechanisms.

Renal excretion involves filtration, secretion, and reabsorption, each influenced by drug size, protein
binding, ionization, and urine pH.

Glomerular filtration removes only free, unbound drug, because protein-bound drugs cannot pass through
the filtration barrier.
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Active tubular secretion is carrier-mediated and may be saturated, allowing competition between drugs
(e.g., penicillin and probenecid).

Tubular reabsorption depends on lipophilicity and ionization, with lipid-soluble, non-ionized drugs being
reabsorbed more easily.

Manipulation of urine pH can enhance elimination, such as alkalinizing urine for salicylate toxicity or
acidifying urine for amphetamines.

Hepatic elimination depends on hepatic blood flow, enzymatic activity, and protein binding, which
together affect hepatic clearance.

Drugs with high hepatic extraction (e.g., propranolol) are flow-limited, meaning elimination depends
mainly on liver perfusion.

Drugs with low hepatic extraction (e.g., phenytoin) are capacity-limited, meaning enzyme activity
determines their removal.

Biliary excretion is important for large, polar molecules, especially conjugated metabolites that undergo
enterohepatic circulation.

Enterohepatic recycling delays elimination, prolongs half-life, and increases drug exposure (e.g., oral
contraceptives, morphine).

Half-life (t'2) is a crucial elimination parameter, representing the time required for plasma concentration to
decrease by 50%.

Half-life is affected by both clearance and volume of distribution, and helps determine dosing intervals and
steady-state concentration.

Steady state is reached when drug input equals drug elimination, generally after 4-5 half-lives of repeated
dosing.

Elimination capacity may change physiologically or pathologically, being reduced in renal insufficiency,
liver disease, aging, and neonates.

Drug interactions can alter elimination, such as enzyme inducers increasing clearance or inhibitors reducing
it.

Genetic polymorphisms in metabolic enzymes also influence elimination, causing differences in drug
response between individuals.

Impaired elimination leads to drug accumulation, which increases toxicity risk and requires dose adjustment
or therapeutic drug monitoring.

CONCEPTS OF LINEAR COMPARTMENT MODELS

1.

Linear compartment models are mathematical representations of how a drug moves through the body,
dividing the body into hypothetical compartments where the drug distributes uniformly.

They are called “linear” because drug transfer between compartments follows first-order Kinetics,
meaning the rate is proportional to drug concentration.

Compartment models simplify complex biological tissues into functional spaces, allowing prediction of
plasma levels, tissue levels, and drug behavior over time.

These models do not represent any actual anatomical structure, but rather describe kinetic behavior in an
idealized manner.

The key assumption is that within each compartment, the drug distributes instantaneously and
homogeneously, so concentration is uniform throughout that space.

Drug movement between compartments occurs by linear rate constants, such as ki for transfer from central
to peripheral and ko1 for return.

The central compartment typically includes plasma and well-perfused tissues, which rapidly equilibrate
with the bloodstream.

Peripheral compartments represent poorly perfused tissues, such as muscle, fat, or bone, which equilibrate
slowly with the drug.
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The simplest model is the one-compartment model, where the drug distributes instantly throughout the body
and elimination occurs from the same compartment.

One-compartment models describe drugs that mix rapidly and evenly, such as aminoglycosides after IV
dosing.

In one-compartment linear kinetics, plasma concentrations decline mono-exponentially, producing a
straight line on a semi-logarithmic plot.

The two-compartment model includes a central compartment and a peripheral compartment, giving a
biphasic plasma concentration curve.

The initial rapid decline in two-compartment models represents distribution phase (a-phase) as drug
moves from central to tissues.

The later slower decline represents elimination phase (B-phase) once distribution equilibrium is reached.
Two-compartment behavior applies to drugs with slower tissue distribution, such as digoxin or thiopental.

Rate constants control flow between compartments, and each constant (kiz, k21, kio) mathematically defines
the movement or elimination rate.

The model allows calculation of secondary parameters, such as volume of distribution, clearance, half-life,
and area under the curve (AUC).

Linear compartment models assume that drug elimination is first-order, so a constant fraction is removed
per unit time.

They also assume that physiological processes remain constant, meaning no saturation of enzymes, no
changes in blood flow, and no capacity-limited systems.

These models help in designing dosage regimens, predicting steady state, and adjusting doses in renal or
hepatic impairment.

They allow simulation of concentration—time profiles, which helps in understanding drug accumulation
during repeated dosing.

Multi-compartment models (three or more compartments) describe highly complex distribution patterns,
but are rarely used clinically due to difficulty in data fitting.

Despite simplification, compartment models closely approximate real drug behavior, making them
essential tools in pharmacokinetics.

They form the basis of pharmacokinetic modeling software, therapeutic drug monitoring, and advanced
PK/PD simulations.

Overall, linear compartment models provide structured, predictable, and mathematically manageable
frameworks, enabling accurate understanding of drug absorption, distribution, metabolism, and elimination.

CONCEPTS OF NON-LINEAR COMPARTMENT MODELS

1.

Non-linear compartment models describe drug Kinetics in which drug movement, metabolism, or
elimination does not follow first-order kinetics, meaning the rate is not directly proportional to the drug
concentration.

These models arise when biological systems become saturated, such as enzymes, transporters, protein-
binding sites, or excretory mechanisms reaching their maximum capacity.

The key feature is that pharmacokinetic parameters like clearance, half-life, and volume of distribution
change with dose, instead of remaining constant as in linear models.

Non-linear kinetics often follow Michaelis—Menten principles, where metabolism occurs by enzyme systems
with finite capacity (Vmax) and affinity (Km).

At low drug concentrations, elimination resembles first-order kinetics, because enzymes are unsaturated
and proportionality with concentration is maintained.

At high concentrations, elimination becomes zero-order or capacity-limited, because enzymes reach Vmax
and cannot work faster even if drug concentration increases.

The plasma concentration—time curve becomes curved and unpredictable, deviating from the straight-line
logarithmic decline seen in linear models.

Small dose changes may cause disproportionately large changes in plasma concentration, making drug
accumulation and toxicity difficult to predict.
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Clearance (CL) decreases as dose increases, because elimination mechanisms get saturated and cannot clear
the drug efficiently.

Half-life (t'2) increases at higher concentrations, extending the duration of action and delaying steady-state
achievement.

Non-linear models often apply to drugs with narrow therapeutic index, making precise dosing adjustments
critical for safety.

Examples include phenytoin, ethanol, salicylates, and theophylline, all of which exhibit saturation kinetics
at therapeutic or near-toxic levels.

Non-linear kinetics may arise from saturable protein binding, where binding sites become full, increasing
the free fraction and enhancing pharmacologic effect.

Active transport processes in absorption or excretion can also saturate, producing non-linear changes in
bioavailability or renal clearance.

Saturable first-pass metabolism leads to dose-dependent increases in oral bioavailability, causing higher
systemic exposure.

Non-linear compartment models account for variability in absorption rate when uptake carriers become
saturated at higher doses.

These models incorporate concentration-dependent rate constants, meaning k values (like kiz, ka1, or kio)
are not fixed but change with drug amount.

Mathematical modeling uses differential equations considering Vmax and Km, replacing simple first-order
constant-rate equations of linear models.

They allow prediction of plasma levels during high-dose therapy, especially for drugs whose kinetics shift
between first-order and zero-order.

Therapeutic drug monitoring becomes essential, because dosing must be individualized based on measured
plasma concentrations.

Non-linear models also explain drug—drug interactions, where competition for the same metabolic enzyme
can cause saturation and unpredictable accumulation.

Physiological states such as liver disease, renal impairment, and genetic polymorphisms amplify non-
linear behavior, as metabolic capacity becomes reduced.

These models highlight that elimination does not increase proportionally with plasma concentration,
leading to challenges in dose titration.

Graphically, non-linear Kkinetics show curved concentration—time and dose-response relationships,
instead of straight or proportionate plots.

Overall, non-linear compartment models provide a realistic understanding of drugs with dose-dependent
kinetics, ensuring safe therapeutic management where standard linear assumptions fail.

SIGNIFICANCE OF PROTEIN BINDING

1.

Protein binding refers to the reversible attachment of drug molecules to plasma proteins, mainly albumin,
al-acid glycoprotein, and lipoproteins, forming bound and unbound fractions.

Only the unbound (free) drug is pharmacologically active, because it can cross membranes, bind to receptors,
and produce therapeutic or toxic effects.

Protein binding regulates the distribution of drugs, since highly bound drugs remain largely in the vascular
compartment and distribute more slowly into tissues.

It influences the apparent volume of distribution (Vd), where highly bound drugs have a smaller Vd, and
poorly bound drugs have a larger Vd.

Protein-bound drug serves as a reservoir, slowly releasing drug into circulation to maintain free drug levels
over time.

The extent of binding affects the intensity and duration of drug action, because binding reduces immediate
free concentration but prolongs overall action.

Only free drug undergoes glomerular filtration, so protein-binding strongly influences renal clearance;
highly bound drugs are eliminated more slowly.

Protein binding alters drug elimination, because hepatic metabolism and tubular secretion depend on the
availability of free drug.

Highly bound drugs show longer half-life, since lower free concentration slows elimination and prolongs
persistence in the body.
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Binding protects drugs from rapid metabolism, by sequestering them in circulation, reducing availability to
metabolic enzymes.

Displacement interactions occur when two drugs compete for the same binding sites, causing a sudden
increase in free drug concentration of one or both drugs.

Such displacement can lead to toxicity, especially with narrow therapeutic index drugs like warfarin,
phenytoin, and sulfonylureas.

Protein binding is saturable, meaning at high drug concentrations, available protein sites may become fully
occupied, increasing free drug disproportionately.

Disease states like hypoalbuminemia reduce protein binding, increasing free drug concentration and
enhancing both effect and toxicity.

Chronic liver disease reduces albumin synthesis, making dose adjustments essential for highly bound drugs.

Renal failure increases retention of endogenous substances, which compete with drugs for binding and
increase the free fraction.

Inflammation increases al-acid glycoprotein levels, which increases binding of basic drugs and reduces their
free concentration.

Age affects binding capacity, with neonates and elderly patients showing lower protein-binding ability,
requiring dose reductions.

Protein-binding influences drug absorption, as highly bound drugs have low oral bioavailability if they are
extensively bound within the intestinal wall.

It also affects tissue perfusion, because only free drug can equilibrate between blood and tissues, determining
distribution rates.

Competitive inhibition at binding sites leads to unpredictable pharmacokinetics, complicating dosing and
requiring monitoring.

Differences in protein-binding profile cause inter-individual variability, making dosing individualized
rather than universal.

Protein-binding capacity helps predict drug—drug interactions, especially in polypharmacy or critically ill
patients.

Many clinical dosing guidelines are based on free drug levels, not total drug concentration, for drugs with
high protein binding.

Overall, protein binding is a key determinant of pharmacokinetics, influencing absorption, distribution,
metabolism, elimination, therapeutic effect, toxicity, and drug—drug interactions.
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MCQs — Pharmacokinetics

L.

Pharmacokinetics studies:
a. Mechanism of drug action

b. Time course of drug concentration in the body

c. Drug-receptor interaction
d. Drug formulation only

The fraction of administered drug reaching systemic circulation unchanged is called:

a. Clearance

b. Bioavailability

c. Half-life

d. Volume of distribution

Most drugs are absorbed via:

a. Filtration

b. Passive diffusion

c. Endocytosis

d. Facilitated diffusion only

High lipid solubility of a drug:

a. Decreases absorption

b. Increases absorption

c. Has no effect on absorption

d. Increases first-pass metabolism
Phase I metabolism includes:

a. Glucuronidation

b. Oxidation

c. Sulfation

d. Acetylation

Phase II metabolism generally:

a. Activates drugs

b. Converts drugs to less polar forms
c. Conjugates drugs to polar molecules
d. Occurs only in kidneys

First-pass metabolism mainly occurs in:

a. Liver and intestinal mucosa

b. Lungs

c. Kidneys

d. Skin

Volume of distribution (Vd) expresses:
a. Rate of metabolism

b. Extent of distribution relative to plasma

c. Clearance per unit time
d. Bioavailability

Only drug undergoes glomerular filtration:

a. Bound

b. Free

c. Lipophilic
d. Ionized

10. Drugs with high protein binding:

a. Have larger Vd

b. Have smaller Vd

c. Are eliminated faster
d. Are highly toxic

11. First-order elimination:

a. Constant amount removed per unit time
b. Constant fraction removed per unit time

c. Independent of concentration
d. Saturable
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Zero-order elimination:

a. Fractional elimination is constant

b. Amount eliminated is constant

c. Follows first-order kinetics at all concentrations
d. Only occurs for water-soluble drugs

Drugs with non-linear kinetics:

a. Exhibit dose-dependent half-life

b. Show constant clearance

c. Follow first-order kinetics at all concentrations
d. Are never protein-bound

Example of a drug with non-linear pharmacokinetics:
a. Diazepam

b. Phenytoin

c. Aspirin (low dose)

d. Paracetamol

Enterohepatic circulation:

a. Accelerates elimination

b. Reduces bioavailability

c. Prolongs half-life

d. Has no effect

One-compartment model assumes:

a. Drug distributes slowly into tissues

b. Instantaneous uniform distribution

c. Saturable metabolism

d. Non-linear kinetics

Two-compartment model shows:

a. Single exponential decline

b. Biphasic decline: distribution (o) and elimination () phases
c. Zero-order elimination only

d. No redistribution

Saturable protein binding can lead to:

a. Linear kinetics

b. Non-linear kinetics

c. Reduced free drug fraction

d. Decreased half-life

Drugs highly bound to albumin:

a. Have increased free fraction in hypoalbuminemia
b. Are eliminated faster

c. Are never toxic

d. Show decreased volume of distribution in hypoalbuminemia
Redistribution is commonly seen with:

a. Antibiotics

b. IV anesthetics

c. NSAIDs

d. Diuretics

Short Questions

VOB WD

10
11.

12.

Define pharmacokinetics.

What is bioavailability?

Name the four major processes of pharmacokinetics.
Define absorption and its importance.

List factors affecting drug absorption.

What is first-pass metabolism?

Define volume of distribution (Vd).

What is plasma protein binding?

Difference between free and bound drug.

Name two plasma proteins involved in drug binding.
Define Phase I metabolism.

Define Phase II metabolism.
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What is clearance (CL)?

Define half-life (t'%).

What is steady-state concentration?

Difference between first-order and zero-order kinetics.
What is a one-compartment model?

What is a two-compartment model?

Give an example of a drug with non-linear kinetics.
What is enterohepatic circulation?

Long Questions

PN RO =

10.

Explain the process and dynamics of drug absorption, including factors affecting rate and extent.

Discuss the dynamics of drug distribution, considering protein binding, tissue perfusion, and barriers.

Describe drug metabolism in detail, including Phase I and Phase II reactions and clinical significance.

Explain renal elimination, including glomerular filtration, tubular secretion, and reabsorption.

Define clearance, half-life, and steady-state, with examples and clinical relevance.

Describe linear compartment models, including one- and two-compartment kinetics, assumptions, and applications.
Explain non-linear pharmacokinetics, causes of saturation, and clinical implications.

Discuss the significance of plasma protein binding in pharmacokinetics, including effects on distribution,
elimination, and drug interactions.

Explain how physiological and pathological conditions (age, liver or kidney disease, hypoalbuminemia) affect
pharmacokinetic processes.

Discuss the clinical importance of therapeutic drug monitoring and dose adjustments based on pharmacokinetic
principles.

Answer Key - MCQs
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CHAPTER 2
PHARMACODYNAMICS

INTRODUCTION:

Pharmacodynamics (PD) is the branch of pharmacology that studies the biochemical and physiological
effects of drugs on the body and the mechanisms of drug action. While pharmacokinetics focuses on “what the body
does to the drug” (absorption, distribution, metabolism, excretion), pharmacodynamics focuses on “what the drug does
to the body” — that is, the relationship between drug concentration at the site of action and the resulting effect,
including the time course and intensity of therapeutic and toxic effects.

Key Concepts in Pharmacodynamics
1. Mechanism of Drug Action

a. Drugs exert their effects by interacting with molecular targets, often called receptors, enzymes, ion
channels, or transport proteins.

b. The interaction can activate or inhibit normal physiological processes, leading to therapeutic or
adverse effects.

2. Drug-Receptor Interaction
a. Most drugs act by binding to specific receptors on cells.

b. Binding depends on the affinity of the drug for the receptor and may result in agonist or antagonist
effects:

i.  Agonist: Binds to receptor — activates it — mimics natural ligand effect.
ii.  Antagonist: Binds to receptor — blocks it — prevents activation by natural ligand.
iii.  Partial agonist: Activates receptor, but with less effect than full agonist.
3. Dose-Response Relationship
a. Describes how drug effect changes with concentration or dose.
b. Key parameters:
i.  Potency: Amount of drug needed to produce a given effect.
ii.  Efficacy: Maximum effect a drug can produce.
iii.  Therapeutic window/index: Range of doses that produce therapeutic effect without toxicity.
c. Typically represented graphically as dose-response curves.
4. Types of Drug Effects
a. Therapeutic effects: Desired, beneficial outcomes.
b. Adverse effects: Unintended, harmful effects.
c. Side effects: Predictable, usually dose-dependent effects not related to the main therapeutic action.
d. Toxic effects: Severe, potentially life-threatening effects.
5. Factors Affecting Drug Response
a. Receptor density and sensitivity
b. Genetic factors (pharmacogenomics)

c. Age, sex, disease state

&~

Drug interactions
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6. Quantitative Pharmacodynamics
a. Uses mathematical models to describe drug-receptor interactions and effect-response relationships:
i.  Emax model: Effect = (Emax % C) / (EC50 + C)

Where Emax = maximum effect, C = drug concentration, EC50 = concentration producing 50%
of Emax.

ii.  Helps in dose selection and predicting response in patients.
7. Therapeutic Implications
a. Understanding pharmacodynamics is crucial for:
i.  Optimizing drug selection
ii.  Determining dosage regimens
ili. ~ Minimizing adverse effects
iv.  Developing new drugs targeting specific pathways.

In simple terms: pharmacodynamics tells us how and why a drug works, how strong its effect is, and how the body
responds to it, forming the foundation for rational drug therapy.

MECHANISM OF DRUG ACTION AND THE RELATIONSHIP BETWEEN DRUG CONCENTRATION
AND EFFECT

1. Mechanism of Drug Action

Drugs produce their effects by interacting with specific molecular targets in the body, altering biological processes.
This interaction can either mimic or block natural physiological signals.

Key mechanisms include:

a) Receptor-Mediated Actions
1. Most drugs act via receptors, which are usually proteins located on the cell membrane, cytoplasm, or nucleus.
2. Steps of receptor-mediated drug action:

a. Drug binds receptor: Binding depends on affinity (strength of binding) and specificity (selectivity for
receptor type).

b. Receptor activation/inhibition: Drug may activate the receptor (agonist) or block it (antagonist).

c. Signal transduction: Activated receptor triggers intracellular signaling, such as enzyme activation,
ion channel opening, or gene transcription.

d. Cellular response: The signal leads to a physiological effect, which can be therapeutic or toxic.
Types of receptor interactions:
1. Agonist: Activates receptor to produce full effect (e.g., morphine on opioid receptors).
2. Partial agonist: Produces weaker effect than full agonist (e.g., buprenorphine).

3. Antagonist: Binds receptor but does not activate it; blocks agonist effect (e.g., propranolol on B-adrenergic
receptors).

4. Inverse agonist: Produces effect opposite to the natural ligand (rare, e.g., some GABA receptor drugs).
b) Enzyme Inhibition or Activation

1. Some drugs inhibit enzymes, preventing formation of a product (e.g., ACE inhibitors block conversion of
angiotensin [ — angiotensin II).

2. Others activate enzymes, enhancing metabolic reactions.
¢) Ion Channel Modulation
1. Drugs can open or block ion channels, altering membrane potential and cell excitability.

2. Example: Local anesthetics block sodium channels, preventing nerve conduction.
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d) Transporter Interaction
1. Drugs can block or enhance transporters, affecting neurotransmitter or ion movement.
2. Example: SSRIs inhibit serotonin reuptake, increasing serotonin levels in synapses.
¢) Non-Receptor Mediated Actions
1. Some drugs act by physicochemical mechanisms, without binding receptors:
a. Antacids neutralize stomach acid.
b. Osmotic diuretics increase urine output by osmotic effect.
2. Relationship Between Drug Concentration and Effect

Pharmacodynamics quantitatively describes how the intensity of a drug effect relates to its concentration at the site
of action. This is often represented as a dose-response or concentration-response relationship.

a) Key Concepts
1. Efficacy (Emax): Maximum effect a drug can produce.
2. Potency (EC50): Concentration (or dose) at which a drug produces 50% of its maximum effect.
3. Therapeutic window/index: Range of concentrations producing desired effect without toxicity.
b) Types of Dose-Response Relationships
1. Graded dose-response curve (for single patient or tissue):
a. Plots effect (E) vs. drug concentration (C).
b. Shows incremental increase in effect with increasing concentration.
c. [Example: Analgesic effect vs. plasma concentration of morphine.
2. Quantal dose-response curve (population-based):
a. Plots % of population responding vs. dose.
b. Used to determine ED50 (dose effective in 50% of population) and LD50 (lethal dose in 50%).
¢) Mathematical Model

The classical Emax model describes drug effect as:
E = Emax ) C
ECs +C

Where:
1. E =observed effect
2. Emax = maximum effect
3. C =drug concentration
4. ECS50 = concentration producing 50% of maximum effect
Interpretation:
1. Atlow concentrations (C << EC50), effect increases linearly with concentration.
2. At high concentrations (C > EC50), effect plateaus near Emax.
d) Factors Modifying Drug Response
1. Receptor number and sensitivity (up-regulation or down-regulation)
2. Drug-receptor affinity
3. Presence of competitive antagonists

4. Patient-specific factors: age, genetics, disease, co-administered drugs
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RECEPTOR

In pharmacodynamics, a receptor is a specific molecular structure, usually a protein, on or inside a cell, that
a drug (or endogenous ligand like a hormone or neurotransmitter) binds to, producing a biological effect. Receptors are
the primary targets for most drugs, and the study of receptors helps explain drug selectivity, efficacy, and potency.

1. Definition and Importance

i.  Definition: A receptor is a macromolecule that recognizes and binds a drug with high specificity and affinity,
and upon binding, triggers a cellular response.

ii.  Importance:
a. Explains mechanism of drug action.
b. Helps understand dose-response relationships.
c. Provides targets for drug design and therapy optimization.

2. Characteristics of Drug Receptors
i.  Specificity:

a. Receptors bind only certain molecules due to structural complementarity.
b. Example: f-adrenergic receptors bind adrenaline/noradrenaline.

ii.  Affinity:
a. The strength with which a drug binds to a receptor.
b. High affinity — drug binds even at low concentration.

iii.  Saturation:

a. Only a finite number of receptors are available; once all are occupied, maximum response is achieved
(Emax).

iv.  Reversibility:
a. Most drug-receptor interactions are reversible, allowing dynamic regulation of response.
v.  Agonist vs. Antagonist Response:
a. Agonists: Bind and activate the receptor — produce effect.
b. Antagonists: Bind but do not activate — block receptor from endogenous ligands.
vi.  Spare Receptors:
a. Some tissues have more receptors than needed for maximal effect.
b. Allows full effect at less than maximal receptor occupancy, increasing sensitivity.
3. Classification of Receptors
Receptors are classified based on structure, location, and mechanism of action.
a) Based on Location
i.  Cell Surface Receptors (Membrane Receptors)
a. Located on the plasma membrane.
b. Bind water-soluble ligands (e.g., neurotransmitters, peptides).
c. Subtypes:

i.  G-protein coupled receptors (GPCRs): Activate intracellular signaling via G-proteins (e.g.,
B-adrenergic receptors).

ii.  Ligand-gated ion channels: Open/close ion channels upon ligand binding (e.g., nicotinic
acetylcholine receptor).

iii.  Enzyme-linked receptors: Receptors with intrinsic enzymatic activity (e.g., receptor tyrosine
kinases).

iv.  Adhesion receptors: Involved in cell-cell interactions and signaling.
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ii.  Intracellular Receptors
a. Located in cytoplasm or nucleus.
b. Bind lipid-soluble ligands (e.g., steroid hormones like cortisol, thyroid hormones).
c. Regulate gene transcription, leading to delayed but sustained effects.
b) Based on Function
i.  Receptors mediating enzyme activity — e.g., insulin receptor (tyrosine kinase).
ii.  Receptors modulating ion channels — ¢.g., GABA A receptor (Cl channel).
iii.  Receptors linked to second messengers — ¢.g., adrenergic receptors — cAMP signaling.
iv.  Receptors controlling transcription factors — e.g., glucocorticoid receptor.
4. Drug-Receptor Interactions
i.  Binding and Activation
1. Drug binds receptor — conformational change — triggers intracellular response.
ii.  Affinity and Efficacy
1. Affinity: Strength of binding.
2. Efficacy: Ability to produce maximum effect once bound.
3. Some drugs have high affinity but low efficacy (partial agonists).
iii.  Receptor Regulation

1. Desensitization/Down-regulation: Chronic exposure — reduced receptor number or responsiveness
(e.g., tolerance to opioids).

2. Up-regulation: Prolonged blockade — increase in receptor number (e.g., B-blocker withdrawal effect).
5. Measurement of Receptor Function
i.  Occupancy Theory: Effect is proportional to the fraction of receptors occupied.
ii.  Dose-Response Curves: Used to estimate EC50, Emax, and potency.
iii.  Radioligand Binding Assays: Measure number and affinity of receptors.

6. Examples of Receptors and Drugs

Receptor Type Location Example Drug Effect
B-adrenergic (GPCR) Cell membrane Propranolol Reduces heart rate
Nicotinic acetylcholine | lon channel Nicotine Muscle contraction
Insulin receptor Tyrosine kinase Insulin Glucose uptake
Glucocorticoid receptor | Cytoplasm/Nucleus | Prednisolone Anti-inflammatory
GABA A Ion channel Benzodiazepines | Sedation, anxiolysis

STRUCTURAL OF RECEPTORS

In pharmacodynamics, understanding the structure of receptors is essential because a drug’s binding,
selectivity, and response depend on receptor structure. Receptors are macromolecules, mostly proteins, that recognize
drugs or endogenous ligands and convert that interaction into a biological effect.

1. General Structure of Receptors
i.  Primary Structure:
1. Sequence of amino acids forming the receptor protein.
2. Determines specific binding sites for ligands.
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ii.  Secondary Structure:
1. Alpha-helices and beta-sheets formed by hydrogen bonding along the peptide backbone.
2. Example: Many transmembrane receptors have seven alpha-helical segments (GPCRs).
iii.  Tertiary Structure:
1. Three-dimensional folding of the receptor protein.
2. Forms binding pockets for drugs and endogenous ligands.
iv.  Quaternary Structure (for some receptors):
1. Assembly of multiple subunits.
2. Important for ion channel receptors (e.g., nicotinic acetylcholine receptor is a pentamer).
2. Structural Domains of Receptors
Most receptors can be divided into specific domains:
a) Extracellular Domain
i.  Located outside the cell in cell-surface receptors.
ii.  Responsible for ligand recognition and binding.
iii.  Example: Amino-terminal domain of nicotinic receptor binds acetylcholine.
b) Transmembrane Domain
i.  Receptors span the cell membrane via hydrophobic segments (usually a-helices).
ii.  Anchors receptor in the membrane.
iii.  Plays arole in signal transduction from extracellular ligand binding to intracellular effect.
iv.  Example: GPCRs have 7 transmembrane a-helices forming a binding pocket.
¢) Intracellular Domain
i.  Located inside the cytoplasm.
ii.  Interacts with G-proteins, kinases, or transcription factors to propagate signal.
iii.  Example: B-adrenergic receptor intracellular loop interacts with Gs protein.
3. Structural Classes of Receptors
Receptors are structurally classified based on architecture and mechanism:
a) G-Protein Coupled Receptors (GPCRs)

i.  Structure: Single polypeptide chain with 7 transmembrane a-helices, extracellular N-terminus, intracellular
C-terminus.

ii.  Function: Ligand binding — conformational change — G-protein activation — second messenger cascade.
iii.  Examples: f-adrenergic, muscarinic acetylcholine, serotonin (5-HT) receptors.
b) Ligand-Gated Ion Channels (Ionotropic Receptors)
i.  Structure: Multisubunit proteins forming a pore through the membrane.
ii.  Function: Ligand binding — channel opens — ions flow — rapid cellular response.
iii.  Examples: Nicotinic acetylcholine receptor (pentamer), GABA A receptor.
¢) Enzyme-Linked Receptors

i.  Structure: Single or dimeric transmembrane proteins with extracellular ligand-binding domain and
intracellular enzymatic domain (e.g., tyrosine kinase).

ii.  Function: Ligand binding — receptor dimerization — autophosphorylation — intracellular signaling.

iii. ~ Examples: Insulin receptor, epidermal growth factor receptor (EGFR).
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d) Intracellular Receptors (Nuclear Receptors)
i.  Structure: Single polypeptide with ligand-binding domain, DNA-binding domain, and activation domain.

ii.  Function: Lipophilic ligand binds — receptor-ligand complex translocates to nucleus — binds DNA —
regulates gene transcription.

iii.  Examples: Steroid receptors (glucocorticoid, estrogen, androgen receptors), thyroid hormone receptor.
4. Binding Sites and Functional Regions
i.  Ligand-Binding Site:
1. Specific amino acids form a pocket complementary to ligand structure.
2. Determines affinity and specificity.
ii.  Allosteric Sites:
1. Sites other than the active site that modulate receptor activity.
2. Drugs binding here can enhance or inhibit receptor response (allosteric modulators).
iii.  Effector Coupling Region:
1. Part of the receptor that interacts with G-proteins, kinases, or ion channels.
2. Transmits the signal from ligand binding to intracellular pathways.
5. Structural-Functional Relationship
i.  The 3D conformation of receptors is critical for drug action.
ii.  Mutations or structural alterations can change:
1. Drug affinity
2. Potency
3. Efficacy
4. Side effect profile
iii.  Example: Mutations in f2-adrenergic receptor affect asthma drug responsiveness.
FUNCTIONAL FAMILIES OF RECEPTORS

Receptors can be grouped based on their mechanism of action, cellular location, and how they transduce
signals. Understanding these functional families is essential for predicting drug effects, therapeutic applications, and
side effects.

1. G-Protein Coupled Receptors (GPCRs)

Definition: Receptors that activate intracellular G-proteins when bound by a ligand, initiating second messenger
cascades.

Structure:
i.  Single polypeptide with 7 transmembrane a-helices.
ii.  Extracellular N-terminus binds ligands; intracellular C-terminus interacts with G-proteins.
Mechanism of Action:
i.  Ligand binds receptor — conformational change.
ii.  Receptor activates G-protein by exchanging GDP — GTP.
iii.  Activated G-protein modulates effector enzymes (e.g., adenylyl cyclase, phospholipase C) or ion channels.
iv.  Second messengers (cCAMP, IP3, DAG) trigger cellular response.
Examples and Drugs:
i.  P-adrenergic receptor — adrenaline/noradrenaline — cAMP increase — cardiac stimulation.
ii.  Muscarinic acetylcholine receptor — acetylcholine — smooth muscle contraction or relaxation.

iii.  Serotonin (5-HT) receptors — regulate mood, GI motility.
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Key Features:
i.  Rapid but modulatable response.
ii.  Amplifies signal via second messengers.
2. Ligand-Gated Ion Channels (Ionotropic Receptors)
Definition: Receptors that directly control ion flow across the cell membrane upon ligand binding.
Structure:
i.  Multisubunit proteins forming a central pore.
ii.  Ligand binding causes conformational change — opens/closes channel.
Mechanism of Action:
i.  Ligand binds extracellular domain.
ii.  Channel opens — specific ions (Na*, K*, Cl~, Ca*") move down electrochemical gradient.
iii.  Alters membrane potential, leading to rapid cellular response (e.g., muscle contraction, neurotransmission).
Examples and Drugs:
i.  Nicotinic acetylcholine receptor — skeletal muscle contraction.
ii. ~ GABA_A receptor — benzodiazepines — CI influx — sedation.
iii. ~ NMDA receptor — glutamate — Ca?" influx — synaptic plasticity.
Key Features:
i.  Fastest type of receptor response (milliseconds).
ii.  Response terminates quickly when ligand unbinds.
3. Enzyme-Linked Receptors (Catalytic Receptors)
Definition: Receptors with intrinsic enzymatic activity or associated with enzymes, activated upon ligand binding.
Structure:
i.  Single or dimeric transmembrane protein.
ii.  Extracellular ligand-binding domain; intracellular enzymatic domain (e.g., tyrosine kinase).
Mechanism of Action:
i.  Ligand binds — receptor dimerizes (if needed).
ii.  Intracellular domain autophosphorylates or activates associated enzymes.
iii.  Initiates phosphorylation cascades — gene transcription, growth, or metabolic effects.
Examples and Drugs:
i.  Insulin receptor — tyrosine kinase — glucose uptake.
ii.  Epidermal growth factor receptor (EGFR) — cell proliferation.
iii.  Targeted cancer drugs (e.g., tyrosine kinase inhibitors like imatinib) block this pathway.
Key Features:
i.  Slower than ion channels but faster than nuclear receptors.
ii.  Often regulates growth, metabolism, and differentiation.
4. Intracellular (Nuclear) Receptors
Definition: Receptors located inside the cytoplasm or nucleus, typically activated by lipophilic ligands.
Structure:

i.  Three main domains: ligand-binding, DNA-binding, and transcription-activation domain.
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Mechanism of Action:
Lipophilic ligand (steroid, thyroid hormone) diffuses into cell.

Binds intracellular receptor — conformational change.

wohpo=

Receptor-ligand complex translocates to nucleus, binds DNA at specific response elements.
4. Modulates gene transcription — protein synthesis — physiological effect.
Examples and Drugs:
i.  Glucocorticoid receptor — anti-inflammatory effects (prednisolone).
ii.  Estrogen receptor — reproductive tissue modulation (ethinylestradiol).
iii.  Thyroid hormone receptor — metabolism regulation.
Key Features:
i.  Slow onset (hours to days).
ii.  Long-lasting effects.
iii.  Directly alters gene expression.
5. Other Functional Receptors
i.  Adhesion Receptors:
1. Mediate cell-cell or cell-matrix interactions.
2. Example: Integrins — platelet aggregation, immune cell trafficking.
ii.  Sensory Receptors
1. Specialized receptors for pain, vision, taste, smell.
2. Example: Opsins in photoreceptors respond to light.
iii.  Transporter Receptors (Carriers):
1. Bind ligands and transport them across membranes.
2. Example: Serotonin transporter (SERT) — target of SSRIs.
QUANTITATION OF DRUG RECEPTORS INTERACTION

The study of pharmacodynamics not only focuses on what drugs do to the body, but also how drugs interact
with receptors in a quantitative manner. Quantitating drug-receptor interactions helps predict drug potency, efficacy,
selectivity, and optimal dosing.

1. Basics of Drug-Receptor Interaction

Drug action is mediated by binding to receptors, which is a reversible and saturable process. The intensity of drug
effect depends on:

1. Number of receptors occupied
2. Affinity of the drug for the receptor
3. Intrinsic activity of the drug
Equation for simple drug-receptor binding (Law of Mass Action):
D+R=DR
Where:
i. D= Drug concentration
ii. R = Free receptor concentration
iii. DR = Drug-receptor complex

1v. Binding is reversible, and drug effect is proportional to [DR].
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2. Receptor Occupancy Theory
i.  Concept: The magnitude of drug effect is proportional to the fraction of receptors occupied.
ii.  Fractional receptor occupancy (f)
Where:
a. [R]T = total receptor concentration
b. Kd =dissociation constant = drug concentration at which 50% of receptors are occupied
c. [D]= free drug concentration
Interpretation:
a. Low [D] — few receptors occupied — small effect
b. [D]=Kd — 50% receptors occupied — half-maximal effect
c. High [D] — most receptors occupied — maximal effect (Emax)
3. Dose-Response (Concentration-Effect) Relationship
a. Graded Dose-Response Curves
i.  Plot drug effect (E) vs. drug concentration (C) in a single patient or tissue.
ii.  Typically sigmoidal when plotted semi-logarithmically.
b. Key Parameters:
i.  Emax: Maximum achievable effect of the drug.
ii.  EC50: Drug concentration producing 50% of Emax (measure of potency).
iii.  Hill coefficient (nH): Describes steepness of curve; >1 indicates positive cooperativity.

c. Emax Model (Langmuir Equation):

Enmx ' [D]

E= ——
ECs) + [D]

a. Predicts effect based on drug concentration.
b. Emax depends on drug intrinsic activity, EC50 depends on affinity and efficacy.
4. Agonist, Partial Agonist, and Antagonist Quantitation
a. Full Agonist:
i.  High intrinsic activity.
ii.  Can produce Emax when all receptors occupied.
b. Partial Agonist:
i.  Lower intrinsic activity.
ii.  Cannot achieve Emax even at full receptor occupancy.
c. Antagonist:
i.  No intrinsic activity.

ii.  Shifts dose-response curve of agonist to right (competitive) or reduces maximal effect (non-
competitive).

Quantitative Analysis:
a. IC50: Concentration of antagonist that inhibits 50% of agonist effect.

b. pAZ2 value: Measure of antagonist potency, determined from dose-ratio experiments.
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5. Scatchard Analysis
a. A method to quantify receptor number and affinity using radiolabeled ligand binding
b. Scatchard plot: [Free] vs. [Bound]
i.  Slope =-1/Kd (affinity)
ii.  X-intercept = Bmax (total receptor number)
c. Distinguishes high-affinity vs. low-affinity receptor sites.
6. Spare Receptors
a. Some tissues have more receptors than needed to produce maximal effect.
b. Quantitation helps determine fraction of receptors sufficient for Emax.
c. Explains why maximal effect can occur without full receptor occupancy.
7. Mathematical Models for Quantitative Pharmacodynamics

1. Hill-Langmuir Equation:

D T
E = Bpax .J,[ ] .
E 50 | [D] "

a. n = Hill coefficient, indicating cooperativity of receptor binding.
2. Competitive Antagonism Model:

i

' ]
EC50' = EC50 (1 F 5

a. Predicts shift in agonist EC50 in presence of antagonist.

b. [I] = antagonist concentration, Ki = inhibition constant.
8. Clinical and Pharmacological Significance

a. Determines potency (how much drug is needed) and efficacy (maximum effect achievable).

b. Guides dose selection for therapy.

c. Explains tolerance, receptor desensitization, and drug interactions.

d. Essential for drug design, especially in targeting high-affinity, selective receptors.
QUANTITATION OF DRUG RECEPTORS ELICITED EFFECTS

In pharmacodynamics, not only the binding of drugs to receptors is important, but also the resulting
biological effect. Quantitating these effects is crucial to understand drug potency, efficacy, and therapeutic window,
and to design rational dosing regimens.

Drug-receptor interactions can be measured and analyzed quantitatively to predict how much effect a given drug
concentration will produce.

Fundamental Concept

Pharmacodynamics focuses on how drugs produce effects and the relationship between drug concentration and the
resulting biological response. The quantitation of drug-receptor-elicited effects is the measurement and
mathematical description of how drug binding to receptors translates into a pharmacological effect.

This concept is fundamental for predicting drug responses, determining potency and efficacy, and designing
therapeutic regimens.

1. Basic Principle

a. A drug interacts with its specific receptor to form a drug-receptor complex (DR).
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b. The formation of DR is reversible and saturable.
c. The biological effect (E) is proportional to either:
i.  The fraction of receptors occupied
ii.  The total number of activated receptors
D+R=DR—E
Where:
a. D=Drug
b. R =Receptor
c. DR = Drug-receptor complex
d. E =Measured effect

Key Idea: Not all bound receptors are necessarily active; some tissues have spare receptors, meaning maximal effect
can occur without full receptor occupancy.

2. Receptor Occupancy and Drug Effect
a. Fractional receptor occupancy (f):

[DR] (D]

'="Rr ~ D)+ K4

Where:
a. [R]T = total receptor concentration
b. [DR] = concentration of drug-receptor complex
c. [D]= free drug concentration
d. Kd = equilibrium dissociation constant (concentration at which 50% of receptors are occupied)

e. [Effect proportionality: In many systems, the effect (E) is proportional to receptor occupancy, especially for
full agonists.

Implications:
a. Low drug concentration — few receptors occupied — small effect
b. Drug concentration = Kd — 50% receptor occupancy — half-maximal effect
c. High drug concentration — near-maximal effect (plateau)
3. Dose-Response Relationship
a. Relationship between drug concentration (or dose) and effect (E) is the cornerstone of quantitation.
b. Graded dose-response curve: Continuous effect in a single tissue or individual.
i.  X-axis: Drug concentration
ii.  Y-axis: Measured effect
iii.  Typically sigmoidal
c. Key parameters:
i.  Emax: Maximum effect achievable (determined by intrinsic activity of drug)
ii.  EC50: Concentration producing 50% of Emax (measure of potency)

iii.  Hill coefficient (nH): Slope of the curve; indicates cooperative binding
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d. Mathematical model: Emax equation

Eumx - [D}

B max ]
ECs + [D]

a. Shows effect increases with drug concentration and approaches Emax asymptotically.
4. Agonists, Partial Agonists, and Antagonists
a. Full agonists: High intrinsic activity, produce Emax.
b. Partial agonists: Lower intrinsic activity; cannot achieve Emax even at full receptor occupancy.
c. Competitive antagonists: No effect by themselves; reduce agonist effect by shifting dose-response curve right.
d. Non-competitive antagonists: Reduce Emax; cannot be overcome by higher agonist concentration.
Quantitative measures:
a. EC50, IC50, and pA2 values are used to quantify drug-receptor interactions and effect.
5. Spare Receptors (Receptor Reserve)
a. Many tissues contain more receptors than needed to elicit maximal response.
b. Fraction of receptors required for Emax < total receptors available.

c. Allows maximal effect at less than full receptor occupancy, important for understanding drug sensitivity and
tolerance.

6. Mathematical Quantitation

a. Hill-Langmuir Equation: Incorporates cooperativity in receptor binding:
. Ema.x . [D ]n
ECE + (D]

b

E

a. Operational Model of Agonism (Black & Leff): Quantifies intrinsic efficacy of partial agonists in tissues
with spare receptors.

b. Competitive Antagonism Model:

- 4]
EC50' = EC50 (1 F o

i

a. Predicts effect shift in presence of antagonist.
7. Measurement of Drug-Receptor-Elicited Effects
a. Physiological assays: Blood pressure, heart rate, muscle contraction.
b. Biochemical assays: Second messenger levels (cAMP, IP3), enzyme activity.
c. Functional assays: Isolated tissue preparations, e.g., heart, smooth muscle, intestine.
d. Receptor binding assays: Radioligand binding to determine Bmax and Kd.
8. Clinical Significance
Quantitation of drug-receptor-elicited effects helps:
a. Determine therapeutic dose and potency
b. Predict maximal effect and efficacy
c. Understand tolerance, receptor desensitization, and partial agonism

d. Guide drug selection and optimization
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Dose-Response Relationship

The dose-response relationship describes how the magnitude of a drug effect (response) changes with increasing
drug concentration or dose. It is a central concept in pharmacodynamics because it allows quantitation of drug
potency, efficacy, and safety, linking drug-receptor interactions to measurable biological effects.

1. Basic Concept
Drugs exert effects by binding to specific receptors to form a drug-receptor complex (DR).
b. The response (E) is related to:
i.  The fraction of receptors occupied
ii.  The intrinsic activity (efficacy) of the drug
c. Not all receptor occupancy may produce effect due to spare receptors.

D+R=DR—E

a. D=Drug
b. R =Receptor
c. DR = Drug-receptor complex
d. E = Effect
2. Types of Dose-Response Curves
a) Graded Dose-Response Curve
a. Represents continuous (graded) effects in a single tissue or organism.
b. X-axis: Drug concentration or dose (often semi-log scale)
c. Y-axis: Magnitude of effect (%) or absolute measure
Key Parameters:
a. Emax (Maximum Effect):
i.  The greatest effect achievable by the drug.
ii.  Determined by drug efficacy and tissue response capacity.
b. ECS0 (Effective Concentration 50%):
i.  Drug concentration producing 50% of Emax.
ii.  Measure of potency: lower EC50 — higher potency.
c. Slope / Hill coefficient (nH):
i.  Describes steepness of curve.
ii. nH>1 — positive cooperativity (binding of one molecule facilitates another).
iii.  nH <1 — negative cooperativity.

Mathematical Representation (Emax Model):

Enmx ' [D]

B = —max [P
EC5 + [D]

At low [D] (<< EC50): effect increases linearly with concentration

At [D] = EC50: half-maximal effect

At high [D] (>> EC50): effect approaches Emax (plateau)
Example:

a. Effect of morphine on pain relief increases with plasma concentration until a plateau is reached (Emax).
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b) Quantal Dose-Response Curve
a. Represents all-or-none responses in a population of subjects.
b. X-axis: Dose
Y-axis: Percentage of population showing the effect
d. Useful for determining:
i.  ED50: Dose effective in 50% of subjects
ii. ~ TD50: Dose producing toxic effect in 50%
iii.  LD50: Dose lethal to 50%
Clinical Importance:
a. Helps determine therapeutic index (TI = TD50/ED50)
b. Guides safe and effective dosing in populations
3. Relationship Between Receptor Occupancy and Response

a. Fractional receptor occupancy (fff) is linked to effect (E):

D]

f:m , Eof

a. Spare receptors: Maximum effect can be reached without full receptor occupancy, which explains why Emax
may occur before 100% receptor saturation.

b. Dose-response curves integrate receptor affinity (Kd) and intrinsic efficacy.
4. Agonists, Partial Agonists, and Antagonists
a. Full Agonist:
i.  Produces maximal effect (Emax)
ii.  EC50 indicates potency
b. Partial Agonist:
i.  Produces sub-maximal effect even at full receptor occupancy
c. Competitive Antagonist:
i.  Shifts dose-response curve of agonist to right
ii.  No change in Emax (if competitive)
d. Non-competitive Antagonist:
i.  Reduces Emax, sometimes with minimal effect on EC50
Quantitative Interpretation:
a. EC50, IC50, and dose ratios are used to quantify drug potency and antagonism.
5. Mathematical Models
1. Hill-Langmuir Equation (Generalized):

Ema.x ) [—D]ﬂ

E —
ECy, + [D]

a. n = Hill coefficient — cooperativity of receptor binding
2. Operational Model of Agonism:

a. Integrates intrinsic efficacy and receptor reserve
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b. Useful for partial agonists and tissues with spare receptors
6. Clinical Significance of Dose-Response Relationship
a. Predicts therapeutic range and maximal achievable effect
b. Guides dose selection to optimize efficacy and minimize toxicity
c. Explains phenomena such as:
i.  Tolerance (desensitization)
ii.  Hyper-responsiveness (up-regulation)
iii.  Variability in population responses
Agonists, Partial Agonists, and Antagonists

Drugs exert effects primarily by interacting with specific receptors. The type of interaction determines the magnitude
and nature of the pharmacological response. Quantitative analysis of these interactions helps understand potency,
efficacy, and therapeutic application.

1. Agonists
Definition:
i.  Drugs that bind to receptors and activate them, producing a biological response.
ii.  They possess intrinsic activity, meaning they can elicit a response once bound.
Types of Agonists:
i.  Full Agonist
1. Can produce maximum response (Emax) of the receptor system.
2. High intrinsic efficacy.
3. Example: Adrenaline at f-adrenergic receptors produces maximal heart rate increase.
ii.  Partial Agonist
1. Produces sub-maximal response, even when all receptors are occupied.
2. Lower intrinsic activity than full agonists.
3. Can act as functional antagonist in presence of full agonists.
4

Example: Buprenorphine at opioid receptors — partial analgesia, reduces risk of respiratory depression
compared to morphine.

Quantitative Measures:
i.  Emax: Maximum effect achievable
ii.  ECS50: Concentration producing 50% of Emax
iii.  Intrinsic Activity (a): Ratio of Emax of the drug to Emax of a full agonist (0 <a < 1)
Key Concept:
i.  Full agonist - a =1
ii.  Partial agonist > 0 <a <1
2. Antagonists
Definition:

i.  Drugs that bind to receptors but do not activate them, preventing agonists or endogenous ligands from
eliciting a response.

ii.  No intrinsic activity.
Types of Antagonists:
a) Competitive Antagonist

i.  Binds reversibly to the same site as agonist.
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ii.  Effect: Rightward shift of the agonist dose-response curve (increased EC50), but Emax unchanged.
iii.  Effect can be overcome by increasing agonist concentration.
iv.  Example: Propranolol at B-adrenergic receptors.
Quantitative Measure:
i.  pA2 value: Concentration of antagonist producing two-fold shift in EC50 of agonist.
ii.  IC50: Concentration of antagonist inhibiting 50% of agonist effect.
b) Non-Competitive (Irreversible) Antagonist
i.  Binds irreversibly or to an allosteric site, reducing receptor availability.
ii.  Effect: Decreased Emax, may or may not affect EC50.
iii.  Cannot be overcome by increasing agonist concentration.
iv.  Example: Phenoxybenzamine at a-adrenergic receptors.
c¢) Functional / Physiological Antagonist
i.  Does not bind the same receptor but produces opposite effect via a different mechanism.
ii.  Example: Histamine increases gastric acid, while prostaglandins reduce it.
3. Quantitation of Agonist and Antagonist Effects
Agonist-Response Analysis:
1. Plot graded dose-response curve: effect (E) vs. concentration ([D])
2. Parameters: Emax, EC50, Hill coefficient
Antagonist Effects:
Competitive antagonists — shift dose-response curve rightward
Non-competitive antagonists — reduce Emax
Mathematical Models:
1. Agonist Effect (Emax Model):

Emax . [D]

= —max 12
EC5 + [D]

2. Competitive Antagonist (Schild Equation):

Dose Ratio — EC50 (?arith antagonisil:) 14 ]
EC50 (without antagonist) K;

Where:
1. [I] = antagonist concentration

1. Ki = inhibition constant
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4. Key Concepts in Quantitation

Feature Full Agonist Partial Agonist Competitive Non-Competitive
Antagonist Antagonist
Intrinsic Activity 1 0<a<l 0 0
(o)

Emax Maximal Sub-maximal No effect alone No effect alone

EC50 Defined Defined Shifts agonist EC50 May reduce Emax
Receptor Correlates with Correlates Blocks occupancy Reduces available

Occupancy effect partially receptors

Spare Receptors:
i.  Even partial agonists may produce significant effect if spare receptors exist.
ii.  Full antagonists can only reduce effect by occupying sufficient receptors.
5. Clinical Significance
i.  Agonists: Treat conditions needing activation of specific pathways (e.g., P2 agonists for asthma).
ii.  Partial Agonists: Safer alternatives with ceiling effects (e.g., buprenorphine).
iii.  Competitive Antagonists: Block overactive receptors (e.g., B-blockers for hypertension).

iv.  Non-Competitive Antagonists: Long-lasting blockade for chronic conditions (e.g., irreversible a-blockers in
pheochromocytoma).

Quantitative analysis of these interactions allows dose optimization, prediction of therapeutic effects, and
understanding of drug interactions.

Receptor Reserve (Spare Receptors)

Definition: Receptor reserve, also called spare receptors, refers to the phenomenon where a maximal
pharmacological response (Emax) can be achieved without all available receptors being occupied by an agonist.
In other words, not all receptors are required to produce the full effect in certain tissues or systems.

This concept is critical in quantitative pharmacodynamics because it explains variations in drug potency, efficacy,
and tissue sensitivity.

1. Fundamental Concept
i. A drug elicits an effect by forming a drug-receptor complex (DR).

ii.  For some tissues, full effect occurs at less than 100% receptor occupancy, implying the existence of spare

receptors.
D+R=DR—E
i.  Fraction of receptors occupied (f):
;_lpR D
[Rlr  [D]+ Ky

i.  Receptor reserve: The fraction of receptors not required to achieve Emax.
Implication:
i.  High tissue sensitivity to agonists

ii.  Allows maximal effect even at low agonist concentrations
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2. Quantitative Analysis of Spare Receptors
i.  Spare receptors are measured indirectly by comparing:
1. Binding studies (Bmax): Total receptor number
2. Functional studies: Drug concentration needed for Emax
ii.  Observation:
1. If EC50 < Kd — implies spare receptors exist
a. ECS50 = concentration producing 50% of maximal effect
b. Kd = concentration occupying 50% of receptors
iii.  Example:

1. ECS50 of adrenaline for vascular smooth muscle contraction is lower than Kd — few receptor
occupancies produce maximal response — receptor reserve exists.

3. Physiological Significance of Spare Receptors
i.  Increased Tissue Sensitivity
1. Tissues with spare receptors respond to low agonist concentrations.
ii.  Partial Agonist Behavior
1. Partial agonists can produce near-maximal effect if spare receptors exist.
iii.  Safety Margin
1. Drugs can elicit maximal effect without saturating receptors, reducing risk of receptor desensitization.
iv.  Compensation in Disease
1. Up- or down-regulation of receptors can alter receptor reserve and tissue responsiveness.
4. Experimental Determination of Receptor Reserve
i.  Step 1: Radioligand binding — determine total receptor number (Bmax) and affinity (Kd)
ii.  Step 2: Functional assay — measure EC50 and Emax
iii.  Step 3: Compare EC50 and Kd
1. EC50 < Kd — spare receptors present
2. EC50 = Kd — no spare receptors

iv.  Scatchard analysis and dose-response curves are commonly used to quantify receptor reserve.
5. Examples
Tissue / Receptor System Observation of Spare Receptors
B-adrenergic receptors in the heart Full cardiac stimulation occurs at <50% receptor occupancy

Muscarinic receptors in smooth | Some tissues show maximal contraction with only a fraction of receptor
muscle occupancy

Dopaminergic receptors Spare receptors enhance sensitivity to dopamine in CNS pathways

6. Clinical and Pharmacological Implications
i.  Drug Potency:
1. Presence of spare receptors lowers the EC50, making drugs appear more potent.
ii.  Partial Agonist Effectiveness:

1. Partial agonists can achieve high effects if spare receptors exist, despite lower intrinsic activity.
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ili.  Antagonist Sensitivity:
1. High receptor reserve may require more antagonist to reduce maximal response.
iv.  Tolerance and Desensitization:
1. Receptor down-regulation reduces spare receptors — reduced tissue responsiveness.
Mathematical Models of Drug-Receptor Effects

Quantitation of drug-receptor interactions in pharmacodynamics relies heavily on mathematical models that link drug
concentration at receptors to observable biological effects. These models help define potency, efficacy, receptor
affinity, and tissue responsiveness, and are essential for dose optimization and drug design.

1. Basic Drug-Receptor Binding Model

The simplest model is based on law of mass action:

D+R=DR—ED
Where:
i. D = free drug concentration
ii. R = free receptor concentration
iii. DR = drug-receptor complex
iv.  E =pharmacological effect
v.  Fraction of receptors occupied (f):
[DR] D]

"=, ~ 0 K,

Where:
i.  Kd = dissociation constant (concentration of drug at which 50% of receptors are occupied)

Implication: Drug effect is proportional to receptor occupancy for many systems, though spare receptors and signal
amplification can modify this relationship.

2. Emax (Maximum Effect) Model

This model links drug concentration (|D]) to effect (E) using the maximum achievable effect:

Einax - [D]
B = —maxlP]
EC5 + [D]

i.  Emax = maximal effect achievable by the drug
ii.  EC50 = concentration producing 50% of Emax
iii.  Key points:
1. Atlow [D] (<< EC50) — effect increases linearly with concentration
2. At[D]=EC50 — 50% maximal effect
3. Athigh [D] (>> EC50) — effect approaches Emax (plateau)

Clinical relevance: Determines potency (EC50) and maximum achievable effect (Emax).
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3. Hill Equation (Cooperative Binding Model)

Some receptors exhibit cooperativity, where binding of one ligand affects the binding of others. The Hill equation
generalizes the Emax model:

_ Elua.x : [D]n
ECY, + [D]"

Where:
i.  n=Hill coefficient
1. n>1: positive cooperativity
2. n=I1: independent binding (non-cooperative)
3. n<l: negative cooperativity
ii.  Steeper curves indicate cooperative binding, affecting drug response dynamics.
4. Schild Equation (Competitive Antagonism)

For competitive antagonists, the agonist dose-response curve shifts to the right without changing Emax. Quantitation
uses the Schild equation:

Dose Ratio — EC50 (j.vith antagonisil;) 14 1]
EC50 (without antagonist) K;

Where:
i.  [I] = antagonist concentration
ii.  Ki=inhibition constant (antagonist affinity for the receptor)

iii.  pA2 value: The negative logarithm of antagonist concentration producing a two-fold shift in EC50, widely
used to quantify antagonist potency.

5. Operational Model of Agonism (Black & Leff Model)

This model integrates receptor occupancy, intrinsic efficacy, and spare receptors, useful for both full and partial
agonists:

Emax T [-D]
(D] + EC5 + 7 - [D]

Where:
i. 1= efficacy parameter (intrinsic efficacy X receptor density)
ii.  Allows prediction of response for partial agonists even when spare receptors exist.
iii.  Useful for quantitative comparison of agonists in different tissues.
6. Quantal Dose-Response Models
i.  All-or-none response in a population.
ii.  Probit or logistic functions are used to describe % of individuals responding at a given dose.

100
l { e—k(D—D,s[]}

Response(%) =
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Where:
i. D50 = dose producing effect in 50% of subjects
ii.  k=slope factor
Applications:
i.  Determining ED50, TD50, LDS0
ii.  Calculating therapeutic index (TI = TD50/ED50)
7. Key Applications of Mathematical Models
i.  Predicting drug potency: EC50, IC50, Ki, pA2
ii.  Quantifying drug efficacy: Emax, intrinsic activity (o)
iii.  Understanding receptor reserve: EC50 vs Kd comparison
iv.  Analyzing antagonist behavior: Competitive vs non-competitive effects

v.  Designing dosing regimens: Dose-response modeling guides therapeutic windows

Measuring Drug-Elicited Effects

Quantitation of drug-receptor interactions is not only about binding, but also about the resulting biological effect.
Measuring these effects is essential to understand drug potency, efficacy, receptor sensitivity, and tissue
responsiveness, and to translate experimental data into clinically relevant dosing and therapeutic strategies.

1. Fundamental Concept
i. A drug exerts its effect by forming a drug-receptor complex (DR):
D+R=DR—E

i.  Here, EEE represents the measurable pharmacological effect, which can be physiological, biochemical, or
functional.

ii.  The magnitude of effect depends on:
1. Number of receptors occupied
2. Intrinsic activity (efficacy) of the drug
3. Signal amplification and tissue responsiveness
iii.  Quantitation requires reliable measurement of EEE in response to known concentrations or doses of drug.
2. Methods of Measuring Drug-Elicited Effects
Drug effects can be measured at different levels: physiological, biochemical, and cellular/tissue levels.
a) Physiological Assays
i.  Directly measure observable changes in the organism.
ii.  Examples:
1. Cardiovascular system: Heart rate, blood pressure, cardiac output
2. Respiratory system: Bronchodilation, tidal volume
3. Smooth muscle contraction: Isolated intestine or trachea contraction
iii.  Advantages: Reflects integrated tissue response
iv.  Limitations: Often influenced by multiple pathways and compensatory mechanisms
b) Biochemical Assays
i.  Measure intracellular signaling changes or enzyme activities as a response to receptor activation.
ii.  Examples:

1. Second messengers: cAMP, IP3, DAG, calcium flux
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2. Enzyme activation/inhibition: Adenylate cyclase, phosphodiesterase
3. Metabolite formation: Rate of product formation from enzyme-catalyzed reactions
iii.  Advantages: Highly sensitive, quantitative
iv.  Limitations: May not reflect integrated tissue-level effects
¢) Functional or Tissue Assays
i.  Use isolated tissues or organs to measure functional response.
ii.  Examples:
1. Isolated heart: contractility (inotropic effect)
2. Isolated ileum: contraction in response to acetylcholine
3. Isolated aorta: relaxation/constriction in response to vasodilators/vasoconstrictors
iii.  Advantages: Allows controlled experimental conditions
iv.  Limitations: May differ from whole-organism response
d) Receptor Binding Assays
i.  Measure drug-receptor occupancy directly using radiolabeled or fluorescent ligands.
ii.  Parameters measured:
1. Bmax: Total number of receptors
2. Kd: Affinity of drug for receptor
iii.  Can be correlated with functional effect to determine spare receptors and intrinsic efficacy
3. Quantitative Approaches
i.  Graded Dose-Response Curves
1. Plot effect (E) vs. drug concentration ([D]) for a single tissue or subject
2. Parameters: Emax, EC50, Hill coefficient
ii.  Quantal Dose-Response Curves
1. Plot percentage of subjects responding vs. dose
2. Determine ED50, TD50, LD50
3. Used for population-level effect quantitation
iii. ~ Comparative Analysis
1. Compare effect vs receptor occupancy: helps calculate receptor reserve (spare receptors)
iv.  Time-Dependent Measures

1. Some effects vary over time; measuring onset, peak, and duration of effect is important in
pharmacodynamics

4. Factors Affecting Measurement
i.  Tissue type and receptor density
ii.  Intrinsic activity of drug
iii.  Signal amplification and downstream pathways
iv.  Spare receptors
v.  Experimental conditions: temperature, pH, ionic composition
vi.  Species differences: animal tissues may respond differently than human tissues
5. Clinical and Pharmacological Significance
i.  Accurate measurement of drug-elicited effects allows:
1. Determination of potency and efficacy
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2. Calculation of therapeutic index

3. Prediction of dose-response relationships in patients

4. Comparison between drugs (full vs partial agonists, antagonists)

5. Evaluation of tolerance, desensitization, or receptor down-regulation

ii.  Example: Measuring blood pressure reduction by a B-blocker in vivo correlates drug concentration, receptor
occupancy, and clinical effect, guiding dosing.

Multiple Choice Questions (MCQs) — 20

1. Pharmacodynamics primarily studies:
a) Absorption and distribution of drugs
b) Drug metabolism and elimination
c) Effects of drugs on the body
d) Plasma protein binding
2. The maximal response a drug can produce is called:
a) EC50
b) Emax
¢) ED50
d) Kd
3. ECS50 is defined as:
a) Concentration producing 50% receptor occupancy
b) Concentration producing 50% of maximal effect
¢) Dose causing toxic effect in 50% subjects
d) Dose causing lethal effect in 50% subjects
4. The intrinsic activity of a full agonist is:
a)0
b) 0.5
c)1
d)>1
5. Partial agonists produce:
a) No effect
b) Maximal effect like full agonist
¢) Sub-maximal effect even at full receptor occupancy
d) Only antagonistic effects
6. Competitive antagonists:
a) Reduce Emax
b) Shift dose-response curve rightward without changing Emax
¢) Shift dose-response curve leftward
d) Produce effect by themselves
7. Non-competitive antagonists:
a) Shift dose-response curve rightward
b) Reduce Emax
¢) Increase receptor sensitivity
d) Produce maximal effect
8. Spare receptors refer to:
a) Receptors not required for maximal effect
b) Receptors permanently inactive
¢) Receptors causing antagonism
d) Receptors only present in CNS
9. Kdis:
a) Drug concentration producing 50% maximal effect
b) Dose causing 50% lethality
¢) Drug concentration at which 50% of receptors are occupied
d) Dose causing 50% therapeutic effect
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The Hill coefficient indicates:

a) Drug metabolism rate

b) Cooperativity of receptor binding

c¢) Half-life of drug

d) Volume of distribution

Quantal dose-response curves represent:

a) Graded effects in one tissue

b) All-or-none effects in a population

¢) Receptor affinity

d) Intrinsic activity

Full agonists have:

a) Intrinsic activity 0

b) Intrinsic activity 1

¢) Sub-maximal Emax

d) Only antagonistic action

Schild equation is used to quantify:

a) Agonist potency

b) Competitive antagonist affinity

¢) Emax

d) EC50

Receptor occupancy theory states:

a) Effect is independent of receptor binding

b) Effect is proportional to receptor occupancy

c¢) Effect only occurs with full receptor occupancy
d) Effect depends on drug metabolism

The dose producing therapeutic effect in 50% of population is:
a) ED50

b) TD50

c) LD50

d) EC50

The operational model of agonism accounts for:

a) Only full agonists

b) Receptor occupancy and intrinsic efficacy

¢) Only receptor number

d) Only antagonists

Biochemical assays for pharmacodynamics often measure:
a) Heart rate

b) Blood pressure

¢) cAMP or enzyme activity

d) Body weight

In a tissue with spare receptors, maximal effect occurs when:
a) 100% receptors are occupied

b) Fewer than total receptors are occupied

¢) No receptors are occupied

d) Only antagonists are present

IC50 represents:

a) Concentration of agonist producing 50% Emax
b) Concentration of inhibitor producing 50% inhibition
c¢) Concentration producing maximal effect

d) Receptor affinity

Functional antagonists:

a) Bind same receptor as agonist

b) Produce opposite effect via different mechanisms
¢) Reduce Emax of agonist

d) Increase intrinsic activity of agonist
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Short Answer Questions

NN R WD =

9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Define pharmacodynamics.

Differentiate between pharmacokinetics and pharmacodynamics.
What is Emax?

Define EC50 and its significance.

Explain intrinsic activity of a drug.

Differentiate between full agonist and partial agonist.

Define competitive antagonist.

Define non-competitive antagonist.

Explain receptor reserve (spare receptors).

What is the significance of the Hill coefficient?

Differentiate graded and quantal dose-response curves.

What is the Schild equation used for?

Explain the operational model of agonism.

What are functional antagonists?

How is receptor occupancy related to drug effect?

Define ED50, TD50, and LD50.

Explain the importance of measuring drug-elicited effects.
Name two biochemical assays used in pharmacodynamics.
What is the therapeutic index and its importance?

Explain why partial agonists can act as antagonists in presence of full agonists.

Long Answer Questions

1.

wbkwbd

= O 0

Explain the concept of dose-response relationship in pharmacodynamics, including Emax, EC50, and Hill
coefficient.

Discuss the difference between graded and quantal dose-response curves with examples.

Describe agonists, partial agonists, and antagonists, including quantitative measures of efficacy and potency.
Explain the concept of receptor reserve (spare receptors) and its clinical significance.

Discuss competitive and non-competitive antagonism, including mathematical representation and effect on dose-
response curves.

Explain receptor occupancy theory and how it relates to drug effect.

Describe the mathematical models of drug-receptor effects including Emax, Hill, Schild, and operational models.
Explain methods of measuring drug-elicited effects in pharmacodynamics and their applications.

Discuss the significance of intrinsic activity and efficacy in drug response.

. Explain the clinical and pharmacological importance of quantitating drug-receptor interactions in designing

therapeutic regimens.

MCQ Answer Key
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CHAPTER 3
NEUROTRANSMISSION

INTRODUCTION:

Neurotransmission is the fundamental process by which neurons communicate with each other and with effector
cells (such as muscles or glands) to regulate virtually all functions of the body, from simple reflexes to complex cognitive
processes. It involves the transmission of signals across specialized junctions called synapses, which can be chemical
or electrical. Understanding neurotransmission is essential in pharmacology, neurobiology, and medicine, as many
drugs, toxins, and diseases affect this process.

1. Components of Neurotransmission:

a. Neurons: The primary signaling cells of the nervous system, composed of a cell body (soma), dendrites (signal
receivers), and an axon (signal transmitter).

b. Synapse: The junction between neurons (or between a neuron and an effector cell), where neurotransmitters
are released to convey signals. Synapses can be chemical (most common) or electrical (via gap junctions).

c. Neurotransmitters: Chemical messengers synthesized and stored in neurons, which transmit signals across
synapses. They include acetylcholine, dopamine, serotonin, norepinephrine, glutamate, GABA, and many
others.

d. Receptors: Specialized proteins on the postsynaptic membrane that recognize and bind neurotransmitters to
trigger a response in the target cell.

2. Steps of Neurotransmission (Chemical Synapse):

a. Synthesis and storage: Neurotransmitters are synthesized in the neuron and stored in vesicles at the presynaptic
terminal.

b. Release: When an action potential reaches the axon terminal, voltage-gated calcium channels open, allowing
calcium influx, which triggers vesicle fusion and neurotransmitter release into the synaptic cleft.

c. Receptor binding: Neurotransmitters diffuse across the synaptic cleft and bind to specific receptors on the
postsynaptic membrane, causing excitatory or inhibitory effects.

d. Termination: The signal is terminated by reuptake into the presynaptic neuron, enzymatic degradation, or
diffusion away from the synapse.

3. Types of Neurotransmission:

a. [Excitatory Neurotransmission: Promotes the generation of action potentials in the postsynaptic neuron (e.g.,
glutamate, acetylcholine at neuromuscular junctions).

b. Inhibitory Neurotransmission: Suppresses action potential generation (e.g., GABA, glycine).

c. Modulatory Neurotransmission: Neurotransmitters can also modulate the strength and efficacy of synaptic
transmission without directly causing excitation or inhibition (e.g., dopamine, serotonin).

4. Importance in Physiology and Pharmacology: Neurotransmission is central to all nervous system activities,
including movement, sensation, cognition, emotion, and autonomic regulation. Drugs can enhance or inhibit
neurotransmission, leading to therapeutic effects (e.g., antidepressants, antipsychotics) or adverse effects. Disorders like
Parkinson’s disease, Alzheimer’s disease, epilepsy, and schizophrenia are associated with abnormalities in
neurotransmission.

5. Electrical vs. Chemical Synapses:

a. Electrical Synapses: Use gap junctions to allow direct ion flow between neurons for rapid, bidirectional
signaling, often in reflex pathways.

b. Chemical Synapses: Use neurotransmitters for unidirectional signaling, allowing for complex regulation and
integration of neuronal signals.

In essence, neurotransmission is the language of the nervous system, orchestrating communication across trillions of
connections to regulate both voluntary and involuntary functions. It is the foundation upon which neuropharmacology
builds its interventions.
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GENERAL ASPECTS INVOLVED IN NEUROTRANSMISSION

Neurotransmission is a highly coordinated process involving several fundamental components and steps to ensure
precise communication between neurons and target cells. The general aspects can be broadly categorized as follows:

1. Neuronal Structure and Organization:

a. Presynaptic neuron: The neuron that sends the signal. It contains the axon terminal, where neurotransmitters
are synthesized and stored in synaptic vesicles.

b. Postsynaptic neuron or effector cell: The neuron, muscle, or gland that receives the signal. It contains
receptors for neurotransmitters.

c. Synapse: The junction between presynaptic and postsynaptic elements. The synaptic cleft separates them in
chemical synapses (~20—40 nm wide).

d. Dendrites and soma: Dendrites receive input from multiple presynaptic neurons, integrating excitatory and
inhibitory signals. The soma can integrate these signals to generate an action potential.

2. Neurotransmitters and Neuromodulators:

a. Neurotransmitters: Small chemical messengers (e.g., acetylcholine, dopamine, norepinephrine, serotonin,
glutamate, GABA) that transmit signals across synapses.

b. Co-transmitters: Some neurons release more than one neurotransmitter, which may act synergistically or
modulate the response.

c. Neuromodulators: Substances like neuropeptides that alter the strength or efficacy of synaptic transmission
without directly causing excitation or inhibition.

3. Synaptic Transmission Steps:

a. Synthesis and Storage: Neurotransmitters are synthesized either in the soma or presynaptic terminal and stored
in vesicles until release.

b. Action Potential Arrival: An action potential travels along the axon to the presynaptic terminal.

c. Calcium-Mediated Release: Voltage-gated calcium channels open, calcium influx triggers vesicle fusion with
the presynaptic membrane, and neurotransmitters are released into the synaptic cleft.

d. Receptor Activation: Neurotransmitters bind to specific postsynaptic receptors (ionotropic or metabotropic),
generating excitatory or inhibitory postsynaptic potentials.

e. Signal Termination: Neurotransmitters are removed from the synaptic cleft by enzymatic degradation,
reuptake into the presynaptic neuron, or diffusion, ensuring the signal is precise and temporary.

4. Types of Postsynaptic Responses:
a. [Excitatory Postsynaptic Potential (EPSP): Depolarization that increases the likelihood of an action potential.

b. Inhibitory Postsynaptic Potential (IPSP): Hyperpolarization that decreases the likelihood of an action
potential.

c. Summation: EPSPs and IPSPs from multiple inputs are integrated at the axon hillock to determine whether an
action potential will fire.

5. Receptor Types:
a. lonotropic receptors: Ligand-gated ion channels that cause rapid postsynaptic responses.

b. Metabotropic receptors: G-protein coupled receptors that initiate slower, longer-lasting intracellular signaling
pathways.

6. Modulating Factors in Neurotransmission:

a. Synaptic plasticity: Changes in synaptic strength with activity (e.g., long-term potentiation or depression)
critical for learning and memory.

b. Presynaptic modulation: Autoreceptors can regulate neurotransmitter release.

c. Postsynaptic modulation: Receptor density and sensitivity can change depending on activity or
pharmacological influences.

d. Enzymatic activity: Enzymes like acetylcholinesterase terminate signals by breaking down neurotransmitters.
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7. Electrical vs Chemical Synapses:
a. Electrical synapses: Allow direct ionic current flow through gap junctions for rapid communication.
b. Chemical synapses: Use neurotransmitters for slower, unidirectional, and highly regulated signaling.
8. Clinical Relevance:

a. Dysregulation of neurotransmission underlies neurological and psychiatric disorders such as Parkinson’s
disease (dopamine deficiency), depression (serotonin/norepinephrine imbalance), epilepsy (excessive excitatory
transmission), and anxiety (GABAergic deficits).

b. Many drugs target neurotransmission, either enhancing it (agonists, reuptake inhibitors) or inhibiting it
(antagonists, enzyme inhibitors).

GENERAL STEPS INVOLVED IN NEUROTRANSMISSION

Neurotransmission is a stepwise process that allows neurons to communicate with each other or with effector cells
(muscles or glands). These steps ensure that a signal is transmitted accurately, efficiently, and transiently. The process
can be divided into eight main steps:

1. Synthesis of Neurotransmitters:

a. Neurotransmitters are chemical messengers synthesized either in the cell body (soma) or axon terminal of the
presynaptic neuron.

b. Small-molecule neurotransmitters like acetylcholine, dopamine, norepinephrine, serotonin, GABA, and
glutamate are synthesized in the axon terminal.

c. Larger neuropeptides are synthesized in the soma and transported to the terminal via axonal transport.
d. Precursors, enzymes, and cofactors are required for synthesis.
2. Storage of Neurotransmitters:
a. Once synthesized, neurotransmitters are packaged into synaptic vesicles in the presynaptic terminal.
b. Vesicles protect neurotransmitters from enzymatic degradation and maintain a ready supply for release.
3. Action Potential Arrival at the Presynaptic Terminal:
a. An action potential (electrical impulse) travels along the axon and reaches the presynaptic terminal.
b. Depolarization of the terminal membrane is a critical trigger for neurotransmitter release.
4. Calcium Influx and Vesicle Fusion:
Depolarization opens voltage-gated calcium channels in the presynaptic membrane.

b. Calcium ions (Ca*") enter the presynaptic terminal, initiating a cascade that allows synaptic vesicles to fuse
with the presynaptic membrane.

c. This process is mediated by SNARE proteins (e.g., synaptobrevin, syntaxin) that guide vesicle docking and
fusion.

5. Neurotransmitter Release (Exocytosis):
a. Vesicles release neurotransmitters into the synaptic cleft by exocytosis.
b. The quantity released depends on the frequency of action potentials and the calcium influx.
6. Neurotransmitter Binding to Postsynaptic Receptors:
a. Neurotransmitters diffuse across the synaptic cleft and bind to specific receptors on the postsynaptic membrane.
b. Two main types of receptors:

i.  Ionotropic receptors: Ligand-gated ion channels producing rapid effects (e.g., nicotinic acetylcholine
receptor).

ii. ~ Metabotropic receptors: G-protein-coupled receptors causing slower but longer-lasting intracellular
signaling (e.g., muscarinic acetylcholine receptor, dopamine receptors).

c. Binding leads to excitatory (EPSP) or inhibitory (IPSP) effects on the postsynaptic cell.
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7. Termination of Signal:

a. To ensure precise and transient signaling, neurotransmission is terminated by one or more of the following
mechanisms:

i.  Reuptake: Neurotransmitters are actively transported back into the presynaptic neuron (e.g., serotonin,
norepinephrine).

ii. Enzymatic degradation: Enzymes in the synaptic cleft or postsynaptic cell break down
neurotransmitters (e.g., acetylcholinesterase breaks down acetylcholine).

iii.  Diffusion: Neurotransmitters diffuse away from the synaptic cleft.
8. Postsynaptic Response and Integration:
The postsynaptic cell integrates all incoming signals: excitatory and inhibitory.

b. If the net depolarization reaches the threshold at the axon hillock, an action potential is generated in the
postsynaptic neuron.

c. This process ensures signal propagation and allows synaptic plasticity, which is crucial for learning and
memory.

NEUROHUMORAL TRANSMISSION IN AUTONOMIC NERVOUS SYSTEM
1. Neurohumoral Transmission in the ANS

The autonomic nervous system (ANS) controls involuntary physiological functions, including heart rate, blood
pressure, digestion, respiration, and glandular secretion. The ANS is divided into sympathetic and parasympathetic
divisions, both using neurohumoral transmission—a combination of nerve-mediated (neuro) and hormone-
mediated (humoral) signaling.

a. Neurohumoral transmission refers to neurotransmitters being released at synapses or into the bloodstream to
produce effects in target organs.

b. Neurotransmitters act on specific receptors to mediate physiological responses.
Key features:

a. Sympathetic postganglionic neurons can release neurotransmitters (mainly noradrenaline) at neuroeffector
junctions or into the circulation (as adrenaline from adrenal medulla).

b. Parasympathetic postganglionic neurons release acetylcholine to act on muscarinic receptors.

c. Some autonomic responses involve both neurotransmitter and circulating hormone effects (e.g., adrenaline
from adrenal medulla prolongs sympathetic effects).

2. Sympathetic Neurohumoral Transmission: Adrenaline (Epinephrine)
A. Synthesis and Storage:

a. Adrenaline is synthesized in chromaffin cells of adrenal medulla from tyrosine via dopamine and
norepinephrine intermediates.

b. Enzymes involved:
i.  Tyrosine — DOPA (by tyrosine hydroxylase)
ii. ~ DOPA — Dopamine (by DOPA decarboxylase)
iii. ~ Dopamine — Norepinephrine (by dopamine B-hydroxylase)

iv.  Norepinephrine — Epinephrine (by phenylethanolamine N-methyltransferase, mainly in adrenal
medulla)

c. Stored in secretory granules until release.
B. Release Mechanism:

a. Sympathetic stimulation or stress triggers the splanchnic nerve to release acetylcholine at adrenal medulla
chromaffin cells.

b. This stimulates exocytosis of adrenaline into the bloodstream.
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C. Receptors and Effects:
a. Adrenergic receptors mediate adrenaline effects:
i.  al receptors: Vasoconstriction of arterioles — increase BP.
ii. a2 receptors: Negative feedback inhibition of norepinephrine release.
iii.  P1 receptors: Increase heart rate (chronotropic) and contractility (inotropic).
iv. P2 receptors: Bronchodilation, vasodilation in skeletal muscle.
b. Effects are systemic and prolonged compared to direct synaptic neurotransmission.
D. Termination:
a. Adrenaline is removed from circulation by:
i.  Reuptake into nerve terminals (for sympathetic neurons)
ii.  Metabolism by enzymes: monoamine oxidase (MAQ) and catechol-O-methyltransferase (COMT)
3. Parasympathetic Neurohumoral Transmission: Acetylcholine (ACh)
A. Synthesis and Storage:
a. Synthesized in cholinergic neurons from acetyl-CoA and choline via choline acetyltransferase (ChAT).
b. Stored in synaptic vesicles at nerve terminals.
B. Release Mechanism:

a. Arrival of an action potential at the postganglionic terminal opens voltage-gated calcium channels, causing
Ca?" influx.

b. Vesicles fuse with the presynaptic membrane, releasing acetylcholine into the synaptic cleft.
C. Receptors and Effects:

a. Nicotinic receptors (N1/N2): On postganglionic neurons and adrenal medulla — depolarization and signal
propagation.

b. Muscarinic receptors (M1-MS5): On effector organs — parasympathetic effects:
i.  Heart (M2): Decreased heart rate and contractility.
ii.  Smooth muscle (M3): Contraction in gut, bronchi; increased secretion in glands.
c. Effects are localized and rapid, limited by enzymatic breakdown.
D. Termination:

a. Rapid hydrolysis by acetylcholinesterase (AChE) in the synaptic cleft into choline and acetate, preventing
prolonged stimulation.

b. Choline is taken back into the neuron for resynthesis of ACh.

4. Key Differences Between Adrenaline and Acetylcholine in Neurohumoral Transmission

Feature Acetylcholine (ACh) Adrenaline (Epinephrine)
Source Postganglionic parasympathetic neurons | Adrenal medulla (chromaffin cells)
Type Neurotransmitter (synaptic) Hormone & neurotransmitter

Receptors Muscarinic (M1-M5), Nicotinic (N1/N2) | Adrenergic (al, a2, B1, f2)

Effect Local, rapid, short-lived Systemic, slower onset, prolonged
Termination | Acetylcholinesterase hydrolysis Reuptake & enzymatic degradation (MAO, COMT)
Function Rest & digest (parasympathetic) Fight or flight (sympathetic)

42 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



5. Clinical and Pharmacological Relevance

a. ACh-related drugs: Cholinomimetics (enhance ACh) or anticholinergics (block ACh) affect heart rate,
digestion, and glandular secretion.

b. Adrenaline-related drugs: Used in emergencies (anaphylaxis, cardiac arrest), asthma (B2 agonists), and
hypotension.

c. Disorders: Dysregulation leads to diseases like myasthenia gravis (ACh receptor deficit), heart failure (1
receptor dysfunction), and autonomic neuropathies.

NEUROHUMORAL TRANSMISSION IN CENTRAL NERVOUS SYSTEM (DETAILED STUDY ABOUT
NEUROTRANSMITTERS- HISTAMINE, SEROTONIN, DOPAMINE, GABA, GLUTAMATE AND
GLYCINE]. D. NON ADRENERGIC NON CHOLINERGIC TRANSMISSION (NANC).

1. Neurohumoral Transmission in the CNS

Neurohumoral transmission in the CNS involves communication between neurons via chemical messengers
(neurotransmitters) across synapses, regulating functions such as mood, cognition, motor control, sensory
perception, and autonomic control. Unlike the peripheral ANS, CNS neurotransmission is mostly intrinsic, meaning
neurotransmitters act locally within neuronal circuits rather than systemically, though some neuromodulators can diffuse
widely.

Key features:
Involves excitatory, inhibitory, and modulatory neurotransmitters.
b. Transmission can be fast (ionotropic receptors) or slow/modulatory (metabotropic receptors).

c. Both classical neurotransmitters (ACh, catecholamines) and other CNS-specific neurotransmitters play vital
roles.

2. Major CNS Neurotransmitters
A. Histamine

a. Source: Tuberomammillary nucleus of the hypothalamus; neurons project throughout CNS.
b. Synthesis: From histidine by histidine decarboxylase.

c. Receptors: H1, H2, H3, H4 (G-protein coupled).

&

Functions:
i.  Regulates wakefulness and arousal.
ii.  Modulates appetite, cognition, memory, and endocrine functions.
e. Clinical relevance:
i.  HI antagonists cause sedation.
ii.  H3 receptor antagonists are being studied for narcolepsy, cognitive disorders.
B. Serotonin (5-HT)
a. Source: Raphe nuclei in the brainstem.
b. Synthesis: From tryptophan via tryptophan hydroxylase and decarboxylase.
c. Receptors: 5-HT1 to 5-HT7 (mostly GPCRs, except 5-HT3, which is ionotropic).

&

Functions:
i.  Mood regulation, sleep, appetite, anxiety, and nociception.
e. Clinical relevance:
i.  Selective serotonin reuptake inhibitors (SSRIs) enhance serotonergic transmission in depression.
ii.  Dysregulation linked to migraine, anxiety, depression, and schizophrenia.
C. Dopamine
a. Source: Substantia nigra, ventral tegmental area, hypothalamus.

b. Synthesis: From tyrosine — L-DOPA — dopamine via tyrosine hydroxylase and DOPA decarboxylase.
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c. Receptors: D1-D5 (GPCRs).
d. Functions:

i.  Motor control (nigrostriatal pathway), reward and motivation (mesolimbic pathway), endocrine
regulation (tuberoinfundibular pathway).

e. Clinical relevance:
i.  Parkinson’s disease: dopamine deficiency in nigrostriatal pathway.
ii.  Schizophrenia: excessive mesolimbic dopamine.
D. Gamma-Aminobutyric Acid (GABA)
Source: Widely distributed inhibitory neurons in CNS.
b. Synthesis: From glutamate by glutamic acid decarboxylase (GAD).
c. Receptors:
i.  GABA-A: lonotropic CI~ channel, mediates fast inhibition.
11. GABA-B: Metabotropic, GPCR, mediates slow inhibition.
d. Functions:

i.  Primary inhibitory neurotransmitter; regulates neuronal excitability, anxiety, motor control, and
sleep.

e. Clinical relevance:
i.  Benzodiazepines, barbiturates enhance GABA-A activity (anxiolytic, sedative).
ii.  Epilepsy: dysfunction in GABAergic transmission increases excitability.
E. Glutamate
Source: Principal excitatory neurotransmitter in CNS; widely distributed.
b. Synthesis: From glutamine via glutaminase.
c. Receptors:
i.  Ionotropic: NMDA, AMPA, kainate (fast excitatory).
ii.  Metabotropic: mGluRs (modulate synaptic plasticity).
d. Functions:
i.  Memory, learning, synaptic plasticity, neuronal development.
e. Clinical relevance:
i.  Overactivation — excitotoxicity — neuronal death (stroke, neurodegenerative diseases).
ii. ~ NMDA receptor antagonists (e.g., memantine) used in Alzheimer’s disease.
F. Glycine
a. Source: Interneurons in spinal cord and brainstem.
b. Synthesis: From serine via serine hydroxymethyltransferase.

c. Receptors: Glycine receptor (ionotropic Cl- channel, inhibitory).

&~

Functions:

i.  Inhibitory neurotransmission in spinal cord.

ii.  Co-agonist for NMDA receptors (facilitates excitatory glutamate action).
e. Clinical relevance:

i.  Glycine receptor defects — startle disease (hyperekplexia).
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3. Non-Adrenergic, Non-Cholinergic (NANC) Transmission
Definition:

a. NANC transmission refers to neurotransmission in which the neurotransmitter is neither adrenergic
(noradrenaline, adrenaline) nor cholinergic (acetylcholine).

b. Predominantly found in enteric nervous system, CNS, and some peripheral neurons.
Key Features:

a. Uses neurotransmitters like ATP, nitric oxide (NO), vasoactive intestinal peptide (VIP), serotonin,
neuropeptides.

b. Can be inhibitory or excitatory depending on the receptor.
c. Plays a major role in gastrointestinal motility, vasodilation, and smooth muscle relaxation.

Examples of NANC neurotransmitters:

Neurotransmitter Function
Nitric oxide (NO) Smooth muscle relaxation (vasodilation)
ATP Excitatory neurotransmission in enteric neurons

VIP (vasoactive intestinal peptide) | Stimulates intestinal secretion and relaxes smooth muscle

Substance P Excitatory, pain transmission

Neuropeptide Y Modulates sympathetic neurotransmission

Mechanism:
a. Released from nerve terminals in response to action potentials.
b. Diffuses to target cells, activating specific receptors (ionotropic or GPCRs).
c. Effects are usually local and modulatory.

Clinical relevance:

a. NANC transmission abnormalities — gastrointestinal motility disorders, erectile dysfunction, hypertension, and
airway disorders.

CO-TRANSMISSION
Definition of Co-Transmission

Co-transmission is the physiological process in which a single neuron synthesizes, stores, and releases two or more
neurotransmitters from its presynaptic terminal, either simultaneously or in a stimulus-dependent manner, to act
on one or more postsynaptic targets. These neurotransmitters can be classical small-molecule neurotransmitters,
neuropeptides, or gaseous transmitters, and they often exert complementary or synergistic effects on the
postsynaptic cell.

Key Points in the Definition:
Single Neuron, Multiple Transmitters: A neuron is not limited to releasing one type of neurotransmitter.

b. Differential or Simultaneous Release: Release may depend on frequency or pattern of stimulation; some
transmitters are released under low-frequency firing, others at high-frequency firing.

c. Combination of Transmitter Types: Can involve:
i.  Classical neurotransmitters (e.g., glutamate, GABA)
ii.  Neuropeptides (e.g., substance P, VIP)
iii.  Gaseous transmitters (e.g., nitric oxide)

d. Functional Outcome: The postsynaptic cell receives a complex, finely tuned signal, integrating fast-acting
and modulatory effects.
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¢. Physiological Relevance: Enhances the versatility, redundancy, and specificity of neuronal signaling in
CNS, ANS, and peripheral nerves.

Example:

a. In sensory neurons, glutamate + substance P are co-released: glutamate produces fast excitatory signaling,
while substance P modulates prolonged pain perception.

b. In enteric neurons, acetylcholine + vasoactive intestinal peptide (VIP) are co-released: ACh causes smooth
muscle contraction, while VIP relaxes muscles and stimulates secretion.

Historical Background
1. Early Concepts: Dale’s Principle

a. In the early 20th century, Henry H. Dale proposed that a single neuron releases only one type of
neurotransmitter, a concept later generalized as Dale’s principle.

b. According to this principle, neurons were thought to be “one neuron, one transmitter”, meaning that each
neuron could synthesize and release only a single neurotransmitter to communicate with postsynaptic cells.

c. This principle dominated neuropharmacology and neuroscience research for decades and shaped the
understanding of synaptic transmission.

2. Challenges to Dale’s Principle

a. Inthe 1970s and 1980s, advanced histochemical and immunohistochemical techniques allowed detection of
multiple neurotransmitters in single neurons.

b. Researchers observed that certain neurons contained:
i.  Classical neurotransmitters (e.g., acetylcholine, norepinephrine, glutamate)
ii.  Neuropeptides (e.g., substance P, vasoactive intestinal peptide [ VIP], neuropeptide Y)

c. [Experiments showed that these neurons could release multiple neurotransmitters, sometimes under different
patterns of activity.

3. Discovery of Co-Transmission
a. Initial evidence:

i.  Sympathetic neurons releasing both acetylcholine and norepinephrine under experimental
conditions.

ii.  Sensory neurons in dorsal root ganglia releasing glutamate and substance P.
iii.  Enteric neurons co-releasing acetylcholine and VIP in gastrointestinal smooth muscle.

b. These observations indicated that neurons could communicate through multiple chemical messengers,
leading to more flexible and complex signaling than previously thought.

4. Mechanistic Insights

a. Studies in the 1980s and 1990s revealed that co-transmitters are often stored in separate vesicles (small clear
vesicles for classical neurotransmitters, dense-core vesicles for neuropeptides) and their release can be
stimulus-dependent:

i.  Low-frequency stimulation — release of classical neurotransmitters.
ii.  High-frequency stimulation — release of both classical neurotransmitters and neuropeptides.
b. Some neurons were found to co-package neurotransmitters in the same vesicle, though this is less common.
5. Modern Understanding

a. Today, co-transmission is considered a fundamental principle of neuronal signaling, complementing
classical neurotransmission.

b. It is recognized in central nervous system (CNS) neurons, autonomic neurons, enteric neurons, and
peripheral sensory neurons.

c. Co-transmission contributes to:

i.  Fast and slow signaling
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ii.  Excitatory, inhibitory, and modulatory effects
iii.  Neuronal plasticity and complex network regulation
6. Significance of the Historical Development

a. Shifted the understanding of synaptic physiology from simple “one transmitter—one neuron” model to a
dynamic, multi-transmitter model.

b. Provided a basis for understanding complex behaviors, neuromodulation, and integration of physiological
functions.

c. Opened avenues for targeted pharmacological therapies that modulate multiple transmitters simultaneously
for conditions like pain, depression, gastrointestinal disorders, and neurodegenerative diseases

Types of Co-Transmission

Co-transmission refers to the ability of a neuron to release more than one neurotransmitter. Based on the nature of the
neurotransmitters released and their functional roles, co-transmission can be classified into several types:

1. Co-Transmission of Classical Neurotransmitters (Small-Molecule Transmitters)
Definition:

a. A single neuron releases two or more classical small-molecule neurotransmitters, such as acetylcholine
(ACh), noradrenaline (NA), glutamate, or GABA.

Characteristics:
a. Usually stored in small clear vesicles in the presynaptic terminal.
b. Release is often activity-dependent, triggered by specific firing patterns.
c. Allows fast excitatory or inhibitory signaling.
Examples:
a. Certain sympathetic neurons can release acetylcholine and noradrenaline under different conditions.
b. Glutamatergic neurons in the CNS can co-release glutamate and aspartate.
2. Co-Transmission of Classical Neurotransmitters and Neuropeptides
Definition:
a. Neurons release a classical neurotransmitter along with one or more neuropeptides.

b. Classical neurotransmitters mediate rapid, short-term signaling, while neuropeptides produce slower,
modulatory, or prolonged effects.

Characteristics:
a. Classical neurotransmitters are in small clear vesicles; neuropeptides are in dense-core vesicles.
b. Often released in a frequency-dependent manner:
i.  Low-frequency stimulation — classical neurotransmitter release
ii.  High-frequency stimulation — both classical neurotransmitter and neuropeptide release
Examples:
a. Glutamate + Substance P: Found in sensory neurons, mediates pain transmission.

b. Acetylcholine + VIP (vasoactive intestinal peptide): Enteric neurons regulating smooth muscle contraction
and relaxation.

Functional Significance:

a. Provides fine-tuned regulation of target cells.

b. Enables fast excitatory signaling plus modulatory or long-lasting effects.
3. Co-Transmission of Neuropeptides Alone
Definition:

a. Some neurons release two or more neuropeptides simultaneously without classical neurotransmitters.
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Characteristics:
a. Both neurotransmitters are modulatory, often acting over longer distances and longer times.
b. Common in CNS interneurons and autonomic neurons.
Examples:
a. Neuropeptide Y + VIP in enteric neurons, regulating gastrointestinal motility.
b. Somatostatin + dynorphin in inhibitory interneurons of CNS.
4. Co-Transmission in Non-Adrenergic Non-Cholinergic (NANC) Neurons
Definition:

a. Neurons that do not release classical adrenergic (NA/adrenaline) or cholinergic (ACh) transmitters but
release other neurotransmitters, often in combination.

Characteristics:
a. Important in autonomic and enteric nervous systems.
b. Common transmitters: ATP, nitric oxide (NO), VIP, substance P.
c. Can include multiple NANC transmitters in a single neuron.
Examples:
a. ATP + NO: Co-released from inhibitory neurons in smooth muscles, causing relaxation.
b. VIP + substance P: Regulate gut secretion and motility.
Functional Significance:
a. Provides flexibility in regulating smooth muscle, glands, and vascular tone.

b. Adds another layer of neuronal control independent of classical sympathetic or parasympathetic
transmitters.

5. Activity-Dependent or Frequency-Dependent Co-Transmission
Definition:
a. The type of transmitter released depends on the frequency or pattern of neuronal firing.
Characteristics:
a. Low-frequency action potentials — release classical neurotransmitters.
b. High-frequency or prolonged stimulation — release co-transmitters or neuropeptides.
Examples:
a. In sensory neurons, glutamate alone at low firing; glutamate + substance P at high-frequency stimulation.
b. In sympathetic neurons, noradrenaline alone at low-frequency; noradrenaline + ATP at higher frequencies.
Functional Significance:
a. [Enables neurons to adjust signaling based on physiological demand.
6. Co-Packaging in Single Vesicles
Definition:
a. Some neurons package multiple transmitters in the same vesicle for simultaneous release.
Characteristics:
a. Less common than separate vesicle release.
b. Often involves a classical neurotransmitter + neuropeptide.
c. Ensures simultaneous action on postsynaptic receptors.
Example:

a. GABA + neuropeptide Y in inhibitory CNS interneurons.
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Mechanisms of Co-Transmission

Co-transmission occurs when a single neuron releases more than one neurotransmitter. The mechanisms underlying
co-transmission involve synthesis, storage, vesicular trafficking, release, and postsynaptic integration. These
mechanisms ensure that multiple neurotransmitters can be released simultaneously or selectively to produce complex
signaling outcomes.

1. Synthesis of Multiple Neurotransmitters

a.
b.

Neurons capable of co-transmission must synthesize more than one neurotransmitter.

Classical neurotransmitters (small molecules like glutamate, GABA, acetylcholine) are synthesized in the
axon terminal.

Neuropeptides are synthesized in the soma (cell body), packaged in dense-core vesicles, and transported via
axonal transport to terminals.

Some neurons also synthesize gaseous transmitters like nitric oxide (NO) on demand from enzymes like nitric
oxide synthase (NOS).

2. Storage of Co-Transmitters

Neurotransmitters are stored in vesicles within the presynaptic terminal.
Two main vesicle types:
i.  Small clear vesicles (SCVs): Contain classical neurotransmitters (e.g., ACh, glutamate, GABA).

ii.  Dense-core vesicles (DCVs): Contain neuropeptides or modulatory co-transmitters (e.g., substance P,
VIP).

Separate vesicle populations allow selective release of specific transmitters depending on neuronal activity.

In some cases, co-packaging occurs, where multiple neurotransmitters are stored in the same vesicle, allowing
simultaneous release.

3. Differential or Activity-Dependent Release

a.

C.

Co-transmission is frequency- or activity-dependent, meaning the pattern of action potentials determines
which transmitters are released:

i.  Low-frequency stimulation: Preferential release of classical neurotransmitters (fast-acting, short-lived
effects).

ii.  High-frequency or prolonged stimulation: Co-release of neuropeptides or modulatory transmitters
(slower, prolonged effects).

Mechanism:

i.  Calcium dynamics in the presynaptic terminal are critical. Higher frequency firing leads to higher
intracellular Ca** levels, triggering the release of dense-core vesicles containing neuropeptides.

This mechanism allows neurons to modulate their signaling according to physiological demand.

4. Vesicle Fusion and Exocytosis

a.

b.

Release of co-transmitters occurs via vesicular exocytosis:

i.  Vesicles are docked at the presynaptic membrane using SNARE proteins (e.g., synaptobrevin,
syntaxin, SNAP-25).

ii.  Calcium influx through voltage-gated calcium channels triggers vesicle fusion with the membrane.
iii.  Neurotransmitters are released into the synaptic cleft.

Depending on vesicle type, release may be fast (classical neurotransmitters) or slower (dense-core vesicles
for neuropeptides).
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5. Postsynaptic Integration

a. Released neurotransmitters bind to different postsynaptic receptors, which may be ionotropic (fast) or
metabotropic (slow/modulatory).

b. Ionotropic receptors: Produce rapid depolarization or hyperpolarization (e.g., glutamate on AMPA/NMDA
receptors, GABA on GABA-A receptors).

c. Metabotropic receptors: Modulate intracellular signaling, gene expression, or synaptic plasticity (e.g.,
neuropeptides on GPCRs).

d. The postsynaptic cell integrates signals from multiple neurotransmitters, producing complex, synergistic, or
modulatory effects

6. Spatial and Temporal Regulation
a. Co-transmission allows spatial and temporal separation of effects:
i.  Classical neurotransmitters act locally and rapidly at the synapse.

ii.  Neuropeptides or gaseous transmitters can diffuse farther, producing long-lasting modulatory
effects.

b. This ensures that a single neuron can control multiple target cells or circuits simultaneously.
7. Examples of Mechanisms in Practice
a. Glutamate + Substance P (sensory neurons):
i.  Glutamate released from small clear vesicles — fast excitatory signaling.
ii.  Substance P released from dense-core vesicles — slower modulation of pain perception.
b. Acetylcholine + VIP (enteric neurons):
i.  ACh mediates rapid smooth muscle contraction.
ii.  VIP causes slower relaxation and stimulates secretions.
c. ATP + Nitric Oxide (NANC neurons):
i.  ATP — fast excitatory postsynaptic effects.
ii.  NO — diffuse, prolonged relaxation of smooth muscle.
Functional Significance

Co-transmission, the release of multiple neurotransmitters from a single neuron, is not just a biochemical curiosity—
it has profound physiological and pharmacological implications. It allows neurons to modulate postsynaptic targets
in a more complex and versatile manner than single-transmitter signaling.

1. Enhanced Signaling Versatility
a. Co-transmission allows a single neuron to produce multiple types of postsynaptic effects simultaneously.
b. Example: A neuron can release:
i. A fast-acting neurotransmitter (like glutamate or acetylcholine) — rapid depolarization or excitation

ii. A modulatory neurotransmitter or neuropeptide (like substance P or VIP) — slower, longer-lasting
modulation

c. This dual action increases the information-carrying capacity of individual neurons.
2. Fine-Tuning of Physiological Responses
a. Co-transmission enables precise control of target cells or tissues.
b. Example: In enteric neurons:
i.  Acetylcholine — rapid contraction of smooth muscle
ii.  VIP — relaxation and secretion

c. The combination ensures coordinated motor and secretory activity, rather than a simple “on/off” response.
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3. Temporal and Spatial Flexibility
a. Different transmitters act over different time scales and distances:
i.  Small-molecule neurotransmitters — act locally and quickly (milliseconds to seconds)
ii.  Neuropeptides or gaseous transmitters — diffuse farther, acting over seconds to minutes
b. This allows a neuron to control both immediate and sustained responses.
4. Redundancy and Reliability
a. Co-transmission ensures robust signaling, even if one neurotransmitter system is impaired.

b. Example: If classical neurotransmitter release is reduced, co-released neuropeptides or modulators can still
maintain some functional response.

5. Differential Modulation Based on Activity

a. Co-transmission can be activity-dependent, allowing neurons to adjust their output according to
physiological needs.

b. Example:
i.  Low-frequency firing — release of a single fast neurotransmitter
ii.  High-frequency firing — co-release of neuropeptides for longer-lasting modulation
c. This allows dynamic adaptation to changing physiological or environmental conditions.
6. Complex Integration in Neural Networks
a. Co-transmission contributes to synaptic plasticity, learning, and memory in the CNS:
i.  Fast transmitters generate immediate synaptic potentials

ii.  Co-transmitters modulate postsynaptic receptor sensitivity, gene expression, and intracellular
signaling pathways

b. This multi-layered signaling is essential for complex behaviors, mood regulation, and sensory processing.

7. Functional Examples in Physiology

System Co-Transmitters Functional Significance
CNS (sensory neurons) Glutamate + Substance P Rapid excitation + modulation of pain perception
Enteric nervous system Acetylcholine + VIP Coordinated smooth muscle contraction + relaxation &
secretion
Autonomic nervous system | ATP + NO Fast excitatory + prolonged smooth muscle relaxation
Inhibitory CNS GABA + Neuropeptide Y Fast inhibition + modulatory regulation of network
interneurons excitability

8. Clinical and Pharmacological Relevance
a. Understanding co-transmission is crucial for targeting multiple neurotransmitter systems simultaneously:
i.  Pain modulation (targeting glutamate + substance P)
ii.  QGastrointestinal motility disorders (ACh + VIP)
iii.  Neurodegenerative disorders (GABA + neuropeptides for excitatory/inhibitory balance)
b. Drugs that selectively modulate co-transmitters can fine-tune neuronal responses and reduce side effects.
Clinical and Pharmacological Relevance

Co-transmission, the ability of a neuron to release multiple neurotransmitters, is not only a fundamental physiological
mechanism but also highly relevant for understanding diseases, drug actions, and therapeutic strategies. Its
complexity allows fine-tuning of neuronal signaling, but dysfunction can lead to pathophysiological conditions.
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1. Pain Modulation and Sensory Disorders
a. Mechanism:

1. Sensory neurons often co-release glutamate (fast excitatory) and substance P or calcitonin gene-
related peptide (CGRP) (slow/modulatory) at synapses in the dorsal horn of the spinal cord.

b. Clinical relevance:
i.  Abnormal co-transmission contributes to chronic pain, hyperalgesia, and neuropathic pain.
c. Pharmacological implications:
i.  Drugs targeting both transmitters can provide better analgesia:
1. NMDA receptor antagonists block glutamate signaling.
2. Neuropeptide receptor antagonists block substance P or CGRP.
ii.  Combination therapies may reduce opioid use and side effects.
2. Gastrointestinal Disorders
a. Mechanism:

i.  Enteric neurons co-release acetylcholine (ACh) and vasoactive intestinal peptide (VIP), coordinating
smooth muscle contraction, relaxation, and secretion.

b. Clinical relevance:

i.  Dysfunction in co-transmission leads to irritable bowel syndrome, diarrhea, constipation, and
motility disorders.

c. Pharmacological implications:
i.  Drugs modulating cholinergic or VIPergic transmission can restore coordinated motility:
1. Cholinergic agonists or antagonists affect contraction.
2. VIP analogs or receptor modulators influence relaxation and secretion.
3. Cardiovascular Regulation
a. Mechanism:

i.  Sympathetic neurons may co-release noradrenaline and ATP or other NANC transmitters to regulate
vascular tone.

b. Clinical relevance:
i.  Altered co-transmission contributes to hypertension, orthostatic hypotension, and heart failure.
c. Pharmacological implications:

i.  Drugs targeting multiple sympathetic transmitters (e.g., a-adrenergic blockers, purinergic
modulators) can provide more precise control of blood pressure.

4. Neurodegenerative Disorders
a. Mechanism:

i.  Co-transmission in CNS neurons integrates excitatory, inhibitory, and modulatory signaling (e.g.,
GABA + neuropeptides, glutamate + modulators).

b. Clinical relevance:

i.  Dysregulated co-transmission contributes to Parkinson’s disease, Alzheimer’s disease, Huntington’s
disease, and epilepsy.

c. Pharmacological implications:
i.  Therapies targeting co-transmitters can restore neuronal network balance:
1. GABA agonists enhance inhibitory signaling.

2. Neuropeptide modulators improve cognitive or motor deficits.

52 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



5. Mood and Psychiatric Disorders
a. Mechanism:

i.  CNS neurons co-release dopamine, serotonin, and neuropeptides to regulate mood, motivation, and
reward pathways.

b. Clinical relevance:

i.  Dysfunction in co-transmission is implicated in depression, schizophrenia, anxiety disorders, and
addiction.

c. Pharmacological implications:
i.  Drugs targeting multiple systems can improve therapeutic outcomes:
1. SSRIs enhance serotonin signaling.
2. Dopaminergic modulators restore reward circuitry.
3. Neuropeptide-targeted therapies may address treatment-resistant depression.
6. Respiratory and Smooth Muscle Disorders
a. Mechanism:
i.  NANC neurons co-release ATP, nitric oxide (NO), and VIP to regulate bronchial smooth muscle tone.
b. Clinical relevance:

i.  Abnormal co-transmission can lead to asthma, chronic obstructive pulmonary disease (COPD), or
gastrointestinal smooth muscle dysfunction.

c. Pharmacological implications:
1. Bronchodilators and NO donors can be used to correct smooth muscle tone.

ii.  Therapies targeting NANC co-transmitters can provide more effective relaxation and symptom
control.

7. Pain, Sleep, and Cognitive Disorders
a. Mechanism:

i.  Co-transmission of histamine, serotonin, and neuropeptides in the CNS regulates arousal, sleep-
wake cycles, and cognitive functions.

b. Clinical relevance:

i.  Dysregulated co-transmission contributes to sleep disorders, narcolepsy, and cognitive impairment.
c. Pharmacological implications:

i.  H3 receptor antagonists increase CNS histamine release for wakefulness.

ii.  Serotonergic drugs improve mood, cognition, and sleep patterns.
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Multiple Choice Questions (MCQs)

1. The primary inhibitory neurotransmitter in the CNS is:
a) Glutamate
b) GABA
c¢) Acetylcholine
d) Dopamine
2.  Which neurotransmitter is primarily responsible for wakefulness and arousal?
a) Serotonin
b) Dopamine
c¢) Histamine
d) GABA
3. Which receptor type is ionotropic?
a) GABA-B
b) NMDA
c) 5-HT1
d) D2
4. Non-adrenergic, non-cholinergic (NANC) neurons release:
a) Acetylcholine
b) Noradrenaline
¢) Nitric oxide and ATP
d) Dopamine
5. Co-transmission refers to:
a) Release of a single neurotransmitter from a neuron
b) Release of multiple neurotransmitters from a single neuron
¢) Release of neurotransmitters only in the CNS
d) Release of only classical neurotransmitters
6. Substance P is mainly involved in:
a) Memory
b) Pain transmission
¢) Muscle contraction
d) Sleep regulation
7. VIP (vasoactive intestinal peptide) is co-released with which neurotransmitter in enteric neurons?
a) GABA
b) Acetylcholine
¢) Glutamate
d) Dopamine
8. Nitric oxide acts as a:
a) Classical neurotransmitter
b) Neurohormone
¢) Gaseous transmitter
d) Inhibitory peptide
9. Low-frequency stimulation of a co-transmitting neuron usually releases:
a) Neuropeptides only
b) Classical neurotransmitters only
c¢) Both classical neurotransmitters and neuropeptides
d) No neurotransmitter
10. Which neurotransmitter is a co-agonist at NMDA receptors?
a) GABA
b) Glycine
¢) Dopamine
d) Serotonin
11. H3 receptors in the CNS are:
a) lonotropic excitatory receptors
b) Presynaptic autoreceptors for histamine
¢) Postsynaptic inhibitory receptors for acetylcholine
d) Receptors for dopamine
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12. The “one neuron-one neurotransmitter” concept is associated with:
a) Loewi
b) Dale
c¢) Hodgkin
d) Katz
13. Which neurotransmitter is primarily excitatory in the CNS?
a) GABA
b) Glycine
¢) Glutamate
d) Histamine
14. Dopamine in the CNS is synthesized from:
a) Tryptophan
b) Tyrosine
¢) Glutamine
d) Serine
15. Substance P and glutamate co-release is an example of:
a) Classical neurotransmission
b) Co-transmission
¢) NANC transmission
d) Hormonal signaling
16. Co-transmission can be:
a) Activity-dependent
b) Frequency-dependent
c¢)Bothaandb
d) None of the above
17. Enteric neurons releasing acetylcholine + VIP regulate:
a) Heart rate
b) GI motility and secretion
¢) Blood pressure
d) Respiration
18. GABA-A receptors are:
a) Metabotropic
b) Ionotropic CI~ channels
¢) Dopaminergic receptors
d) Histaminergic receptors
19. Neurons storing neuropeptides in dense-core vesicles release them:
a) Independently of calcium
b) Upon high-frequency stimulation
¢) Only in low-frequency firing
d) Continuously
20. Co-transmission is significant for:
a) Simple reflexes only
b) Complex regulation, modulation, and plasticity
¢) Only excitatory signaling
d) Hormonal secretion

Short-Answer Questions (20)

Define neurotransmission.

Name the major inhibitory neurotransmitter in the CNS.
What is co-transmission?

Give an example of NANC neurotransmission.

Which neurotransmitter is involved in arousal and wakefulness?
Name two neurotransmitters co-released in enteric neurons.
Which neurotransmitter is a gaseous transmitter?

What is the role of substance P in the CNS?

Differentiate between ionotropic and metabotropic receptors.
10 Explain activity-dependent release in co-transmission.

11. Which amino acid acts as a co-agonist at NMDA receptors?
12. Name the major excitatory neurotransmitter in the CNS.

VOB WD
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13.
14.
15.
16.
17.
18.
19.
20.

Define NANC neurons.

What is the significance of co-transmission in neuronal signaling?
Name a neurotransmitter synthesized from tyrosine.

What type of receptor is GABA-B?

Explain the role of VIP in the GI tract.

How does frequency of stimulation affect neurotransmitter release?

Give an example of classical neurotransmitter + neuropeptide co-release.
Why is co-transmission important in pharmacology?

Long-Answer Questions (10)

1
2
3
4.
S.
6
7
8
9.
1

0.

Describe the process of neurotransmission, including synthesis, storage, release, and receptor binding.

Explain the roles of major CNS neurotransmitters: glutamate, GABA, dopamine, serotonin, histamine, and glycine.
Discuss the mechanisms and functional significance of co-transmission in the CNS and PNS.

Explain neurohumoral transmission in the autonomic nervous system with reference to acetylcholine and adrenaline.
Describe NANC transmission, including examples of neurotransmitters and physiological functions.

Discuss activity- and frequency-dependent release of co-transmitters.

Explain the clinical and pharmacological relevance of co-transmission in pain, GI, and CNS disorders.

Compare and contrast ionotropic and metabotropic receptors in neurotransmission.

Describe the role of neuropeptides in modulating classical neurotransmission.

Discuss the historical development of the concept of co-transmission and its implications for modern neuroscience.

Answer Key for MCQs
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CHAPTER 4
SYSTEMIC PHARMACOLOGY

INTRODUCTION:

Systemic Pharmacology is a branch of pharmacology that deals with the study of drugs and their effects on
specific organ systems of the body. Unlike general pharmacology, which focuses on the basic principles, mechanisms,
and pharmacokinetics of drugs, systemic pharmacology examines how drugs interact with particular physiological
systems, how they modify system-specific functions, and how these interactions translate into therapeutic effects or
adverse reactions.

It integrates knowledge from physiology, biochemistry, pathology, and molecular biology to understand the systemic
impact of drugs. The study helps in rational drug therapy, tailoring treatments for specific diseases, and predicting
possible side effects or drug interactions.

Key Aspects of Systemic Pharmacology
a. System-Based Approach:

i.  Drugs are studied according to the organ system they affect, such as the cardiovascular, respiratory,
nervous, gastrointestinal, renal, endocrine, and musculoskeletal systems.

ii.  This approach allows a detailed understanding of both therapeutic effects and system-specific adverse
reactions.

b. Mechanism of Action:
i.  Systemic pharmacology explores how drugs exert their effects at cellular, tissue, and organ levels.
ii.  Mechanistic understanding helps in predicting interactions and designing combination therapies.
c. Therapeutic Applications:
i.  Focuses on clinical relevance and application of drugs in treating diseases specific to each system.
ii.  Guides clinicians in choosing the right drug, dose, and regimen for particular conditions.
d. Adverse Effects and Toxicology:
i.  Systemic pharmacology evaluates drug toxicity in relation to specific organ systems.
ii.  Helps in anticipating side effects, contraindications, and drug-drug interactions.
e. Integration with Clinical Practice:
i.  Bridges the gap between experimental pharmacology and patient care.
ii.  Knowledge of systemic pharmacology is critical for prescribing medications safely and effectively.
f.  Modern Trends:

i.  Involves understanding receptor pharmacology, signal transduction pathways, and pharmacogenomics
for individualized therapy.

ii.  Supports drug development by predicting systemic effects before clinical trials.
Importance of Systemic Pharmacology
a. Enables rational drug use and minimizes adverse effects.
b. Provides a foundation for clinical therapeutics.
c. Assists in drug discovery and development of new therapies.
d. Integrates basic pharmacological knowledge with organ-specific pathophysiology.

In essence, systemic pharmacology is a bridge between basic pharmacological principles and their practical, clinical
applications. It equips healthcare professionals with the understanding necessary to predict how drugs will act in real
human systems, ensuring both efficacy and safety.
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PARASYMPATHOMIMETIC

Definition: Parasympathomimetics are drugs that mimic the action of acetylcholine (ACh) at parasympathetic
nervous system receptors. They stimulate muscarinic and/or nicotinic receptors, thereby enhancing parasympathetic
activity, which regulates “rest and digest” functions in organs such as the heart, lungs, gastrointestinal tract, eyes, and
urinary bladder.

1. Pathophysiology and Clinical Rationale

The parasympathetic nervous system (PNS) maintains homeostasis through ACh-mediated signaling. Dysregulation of
parasympathetic tone contributes to several diseases:

a. Cardiovascular: Bradycardia, hypotension (reduced parasympathetic tone can cause tachycardia).
b. Ophthalmic: Glaucoma (increased intraocular pressure due to impaired aqueous humor drainage).
c. Gastrointestinal: Gastrointestinal atony, postoperative ileus (reduced motility).

d. Urinary: Urinary retention due to bladder atony.

e. Neurological: Myasthenia gravis (autoimmune blockade of nicotinic receptors at NMJ) and Alzheimer’s
disease (deficiency of cholinergic neurotransmission in CNS).

Parasympathomimetic drugs aim to restore or enhance parasympathetic activity in these conditions.
2. Classification of Parasympathomimetics
Parasympathomimetics are broadly classified into direct-acting and indirect-acting agents:
A. Direct-Acting Cholinergic Agonists
These drugs directly stimulate muscarinic and/or nicotinic receptors.
a. Muscarinic Agonists (M1, M2, M3 selective)

i.  Bethanechol: Stimulates M3 receptors in bladder and GI tract; used for urinary retention and GI
hypomotility.

ii.  Pilocarpine: Stimulates M3 receptors in eye; used for glaucoma and xerostomia (dry mouth).
iii.  Cevimeline: M3 selective; used in Sjogren’s syndrome for salivary secretion.
b. Nicotinic Agonists (Nn, Nm)
i.  Nicotine: Stimulates Nn receptors in autonomic ganglia and CNS; used in smoking cessation.
ii.  Varenicline: Partial agonist at 042 nicotinic receptors; used for smoking cessation.
B. Indirect-Acting Cholinergic Agonists (Cholinesterase Inhibitors)
These inhibit acetylcholinesterase, prolonging ACh action at synapses.
a. Reversible inhibitors
i.  Physostigmine: Crosses B; used in anticholinergic toxicity.
ii.  Neostigmine: Peripheral action; used in myasthenia gravis and postoperative ileus.
iii.  Pyridostigmine: Long-acting; used in chronic myasthenia gravis.
iv.  Donepezil, Rivastigmine, Galantamine: CNS-active; used in Alzheimer’s disease.
b. Irreversible inhibitors (Organophosphates)
i.  Echothiophate: Used in glaucoma.
ii. ~ Malathion, Parathion: Pesticides; highly toxic due to persistent AChE inhibition.
3. Mechanism of Action
Direct-Acting Drugs
a. Bind to muscarinic or nicotinic receptors.

b. Mimic ACh, leading to activation of G-protein coupled pathways (muscarinic) or ion channel opening
(nicotinic).
c. Effects:
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i.  Ml: Cognitive enhancement (CNS).
ii.  M2: Decrease heart rate and atrioventricular conduction.
iii.  M3: Increase smooth muscle contraction (bladder, gut), glandular secretion, and pupil constriction.
Indirect-Acting Drugs

a. Reversible inhibitors: Bind reversibly to acetylcholinesterase — increase ACh at synapses — enhanced
parasympathetic tone.

b. Irreversible inhibitors: Phosphorylate AChE — prolonged ACh action — toxicity with cholinergic crisis.

4. Pharmacological Effects

System Effects

Cardiovascular | Bradycardia, hypotension (via M2 receptors)

Respiratory Bronchoconstriction, increased secretion (M3)

Gastrointestinal | Increased motility, secretion, improved digestion

Genitourinary Bladder contraction, increased urine flow (M3)

Eye Miosis, decreased intraocular pressure (M3)

CNS Cognitive enhancement (M1), memory improvement (Alzheimer’s drugs)

Exocrine glands | Increased salivation, lacrimation, and sweating

5. Toxicology and Adverse Effects
Common adverse effects (overstimulation of parasympathetic system):
a. Cardiovascular: Severe bradycardia, hypotension, AV block.
b. Gastrointestinal: Diarrhea, nausea, vomiting, abdominal cramps.
c. Respiratory: Bronchospasm, increased bronchial secretions (caution in asthma).
d. Ocular: Blurred vision, miosis.
e. CNS: Confusion, headache, dizziness (mainly CNS-active drugs).

Cholinergic Crisis: Excessive ACh — salivation, lacrimation, urination, diarrhea, GI cramps, emesis (SLUDGE
syndrome), bradycardia, hypotension, seizures, respiratory failure.

Treatment of toxicity:
a. Atropine: Muscarinic antagonist.
b. Pralidoxime (2-PAM): Reactivates AChE in organophosphate poisoning.
6. Novel Developments
Selective M1 agonists: Target CNS cognition with fewer peripheral side effects (Alzheimer’s therapy).

b. Dual-action cholinesterase inhibitors: Combine reversible AChE inhibition with NMDA receptor modulation
for enhanced neuroprotection.

Gene therapy: Targeted enhancement of cholinergic neurons in neurodegenerative diseases.

d. Topical nicotinic agonists: Potential for neurogenic bladder and pain modulation.
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PARASYMPATHOLYTICS

Definition: Parasympatholytics, also known as anticholinergic drugs, are agents that inhibit the action of
acetylcholine (ACh) at muscarinic receptors in the parasympathetic nervous system. They reduce parasympathetic
tone, producing effects opposite to parasympathomimetics (“fight or flight” predominance).

These drugs are used to manage conditions where parasympathetic overactivity contributes to disease, such as
bradycardia, bronchospasm, gastrointestinal hypermotility, and urinary urgency.

1. Pathophysiology and Clinical Rationale

Diseases or conditions where parasympathetic overactivity is pathological:

a. Cardiovascular: Bradycardia, AV nodal block, hypotension due to excessive vagal tone.
b. Respiratory: Bronchospasm in asthma and COPD due to airway hyperreactivity.
c. Gastrointestinal: Hypermotility causing diarrhea, cramps, peptic ulcer disease (high parasympathetic activity).
d. Urinary: Overactive bladder, urinary incontinence due to excessive detrusor contraction.
Ophthalmic: Excessive lacrimation, ciliary spasm, miosis.
f. Neurological: Parkinson’s disease—imbalance between dopaminergic and cholinergic activity in basal ganglia

causes tremor and rigidity.

Parasympatholytics modulate these pathophysiological conditions by blocking muscarinic receptors (M1-M5),
thereby reducing cholinergic stimulation.

2. Classification of Parasympatholytics
A. Based on Receptor Selectivity
a. Non-selective muscarinic antagonists

i.  Atropine: Blocks M1-M5; used for bradycardia, pre-anesthetic medication, organophosphate
poisoning.

11. Scopolamine: Crosses BBB; used for motion sickness, antiemetic, CNS sedation.
b. Ml-selective antagonists
i.  Pirenzepine, Telenzepine: Reduce gastric acid secretion; used in peptic ulcer disease.
c. M2-selective antagonists
i.  Mainly affect cardiac M2 receptors (experimental use).
d. Ms3-selective antagonists
i.  Oxybutynin, Tolterodine, Solifenacin, Darifenacin: Used in overactive bladder.
ii.  Ipratropium, Tiotropium: Used in asthma and COPD (bronchodilation).
B. Based on Clinical Use
a. Cardiovascular agents
i.  Atropine: Bradycardia, AV block.
b. Respiratory agents
i.  Ipratropium, Tiotropium: Bronchodilators for COPD/asthma.
c. Gastrointestinal agents
i.  Dicyclomine, Hyoscyamine: Reduce hypermotility, IBS symptoms.
d. Urinary agents
i.  Oxybutynin, Tolterodine: Treat urinary incontinence, detrusor overactivity.
e. CNS agents

i.  Scopolamine, Benztropine, Trihexyphenidyl: Treat Parkinson’s disease, motion sickness.

60 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



3. Mechanism of Action
a. Parasympatholytics competitively block muscarinic ACh receptors (M1-M5) on effector organs.
b. They inhibit G-protein-coupled signaling normally activated by ACh:
i.  MI1: Reduces gastric acid secretion.
ii.  M2: Increases heart rate by blocking vagal effects.
iii.  M3: Relaxes smooth muscle (airway, bladder, gut), decreases glandular secretion.

c. Some drugs (like scopolamine) cross the blood-brain barrier to antagonize central muscarinic receptors,
affecting motion sickness, cognition, and Parkinsonian tremors.

4. Pharmacological Effects

System Effects

Cardiovascular | Tachycardia (M2 blockade), improved AV conduction

Respiratory Bronchodilation (M3), reduced airway secretions

Gastrointestinal | Reduced motility, decreased secretions (M3), anti-diarrheal

Genitourinary Relaxed detrusor, decreased bladder contraction (M3)

Eye Mydriasis, cycloplegia (M3)

CNS Sedation, antiemetic (scopolamine), reduced tremor (Parkinson’s)

Exocrine glands | Reduced salivation, sweating, lacrimation

5. Toxicology and Adverse Effects
Excessive anticholinergic activity causes:
a. CNS: Confusion, hallucinations, agitation, memory impairment (especially in elderly).
b. Cardiovascular: Tachycardia, palpitations.
c. Ocular: Blurred vision, photophobia, glaucoma risk (angle-closure).
d. Gastrointestinal: Dry mouth, constipation, reduced gastric motility.
e. Urinary: Urinary retention, particularly in men with BPH.
f.  Sweat glands: Reduced sweating — risk of hyperthermia.
Severe anticholinergic toxicity (“anticholinergic syndrome”) is characterized by:
a. Hot, dry skin; flushed face; mydriasis; delirium; urinary retention; tachycardia.
b. Treated with physostigmine (reversible AChE inhibitor) in severe cases.
6. Novel and Recent Developments
a. M3-selective antagonists: Solifenacin, Darifenacin provide bladder relaxation with minimal CNS effects.
b. Long-acting inhaled anticholinergics: Tiotropium, Umeclidinium for COPD with 24-hour bronchodilation.
c. Peripheral-selective agents: Minimize CNS side effects (e.g., trospium).
Hybrid drugs: Combination therapy in asthma/COPD with beta-agonists (LABA + LAMA).

&~

e. Targeted CNS anticholinergics: Investigational drugs for Parkinson’s tremors with improved receptor
selectivity.
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SYMPATHOMIMETICS

Definition: Sympathomimetics are drugs that mimic the action of endogenous catecholamines (mainly
norepinephrine, epinephrine, and dopamine) by stimulating adrenergic receptors in the sympathetic nervous system
(SNS). They enhance “fight or flight” responses, affecting cardiovascular, respiratory, metabolic, and other organ
systems.

These drugs are therapeutically used to increase cardiac output, dilate bronchi, manage hypotension, treat shock,
and improve nasal decongestion, among other indications.

1. Pathophysiology and Clinical Rationale

The sympathetic nervous system regulates critical physiological functions, including heart rate, blood pressure,
bronchodilation, and metabolic activity. Dysregulation or insufficient sympathetic activity can contribute to:

a. Cardiovascular disorders: Shock, hypotension, bradycardia, cardiac arrest.

b. Respiratory disorders: Asthma, chronic obstructive pulmonary disease (COPD).
c. Nasal congestion: Due to excessive nasal mucosa vasodilation.

d. Allergic reactions: Anaphylaxis (due to histamine-mediated vasodilation).

e. Metabolic disorders: Hypoglycemia unawareness in certain conditions.

Sympathomimetic drugs are used to restore sympathetic tone or enhance receptor activation to correct these
pathological states.

2. Classification of Sympathomimetics
Sympathomimetics are classified based on mechanism of action and receptor selectivity.
A. Based on Mechanism of Action
a. Direct-acting adrenergic agonists
i.  Bind directly to adrenergic receptors (a or B) to produce a pharmacological effect.
b. Indirect-acting adrenergic agonists
i.  Increase endogenous catecholamine release (¢.g., tyramine, amphetamine).
ii.  Inhibit reuptake or metabolism of catecholamines (e.g., cocaine, MAO inhibitors).
c. Mixed-acting adrenergic agonists

i.  Both direct receptor stimulation and enhance endogenous catecholamines (e.g., ephedrine,

pseudoephedrine).
B. Based on Receptor Selectivity
Receptor Selectivity Example Drugs Major Actions
Type
al Vasoconstrictors Phenylephrine, Midodrine 1 BP, nasal decongestion, mydriasis
a2 Central & peripheral Clonidine, Brimonidine | sympathetic outflow, | intraocular
pressure
p1 Heart Dobutamine, Dopamine (low | T HR, 1 cardiac contractility
dose)
B2 Lungs, uterus, vessels Salbutamol, Terbutaline, | Bronchodilation, uterine relaxation
Formoterol
B3 Adipose tissue, bladder | Mirabegron Lipolysis, detrusor relaxation
Mixed o/ | Both Epinephrine, Norepinephrine 1 BP, 1 HR, bronchodilation
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3. Mechanism of Action
a. Direct-acting agonists: Bind to adrenergic receptors — activate G-protein coupled signaling:
i.  al: Activates phospholipase C — 1 IP3/DAG — smooth muscle contraction (vasoconstriction).
ii.  a2: Inhibits adenylate cyclase — | cAMP — decreased sympathetic neurotransmitter release.
iii.  P1: Activates adenylate cyclase — T cAMP — increased cardiac contractility and rate.
iv.  P2: Activates adenylate cyclase — T cAMP — smooth muscle relaxation (bronchi, uterus).
b. Indirect-acting agonists: Increase synaptic catecholamine levels via:
i.  Stimulating release (amphetamine).
ii.  Inhibiting reuptake (cocaine).
iii.  Inhibiting metabolism (MAO inhibitors, COMT inhibitors).
c. Mixed-acting drugs: Combine both mechanisms.

4. Pharmacological Effects

System Effects

Cardiovascular | 1 BP (al), T HR & contractility (B1), reflex bradycardia possible

Respiratory Bronchodilation (B2), improved airflow in asthma/COPD

CNS 1 alertness, decreased fatigue (o & B stimulation), potential anxiety
Eye Mydriasis (al), | intraocular pressure (a2 agonists)

Metabolic 1 glycogenolysis, lipolysis, hyperglycemia (2)

Uterus Relaxation of uterine smooth muscle (B2)

Urinary bladder | Relaxation (3 agonists)

5. Toxicology and Adverse Effects
Common adverse effects:
a. Cardiovascular: Hypertension, tachycardia, arrhythmias, palpitations.
b. CNS: Anxiety, restlessness, insomnia, tremors, headache.
c. Metabolic: Hyperglycemia (B2-mediated), hypokalemia.
d. Local: Nasal irritation (topical a1 agonists).
e. Rare: Myocardial ischemia, stroke with excessive al stimulation.
Severe sympathomimetic toxicity (“catecholamine crisis”):
a. Extreme hypertension — cerebral hemorrhage.
b. Cardiac arrhythmias — myocardial infarction.
c. Managed with a- and p-blockers, benzodiazepines, supportive care.
6. Clinical Uses
a. Cardiovascular
i.  Epinephrine: Cardiac arrest, anaphylaxis.
ii.  Norepinephrine: Shock, hypotension.

iii.  Dobutamine: Heart failure, cardiogenic shock.
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b. Respiratory
i.  Salbutamol, Terbutaline, Formoterol: Asthma, COPD, premature labor (tocolysis).
c. Ophthalmic
i.  Phenylephrine: Mydriasis, ocular decongestion.
ii.  Brimonidine: Glaucoma (reduces aqueous humor production).
d. Nasal Decongestants
i.  Pseudoephedrine, Phenylephrine: Vasoconstriction of nasal mucosa.
e. Urinary
i.  Mirabegron: Overactive bladder (B3 agonist).
f. CNS
i.  Amphetamines: ADHD, narcolepsy (enhance catecholamine signaling).
7. Novel Developments
a. Long-acting B2 agonists (LABAs): Formoterol, Salmeterol for sustained bronchodilation.
b. Ultra-selective B3 agonists: Mirabegron for improved bladder function with minimal cardiovascular effects.
c. a2 adrenergic agonists: Clonidine, Dexmedetomidine for sedation, analgesia, and hypertension management.
d. Combination therapies: LABA + LAMA + ICS (inhaled corticosteroids) for advanced COPD.

e. Designer catecholamine analogs: Increased receptor selectivity and longer half-life to reduce systemic
toxicity.

SYMPATHOLYTICS

Definition: Sympatholytics are drugs that inhibit the effects of the sympathetic nervous system (SNS) by blocking
adrenergic receptors (o or ) or by reducing catecholamine release. They oppose the action of sympathomimetics
and are used to manage diseases characterized by excessive sympathetic activity, such as hypertension, angina,
arrhythmias, heart failure, and benign prostatic hyperplasia (BPH).

1. Pathophysiology and Clinical Rationale

Excessive sympathetic stimulation or adrenergic receptor hyperactivity contributes to multiple diseases:
a. Cardiovascular disorders: Hypertension, tachyarrhythmias, heart failure due to increased B1 stimulation.
b. Ischemic heart disease: Excessive heart rate and contractility — increased oxygen demand.
c. Peripheral vascular disorders: al-mediated vasoconstriction — hypertension, Raynaud’s phenomenon.

d. Prostate and urinary disorders: ol-mediated smooth muscle contraction — BPH symptoms (urinary
retention).

e. CNS disorders: Anxiety, migraines, withdrawal symptoms related to excessive adrenergic tone.

Sympatholytic drugs help normalize sympathetic activity, reduce cardiac workload, decrease peripheral resistance,
and improve organ perfusion.

2. Classification of Sympatholytics
A. Based on Receptor Type

a-Adrenergic Blockers (a-antagonists)

Type Drugs Major Effects Clinical Use
al-selective Prazosin, Terazosin, | Vasodilation, decreased  BP, | Hypertension, BPH
Doxazosin relaxed smooth muscle
Non-selective | Phentolamine, Vasodilation, prevents | Pheochromocytoma,
ol/a2 Phenoxybenzamine catecholamine-induced hypertensive crisis
vasoconstriction
02 antagonists | Yohimbine 1 norepinephrine release Rarely used (male sexual
dysfunction, experimental)
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p-Adrenergic Blockers (B-antagonists / §-blockers)

Type Drugs Receptor Clinical Use
Selectivity
Non-selective p1/p2 Propranolol, Blocks P1 (heart) & | Hypertension, angina, arrhythmias,
Nadolol, Timolol B2 (lungs/vascular) | glaucoma (Timolol eye drops)
Cardioselective 1 Metoprolol, B1-selective Hypertension, heart failure, post-MI,
Atenolol, Bisoprolol angina
Mixed o/p blockers Carvedilol, al +pB1/p2 Hypertension, heart failure,
Labetalol hypertensive emergencies
Intrinsic sympathomimetic | Pindolol, Partial agonist at B | Less bradycardia, used in hypertension
activity (ISA) Acebutolol receptors

Centrally Acting Sympatholytics
a. Clonidine, Methyldopa, Guanfacine

i.  Activate central a2 receptors — reduce sympathetic outflow from CNS — lower heart rate, cardiac
output, and peripheral resistance.

ii.  Used in hypertension, withdrawal syndromes.
Adrenergic Neuron Blockers
a. Reserpine, Guanethidine
i.  Deplete catecholamines from sympathetic neurons — long-term reduction of sympathetic tone.
ii.  Rarely used due to side effects.
3. Mechanism of Action
a. a-Blockers:

i.  Competitive antagonism at a1 receptors — vasodilation, decreased BP, relaxation of smooth muscle
in prostate, urethra, and bladder neck.

ii.  Non-selective o blockers also block presynaptic a2 — 1 norepinephrine release (reflex tachycardia
possible).

b. p-Blockers:

i.  Competitive antagonism at Bl — | heart rate, contractility, cardiac output — | myocardial oxygen
demand.

ii. P2 blockade — bronchoconstriction, inhibition of glycogenolysis.
iii.  Mixed o/f blockers — vasodilation via al blockade + cardiac effects via f1 blockade.
c. Centrally Acting a2 Agonists (Sympatholytic effect):
i.  Activate presynaptic 02 receptors in CNS — | sympathetic outflow — | HR, BP, and vasoconstriction.
d. Adrenergic neuron blockers:

i.  Prevent catecholamine storage or release — long-term decrease in sympathetic tone.
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4. Pharmacological Effects

System Effects

Cardiovascular | | BP, | HR (B1), vasodilation (a1), antiarrhythmic effects

Respiratory Non-selective 3 blockers may cause bronchoconstriction

Metabolic | glycogenolysis (B2 blockade), mild lipid changes

Genitourinary | al blockers — improved urinary flow in BPH

CNS Central 02 agonists — sedation, anxiolysis, | sympathetic overactivity

Eye Timolol — | intraocular pressure in glaucoma

5. Toxicology and Adverse Effects
a-blockers:
a. Orthostatic hypotension, dizziness, headache, reflex tachycardia.
b. “First-dose phenomenon” in Prazosin — sudden severe hypotension.
p-blockers:
a. Bradycardia, AV block, hypotension.
b. Non-selective B blockers: bronchospasm, hypoglycemia unawareness in diabetics.
c. CNS effects: fatigue, depression, sleep disturbances.
Centrally acting agents:
a. Sedation, dry mouth, rebound hypertension on abrupt withdrawal.
Adrenergic neuron blockers:
a. Depression, nasal congestion, GI disturbances, severe hypotension.
6. Clinical Uses
a. Cardiovascular
i.  Hypertension, post-MI, heart failure (B-blockers).
ii.  Hypertensive emergencies (Labetalol, Phentolamine).
b. Urological
i.  BPH (al blockers).
c. Ophthalmic
i.  Glaucoma (Timolol, Betaxolol).
d. CNS/Psychiatric
i.  Anxiety, migraine prophylaxis, withdrawal syndromes (clonidine).
e. Pheochromocytoma
i.  Preoperative a-blockers to prevent hypertensive crisis.
7. Novel Developments
a. Highly selective p1 blockers (Nebivolol): vasodilatory effects via nitric oxide — improved tolerance.
b. Dual al/p1 blockers (Carvedilol, Labetalol) — improved heart failure outcomes.
c. Peripherally selective a2 agonists: reduce CNS side effects while maintaining antihypertensive effects.

d. Topical B-blockers with reduced systemic absorption for glaucoma.
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e. Combination therapy: al blockers + PDES inhibitors for BPH with minimal BP changes.
AGENTS AFFECTING NEUROMUSCULAR JUNCTION

Definition: The neuromuscular junction (NMJ) is the synapse between a motor neuron and a skeletal muscle fiber,
where acetylcholine (ACh) is released from the nerve terminal to activate nicotinic receptors on the muscle, leading
to muscle contraction. Drugs that affect the NMJ either enhance or inhibit neuromuscular transmission. These agents
are critical in anesthesia, intensive care, myasthenia gravis, and management of muscle spasticity.

1. Pathophysiology and Clinical Rationale
a. Neuromuscular disorders arise from impaired transmission at the NMJ, which can be due to:

i.  Autoimmune diseases: Myasthenia gravis (antibodies against nicotinic ACh receptors — muscle
weakness).

ii.  Excessive cholinesterase activity: Reduces ACh availability.
iii.  Peripheral nerve injuries or congenital receptor defects.

b. Excessive NMJ blockade occurs during anesthesia for surgical muscle relaxation or in toxicity from
neuromuscular blockers.

c. Therapeutic modulation of NMJ is essential for:
i.  Reversing muscle paralysis after surgery.

ii.  Treating myasthenic weakness.

iii.  Managing tetanus or spasticity.

iv.  Controlling airway muscles in mechanical ventilation.
2. Classification of NMJ Agents
NMJ agents are broadly classified into:
A. Neuromuscular Blocking Agents (NMBAs)

These inhibit neuromuscular transmission and are used for muscle relaxation during surgery or mechanical
ventilation.

a. Non-depolarizing (Competitive) Blockers

i.  Mechanism: Competitive antagonists at nicotinic ACh receptors on skeletal muscle — prevent ACh
binding — inhibit depolarization.

ii.  Examples:
1. Atracurium, Cisatracurium, Vecuronium, Rocuronium, Pancuronium
iii.  Clinical use: Surgical relaxation, intubation, mechanical ventilation.
b. Depolarizing Blockers

i.  Mechanism: Agonists at nicotinic receptors — cause persistent depolarization — muscle paralysis
(initial fasciculations followed by flaccid paralysis).

ii.  Example: Succinylcholine
iii.  Clinical use: Rapid sequence intubation, short surgical procedures.
B. Agents Enhancing NMJ Transmission
a. Acetylcholinesterase Inhibitors (Indirect-acting cholinergic agonists)

i.  Mechanism: Inhibit acetylcholinesterase — increase ACh concentration at NMJ — enhance
transmission.

ii.  Examples:
1. Neostigmine, Pyridostigmine — treat myasthenia gravis, reverse non-depolarizing blockade.
2. Edrophonium — diagnostic use in myasthenia gravis (Tensilon test).

3. Physostigmine — crosses BBB, limited NMJ use.
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b. Other Enhancers

i.  3,4-Diaminopyridine: Blocks presynaptic potassium channels — prolongs action potential —
increased ACh release (used in Lambert-Eaton myasthenic syndrome).

C. Agents Modulating NMJ Function Indirectly
a. Botulinum Toxin (Botox):
i.  Mechanism: Cleaves SNARE proteins — prevents ACh release — localized muscle relaxation.
ii.  Use: Spasticity, cosmetic muscle relaxation, dystonia, chronic migraine.
b. Magnesium Sulfate:
i.  Reduces calcium influx at presynaptic terminal — decreased ACh release — potentiates NMJ blockade.

3. Mechanism of Action

Class Mechanism
Non-depolarizing NMBAs Competitive inhibition at nicotinic ACh receptor — prevents depolarization —
flaccid paralysis
Depolarizing NMBAs Persistent depolarization of muscle endplate — desensitization — paralysis

Acetylcholinesterase inhibitors | Inhibit ACh breakdown — 1 ACh in synaptic cleft — restore NMJ transmission

Presynaptic enhancers (3,4- | T ACh release by prolonging action potential
DAP)

Botulinum toxin Prevents ACh vesicle release — localized paralysis

4. Pharmacological Effects
Muscle paralysis: Skeletal muscles affected first (small, rapidly contracting muscles — diaphragm last).

b. Autonomic effects: NMBAs do not affect CNS but may influence autonomic ganglia (e.g., pancuronium 1 HR
via vagal block).

c. CNS: No sedative or analgesic effect; must be combined with anesthesia during surgery.
d. Reversal: Acetylcholinesterase inhibitors can reverse non-depolarizing blockade.
5. Toxicology and Adverse Effects

a. Non-depolarizing blockers: Residual muscle weakness, hypotension, tachycardia (pancuronium), histamine
release (atracurium, mivacurium).

b. Depolarizing blockers (Succinylcholine):
i.  Hyperkalemia, especially in burns, trauma, denervation.
ii.  Malignant hyperthermia (genetic susceptibility).
iii.  Bradycardia (esp. in children).
c. Acetylcholinesterase inhibitors:
i.  SLUDGE symptoms at high doses (salivation, lacrimation, urination, diarrhea, GI cramps, emesis).
ii.  Cholinergic crisis if overdosed in myasthenia gravis.
d. Botulinum toxin: Local muscle weakness, dysphagia, rarely systemic botulism.
6. Clinical Uses
a. Surgical and ICU:
i.  Non-depolarizing and depolarizing blockers for anesthesia, intubation, mechanical ventilation.
b. Neuromuscular disorders:

i.  Myasthenia gravis: Pyridostigmine, Neostigmine.
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ii.  Lambert-Eaton myasthenic syndrome: 3,4-DAP.
c. Spasticity and movement disorders:
i.  Botulinum toxin: Cervical dystonia, spasticity, blepharospasm.
d. Rapid sequence intubation:
i.  Succinylcholine due to rapid onset and short duration.
7. Novel Developments
a. Sugammadex:

i.  Encapsulates steroidal non-depolarizing blockers (rocuronium, vecuronium) — rapid reversal of NMJ
blockade.

b. Modified Botulinum toxins:
i.  Enhanced tissue selectivity, longer duration, fewer systemic effects.
c. Selective presynaptic enhancers:
i.  Development for congenital myasthenic syndromes and peripheral neuropathies.
d. Long-acting acetylcholinesterase inhibitors:
i.  For chronic management of myasthenia gravis with better safety profile.
Multiple Choice Questions (MCQs)

1. Bethanechol primarily acts on which receptor?
a) M1
b) M2
c) M3
d) Nn
2. Which drug is used in myasthenia gravis and is a long-acting reversible acetylcholinesterase inhibitor?
a) Neostigmine
b) Pyridostigmine
c¢) Physostigmine
d) Donepezil
3. Succinylcholine is classified as:
a) Non-depolarizing NMBA
b) Depolarizing NMBA
¢) Acetylcholinesterase inhibitor
d) Muscarinic antagonist
4. Atropine blocks which type of receptors?
a) Nicotinic Nn
b) Muscarinic M1-M5
¢) al adrenergic
d) B1 adrenergic
5. Ipratropium is mainly used in:
a) Asthma
b) Hypertension
¢) BPH
d) Myasthenia gravis
6. Phenylephrine is primarily an agonist of:
a) al receptors
b) B1 receptors
¢) B2 receptors
d) Nicotinic receptors
7. Which sympathomimetic drug is used to relax the uterus during preterm labor?
a) Salbutamol
b) Dobutamine
¢) Epinephrine
d) Phenylephrine
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Which B-blocker has intrinsic sympathomimetic activity?
a) Metoprolol

b) Propranolol

¢) Pindolol

d) Atenolol

Botulinum toxin acts by:

a) Blocking muscarinic receptors

b) Preventing ACh vesicle release

¢) Activating nicotinic receptors

d) Inhibiting AChE

Which drug is used to reverse non-depolarizing NMJ blockade?
a) Succinylcholine

b) Pyridostigmine

c¢) Neostigmine

d) Botulinum toxin

Which CNS-active acetylcholinesterase inhibitor is used in Alzheimer’s disease?
a) Edrophonium

b) Donepezil

¢) Neostigmine

d) Pyridostigmin

Which M3-selective antimuscarinic is used for overactive bladder?
a) Tolterodine

b) Atropine

¢) Scopolamine

d) Pirenzepine

Adrenergic neuron blockers like reserpine act by:

a) Blocking al receptors

b) Depleting catecholamines from neurons

c¢) Stimulating 2 receptors

d) Inhibiting AChE

Clonidine lowers blood pressure by:

a) Blocking B1 receptors

b) Activating central o2 receptors

¢) Blocking a1 receptors

d) Inhibiting catecholamine release peripherally
Malathion toxicity primarily causes:

a) Bradycardia due to B-blockade

b) Cholinergic crisis due to irreversible AChE inhibition
¢) NMJ blockade via nicotinic antagonism

d) Bronchodilation via 2 stimulation

Pilocarpine is used in:

a) Glaucoma

b) Bradycardia

¢) Asthma

d) BPH
Non-selective B-blockers can cause:

a) Bronchospasm

b) Diarrhea

¢) Mydriasis

d) Hyperglycemia

Which NMBA causes initial fasciculations before flaccid paralysis?
a) Vecuronium

b) Rocuronium

¢) Succinylcholine

d) Atracurium

70 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



19. 3,4-Diaminopyridine is primarily used in:
a) Myasthenia gravis
b) Lambert-Eaton myasthenic syndrome
¢) Alzheimer’s disease
d) Overactive bladder
20. Sugammadex is used to:
a) Enhance ACh release
b) Reverse steroidal non-depolarizing NMBAs
¢) Inhibit AChE
d) Relax bladder smooth muscle

Short Answer Questions

Define parasympathomimetics.

Name two direct-acting muscarinic agonists.

Which drug is used to treat dry mouth in Sjogren’s syndrome?
What is the main mechanism of indirect-acting cholinergic agonists?
Define parasympatholytics.

Name an M3-selective antimuscarinic used in overactive bladder.
Which parasympatholytic is used for motion sickness?

List two al-selective sympatholytics.

9. Name a B1-selective blocker used in hypertension.

10. How does clonidine act as a sympatholytic?

11. Name a drug used for rapid sequence intubation.

12. Which agent is used to treat Lambert-Eaton myasthenic syndrome?
13. State one toxic effect of cholinesterase inhibitors.

14. What is the therapeutic use of botulinum toxin?

15. Name one reversible acetylcholinesterase inhibitor used in myasthenia gravis.
16. Which B2 agonist is used for asthma and COPD?

17. Name a non-depolarizing neuromuscular blocker.

18. List one novel development in NMJ agents.

19. Which drug is used to reverse anticholinergic toxicity?

20. Mention one CNS effect of scopolamine.

PN R WD =

Long Answer Questions

Explain the pathophysiology, mechanism, pharmacology, and toxicology of parasympathomimetics.

Discuss the classification and clinical uses of acetylcholinesterase inhibitors in systemic pharmacology.

Describe the pharmacological effects and adverse effects of parasympatholytic drugs.

Explain the receptor selectivity and clinical applications of a- and B-adrenergic sympathomimetics.

Discuss the mechanism of action, pharmacology, and clinical uses of sympatholytic drugs.

Explain the classification, mechanism of action, and toxicology of neuromuscular blocking agents.

Describe agents that enhance NMJ transmission and their clinical importance.

Explain the role of botulinum toxin in systemic pharmacology, including mechanism and therapeutic uses.

Discuss the novel developments in systemic pharmacology for NMJ agents and parasympatholytics.

0. Compare and contrast the effects of direct-acting and indirect-acting parasympathomimetics on various organ
systems.
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Answer Key — MCQs
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CHAPTER 5
CENTRAL NERVOUS SYSTEM PHARMACOLOGY-I

INTRODUCTION:

The central nervous system (CNS) comprises the brain and spinal cord, functioning as the primary site for the
integration and control of body activities, consciousness, perception, movement, behavior, and emotions. Pharmacology
of the CNS is a vast and complex area because the brain is the most intricate organ, containing billions of neurons
interconnected by synapses, neurotransmitters, and neuromodulators. Drugs acting on the CNS are among the most
widely used in medicine, ranging from agents that relieve pain and anxiety to those that induce anesthesia, control
epilepsy, treat psychiatric disorders, or improve neurodegenerative conditions.

CNS pharmacology is distinct from other systems because of certain unique features. First, the blood—brain barrier
(BBB) regulates drug entry into the brain, allowing only lipid-soluble or actively transported molecules to cross, thus
influencing drug design and therapeutic effectiveness. Second, neuronal communication in the CNS relies on complex
processes of neurotransmission, involving excitatory neurotransmitters such as glutamate and inhibitory ones like
gamma-aminobutyric acid (GABA), along with modulatory transmitters including dopamine, serotonin, noradrenaline,
and acetylcholine. Drugs acting on the CNS either enhance, mimic, or inhibit these neurotransmitters at different sites—
presynaptic terminals, synaptic clefts, postsynaptic receptors, or ion channels.

Another important consideration is that CNS drugs often produce widespread effects because neurotransmitter systems
are highly interconnected, leading to both therapeutic benefits and side effects. For example, drugs enhancing
dopaminergic transmission may alleviate symptoms of Parkinson’s disease but can also cause hallucinations or
psychosis. Similarly, sedative-hypnotics that enhance GABAergic transmission relieve anxiety and induce sleep but
may impair memory and coordination.

CNS pharmacology is broadly divided into several categories depending on the type of drug and therapeutic use. These
include: drugs producing general CNS depression (such as general anesthetics, sedatives, hypnotics, and alcohols),
drugs producing selective CNS stimulation (such as psychostimulants, analeptics, and cognitive enhancers), drugs
affecting specific neurotransmitter systems (like antiepileptics, antiparkinsonian drugs, antidepressants, and
antipsychotics), and drugs used for pain management (opioid and non-opioid analgesics).

CNS Pharmacology — I particularly focuses on the fundamental principles and classes of CNS-active drugs that
depress or modulate neuronal excitability, such as general anesthetics, sedatives and hypnotics, anxiolytics,
antiepileptic drugs, and centrally acting muscle relaxants. The emphasis is on understanding their mechanisms of action,
pharmacological effects, therapeutic applications, adverse reactions, and clinical significance.

GENERAL ANAESTHETICS
General Anaesthetics in CNS Pharmacology-I
1. Pathophysiology of Anaesthesia

a. General anaesthesia is a reversible state of unconsciousness with analgesia, amnesia, skeletal muscle
relaxation, and loss of reflexes produced by drugs acting on the CNS.

b. The exact pathophysiology is complex and not fully understood, but it involves suppression of neuronal
excitability and disruption of communication between brain regions that integrate consciousness, sensation,
and motor activity.

c. Functional MRI and EEG studies show that anaesthetics depress cortical-thalamic circuits, reduce synaptic
transmission, and alter neurotransmitter release.

d. Major mechanisms include:
i.  Enhancement of inhibitory neurotransmission via GABA-A receptor potentiation.
ii.  Suppression of excitatory neurotransmission via NMDA receptor inhibition.

iii. ~ Modulation of two-pore domain potassium channels (K2P) and voltage-gated ion channels, leading
to hyperpolarization.
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e. Thus, anaesthetics produce global CNS depression with different depth stages:

i.  Analgesia — 2. Excitement (delirium) — 3. Surgical anaesthesia — 4. Medullary paralysis (toxic
stage).

2. Classification of General Anaesthetics
A. Inhalational Anaesthetics
a. Volatile liquids: Halothane, Isoflurane, Sevoflurane, Desflurane, Enflurane.
b. Gases: Nitrous oxide, Xenon.
B. Intravenous Anaesthetics
a. Inducing agents: Thiopentone sodium (barbiturate), Propofol, Etomidate, Ketamine.
b. Benzodiazepines: Midazolam, Diazepam, Lorazepam.
c. Opioid anaesthetics: Fentanyl, Remifentanil, Alfentanil, Morphine (as adjuncts).
C. Novel/Upcoming Agents
a. Xenon gas — neuroprotective, rapid recovery, minimal side effects.
b. Remimazolam — ultra-short acting benzodiazepine.
c. New propofol analogs — with reduced side effects (less hypotension, pain on injection).
d. Neurosteroids (e.g., alfaxalone) — potent GABA-A agonists.
3. Mechanism of Action
General anaesthetics act at molecular, cellular, and network levels:
a. Inhalational Agents
i.  Potentiate GABA-A receptor-mediated chloride currents — neuronal hyperpolarization —
inhibition.
ii.  Inhibit NMDA glutamate receptors (especially nitrous oxide, xenon, ketamine).
iii.  Activate two-pore domain potassium (K2P) channels — stabilize membrane potential.
iv.  Depress voltage-gated sodium and calcium channels — reduce synaptic transmission.
b. Intravenous Agents
i.  Propofol, Barbiturates, Benzodiazepines: Potentiate GABA-A receptors.
ii.  Etomidate: Selectively enhances GABA-A activity with minimal cardiovascular depression.
iii.  Ketamine: NMDA receptor antagonist — dissociative anaesthesia (catalepsy, amnesia, analgesia).

iv.  Opioids: Act on p-opioid receptors in brain and spinal cord — analgesia, sedation, synergistic with
hypnotics.

4. Pharmacology (Pharmacokinetics & Pharmacodynamics)
A. Inhalational Anaesthetics
a. Absorption & distribution depend on solubility (blood/gas partition coefficient).
i.  Low solubility (Desflurane, Nitrous oxide) — rapid induction and recovery.
ii.  High solubility (Halothane) — slow onset, prolonged recovery.

b. Minimum alveolar concentration (MAC): Concentration that prevents movement in 50% of patients during
surgical incision (index of potency). Lower MAC = higher potency.

i.  Halothane (MAC 0.75%) is very potent.
ii.  Nitrous oxide (MAC > 100%) is weak, used only as adjunct.

c. Distribution: Rapid uptake by highly perfused tissues (brain, heart, kidney), then redistribution to fat and
muscle.

d. Elimination: Mostly via lungs; some (halothane, sevoflurane) undergo hepatic metabolism.
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B. Intravenous Anaesthetics

a.

Thiopentone: Highly lipid-soluble, rapid brain entry — unconsciousness in seconds, short duration due to
redistribution, hepatic metabolism.

Propofol: Rapid onset, smooth recovery, antiemetic effect, metabolized by liver and extra-hepatic sites.
Etomidate: Rapid onset, short duration, minimal CV depression, but can cause adrenal suppression.

Ketamine: Produces dissociative anaesthesia with profound analgesia; increases BP and HR
(sympathomimetic); metabolized by liver.

Benzodiazepines: Slower onset, good anxiolysis and amnesia; often used as premedication or for conscious
sedation.

5. Toxicology and Adverse Effects

Inhalational Anaesthetics

a.

Halothane: Hepatotoxicity (halothane hepatitis), cardiac arrhythmias, malignant hyperthermia (with
succinylcholine).

Enflurane: CNS excitation, seizures.
Isoflurane/Desflurane: Irritant to airways, tachycardia.
Sevoflurane: Compound A formation (nephrotoxic in animals), but widely used due to smooth induction.

Nitrous oxide: Diffusion hypoxia (requires O: supplementation), megaloblastic anemia with prolonged
exposure.

Intravenous Anaesthetics

a.
b.

C.

d.

e.
f.

Thiopentone: Respiratory depression, hypotension, hangover, laryngospasm.

Propofol: Severe hypotension, bradycardia, pain on injection, propofol infusion syndrome (rare but fatal).
Etomidate: Pain on injection, myoclonus, adrenal suppression.

Ketamine: Emergence delirium, hallucinations, increased intracranial pressure.

Benzodiazepines: Respiratory depression (esp. with opioids), prolonged sedation.

Opioids: Respiratory depression, nausea, vomiting, chest wall rigidity.

Novel agents

a. Xenon: Safe profile, but expensive and limited availability.
b. Remimazolam: Rapid recovery, fewer cardiorespiratory effects.
LOCAL ANAESTHETICS

1. Pathophysiology of Pain and Need for Local Anaesthesia

1. Pathophysiology of Pain

Pain is a complex sensory and emotional experience produced by stimulation of specialized nerve endings called
nociceptors. It occurs in several steps:

a. Nociception (Detection of Painful Stimuli)

1.
2.

3.

Nociceptors are free nerve endings present in skin, muscle, joints, and viscera.
They are activated by:
i.  Mechanical stimuli (injury, pressure).
ii.  Thermal stimuli (burns, extreme cold).
iii. ~ Chemical stimuli (bradykinin, prostaglandins, histamine, serotonin).

These stimuli cause depolarization of nociceptor membranes by opening voltage-gated sodium channels
(Na%).

75 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



b. Transmission of Pain Signals
1. Action potentials generated in nociceptors travel along two main types of fibers:
i.  Ad fibers: Thinly myelinated, fast-conducting — sharp, well-localized pain.
ii.  C fibers: Unmyelinated, slow-conducting — dull, burning, diffuse pain.

2. The impulses reach the dorsal horn of the spinal cord, synapse with secondary neurons, and then ascend via
the spinothalamic tract to the brain.

c. Perception
1. Pain signals are processed in the thalamus and cerebral cortex, producing conscious perception of pain.
d. Modulation

1. Pain transmission can be modified at the spinal level by endogenous inhibitory systems (GABA, glycine,
endorphins, enkephalins, serotonin, noradrenaline).

2. This explains why drugs acting on neurotransmission can alter pain perception.
2. Need for Local Anaesthesia

Local anaesthetics are required because pain management is essential in medical and surgical practice. Their need
is justified by the following:

a. To Prevent Pain During Procedures

i.  Minor and major surgical interventions (dental extraction, suturing, biopsies, orthopedic manipulations) are
painful.

ii.  Local anaesthetics block voltage-gated Na* channels in nerve fibers at the site of administration, preventing
action potential conduction — no pain sensation is transmitted to the CNS.

b. To Provide Analgesia Without Loss of Consciousness
i.  Unlike general anaesthetics, local anaesthetics do not cause unconsciousness.
ii.  The patient remains awake and cooperative while the area is made pain-free.
iii.  This is especially useful in ambulatory surgery, obstetrics, and minor operations.
¢. To Limit Systemic Drug Exposure
i.  Analgesics like opioids relieve pain but cause systemic side effects (respiratory depression, dependence).
ii.  Local anaesthetics act only at the applied site — minimal systemic effects when used properly.
d. To Allow Targeted, Reversible Block
i.  Local anaesthesia is reversible: normal sensation returns once the drug is metabolized or removed.
ii.  This allows safe use in procedures ranging from dental surgery to labor analgesia.
e. To Improve Patient Comfort and Surgical Conditions
i.  Pain and anxiety increase sympathetic activity (tachycardia, hypertension).

ii. By eliminating pain, local anaesthetics improve patient comfort, reduce stress, and provide optimal conditions
for surgery.

2. Classification of Local Anaesthetics

Local anaesthetics are classified on the basis of chemical structure, duration of action, clinical application, and
newer/novel agents.

1. Based on Chemical Structure
This is the most important classification because it determines metabolism, stability, and risk of allergy.
a. Ester-linked local anaesthetics

i.  Contain an ester bond between the aromatic ring and intermediate chain.

ii.  Metabolism: Rapidly hydrolyzed by plasma pseudocholinesterase.

iii.  Duration: Shorter acting.
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iv.  Allergy: More common (due to PABA metabolite).
v.  Examples:
1. Cocaine (also vasoconstrictor due to norepinephrine reuptake block).
2. Procaine (first synthetic LA, short-acting).
3. Chloroprocaine (short, fast onset, used in obstetrics).
4. Tetracaine (long-acting, spinal anaesthesia).
5. Benzocaine (surface anaesthesia, poorly soluble).
b. Amide-linked local anaesthetics
i.  Contain an amide bond in the intermediate chain.
ii. ~ Metabolism: In the liver by microsomal amidases.
iii. ~ Duration: Longer acting, more stable in solution.
iv.  Allergy: Rare.
v.  Examples:
1. Lidocaine (lignocaine): Widely used, intermediate duration.
2. Bupivacaine: Long-acting, potent, cardiotoxic risk.
3. Ropivacaine: Safer long-acting analogue of bupivacaine.
4. Mepivacaine, Prilocaine, Etidocaine.
2. Based on Duration of Action
a. Short-acting
i.  Duration: 30-60 min.
ii.  Examples: Procaine, Chloroprocaine.
b. Intermediate-acting
i.  Duration: 60-120 min.
ii. Examples: Lidocaine, Prilocaine, Mepivacaine.
c. Long-acting
i.  Duration: 180—480 min.
ii.  Examples: Bupivacaine, Ropivacaine, Tetracaine, Etidocaine.
3. Based on Route or Clinical Application
a. Surface (Topical) Anaesthetics
1. Used on mucous membranes, cornea, skin.
ii. Examples: Cocaine, Benzocaine, Lidocaine, Tetracaine.
b. Infiltration Anaesthesia
i.  Direct injection into tissue to block nerve endings.
ii.  Examples: Procaine, Lidocaine.
c. Nerve Block Anaesthesia
i.  Injection near peripheral nerves or nerve plexuses.
ii.  Examples: Lidocaine, Bupivacaine, Ropivacaine.
d. Spinal Anaesthesia
i.  Injection into subarachnoid space (CSF).

ii.  Examples: Bupivacaine, Tetracaine, Lidocaine.
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e. Epidural Anaesthesia
i.  Injection into epidural space (outside dura).
ii.  Examples: Bupivacaine, Ropivacaine, Lidocaine.
f. IV Regional Anaesthesia (Bier’s block)
i.  Injection into venous system of limb with tourniquet.
ii.  Example: Lidocaine (without adrenaline).
4. Based on Site of Metabolism
i.  Plasma-metabolized (Ester L.As): Shorter duration, inactivated by pseudocholinesterase.
ii.  Liver-metabolized (Amide LAs): Longer acting, caution in hepatic impairment.
5. Novel and Newer Local Anaesthetics
a. Articaine
i.  Amide LA with additional ester group — rapid metabolism.
ii.  Popular in dentistry due to fast onset and low toxicity.
b. Levobupivacaine
i.  S-enantiomer of bupivacaine.
ii.  Same efficacy, less cardiotoxicity.
c¢. Ropivacaine
i.  Long-acting, safer cardiovascular profile than bupivacaine.
d. Liposomal formulations
i.  e.g., Liposomal Bupivacaine (Exparel®): Prolonged analgesia from single injection.
e. Experimental nanocarrier systems
i.  Under research for sustained, targeted release.
3. Mechanism of Action

Local anaesthetics work by reversibly blocking nerve impulse conduction. Their primary target is the voltage-gated
sodium (Na*) channels on neuronal membranes.

1. Normal Physiology of Nerve Conduction

i.  Inresting state, the neuronal membrane has a negative potential inside (-70 mV) maintained by Na'/K* ATPase
pump.

ii. ~ When a stimulus depolarizes the membrane:
1. Voltage-gated Na* channels open — rapid Na* influx.
2. This causes action potential generation and propagation along the nerve.
iii.  After depolarization, Na* channels close (inactivate) and repolarization occurs.
2. Action of Local Anaesthetics
Local anaesthetics interrupt this process by blocking Na* entry into nerve fibers.
a. Unionized form crosses the membrane
i.  LAs are weak bases.
ii.  Atphysiological pH (7.4), they exist in equilibrium between:
1. Unionized (lipid-soluble) form — crosses neuronal membrane.
2. lonized (water-soluble) form — active inside channel.
b. Binding to sodium channel

i.  Inside the axoplasm, the ionized form of LA binds to the intracellular part of voltage-gated Na* channels.
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ii.  This prevents Na* influx during depolarization.
c. Stabilization of inactive state
i.  LAs bind preferentially to open and inactivated states of sodium channels (use-dependent block).
ii.  This prevents resetting of the channel — further action potentials cannot be generated.
d. Result
i.  Conduction blockade — no action potential transmission.
ii.  Thus, pain signals from peripheral nerve endings cannot reach CNS.
3. Sequence of Nerve Fiber Blockade

Local anaesthetics block different nerve fibers in a characteristic order, depending on fiber diameter, myelination, and
firing rate:

a. Small, unmyelinated fibers (pain, temperature — C fibers, Ad fibers) — blocked first.
b. Medium fibers (touch, pressure — AP fibers).
c. Large, myelinated fibers (motor — Aa fibers) — blocked last.
This explains why pain sensation is lost before touch and motor functions.
4. Factors Affecting LA Action
i.  pH: Acidic environments (e.g., infected tissue) reduce unionized form — less penetration — poor efficacy.
ii.  Fiber size: Small fibers are blocked faster than large ones.
iii.  Myelination: Myelinated fibers are more easily blocked (block at nodes of Ranvier).
iv.  Frequency of stimulation: More active nerves are more sensitive (use-dependent block).
5. Site of Action
a. Primary site: Voltage-gated sodium channels in axonal membrane (inside portion).

b. Secondary effects: At higher concentrations, LAs may also interfere with potassium and calcium channels,
but Na* channel block is the main action.

4. Pharmacology of Local Anaesthetics
1. Pharmacokinetics of Local Anaesthetics
a. Absorption

i.  Depends on:

1. Site of administration (vascularity — higher absorption, e.g., intercostal > caudal > epidural > brachial
plexus > subcutaneous).

2. Presence of vasoconstrictors (adrenaline reduces absorption — prolongs action, decreases toxicity).
ii. Surface/topical absorption: cocaine, lidocaine, tetracaine, benzocaine are well absorbed.
b. Distribution
i.  After systemic absorption, LAs distribute to highly perfused organs: brain, heart, lungs, liver, kidneys.
ii.  Protein binding determines duration of action (high binding = longer effect; e.g., bupivacaine).
c. Metabolism

i.  Ester LAs: Rapidly hydrolyzed by plasma pseudocholinesterase — short half-life. Metabolite PABA (para-
aminobenzoic acid) — risk of allergic reactions.

ii.  Amide LAs: Metabolized in the liver by amidases. Slower metabolism, longer half-life; toxicity risk increases
in liver disease.

d. Excretion
i.  Metabolites (and a small proportion of unchanged drug) excreted via kidneys.

1. Acidic urine enhances excretion of ionized forms.
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2. Pharmacodynamics of Local Anaesthetics
a. Primary Action

i.  Block voltage-gated Na* channels in neuronal membranes — prevent depolarization and action potential
conduction.

b. Order of Nerve Blockade
i.  Autonomic fibers (B fibers).
ii.  Pain and temperature fibers (C and A9 fibers).
iii. ~ Touch and pressure fibers (Ap).
iv.  Motor fibers (Aa).
Therefore, pain sensation is lost before touch, pressure, and motor activity.
c. Effect on CNS
1. At therapeutic dose: light-headedness, dizziness, circumoral numbness.
11. At toxic dose: tremors, seizures, CNS depression, coma.
d. Effect on Cardiovascular System
i.  Direct cardiac depression (decreased excitability and conduction).
ii.  Vasodilation (except cocaine, which causes vasoconstriction).
iii.  Bupivacaine: high risk of cardiotoxicity (ventricular arrhythmias).
e. Effect on Other Tissues
i.  Smooth muscle: relaxation.
ii.  Skeletal muscle: at injection site, myotoxicity possible with repeated doses.
3. Clinical Uses of Local Anaesthetics
a. Surface Anaesthesia
i.  Applied to mucous membranes (nose, cornea, trachea, genitourinary tract).
ii. Drugs: Cocaine, Lidocaine, Benzocaine, Tetracaine.
b. Infiltration Anaesthesia
i.  Direct injection into tissues — block sensory nerve endings.
ii.  Drugs: Procaine, Lidocaine.
c. Nerve Block Anaesthesia
i.  Injection around peripheral nerves or plexuses.
ii.  Drugs: Lidocaine, Bupivacaine, Ropivacaine.
d. Spinal Anaesthesia
i.  Injection into subarachnoid space — blocks spinal roots.
ii.  Drugs: Bupivacaine, Tetracaine, Lidocaine.
e. Epidural Anaesthesia
i.  Injection into epidural space.
ii.  Drugs: Bupivacaine, Ropivacaine, Lidocaine.
f. Intravenous Regional Anaesthesia (Bier’s block)
i.  Drug injected into limb vein under tourniquet.
ii.  Drug: Lidocaine (without adrenaline).
g. Topical analgesic preparations
i.  For minor skin and mucosal procedures.
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ii.  Lidocaine gels, sprays, EMLA cream (lidocaine + prilocaine).
4. Adverse Effects / Toxicology of LAs
a. Central Nervous System
i.  Early signs: circumoral numbness, tinnitus, metallic taste, dizziness.
ii.  High levels: tremors, convulsions, CNS depression — coma, respiratory arrest.
b. Cardiovascular
i.  Hypotension (due to vasodilation).
ii.  Arrhythmias, cardiac arrest (esp. with bupivacaine).
iii.  Cocaine — hypertension, arrhythmias (due to sympathetic stimulation).
c. Allergic Reactions
i.  More common with ester LAs (due to PABA).
ii.  Rare with amides.
d. Local Tissue Toxicity
i.  Neurotoxicity (esp. lidocaine in spinal use).
iil.  Myotoxicity at injection site.
iii.  Methemoglobinemia (with prilocaine, benzocaine).
5. Drug Interactions
i.  Adrenaline (epinephrine): Prolongs action, reduces systemic toxicity.
ii.  Other CNS depressants: Additive toxic effects.
iii.  Beta-blockers and cimetidine: Reduce hepatic clearance of amides — 1 toxicity risk.
6. Novel/Advanced Formulations
i.  Liposomal bupivacaine (Exparel®): Prolonged analgesia with single injection.
ii.  Articaine: Rapid onset, widely used in dentistry.
iii.  Levobupivacaine / Ropivacaine: Less cardiotoxic than bupivacaine.
5. Toxicology and Adverse Effects

Local anaesthetics are generally safe when used in therapeutic doses and with correct technique. However, excessive
dose, inadvertent intravascular injection, rapid absorption from highly vascular sites, or patient-specific factors
(hepatic/renal disease) can cause systemic toxicity and local adverse reactions.

1. Central Nervous System Toxicity

i.  Mechanism: Blockade of inhibitory pathways in CNS — unopposed excitatory activity — seizures — CNS
depression at higher concentrations.

ii.  Early Symptoms (warning signs):
a. Circumoral numbness
b. Tingling sensation
Metallic taste
d. Tinnitus, blurred vision
e. Restlessness, dizziness, slurred speech
iii.  Advanced Symptoms:
a. Tremors, twitching — tonic—clonic seizures
b. CNS depression — drowsiness, respiratory depression, coma

iv.  Severe toxicity: Respiratory arrest, irreversible brain injury if untreated.
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2. Cardiovascular Toxicity

1. Mechanism: Direct action on cardiac Na* and K* channels — decreased conduction, excitability, contractility;
vasodilation by smooth muscle relaxation.

ii.  Effects:
a. Hypotension (due to vasodilation, myocardial depression)
b. Bradycardia, AV block
c. Arrhythmias, ventricular fibrillation (especially bupivacaine — highly cardiotoxic)
d. Cardiovascular collapse and cardiac arrest in overdose

iii.  Special note: Cocaine causes sympathetic stimulation (blocks NE reuptake) — hypertension,
tachyarrhythmias, myocardial ischemia.

3. Allergic Reactions
i.  More common with ester LAs (metabolized to para-aminobenzoic acid, PABA).
ii.  Rare with amide LAs.
iii.  Reactions include:
a. Skin rashes, urticaria, itching
b. Bronchospasm
c. Anaphylaxis (very rare but life-threatening)
4. Local Tissue Toxicity
i.  Neurotoxicity:
a. High concentration intrathecal lidocaine — cauda equina syndrome (neurologic deficits).
b. Prolonged perineural exposure — nerve injury.
ii.  Myotoxicity:
a. Direct muscle fiber necrosis at injection site (esp. with repeated injections).
iii.  Skin/mucesa irritation: Burning, erythema at topical application site.
5. Hematological Toxicity
i.  Methemoglobinemia:
a. Seen with prilocaine, benzocaine.
b. Caused by oxidation of hemoglobin (Fe** — Fe*") — impaired oxygen transport.
c. Symptoms: cyanosis, chocolate-brown blood, headache, fatigue, dyspnea.
d. Treatment: Methylene blue (antidote).
6. Special Populations
i.  Pregnancy: Increased sensitivity and reduced protein binding — more toxicity risk.
ii.  Hepatic impairment: Reduced metabolism of amides — accumulation and toxicity.
iii.  Pediatric/elderly patients: Higher susceptibility to CNS and CV adverse effects.
7. Prevention of Toxicity
i.  Correct dose calculation (based on body weight).
ii.  Avoid intravascular injection (always aspirate before injecting).
iii.  Use vasoconstrictors (adrenaline) with LAs — reduces systemic absorption.
iv.  Monitor patient’s CNS and CV status during administration.
8. Management of LA Toxicity

i.  Stop LA administration immediately.
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ii.  Airway, breathing, circulation support.
iii.  Treat seizures with benzodiazepines (diazepam, midazolam) or thiopental.
iv.  Cardiovascular collapse: IV fluids, vasopressors, advanced life support.

v.  Specific antidote: IV lipid emulsion therapy (Intralipid®) — especially effective for bupivacaine-induced
cardiotoxicity (“lipid sink” mechanism).

vi.  Methemoglobinemia: Methylene blue.
6. Novel Drugs and Advances
1. Newer Local Anaesthetics with Improved Safety and Efficacy
a. Ropivacaine
i.  Type: Long-acting amide LA, structurally similar to bupivacaine.
ii.  Unique property: Exists as pure S(-)-enantiomer (less lipid-soluble than bupivacaine).
iii.  Advantages:
a. Lower cardiotoxicity and neurotoxicity compared to bupivacaine.
b. Produces less motor blockade (more selective for sensory fibers).
c. Useful in epidural and regional blocks where motor sparing is desired (e.g., obstetrics).
b. Levobupivacaine
i.  Type: S(-)-enantiomer of bupivacaine.
ii.  Advantages:
a. Similar potency and duration as bupivacaine.
b. Safer cardiovascular profile (lower incidence of arrhythmias).
c. Suitable for regional blocks, epidural, spinal, and obstetric analgesia.
c. Articaine
i.  Type: Amide LA with an additional ester group — partial plasma metabolism.
ii.  Features:
a. Rapid onset, short elimination half-life.
b. Widely used in dentistry due to rapid tissue penetration and low systemic toxicity.
c. Metabolism is faster — safer in prolonged procedures.
d. Centbucridine (Novel in India/Asia)
i.  Type: Quinolizine derivative (non-ester, non-amide).
ii.  Features:
a. Potency higher than lignocaine.
b. Intrinsic vasoconstrictor action — longer duration, no need for adrenaline.
c. Less systemic toxicity.
d. Being explored in ophthalmic and dental anaesthesia.
2. Advances in Formulations and Delivery Systems
a. Liposomal Local Anaesthetics
i.  Example: Liposomal Bupivacaine (Exparel®).
ii.  Encapsulation of LA in lipid vesicles — sustained release.
iii.  Advantages:
a. Prolonged duration (up to 72 hours).
b. Reduced frequency of dosing.
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c. Useful in postoperative pain management and wound infiltration.

b. Continuous Infusion Pumps

i.  Portable devices for epidural or peripheral nerve block infusion.

ii.  Maintain steady LA levels, improve analgesia, reduce systemic peaks — fewer side effects.
¢. Transdermal Patches

i.  Example: Lidocaine patch (5%) used for post-herpetic neuralgia, neuropathic pain.

ii.  Provides controlled local analgesia with minimal systemic absorption.
d. Topical Creams and Gels

i.  EMLA cream (Eutectic Mixture of Local Anaesthetics: lidocaine + prilocaine).

ii.  Provides painless anaesthesia of skin for venipuncture, minor procedures, pediatric use.
3. Advances in Mechanism-Based Design
a. Enantiomeric Purification

i.  Many older LAs were racemic mixtures.

ii.  Newer enantiomer-specific drugs (levobupivacaine, ropivacaine) are designed to reduce cardiotoxicity while
maintaining efficacy.

b. Site-Directed LAs (Still under research)
i.  Agents selectively targeting sensory fibers over motor fibers.
ii.  Aim: Achieve analgesia without muscle weakness (important in obstetrics, rehabilitation).
c. Targeted Nanoparticles
i.  Nanoparticle-carrier systems designed for slow, controlled release of LA directly at nerve sites.
ii.  Potential to extend analgesia to days without repeated injection.
4. Special Advances in Clinical Use

i.  Combination therapies: LAs with opioids, a2 agonists (clonidine, dexmedetomidine), or ketamine —
synergistic effect, lower LA dose required.

ii.  Adjuvants: Use of vasoconstrictors (adrenaline), steroids (dexamethasone) with LAs prolongs duration and
improves quality of block.

iii.  Safer obstetric anaesthesia: Ropivacaine and levobupivacaine preferred due to lower fetal and maternal
cardiotoxicity.

SEDATIVES AND HYPNOTICS
1. Pathophysiology of Sleep Disorders and Anxiety
1. Normal Neurobiology of Sleep
i.  Sleep is regulated by a balance between wake-promoting systems and sleep-promoting systems.
ii.  Key brain areas:
a. Hypothalamus (VLPO - ventrolateral preoptic nucleus): Promotes sleep via GABA release.
b. Ascending Reticular Activating System (ARAS): Maintains wakefulness.
c. Suprachiasmatic nucleus (SCN): Controls circadian rhythm (responds to light/dark).
iii.  Neurotransmitters:
a. Sleep-promoting: GABA, melatonin, adenosine.
b. Wake-promoting: Norepinephrine, dopamine, histamine, acetylcholine, orexin.

iv.  Sleep architecture: Alternating NREM (non-rapid eye movement) and REM (rapid eye movement) cycles.
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2. Pathophysiology of Sleep Disorders

a. Insomnia

1.

ii.

1ii.

Difficulty in initiation, maintenance, or early termination of sleep.

Pathogenesis:
a. Hyperarousal of CNS — 1 norepinephrine, 1 cortisol, | GABAergic inhibition.
b. Dysregulation of circadian rhythm (shift work, jet lag, SCN dysfunction).
c. Psychiatric comorbidities (anxiety, depression).

Clinical result: Non-restorative sleep, daytime fatigue, irritability.

b. Narcolepsy

1.

ii.

Excessive daytime sleepiness, sudden REM onset, cataplexy (loss of muscle tone).
Pathogenesis:
a. Loss/deficiency of orexin (hypocretin)-producing neurons in the hypothalamus.

b. Impaired regulation of sleep-wake transitions.

c. Sleep Apnea

1.
ii.
iil.

1v.

Repeated cessation of breathing during sleep — fragmented sleep.
Obstructive type: Collapse of upper airway.
Central type: Brainstem respiratory center dysfunction.

Results in daytime sleepiness, cognitive dysfunction, CV complications.

d. Other Sleep Disorders

1.

ii.

Restless Leg Syndrome (RLS): Linked to dopaminergic dysfunction and iron deficiency.

REM Behavior Disorder: Loss of REM atonia — dream enactment.

3. Pathophysiology of Anxiety

a. Neural Circuitry

1.
ii.

iil.

Anxiety arises from hyperactivity of limbic structures (amygdala, hippocampus, prefrontal cortex).
Amygdala — processes fear and threat.

Prefrontal cortex — normally suppresses excessive amygdala activity; dysfunction worsens anxiety.

b. Neurotransmitter Imbalances

1.

ii.
iii.

1v.

GABAergic dysfunction:
a. GABA is the major inhibitory neurotransmitter in CNS.
b. Reduced GABA activity — excessive neuronal excitability — hyperarousal, anxiety.
Serotonin (5-HT): Dysregulation of 5-HT pathways — panic and generalized anxiety.
Norepinephrine: Overactivity — hypervigilance, autonomic symptoms (palpitations, sweating, tremors).

Corticotropin-Releasing Hormone (CRH): Hyperactive hypothalamic-pituitary-adrenal (HPA) axis —
increased cortisol, linked to stress and anxiety.

c. Types of Anxiety Disorders (Pathological Features)

L
1i.
iii.

1v.

Generalized Anxiety Disorder (GAD): Chronic, excessive worry; linked to | GABA, 1 NE.
Panic Disorder: Sudden episodes of intense fear; abnormal serotonergic and GABAergic signaling.
Phobias: Learned fear responses, overactive amygdala.

Post-Traumatic Stress Disorder (PTSD): Altered amygdala-hippocampal-prefrontal regulation, hyperactive
stress response.
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4. Link Between Sleep Disorders and Anxiety
i.  Anxiety increases CNS arousal — difficulty initiating and maintaining sleep.
ii.  Insomnia worsens anxiety — creates a vicious cycle.
iii.  Both conditions share GABAergic dysfunction and HPA axis hyperactivity as core features.
5. Clinical Need for Sedatives and Hypnotics
i.  Sedatives: Reduce anxiety and induce calmness (minor tranquilizers).
ii.  Hypnotics: Induce and maintain sleep by enhancing sleep-promoting pathways.
iii.  Rationale:
a. Restore balance in GABAergic inhibition vs excitatory neurotransmission.
b. Correct hyperarousal in anxiety and insomnia.
c. Improve quality of life and prevent complications (e.g., depression, cardiovascular stress)
2. Classification of Sedatives and Hypnotics

Sedatives and hypnotics are drugs that depress CNS activity, primarily to reduce anxiety (sedative effect) or to induce
and maintain sleep (hypnotic effect). Their classification is based on chemical structure, mechanism of action, and
clinical use.

1. Benzodiazepines (BZDs)
i.  Examples: Diazepam, Lorazepam, Alprazolam, Midazolam, Triazolam, Temazepam.
ii.  Features:
a. Act by enhancing GABA-A receptor activity (increase frequency of Cl~ channel opening).
b. Used as both sedatives (anxiolytics) and hypnetics (sleep inducers) depending on dose.
c. Classified based on half-life:
1. Long-acting (e.g., Diazepam, Flurazepam).
2. Intermediate-acting (e.g., Lorazepam, Temazepam).
3. Short-acting (e.g., Midazolam, Triazolam).
2. Barbiturates
1. Examples: Phenobarbital, Pentobarbital, Secobarbital, Thiopental.
ii.  Features:
a. Enhance GABA-A receptor activity (increase duration of CI™ channel opening).
b. Produce stronger CNS depression than BZDs (from sedation to anesthesia, coma, death).
c. Largely replaced by safer drugs but still used in anesthesia (Thiopental) and seizures (Phenobarbital).
3. Non-Benzodiazepine Hypnotics (Z-drugs)
i.  Examples: Zolpidem, Zaleplon, Eszopiclone.
ii.  Features:
a. Selectively bind to BZ1 subtype of GABA-A receptor.
b. Induce sleep with minimal anxiolytic, muscle relaxant, or anticonvulsant effects.
c. Preferred in short-term insomnia treatment due to less tolerance, dependence, and rebound insomnia.
4. Melatonin and Melatonin Receptor Agonists
i.  Examples: Ramelteon, Tasimelteon, Agomelatine, exogenous melatonin.
ii.  Features:
a. Acton MT1 and MT?2 receptors in the suprachiasmatic nucleus of hypothalamus.

b. Regulate circadian rhythm and sleep-wake cycle.
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c. Useful in insomnia (esp. elderly, shift work, jet lag).
d. Safe with minimal abuse potential.
5. Orexin (Hypocretin) Receptor Antagonists
1. Examples: Suvorexant, Lemborexant.
ii.  Features:
a. Block orexin receptors (OX1R, OX2R) in hypothalamus — reduce wakefulness drive.
b. Induce sleep without GABAergic depression.
c. Effective in insomnia, especially sleep-onset and sleep-maintenance types.
d. Minimal dependence potential.
6. Antihistamines (H1 Blockers)
i.  Examples: Diphenhydramine, Hydroxyzine, Doxylamine.
ii.  Features:
a. Cross BBB and block H1 histamine receptors, producing sedation.
b. Used in mild insomnia and anxiety.
c. Side effects: daytime drowsiness, dry mouth, urinary retention (anticholinergic effects).
7. Miscellaneous Agents
i.  Sedative Antidepressants: Trazodone, Mirtazapine, Doxepin — used in insomnia with depression.
ii.  Sedative Antipsychotics: Quetiapine, Olanzapine — off-label in anxiety/insomnia with psychosis.
iii.  Other Natural/Herbal Agents: Valerian root, L-theanine.
8. Classification Based on Duration of Action (Clinical Classification)
i.  Ultra-short acting: Thiopental, Midazolam, Zaleplon.
ii.  Short acting: Triazolam, Zolpidem.
iii.  Intermediate acting: Lorazepam, Temazepam, Eszopiclone.
iv.  Long acting: Diazepam, Flurazepam, Phenobarbital.
3. Mechanism of Action
1. General Principle
i.  Sedatives and hypnotics depress CNS activity by either:
a. Enhancing inhibitory neurotransmission (mainly GABAergic).
b. Suppressing excitatory neurotransmission (glutamatergic, orexin, histamine).
c. Modulating circadian rhythm regulators (melatonin).
ii.  The primary receptor involved is the GABA-A receptor, a ligand-gated chloride (CI") ion channel.
2. Benzodiazepines (BZDs)
i.  Target: GABA-A receptor (between a and y subunit).
ii.  Mechanism:
a. Bind to a specific allosteric site distinct from GABA binding site.
b. Increase the frequency of Cl” channel opening when GABA is present.
c. This results in enhanced hyperpolarization — reduced neuronal excitability.
iii.  Clinical effect:
a. Low dose: anxiolytic (sedative).

b. Moderate dose: hypnotic (sleep-inducing).
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c. High dose: muscle relaxation, anticonvulsant.
3. Barbiturates
i.  Target: GABA-A receptor (different allosteric site than BZDs).
ii.  Mechanism:
a. Increase the duration of CI” channel opening in response to GABA.
b. At high doses, they can directly activate Cl channels (GABA-mimetic).
c. Also inhibit excitatory AMPA receptors (glutamate subtype).
iii.  Clinical effect: Potent CNS depression (from sedation — hypnosis — anesthesia — coma).
4. Non-Benzodiazepine Hypnotics (Z-drugs: Zolpidem, Zaleplon, Eszopiclone)
i.  Target: GABA-A receptor, but selective for BZ1 subtype (a1 subunit-containing receptors).
ii.  Mechanism:
a. Bind to the same allosteric site as BZDs but selectively activate a1 subunits.
b. Enhance frequency of Cl~ channel opening only at sleep-promoting sites.
iii.  Clinical effect: Strong hypnotic action, minimal anxiolytic or anticonvulsant effects.
5. Melatonin and Melatonin Receptor Agonists
i.  Target: MT1 and MT2 receptors in the suprachiasmatic nucleus (SCN) of hypothalamus.
ii. ~ Mechanism:
a. MT]1 activation — promotes sleep onset.
b. MT2 activation — regulates circadian rhythm and sleep-wake cycles.
iii.  Clinical effect: Useful in sleep-onset insomnia, circadian rhythm disorders (jet lag, shift work).
6. Orexin (Hypocretin) Receptor Antagonists
i.  Target: Orexin receptors (OX1R, OX2R) in lateral hypothalamus.
ii. ~ Mechanism:
a. Normally, orexin promotes wakefulness and arousal.
b. Antagonists (e.g., Suvorexant, Lemborexant) block orexin binding — suppress wake drive.
iii.  Clinical effect: Improve both sleep onset and sleep maintenance, with lower abuse potential than BZDs.
7. Antihistamines (H1 Blockers)
i.  Target: Central HI histamine receptors.
ii. ~ Mechanism:
a. Histamine promotes wakefulness through tuberomammillary nucleus projections.
b. Blocking H1 receptors — sedation and drowsiness.
iii.  Clinical effect: Mild hypnotic in insomnia, also anxiolytic at low doses.
8. Miscellaneous Agents
i.  Sedative antidepressants (e.g., Trazodone, Mirtazapine):
a. Block 5-HT?2 receptors and/or enhance serotonergic activity — sedation and sleep promotion.
ii.  Herbal agents (Valerian, L-theanine): Modulate GABA and adenosine systems indirectly.
4. Pharmacology
1. Pharmacokinetics (ADME)
Absorption

i.  Most sedative-hypnotics are well absorbed orally.
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ii.  Some (e.g., Midazolam, Lorazepam) are also given IV or IM for rapid action in anesthesia.
iii.  Lipid-solubility determines onset of action:
a. Highly lipophilic (Thiopental, Diazepam) — rapid CNS entry, fast onset.
b. Less lipophilic (Lorazepam, Oxazepam) — slower onset, longer effect.
Distribution
i.  Widely distributed in body tissues due to high lipid solubility.
ii.  Cross blood-brain barrier and placenta (caution in pregnancy).
iii.  Protein binding (albumin) varies; displacement interactions possible (e.g., with warfarin).
Metabolism
i.  Benzodiazepines:
a. Hepatic metabolism via CYP3A4, CYP2C19.
b. Long-acting agents form active metabolites (e.g., Diazepam — Desmethyldiazepam).

c. Some (Lorazepam, Oxazepam, Temazepam) are conjugated directly — safer in liver disease and
elderly.

ii.  Barbiturates:
a. Hepatic oxidation; enzyme inducers (CYP450) — drug interactions.
iii.  Z-drugs: Short half-lives; metabolized by CYP3A4 — minimal morning hangover.
iv.  Melatonin agonists: Extensive first-pass metabolism.
v.  Orexin antagonists: CYP3A substrates.
Excretion
i.  Renal, mainly as metabolites.
ii.  Elimination half-life determines clinical use:
a. Short-acting (e.g., Triazolam, Zaleplon) — sleep induction.
b. Intermediate (e.g., Lorazepam, Temazepam) — sleep maintenance.
c. Long-acting (e.g., Diazepam, Flurazepam, Phenobarbital) — anxiety, seizures.
2. Pharmacodynamics

i.  Benzodiazepines & Z-drugs: Enhance GABA-A receptor-mediated Cl™ influx — hyperpolarization —
sedation, hypnosis, anxiolysis.

ii.  Barbiturates: Potentiate GABA action, prolong Cl~ channel opening; high dose — direct activation.
iii. ~ Melatonin agonists: MT1, MT2 receptor activation — regulate circadian rhythm.

iv.  Orexin antagonists: Inhibit wake-promoting orexin pathways in hypothalamus.

v.  Antihistamines: Block central H1 receptors — sedation.

3. Therapeutic Uses

i.  Benzodiazepines
a. Anxiety disorders (e.g., GAD, panic disorder).
b. Insomnia (short/intermediate acting).
c. Status epilepticus (Diazepam, Lorazepam).
d. Muscle relaxation (Diazepam).
Pre-anesthetic medication (Midazolam).
f.  Alcohol withdrawal (Chlordiazepoxide, Diazepam).
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ii.  Barbiturates
a. Seizures (Phenobarbital).
b. Anesthesia induction (Thiopental).
c. Rarely for insomnia now.
iii.  Z-drugs (Zolpidem, Zaleplon, Eszopiclone)
a. Short-term insomnia (sleep onset/maintenance).
b. Minimal effect on sleep architecture.
iv.  Melatonin agonists (Ramelteon, Tasimelteon)
a. Sleep-onset insomnia, circadian rhythm sleep disorders.
v.  Orexin antagonists (Suvorexant, Lemborexant)
a. Chronic insomnia (sleep onset + maintenance).
vi.  Antihistamines (Diphenhydramine, Hydroxyzine, Doxylamine)
a. Mild insomnia, preoperative sedation.
b. Hydroxyzine: anxiety with pruritus.
vii.  Sedating antidepressants (Trazodone, Mirtazapine, Doxepin)
a. Insomnia with coexisting depression.
4. Adverse Effects

i.  General (all sedatives/hypnotics): Drowsiness, confusion, impaired coordination, anterograde amnesia
(BZDs), rebound insomnia.

ii.  BZDs: Dependence, withdrawal (anxiety, seizures), paradoxical agitation (rare).
iii.  Barbiturates: Respiratory depression, hypotension, high risk of fatal overdose.
iv.  Z-~drugs: Sleepwalking, hallucinations, less dependence than BZDs.
v.  Melatonin agonists: Dizziness, fatigue, minimal abuse potential.
vi.  Orexin antagonists: Next-day somnolence, abnormal dreams, rare cataplexy-like effects.
vii.  Antihistamines: Anticholinergic effects (dry mouth, urinary retention).
5. Tolerance and Dependence
i.  Tolerance: Reduced effect with repeated use.
a. Rapid with barbiturates (enzyme induction).
b. Slower with benzodiazepines (receptor desensitization).
ii.  Dependence:
a. BZDs and barbiturates — psychological and physical dependence.
b. Withdrawal: insomnia, anxiety, tremors, seizures.
c. Z-drugs, melatonin agonists, orexin antagonists — minimal dependence risk.
6. Drug Interactions
i.  BZDs: Potentiated by alcohol, opioids, antihistamines — risk of respiratory depression.
ii.  Barbiturates: Strong CYP450 inducers — decrease efficacy of oral contraceptives, warfarin, steroids.
iii.  Z-drugs: CYP3A4 inhibitors (ketoconazole, erythromycin) prolong effects.
iv.  Melatonin agonists & Orexin antagonists: Interactions with CYP3 A4 modulators.
7. Contraindications and Precautions
i.  BZDs & Barbiturates: Avoid in pregnancy (teratogenic, neonatal depression).
ii.  Avoid in patients with sleep apnea, chronic lung disease, severe hepatic impairment.
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1ii.

Caution in elderly (risk of falls, confusion, delirium).

5. Toxicology and Adverse Effects

1.

il.

iil.

1v.

vi.

Vii.

Viil.

Central Nervous System Depression

a. All sedatives and hypnotics (benzodiazepines, barbiturates, non-benzodiazepine hypnotics, and others)
produce dose-dependent depression of CNS.

b. At therapeutic doses — sedation, relief of anxiety, sleep induction.
At higher doses — profound hypnosis, anesthesia, respiratory depression, coma, and even death.

d. This progression is linear for barbiturates (narrow safety margin), but flatter for benzodiazepines
(safer due to ceiling effect on GABA-A receptor activity).

Daytime Drowsiness and Hangover Effect
a. Residual sedation, impaired alertness, and mental clouding can persist the next day.
b. More common with long-acting drugs (e.g., diazepam, phenobarbital).
c. Leads to decreased productivity, impaired learning, and increased risk of accidents.
Cognitive and Psychomotor Impairment
a. Slowed reaction time, decreased motor coordination, impaired judgment, and reduced attention span.
b. Dangerous for activities requiring alertness (driving, operating machinery).
c. Memory impairment (anterograde amnesia) particularly with benzodiazepines.
Paradoxical Reactions
Rare but important.

b. Instead of sedation, some individuals (especially elderly or children) may develop agitation,
restlessness, irritability, excitability, aggressiveness, and even hallucinations.

c. Seen more with benzodiazepines due to disinhibition of cortical control.
Respiratory Depression
a. At therapeutic doses: minimal effect in healthy individuals.

b. In overdose or when combined with other CNS depressants (alcohol, opioids, antihistamines): severe
respiratory depression, hypoxemia, and death may occur.

c. Barbiturates are especially dangerous because of strong suppression of medullary respiratory centers.
d. Patients with COPD, sleep apnea, or asthma are at high risk.

Cardiovascular Effects
a. At therapeutic doses: minor changes (slight decrease in blood pressure and heart rate).

b. At toxic doses: marked hypotension, bradycardia, circulatory collapse due to vasodilatation and
depression of vasomotor centers.

c. More pronounced in elderly and patients with cardiovascular disease.
Allergic and Idiosyncratic Reactions

a. Skin rashes, urticaria, angioedema (rare).

b. Idiosyncratic reactions may present as excitement or hallucinations.

c. Porphyria exacerbation is a specific risk with barbiturates (they increase porphyrin synthesis).
Dependence and Tolerance

a. Chronic use leads to tolerance (requiring higher doses for same effect) due to receptor downregulation
and enzyme induction (especially barbiturates).

b. Dependence develops with long-term therapy:

1. Psychological dependence — craving for the drug to relieve anxiety or insomnia.
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2. Physical dependence — withdrawal symptoms upon discontinuation.
ix.  Withdrawal or Abstinence Syndrome

a. Sudden discontinuation causes rebound insomnia, anxiety, irritability, tremors, sweating, nausea,
perceptual disturbances.

b. In severe cases: seizures, delirium, psychosis, and cardiovascular collapse.

c. Benzodiazepines produce milder withdrawal than barbiturates due to slower elimination and less intense
receptor changes.

Xx.  Overdose Toxicity

a. Barbiturate poisoning: coma, pin-point pupils (initially), hypothermia, hypotension, respiratory arrest.
High fatality.

b. Benzodiazepine overdose: rarely fatal alone but can be life-threatening when combined with alcohol
or opioids.

Antidote for benzodiazepine poisoning: Flumazenil (a competitive GABA-A receptor antagonist).

d. No specific antidote for barbiturate poisoning; treatment is supportive (ventilation, fluids, alkalinization
of urine to enhance excretion).

xi.  Special Risks in Certain Populations

a. Elderly: more sensitive to sedative effects, confusion, ataxia, risk of falls, hip fractures, and paradoxical
reactions.

b. Pregnant and Lactating women: risk of teratogenicity, neonatal respiratory depression, floppy infant
syndrome, withdrawal symptoms in newborn.

c. Hepatic or Renal impairment: accumulation of drugs leading to exaggerated CNS depression.
6. Novel and Emerging Drugs
i.  Non-Benzodiazepine “Z-Drugs” (Zolpidem, Zaleplon, Eszopiclone)
a. Mechanism of Action:
1. Selectively bind to the al subunit of the GABA-A receptor complex — enhance GABAergic
inhibition.
2. More selective than benzodiazepines — primarily hypnotic effect with less anxiolytic, muscle
relaxant, or anticonvulsant activity.
b. Advantages:
1. Rapid onset, short half-life — minimal daytime sedation.
2. Lower risk of tolerance and dependence compared to classical benzodiazepines.
c. Adverse Effects:
1. Headache, dizziness, complex sleep-related behaviors (sleepwalking, sleep-driving).
2. Rare memory impairment.
ii.  Melatonin Receptor Agonists (Ramelteon, Tasimelteon)
a. Mechanism of Action:

1. Agonists at MT1 and MT2 receptors in the suprachiasmatic nucleus of the hypothalamus —
regulate circadian rhythm and sleep initiation.

b. Clinical Uses:

1. Insomnia characterized by difficulty falling asleep.

2. Tasimelteon approved for non-24-hour sleep-wake disorder (especially in blind patients).
c. Advantages:

1. Non-habit forming, minimal CNS depression.
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d. Adverse Effects:
1. Dizziness, fatigue, hormonal effects (rare).
iii.  Orexin Receptor Antagonists (Suvorexant, Lemborexant, Daridorexant)
a. Mechanism of Action:

1. Dual orexin receptor antagonists (OX1R and OX2R) — inhibit wake-promoting neuropeptide
orexin — facilitate sleep initiation and maintenance.

b. Clinical Uses:
1. Insomnia with difficulty falling and staying asleep.
c. Advantages:
1. Novel mechanism, non-GABAergic — lower risk of dependence and cognitive impairment.
d. Adverse Effects:
1. Daytime somnolence, abnormal dreams, rarely sleep paralysis or cataplexy-like symptoms.
iv.  Selective GABA-A Receptor Modulators (Subtype-Selective Benzodiazepine Site Ligands)
a. Mechanism of Action:

1. Target specific GABA-A receptor subunits (a2/a3 for anxiolysis, al for sedation) — attempt
to separate sedation from anxiolysis or anticonvulsant effects.

b. Examples:
1. L-838417 (experimental), TPA023 (partial agonist).
c. Advantages:
1. Reduced risk of sedation, cognitive impairment, and dependence.
d. Status:
1. Mostly in clinical trials or preclinical stages.
v.  Neurosteroid-Based Hypnotics (Ganaxolone, Brexanolone)
a. Mechanism of Action:

1. Positive allosteric modulators of GABA-A receptors — mimic endogenous neurosteroids (e.g.,
allopregnanolone) to enhance inhibitory neurotransmission.

b. Clinical Uses:
1. Ganaxolone: under investigation for insomnia, epilepsy.
2. Brexanolone: approved for postpartum depression, with sedative properties.
c. Advantages:
1. Novel approach, potentially fewer tolerance issues.
d. Adverse Effects:
1. Dizziness, somnolence, headache, transient hypotension.
vi.  Histamine H1 and H3 Receptor Modulators
a. Mechanism of Action:
1. HI1 antagonists — traditional sedative antihistamines for mild insomnia.

2. H3 inverse agonists/antagonists — modulate histaminergic wake-promoting neurons for novel
sleep regulation.

b. Examples:

1. Pitolisant (H3 antagonist, promotes wakefulness, potential for sleep-wake regulation therapy).
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c. Status:

1. HI antihistamines widely used over-the-counter; H3 modulators are emerging drugs under
research.

vii.  Combination and Hybrid Drugs

a. Drugs combining multiple mechanisms (e.g., melatonin agonist + orexin antagonist) are being explored
to improve sleep quality, minimize tolerance, and target specific insomnia phenotypes.

b. Goal: synergistic effect with minimal adverse effects and low dependency potential.
viii.  Gene Therapy and Personalized Sleep Medicine (Experimental)

a. Approaches targeting circadian rhythm genes or specific neurotransmitter pathways for chronic
insomnia or sleep disorders.

b. Currently preclinical or early clinical trial stage.
Multiple Choice Questions (20

1. Which of the following is the primary site of action of local anaesthetics?
a) GABA-A receptors
b) Voltage-gated sodium channels
¢) NMDA receptors
d) Potassium channels
2. Minimum alveolar concentration (MAC) is an index of:
a) Onset of action of an anaesthetic
b) Potency of an inhalational anaesthetic
¢) Solubility of an anaesthetic
d) Safety margin of an anaesthetic
3. Which of the following general anaesthetics is associated with hepatotoxicity?
a) Propofol
b) Ketamine
c¢) Halothane
d) Thiopentone
4. Dissociative anaesthesia is a feature of:
a) Thiopentone
b) Etomidate
¢) Propofol
d) Ketamine
5. Which of the following has the fastest induction and recovery?
a) Halothane
b) Desflurane
¢) Sevoflurane
d) Enflurane
6. Which of the following is used in malignant hyperthermia management?
a) Diazepam
b) Naloxone
¢) Dantrolene
d) Flumazenil
7. Which of the following is an ester-linked local anaesthetic?
a) Lidocaine
b) Bupivacaine
¢) Procaine
d) Ropivacaine
8. The order of blockade by local anaesthetics is:
a) Motor — Touch — Pain
b) Pain — Touch — Motor
¢) Touch — Motor — Pain
d) Motor — Pain — Touch
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Which drug is most cardiotoxic among local anaesthetics?
a) Ropivacaine

b) Bupivacaine

¢) Lidocaine

d) Prilocaine

EMLA cream contains:

a) Lidocaine + Ropivacaine

b) Lidocaine + Prilocaine

¢) Procaine + Bupivacaine

d) Benzocaine + Tetracaine

Which of the following is NOT an adverse effect of benzodiazepines?
a) Anterograde amnesia

b) Respiratory depression

c¢) Porphyria exacerbation

d) Dependence

Which of the following acts on orexin receptors?

a) Zolpidem

b) Suvorexant

¢) Ramelteon

d) Hydroxyzine

Barbiturates enhance GABA-A receptor activity by:
a) Increasing frequency of Cl~ channel opening

b) Increasing duration of ClI~ channel opening

¢) Direct activation of Na* channels

d) Inhibition of NMDA receptors only

Which of the following is selective for the BZ1 subtype of GABA-A receptor?

a) Diazepam
b) Midazolam
¢) Zolpidem
d) Lorazepam

Which sedative-hypnotic is safest in elderly and those with hepatic impairment?

a) Diazepam

b) Lorazepam

¢) Flurazepam

d) Thiopental

Which of the following is the antidote for benzodiazepine overdose?
a) Naloxone

b) Flumazenil

¢) Naltrexone

d) Physostigmine

Ramelteon acts on:

a) GABA-A receptor

b) NMDA receptor

¢) MT1/MT2 receptors

d) Orexin receptor

Which local anaesthetic has intrinsic vasoconstrictor action?
a) Cocaine

b) Lidocaine

¢) Procaine

d) Bupivacaine

Propofol is preferred for outpatient anaesthesia because:
a) It causes hallucinations

b) It has antiemetic properties

¢) It is cardiotoxic

d) It has a long duration
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20.

Which inhalational anaesthetic is contraindicated in patients with epilepsy due to seizure risk?
a) Halothane

b) Enflurane

¢) Isoflurane

d) Sevoflurane

Short Answer Questions (20)

PNANR DD =

Define general anaesthesia.

Mention the four stages of anaesthesia.

List two volatile liquid anaesthetics.

What is MAC and its clinical significance?

Write two adverse effects of halothane.

Differentiate between ester and amide local anaesthetics.
Why are local anaesthetics less effective in infected tissue?
Define dissociative anaesthesia.

Write two clinical uses of lidocaine.

. What is the order of nerve blockade by local anaesthetics?

. Name two novel local anaesthetics with reduced cardiotoxicity.
. Mention two uses of benzodiazepines.

. Define hypnotic with example.

. Write two adverse effects of barbiturates.

. Which neurotransmitter is deficient in narcolepsy?

. Write the mechanism of action of Z-drugs.

. Mention two melatonin receptor agonists.

. Name the antidote for benzodiazepine toxicity.

. What is propofol infusion syndrome?

. Define methemoglobinemia and name two drugs causing it.

Long Answer Questions (10)

1
2
3
4.
5.
6
7
8
9.
1

0.

Explain the mechanism of action and stages of general anaesthesia.

Classify general anaesthetics with examples and explain their pharmacology.

Discuss the mechanism of action of local anaesthetics with factors affecting their efficacy.
Write in detail the pharmacokinetics and pharmacodynamics of local anaesthetics.

Classify sedatives and hypnotics with suitable examples.

Describe the mechanism of action of benzodiazepines and barbiturates.

Write the therapeutic uses and adverse effects of benzodiazepines.

Discuss novel advances in sedatives and hypnotics.

Explain the toxicology and management of local anaesthetic overdose.

Compare benzodiazepines, barbiturates, and Z-drugs in terms of mechanism, use, and safety.
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CHAPTER 6
CENTRAL NERVOUS SYSTEM PHARMACOLOGY-II

INTRODUCTION:

Central Nervous System Pharmacology-II (CNS Pharmacology-II) is a continuation of CNS Pharmacology-I,
focusing on the detailed pharmacological principles, mechanisms, therapeutic applications, and adverse effects of drugs
that act primarily on the central nervous system. While CNS Pharmacology-I mainly covers basic principles, sedatives,
hypnotics, and general mechanisms, CNS Pharmacology-II dives deeper into specific drug classes affecting higher brain
functions, neurological disorders, and complex CNS pathways. Here’s a detailed introduction:

1. Scope and Focus: CNS Pharmacology-II studies the drugs that influence the central nervous system’s activity beyond
sedation or hypnosis. The primary focus is on drugs used in the management of neurological and psychiatric disorders
such as epilepsy, Parkinson’s disease, Alzheimer’s disease, schizophrenia, depression, anxiety, and other behavioral or
cognitive disorders. It also includes drugs affecting the autonomic control of CNS and neuroprotective agents.

2. Objectives:
To understand the pharmacodynamics (mechanism of action) of drugs acting on the CNS.

b. To learn the pharmacokinetics of CNS-active drugs, including absorption, distribution, metabolism, and
elimination, particularly how they cross the blood-brain barrier.

To study therapeutic uses, dose-response relationships, and clinical indications.
d. To analyze adverse effects, toxicity, drug interactions, and contraindications.

e. To understand novel and emerging drugs targeting CNS disorders, including experimental or molecularly
targeted therapies.

3. Major Areas of Study:
CNS Pharmacology-II typically covers the following drug categories and disorders:

a. Antiepileptic Drugs (AEDs): Drugs used to prevent seizures, including mechanisms, types of seizures treated,
side effects, and monitoring.

b. Antiparkinsonian Drugs: Agents like levodopa, dopamine agonists, MAO-B inhibitors, and anticholinergics,
with emphasis on dopamine pathways, symptom management, and complications.

c. Antidepressants and Mood Stabilizers: Including SSRIs, SNRIs, TCAs, MAO inhibitors, lithium, and newer
agents, with discussion on neurotransmitter modulation.

d. Antipsychotic Drugs: Typical and atypical antipsychotics, their effect on dopamine and serotonin receptors,
efficacy in schizophrenia and psychotic disorders, and side effect profiles.

e. Anxiolytics and Hypnotics (advanced topics): Mechanistic and clinical considerations beyond basic
sedatives, including GABAergic modulation and novel agents.

f.  Drugs for Alzheimer’s and Cognitive Disorders: Cholinesterase inhibitors, NMDA receptor antagonists, and
emerging neuroprotective drugs.

g. Analgesics and CNS-acting Pain Modulators: Opioids, non-opioid analgesics, and adjuvant drugs for
neuropathic pain.

h. Drugs for CNS Infections and Neuroinflammation: Antimicrobials with CNS penetration, corticosteroids,
and immunomodulatory agents.

i. Neuroprotective and Experimental Agents: Drugs under research for stroke, neurodegeneration, or traumatic
brain injury.

4. Principles Covered:
a. Neurotransmitter systems: dopamine, serotonin, GABA, glutamate, acetylcholine, norepinephrine.
b. Receptor pharmacology: agonists, antagonists, partial agonists, allosteric modulators.

c. Blood-brain barrier dynamics and CNS drug delivery.
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d. Drug interactions within CNS and systemic pharmacology.
e. Molecular and genetic targets of newer drugs.

5. Importance in Clinical Practice: CNS Pharmacology-II equips healthcare professionals with knowledge to treat
complex neurological and psychiatric conditions effectively while minimizing side effects. It bridges the gap between
basic pharmacology and clinical therapeutics, providing the rationale for drug selection, individualized therapy, and
emerging treatment strategies.

DRUGS USED TO TREAT ANXIETY
1. Pathophysiology of Anxiety Disorders
Anxiety disorders arise from dysregulation of multiple neurotransmitter systems and neural circuits:
a. Neurotransmitter Imbalance:
i.  GABA: Reduced inhibitory neurotransmission leads to hyperexcitability in the CNS.
ii.  Serotonin (5-HT): Dysfunction in 5-HT pathways affects mood, fear, and stress responses.
iii.  Norepinephrine (NE): Overactivity of the locus coeruleus increases arousal and autonomic symptoms.
iv.  Dopamine (DA): Dysregulation contributes to anticipatory anxiety and obsessive thoughts.
b. Neural Circuitry:
i.  Amygdala: Hyperactivity mediates fear and emotional responses.
ii.  Hippocampus: Impaired regulation leads to exaggerated memory of stressful events.
iii.  Prefrontal Cortex: Hypoactivity reduces top-down inhibition of limbic structures.
c. HPA Axis Dysregulation:
Chronic anxiety may elevate cortisol, altering stress response and exacerbating symptoms.
2. Classification of Drugs Used in Anxiety
Benzodiazepines (BZDs) — GABAergic Agents
Selective Serotonin Reuptake Inhibitors (SSRIs)

ISR

Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs)

e o

Buspirone — 5-HT1A Partial Agonist

Beta-Adrenergic Blockers (Peripheral Sympatholytics)
Antihistamines (H1 Blockers, e.g., Hydroxyzine)
Pregabalin — ¢26 Calcium Channel Modulator

= 0 oo

Novel/Experimental Agents:
i.  Neurokinin-1 (NK1) receptor antagonists
ii.  Cannabinoid receptor modulators
iii.  CRF1 receptor antagonists (Corticotropin-releasing factor antagonists)
3. Detailed Mechanism of Action
A. Benzodiazepines (BZDs)
a. Mechanism:
i.  Bind to the BZ site of GABA-A receptor.
ii.  Enhance GABA-mediated chloride influx, hyperpolarizing neurons — CNS inhibition.
b. Clinical Pharmacology:
1. Rapid anxiolysis, muscle relaxation, sedation, anticonvulsant effects.

ii.  Rapid oral absorption; metabolized hepatically; some with active metabolites (e.g., diazepam).
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c. Toxicology:
i.  Overdose: profound sedation, respiratory depression (rare unless combined with alcohol/opioids).
11. Long-term: tolerance, dependence, withdrawal seizures.
B. SSRIs
a. Mechanism:
i.  Block presynaptic 5-HT transporter, increasing serotonin levels in the synaptic cleft.
ii.  Modulates limbic system and prefrontal cortex function — reduces anxiety and fear responses.
b. Clinical Pharmacology:
i.  Delayed onset (2—6 weeks).
ii.  No sedation or dependence.
c. Toxicology/Side Effects:
i.  Nausea, diarrhea, insomnia, sexual dysfunction.
ii.  Rare: serotonin syndrome (especially if combined with MAOIs).
d. Examples: Sertraline, Escitalopram, Fluoxetine, Paroxetine
C. SNRIs
a. Mechanism:
i.  Inhibit reuptake of both serotonin and norepinephrine, enhancing anxiolytic effects.
b. Clinical Pharmacology:
i.  Effective in GAD, panic disorder, and comorbid depression.
c. Toxicology:
i.  Nausea, hypertension, insomnia, sweating.
d. Examples: Venlafaxine, Duloxetine, Desvenlafaxine
D. Buspirone
a. Mechanism:
i.  Partial agonist at 5-HT1A receptors — reduces serotonergic neuron firing in the raphe nuclei.
ii.  Weak D2 receptor antagonism — minor dopaminergic modulation.
b. Clinical Pharmacology:
i.  Used in chronic GAD, especially when BZD dependence is a concern.
ii.  Onset: 2—4 weeks.
iii.  No sedation or cognitive impairment.
c. Toxicology:
1. Dizziness, headache, nausea, nervousness.
ii.  Safe in elderly patients.
E. Beta-Adrenergic Blockers
a. Mechanism:

i.  Block peripheral p1 and B2 adrenergic receptors, reducing autonomic symptoms (tachycardia, tremor,
sweating).

ii.  No significant effect on psychic anxiety.
b. Clinical Pharmacology:
i.  Useful for performance anxiety (stage fright).
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c. Toxicology:
i.  Bradycardia, hypotension, fatigue, bronchospasm in asthmatics.
d. Example: Propranolol
F. Antihistamines (Hydroxyzine)
a. Mechanism:
i.  HI1 receptor antagonist — mild CNS sedation.
b. Clinical Pharmacology:
i.  Used short-term when BZDs are contraindicated.
c. Toxicology:
i.  Sedation, dry mouth, urinary retention.
G. Pregabalin
a. Mechanism:

i. Binds to 026 subunit of voltage-gated calcium channels — reduces neurotransmitter release
(glutamate, norepinephrine).

b. Clinical Pharmacology:
i.  Effective in GAD, especially when SSRIs/SNRIs are inadequate.
c. Toxicology:
i.  Dizziness, somnolence, weight gain, edema.
H. Novel and Emerging Agents
i.  NKI1 receptor antagonists: Block substance P — reduce stress-induced anxiety.

ii.  Cannabinoid modulators (CB1/CB2): Modulate endocannabinoid system — anxiolytic effects in preclinical
studies.

iii. ~ CRF1 antagonists: Target stress hormone pathway; promising in preclinical anxiety models.

4. Key Pharmacological Considerations
i.  Choice of drug: Acute (BZDs) vs chronic (SSRIs, SNRIs, Buspirone)

ii.  Comorbidities: Depression — SSRIs/SNRIs preferred; substance abuse — avoid BZDs

iii.  Route of administration: Oral most common; parenteral for severe acute anxiety

iv.  Tolerance and dependence: Mainly BZDs; SSRIs and Buspirone are safer
DEPRESSION
1. Pathophysiology of Depression

Depression is a complex neuropsychiatric disorder involving emotional, cognitive, and physical symptoms, including
persistent low mood, anhedonia, fatigue, sleep disturbances, and cognitive impairment. Pathophysiology involves
multiple neurochemical, neuroendocrine, and neuroplastic changes:

i.  Monoamine Hypothesis:

a. Deficiency of serotonin (5-HT), norepinephrine (NE), and dopamine (DA) in key brain regions
(prefrontal cortex, limbic system) leads to depressive symptoms.

ii.  Glutamatergic Dysregulation:

a. Excess glutamate activity and NMDA receptor hyperactivity may contribute to excitotoxicity and mood
dysregulation.

iii. ~ HPA Axis Dysfunction:

a. Chronic stress — elevated cortisol, impairing hippocampal neurons and affecting mood regulation.
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iv.  Neurotrophic Factors:

a. Decreased Brain-Derived Neurotrophic Factor (BDNF) — impaired neurogenesis and synaptic
plasticity.

v.  Inflammatory Cytokines:

a. Increased TNF-a, IL-1pB, and IL-6 may contribute to depression by affecting neurotransmission and
neuroplasticity.

2. Classification of Antidepressant Drugs
Antidepressants are classified based on their primary mechanism of action:
A. Monoamine Reuptake Inhibitors
a. Selective Serotonin Reuptake Inhibitors (SSRIs)
b. Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs)
c. Tricyclic Antidepressants (TCAs)
d. Noradrenaline-Dopamine Reuptake Inhibitors (NDRIs, e.g., Bupropion)
B. Monoamine Oxidase Inhibitors (MAOQOIs)
a. MAO-A inhibitors (serotonin/norepinephrine)
b. MAO-B inhibitors (dopamine)
C. Atypical Antidepressants
a. Mirtazapine, Trazodone, Vortioxetine
D. Glutamatergic/Novel Agents
a. NMDA receptor antagonists (Ketamine, Esketamine)
b. AMPA receptor modulators
c. Neurosteroids (Brexanolone)
d. CRF1 antagonists, neuropeptide modulators
3. Detailed Mechanism of Action
A. SSRIs
a. Mechanism:

i.  Inhibit presynaptic serotonin transporter (SERT) — increased 5-HT in synaptic cleft — enhanced
serotonergic neurotransmission.

b. Clinical Pharmacology:
i.  First-line therapy for major depression, anxiety, OCD, PTSD.
ii.  Onset: 2—6 weeks.
c. Examples: Fluoxetine, Sertraline, Escitalopram, Paroxetine
d. Toxicology:
i.  Nausea, diarrhea, insomnia, sexual dysfunction, serotonin syndrome (rare)
B. SNRIs
a. Mechanism:
i.  Block reuptake of serotonin and norepinephrine, enhancing both neurotransmissions.
b. Clinical Pharmacology:
i.  Useful in depression with neuropathic pain or anxiety.

c. Examples: Venlafaxine, Duloxetine, Desvenlafaxine
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d. Toxicology:
i.  Nausea, increased blood pressure, insomnia, sweating
C. Tricyclic Antidepressants (TCAs)
a. Mechanism:
i.  Inhibit reuptake of 5-HT and NE; also block muscarinic, histaminergic, and al-adrenergic receptors.
b. Clinical Pharmacology:
i.  Used in severe depression, chronic pain, migraine prophylaxis.
c. Examples: Amitriptyline, Nortriptyline, Imipramine
d. Toxicology:
i.  Anticholinergic effects (dry mouth, constipation, urinary retention)
ii.  Sedation, orthostatic hypotension, cardiotoxicity (QT prolongation)
iii.  Lethal in overdose
D. MAO Inhibitors (MAOIs)
a. Mechanism:
i.  Irreversibly inhibit monoamine oxidase — increased levels of serotonin, norepinephrine, dopamine.
b. Clinical Pharmacology:
i.  Reserved for refractory depression.
c. Examples: Phenelzine, Tranylcypromine (non-selective), Selegiline (selective MAO-B)
d. Toxicology:
i.  Hypertensive crisis with tyramine-containing foods
ii.  Drug interactions: SSRIs — serotonin syndrome
iii.  Orthostatic hypotension, insomnia
E. Noradrenaline-Dopamine Reuptake Inhibitors (NDRIs)
a. Mechanism:
i.  Inhibit NE and DA reuptake — increased catecholamine levels
b. Clinical Pharmacology:
i.  Useful in depression with low energy, anhedonia; minimal sexual side effects
c. Example: Bupropion
d. Toxicology:
1. Insomnia, agitation, headache, seizure risk at high doses
F. Atypical Antidepressants
a. Mirtazapine:
i.  o2-adrenergic antagonist — 1 NE & 5-HT release; 5-HT2/5-HT3 antagonist
ii.  Sedative — useful in depression with insomnia
iii.  Adverse: weight gain, sedation, dry mouth
b. Trazodone:
i.  5-HT2A antagonist, weak SERT inhibitor — antidepressant + hypnotic
ii.  Adverse: orthostatic hypotension, priapism
C. Vortioxetine:

i.  Multimodal: SERT inhibitor + 5-HT receptor modulator
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ii.  Improves cognition in depression
G. Novel/Glutamatergic Agents
a. Ketamine / Esketamine (NMDA antagonists):
i.  Rapid antidepressant action (within hours)
ii.  Mechanism: NMDA blockade — enhanced AMPA-mediated synaptic plasticity — increased BDNF
1il. Toxicity: dissociation, increased BP, abuse potential
b. Brexanolone (Allopregnanolone analog):
i.  Positive allosteric modulator of GABA-A — postpartum depression treatment
11. Adverse: sedation, dizziness
c. Other experimental drugs:

i.  CRF1 antagonists, neuropeptide modulators, cannabinoid modulators (preclinical or early clinical
trials)

4. Pharmacological Considerations
a. Acute vs chronic treatment: Most antidepressants require 2—6 weeks for full effect.
b. Side-effect profile: TCAs and MAOIs have more severe side effects than SSRIs/SNRIs.
c. Comorbid conditions:
i.  Anxiety — SSRIs/SNRIs
ii.  Fatigue/anhedonia — NDRIs
iii.  Insomnia — Mirtazapine or Trazodone
d. Drug interactions: MAOIs have serious interactions; SSRIs and SNRIs require washout periods.

5. Toxicology Overview

Drug Class Major Toxic Effects Chronic/Serious Risks
SSRIs GI upset, insomnia, sexual dysfunction Rare serotonin syndrome
SNRIs GI upset, hypertension, insomnia Long-term BP monitoring
TCAs Anticholinergic effects, sedation, cardiotoxicity Lethal in overdose
MAOIs Hypertensive crisis, insomnia, orthostatic hypotension | Drug-food and drug-drug

interactions
NDRIs Insomnia, agitation, headache, seizure Seizure risk at high doses
Mirtazapine Sedation, weight gain, dry mouth Minimal
Trazodone Orthostatic hypotension, priapism Rare but serious
Ketamine/Esketamine | Dissociation, hypertension, abuse potential Controlled administration
recommended
Brexanolone Sedation, dizziness Monitored IV administration
PSYCHOSIS

1. Pathophysiology of Psychosis

Psychosis is a severe mental disorder characterized by loss of contact with reality, including hallucinations, delusions,
disorganized thinking, and impaired social functioning. Major psychotic disorders include schizophrenia,
schizoaffective disorder, brief psychotic disorder, and drug-induced psychosis.
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Key Pathophysiological Mechanisms
a. Dopaminergic Dysfunction (Dopamine Hypothesis):
i.  Hyperactivity of mesolimbic dopamine pathways — positive symptoms (hallucinations, delusions).

ii.  Hypoactivity of mesocortical dopamine pathways — negative symptoms (apathy, social withdrawal,
cognitive deficits).

b. Serotonergic Dysfunction:

i.  Overactivity of 5-HT2A receptors may contribute to hallucinations and mood symptoms.
c. Glutamatergic Dysfunction:

i.  Hypofunction of NMDA receptors — cognitive deficits and negative symptoms.
d. Other Neurotransmitter Dysregulation:

i.  GABAergic deficits — disinhibition of cortical circuits, contributing to cognitive and emotional
dysregulation.

ii.  Cholinergic dysfunction — cognitive impairments.
e. Neuroanatomical Changes:

i.  Enlarged ventricles, reduced grey matter volume, and altered prefrontal cortex and hippocampal
connectivity.

2. Classification of Antipsychotic Drugs
A. Typical (First-Generation) Antipsychotics (FGAs)
a. Primarily dopamine D2 receptor antagonists
b. More effective for positive symptoms
c. Examples: Haloperidol, Chlorpromazine, Fluphenazine
B. Atypical (Second-Generation) Antipsychotics (SGAs)
a. D2 antagonists + 5-HT2A antagonists
b. Treat positive and negative symptoms with fewer extrapyramidal side effects (EPS)
c. Examples: Risperidone, Olanzapine, Quetiapine, Clozapine
C. Novel/Third-Generation Antipsychotics
a. Partial dopamine agonists, serotonin modulators
b. Example: Aripiprazole, Brexpiprazole, Cariprazine
D. Adjunctive and Experimental Agents
a. Glutamate modulators: NMDA receptor modulators (e.g., glycine, D-serine)
b. Trace amine-associated receptor modulators
c. Neuroinflammation-targeting agents under study
3. Mechanism of Action
A. Typical Antipsychotics (FGAs)
a. Mechanism:
i.  Block D2 dopamine receptors in the mesolimbic pathway — reduce positive symptoms.
ii.  Blockade in nigrostriatal pathway — EPS (Parkinsonism, tardive dyskinesia).
iii.  Blockade in tuberoinfundibular pathway — hyperprolactinemia.
b. Pharmacology:
i.  High potency (Haloperidol) — more EPS, less sedation

ii.  Low potency (Chlorpromazine) — more sedation, hypotension
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c. Toxicology:
i.  EPS: dystonia, parkinsonism, akathisia, tardive dyskinesia
ii.  Neuroleptic malignant syndrome (NMS)
iii.  Sedation, orthostatic hypotension, anticholinergic effects
B. Atypical Antipsychotics (SGAs)
a. Mechanism:
i. D2 receptor antagonism (partial in some)
ii.  5-HT2A receptor antagonism — reduces EPS and improves negative symptoms
iii.  Modulate other serotonin receptors (5-HT1A, 5-HT2C) — improve mood, cognition
b. Pharmacology:
i.  Broad spectrum: positive + negative + cognitive symptoms
ii.  Clozapine: effective in treatment-resistant schizophrenia
c. Toxicology:
i.  Metabolic syndrome: weight gain, hyperglycemia, dyslipidemia
ii.  Sedation, hypotension, anticholinergic effects (variable)
iii.  Clozapine: agranulocytosis (requires monitoring), myocarditis, seizures
C. Third-Generation Antipsychotics
a. Mechanism
i.  Partial agonists at D2/D3 receptors — stabilize dopamine signaling
ii.  5-HT1A partial agonism — anxiolytic/antidepressant effect
iii.  5-HT2A antagonism — reduce EPS
b. Pharmacology:
i.  Aripiprazole: reduces positive and negative symptoms with minimal EPS
ii.  Cariprazine: preferentially targets D3 — may improve cognitive and negative symptoms
c. Toxicology:
1. Akathisia, insomnia, nausea
ii.  Less risk of metabolic syndrome compared to SGAs
D. Glutamatergic and Experimental Agents
a. Mechanism:
i.  NMDA receptor modulators — enhance glutamatergic neurotransmission in prefrontal cortex
ii.  Aim to improve cognition and negative symptoms
b. Clinical status:
i.  Mostly in clinical trials
ii.  Examples: Glycine, D-serine, Sarcosine, mGIluR modulators
c. Toxicology:
i.  Generally mild; long-term safety under investigation
4. Pharmacological Considerations
a. Symptom targeting:
i.  Positive symptoms — FGAs, SGAs

ii.  Negative/cognitive symptoms — SGAs, third-generation, glutamatergic agents
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b. Side-effect profile:
i.  EPS — high-potency FGAs
ii. ~ Metabolic syndrome — SGAs (Olanzapine, Clozapine)
iii.  Agranulocytosis — Clozapine
c. Drug selection:
i.  Clozapine for treatment-resistant schizophrenia
ii.  Aripiprazole or Risperidone for minimal EPS/metabolic risk
d. Pharmacokinetics:

i.  Most antipsychotics are orally absorbed; some have long-acting injectable formulations for non-
compliance.

5. Toxicology Overview

Drug Class Major Toxic Effects Chronic/Serious Risks
FGAs (Haloperidol, EPS, sedation, orthostatic hypotension, Tardive dyskinesia,
Chlorpromazine) NMS hyperprolactinemia
SGAs (Risperidone, Metabolic syndrome, sedation, orthostatic Diabetes, dyslipidemia, weight
Olanzapine) hypotension gain
Clozapine Agranulocytosis, myocarditis, seizures Requires regular monitoring
Third-generation (Aripiprazole) | Akathisia, insomnia, nausea Low metabolic/EPS risk
Glutamatergic modulators Mild Gl/neurological side effects Long-term safety under

investigation

MANIA
1. Pathophysiology of Mania

Mania is a hallmark of bipolar disorder and is characterized by elevated mood, hyperactivity, decreased need for
sleep, irritability, and risk-taking behavior. The pathophysiology involves complex neurochemical, neurocircuit,
and genetic factors:

Key Mechanisms:
a. Neurotransmitter Dysregulation:

i.  Dopamine (DA): Hyperactivity in mesolimbic and mesocortical pathways contributes to elevated
mood, psychomotor agitation, and impulsivity.

ii.  Norepinephrine (NE): Increased NE transmission enhances arousal, energy, and goal-directed
behavior.

iii.  Serotonin (5-HT): Dysregulation may contribute to mood instability and impulsivity.

iv.  Glutamate: Hyperactive glutamatergic transmission may exacerbate excitability and cognitive
disturbances.

v.  GABA: Reduced inhibitory neurotransmission contributes to hyperactivity and emotional lability.
b. Intracellular Signaling and Second Messenger Systems:

i.  Dysregulation of inositol monophosphate, protein kinase C (PKC), and cyclic AMP pathways
affects neuronal excitability and plasticity.

c. Genetic and Neuroanatomical Factors:
i.  Genetic susceptibility in genes regulating neurotransmission, circadian rhythm, and signal transduction.
ii.  Structural and functional changes in prefrontal cortex, amygdala, and hippocampus.
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2. Classification of Drugs Used in Mania
Drugs used to manage mania are broadly classified as follows:
A. Mood Stabilizers
a. Lithium salts
b. Valproate (Sodium valproate/Valproic acid)
c. Carbamazepine
B. Antipsychotics
a. Typical (First-generation): Haloperidol, Chlorpromazine
b. Atypical (Second-generation): Risperidone, Olanzapine, Quetiapine, Aripiprazole, Ziprasidone
C. Adjunctive and Novel Agents
a. Lamotrigine (effective for bipolar depression and prophylaxis)
b. Novel agents:
1. Selective PKC inhibitors (under investigation)
2. Glutamate modulators (memantine, ketamine derivatives)
3. GABA modulators (experimental neurosteroids)
3. Mechanism of Action
A. Lithium
a. Mechanism:

1. Inhibits inositol monophosphatase, reducing phosphoinositide signaling — stabilizes neuronal
excitability.

2. Modulates second messengers (CAMP, PKC) — decreases dopamine and glutamate hyperactivity.
3. Enhances GABAergic neurotransmission.
b. Pharmacology:
1. Oral absorption, renal excretion, narrow therapeutic index (0.6—1.2 mEq/L).
2. Used in acute mania, prophylaxis of bipolar disorder, and augmentation of antidepressants.
c. Toxicology:
1. Mild: tremor, nausea, polyuria, weight gain
2. Severe: nephrotoxicity, hypothyroidism, ataxia, confusion, cardiac arrhythmias
B. Valproate (Sodium Valproate)
a. Mechanism:
1. Increases GABA levels by inhibiting GABA transaminase and enhancing GAD activity.
2. Modulates voltage-gated sodium channels and stabilizes neuronal firing.
b. Pharmacology:
1. Rapid onset; useful in acute mania, mixed episodes, rapid cycling.
c. Toxicology:
1. Hepatotoxicity, gastrointestinal upset, tremor, weight gain, teratogenicity
C. Carbamazepine
a. Mechanism:
1. Blocks voltage-gated sodium channels — reduces neuronal excitability.

2. May reduce dopamine and glutamate activity indirectly.

108 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



b. Pharmacology:
1. Effective in acute mania and prophylaxis; particularly useful in rapid-cycling bipolar disorder.
c. Toxicology:

1. Dizziness, ataxia, diplopia, leukopenia, hyponatremia, rare severe dermatologic reactions (Stevens-
Johnson syndrome)

D. Antipsychotics

1. Typical Antipsychotics (FGAs)
a. Mechanism: D2 receptor antagonism — reduces psychotic features and agitation.
b. Examples: Haloperidol, Chlorpromazine
c. Toxicology: EPS, sedation, hypotension, NMS

2. Atypical Antipsychotics (SGAs)

a. Mechanism: D2 antagonism + 5-HT2A antagonism — reduce positive symptoms, agitation, and some negative
symptoms.

b. Examples: Risperidone, Olanzapine, Quetiapine, Aripiprazole
c. Toxicology: Metabolic syndrome, sedation, orthostatic hypotension; less EPS than FGAs
E. Lamotrigine

a. Mechanism: Inhibits voltage-gated sodium channels, stabilizes neuronal membranes, reduces glutamate
release.

b. Clinical Use: Prevents bipolar depression; less effective for acute mania.
c. Toxicology: Rash (rare Stevens-Johnson syndrome), dizziness, headache
F. Novel/Experimental Agents
a. PKC inhibitors: Reduce intracellular signaling hyperactivity implicated in mania.
b. Glutamate modulators: Memantine, ketamine derivatives — modulate excitatory neurotransmission.
c. GABAergic neurosteroids: Experimental; enhance inhibitory tone.
4. Pharmacological Considerations
a. Drug choice based on episode severity:
i.  Acute mania: Lithium, valproate, antipsychotics
ii.  Rapid-cycling or mixed episodes: Valproate, carbamazepine
iii.  Prophylaxis: Lithium (gold standard), lamotrigine for depressive prophylaxis
b. Combination therapy:
i.  Often used when monotherapy is inadequate (e.g., lithium + antipsychotic)
c. Monitoring:
i.  Lithium: serum levels, renal, thyroid function
ii.  Valproate: liver function, platelet count
iii.  Carbamazepine: CBC, liver function, serum sodium
d. Special populations:
i.  Pregnancy: Valproate is teratogenic, lithium requires careful monitoring

ii.  Elderly: increased risk of toxicity
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5. Toxicology Overview

Drug/Class Major Toxic Effects Chronic/Severe Risks

Lithium Tremor, polyuria, nausea, ataxia Nephrotoxicity, hypothyroidism, cardiac
arrhythmias

Valproate GI upset, tremor, sedation Hepatotoxicity, weight gain, teratogenicity

Carbamazepine | Dizziness, diplopia, ataxia Leukopenia, hyponatremia, Stevens-Johnson
syndrome

FGAs EPS, sedation, NMS, hypotension Tardive dyskinesia, neuroleptic malignant
syndrome

SGAs Weight gain, metabolic syndrome, sedation Diabetes, dyslipidemia

Lamotrigine Rash, dizziness, headache Rare: Stevens-Johnson syndrome

Novel agents PKC inhibitors, glutamate modulators, | Mostly preclinical; long-term safety under study

neurosteroids

EPILEPSY
1. Pathophysiology of Epilepsy

Epilepsy is a neurological disorder characterized by recurrent, unprovoked seizures, which result from abnormal,
excessive, or synchronous neuronal activity in the brain. The pathophysiology involves multiple interacting
mechanisms at molecular, cellular, and network levels.

1. Neuronal Hyperexcitability
a. Epileptic neurons show reduced threshold for depolarization, leading to repetitive action potentials.
b. Key mechanisms:

i.  Enhanced excitatory neurotransmission: Increased glutamate activity via NMDA, AMPA, and
kainate receptors.

ii.  Reduced inhibitory neurotransmission: Impaired GABA-A or GABA-B receptor activity,
decreasing chloride or potassium-mediated inhibition.

c. Consequence: Neurons fire excessively and synchronously, generating seizures.
2. Ion Channel Dysfunction (Channelopathies)

a. Mutations or functional alterations in voltage-gated ion channels can destabilize neuronal membrane
potentials:

i.  Sodium (Na*) channels: Persistent activation — sustained depolarization — repetitive firing.

ii.  Potassium (K*) channels: Reduced outward currents — impaired repolarization — prolonged
excitability.

iii.  Calcium (Ca*") channels: Increased T-type Ca*" currents in thalamic neurons — abnormal rhythmic
firing (common in absence seizures).

b. Examples: Mutations in SCN1A, KCNQ2/3, CACNA1H genes linked to various epilepsy syndromes.
3. Synaptic and Network Dysregulation
a. Epilepsy is not only a single-neuron problem but involves abnormal synchronization in neuronal networks.
b. Mechanisms:
i.  Altered excitatory/inhibitory balance in cortical and hippocampal circuits.

ii.  Aberrant axonal sprouting and recurrent excitatory synapses, particularly in the hippocampus (temporal
lobe epilepsy).

110 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



c. Result: Seizure initiation (focus) and propagation (secondary generalization).
4. Neurotransmitter Imbalance
a. Glutamate (Excitatory):
i.  Overactivation of NMDA and AMPA receptors — Ca?" influx — excitotoxicity.
ii.  Increases neuronal firing and seizure susceptibility.
b. GABA (Inhibitory):

i.  Reduced GABAergic tone due to receptor dysfunction or decreased GABA synthesis — loss of
inhibitory restraint.

c. Other modulators:
i.  Adenosine: Normally anticonvulsant; deficiency increases excitability.
ii.  Dopamine, serotonin, acetylcholine: Modulate seizure thresholds and cortical excitability.
5. Genetic Factors

a. Many epilepsies are monogenic or polygenic channelopathies affecting ion channels, neurotransmitter
receptors, or synaptic proteins.

b. Examples:
i.  SCNI1A mutation: Dravet syndrome (Na* channel mutation)
ii. KCNQ2/KCNQ3: Benign familial neonatal seizures
c. Genetic factors explain early onset, familial clustering, and drug resistance in certain epilepsies.
6. Structural and Metabolic Abnormalities
Structural lesions: Stroke, tumors, cortical dysplasia — focal seizure generation.

b. Metabolic disorders: Hypoglycemia, electrolyte disturbances, mitochondrial disorders — lower seizure
threshold.

c. Neuroinflammation: Microglial activation, cytokine release (IL-1p, TNF-o) — neuronal hyperexcitability.
7. Secondary Mechanisms

a. [Excitotoxicity: Excess Ca®" influx during repeated seizures — neuronal injury.

b. Oxidative stress: Reactive oxygen species damage neuronal membranes and proteins.

c. Neuroplasticity changes: Sprouting of excitatory fibers — recurrent excitatory circuits — seizure recurrence.
8. Seizure Focus and Spread

a. Focal seizures: Arise from localized hyperexcitable cortex (temporal lobe, frontal lobe).

b. Generalized seizures: Involve bilateral networks from onset, often via thalamocortical circuits.

c. Secondary generalization: Focal seizure spreads through corpus callosum or subcortical structures.
2. Classification of Antiepileptic Drugs (AEDs)

Antiepileptic drugs are classified based on their mechanism of action, spectrum of activity, and chemical structure.
This classification helps in selecting appropriate therapy depending on seizure type, efficacy, and side-effect profile.

1. Sodium Channel Blockers
Mechanism:
a. Stabilize the inactivated state of voltage-gated sodium channels — prevent repetitive neuronal firing.

b. Primarily effective for focal seizures and generalized tonic-clonic seizures.
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Drugs and Features:

Drug Key Uses Notes / Toxicity
Phenytoin Focal, generalized tonic-clonic | Gingival hyperplasia, ataxia, nystagmus
Carbamazepine | Focal, tonic-clonic Hyponatremia, Stevens-Johnson syndrome
Oxcarbazepine | Focal Less hepatotoxic than carbamazepine
Lamotrigine Focal, generalized Rash, risk of Stevens-Johnson syndrome
Lacosamide Focal Dizziness, PR interval prolongation

2. Calcium Channel Modulators

Mechanism:
a. Inhibit T-type calcium channels in thalamic neurons — reduce abnormal rhythmic firing.
b. Particularly effective in absence seizures.

Drugs and Features:

Drug Key Uses Notes / Toxicity
Ethosuximide | Absence seizures GI upset, fatigue, dizziness
Valproate Absence + generalized seizures | Hepatotoxicity, teratogenicity, weight gain
Zonisamide | Broad-spectrum Kidney stones, cognitive slowing
3. GABAergic Enhancers

Mechanism:
a. Increase inhibitory neurotransmission via GABA-A/B receptors.
b. Useful in focal, generalized, myoclonic seizures, and status epilepticus.

Drugs and Features:

Drug

Key Uses

Mechanism / Toxicity

Benzodiazepines (Diazepam, Lorazepam,
Clonazepam)

Status epilepticus, myoclonic

Sedation, tolerance, dependence

Phenobarbital Focal, generalized tonic-clonic Sedation, cognitive impairment
Tiagabine Focal GI upset, dizziness
Vigabatrin Infantile spasms, refractory Vision loss, peripheral neuropathy

4. Glutamate / Excitatory Modulators

Mechanism:

a. Reduce excitatory neurotransmission by blocking AMPA or NMDA receptors.

b. Useful as adjunctive therapy for refractory epilepsy.

112 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I




Drugs and Features:

Drug Key Uses Notes / Toxicity

Topiramate | Focal, generalized, Lennox-Gastaut | Cognitive slowing, weight loss, kidney stones

Perampanel | Focal, generalized tonic-clonic Dizziness, aggression, psychiatric effects

Felbamate | Lennox-Gastaut, refractory Aplastic anemia, liver failure (rare)

5. Synaptic Vesicle Modulators
Mechanism:
a. Bind SV2A protein — modulate neurotransmitter release, especially glutamate.

b. Broad-spectrum efficacy; generally well-tolerated.

a. Levetiracetam — Focal, generalized, myoclonic seizures
b. Toxicity: Fatigue, irritability, mood changes
6. Broad-Spectrum / Multi-Mechanism AEDs
Mechanism:
a. Affect multiple targets: Na* channels, Ca** channels, GABAergic enhancement.
b. Effective in various seizure types.

Drugs and Features:

Drug Mechanisms Key Uses Toxicity

Valproate | Na* channel blockade, T-type Ca®" | Generalized, absence, | Hepatotoxicity, teratogenicity,
inhibition, GABA enhancement mixed weight gain

Topiramate | Na* block, AMPA inhibition, GABA | Focal, generalized Cognitive  slowing, kidney
potentiation stones

7. Novel / Emerging AEDs
Mechanism:

a. Target novel pathways like endocannabinoid system, neurosteroids, or multiple ion channels.

Drugs:

Drug Mechanism Uses Toxicity / Notes

Cannabidiol Endocannabinoid modulation Lennox-Gastaut, Somnolence, diarrhea, liver

(CBD) Dravet enzyme elevation

Ganaxolone Neurosteroid, GABA-A Refractory epilepsy, Sedation, dizziness
modulation pediatric

Cenobamate Na* channel inhibition + GABA Focal epilepsy Somnolence, dizziness, QT
modulation prolongation risk

8. Classification Based on Seizure Type
i.  Focal Seizures: Carbamazepine, Lamotrigine, Levetiracetam, Lacosamide
ii.  Generalized Tonic-Clonic Seizures: Valproate, Lamotrigine, Levetiracetam, Topiramate
iii.  Absence Seizures: Ethosuximide, Valproate, Lamotrigine

iv.  Myoclonic Seizures: Valproate, Levetiracetam, Clonazepam
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V.

Infantile Spasms: Vigabatrin, ACTH (hormonal therapy adjunct)

3. Mechanism of Action

Epileptic seizures result from neuronal hyperexcitability, abnormal synchronization, and neurotransmitter
imbalance. AEDs act by stabilizing neuronal membranes, enhancing inhibition, or reducing excitation.
Mechanisms can be grouped into several categories:

1. Sodium Channel Blockade

Target: Voltage-gated sodium (Na*) channels on neurons.

Mechanism:

1.

il.

AEDs bind preferentially to inactivated Na* channels.

This prolongs the refractory period, preventing high-frequency repetitive firing of action potentials.

Drugs: Phenytoin, Carbamazepine, Oxcarbazepine, Lamotrigine, Lacosamide.

Effect:
1.

ii.

Suppresses focal and generalized tonic-clonic seizures.

Reduces seizure propagation without completely blocking normal neuronal activity.

Key Points:

1.

ii.

Lacosamide selectively enhances slow inactivation of Na* channels.

Lamotrigine also modulates glutamate release in addition to Na* channel blockade.

2. Calcium Channel Modulation

Target: Voltage-gated calcium (Ca?") channels, especially T-type channels in thalamic neurons.

Mechanism:

1.

ii.

Inhibits T-type Ca*" currents, which are responsible for rhythmic burst firing in thalamocortical neurons.

Reduces absence seizure generation (3 Hz spike-wave discharges).

Drugs: Ethosuximide, Valproate, Zonisamide.

Effect:

1.

Prevents abnormal oscillatory activity in the thalamus — controls absence seizures.

3. Enhancement of GABAergic Inhibition
Target: GABA-A and GABA-B receptors or GABA metabolism.

Mechanisms:

1.

il.
1.
iv.
v.

Effect:
1.

il

Benzodiazepines: Bind to GABA-A receptor — increase frequency of chloride channel opening —
hyperpolarization.

Barbiturates (Phenobarbital): Increase duration of chloride channel opening — enhanced inhibitory effect.
Vigabatrin: Irreversibly inhibits GABA transaminase — increases GABA levels.

Tiagabine: Inhibits GABA reuptake (GAT-1) — prolongs synaptic GABA action.

Valproate: Enhances GABA synthesis and inhibits GABA degradation.

Hyperpolarizes neurons, reducing excitability and seizure spread.

Broad-spectrum effect: effective in focal, generalized, and myoclonic seizures.

4. Modulation of Glutamatergic Excitation

Target: Excitatory neurotransmission via AMPA or NMDA receptors.

Mechanisms:

L.

Perampanel: Non-competitive AMPA receptor antagonist — reduces glutamate-mediated excitatory
currents.
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ii.  Topiramate: Inhibits AMPA/kainate receptors — decreases excitatory transmission.
Effect:

i.  Reduces neuronal firing and seizure propagation, particularly in refractory epilepsy.
5. Synaptic Vesicle Protein Modulation (SV2A)
Target: Synaptic vesicle protein SV2A, regulating neurotransmitter release.
Mechanism:

i.  Levetiracetam binds to SV2A — modulates vesicle exocytosis — stabilizes neurotransmitter release (both
glutamate and GABA).

Effect:
i.  Prevents excessive synchronous neuronal firing without major sedation or cognitive impairment.
6. Multiple/Combination Mechanisms

Some AEDs act via more than one pathway, making them broad-spectrum:

Drug Mechanisms

Valproate Na* channel inhibition + T-type Ca** blockade + GABA enhancement

Topiramate | Na' channel blockade + AMPA receptor inhibition + GABA potentiation

Zonisamide | Na* channel blockade + T-type Ca?" inhibition + carbonic anhydrase inhibition

Effect:
i.  Effective for multiple seizure types: focal, generalized, and mixed.
7. Novel / Emerging Mechanisms
i.  Cannabidiol (CBD):
a. Modulates endocannabinoid system — reduces excitatory neurotransmission.
ii.  Ganaxolone:
a. Positive allosteric modulator of GABA-A receptors (neurosteroid action).
iii. ~ Cenobamate:
a. Na" channel inhibition + positive allosteric modulation of GABA-A receptors.
iv.  Targeting intracellular signaling:

a. Experimental AEDs aim to modulate mTOR pathway, neuroinflammation, or oxidative stress to
reduce seizure susceptibility.

4. Pharmacological Considerations

Effective management of epilepsy involves individualized drug selection, dose optimization, monitoring for adverse
effects, and attention to comorbidities. Pharmacological considerations focus on drug choice, pharmacokinetics,
spectrum of action, combination therapy, safety, and special populations.

1. Selection of Antiepileptic Drug (AED) Based on Seizure Type
i.  Focal seizures: Carbamazepine, Lamotrigine, Levetiracetam, Lacosamide
ii.  Generalized tonic-clonic seizures: Valproate, Lamotrigine, Levetiracetam, Topiramate
iii.  Absence seizures: Ethosuximide, Valproate, Lamotrigine
iv.  Myoclonic seizures: Valproate, Levetiracetam, Clonazepam
v.  Infantile spasms: Vigabatrin, hormonal therapy (ACTH)

Rationale: Correct AED selection maximizes efficacy and reduces unnecessary exposure to adverse effects.
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2. Monotherapy vs Polytherapy
i.  Monotherapy:
a. Preferred initial approach for new-onset epilepsy.
b. Advantages: fewer side effects, simpler compliance, lower drug-drug interactions.
ii.  Polytherapy (combination therapy):
a. Considered for refractory epilepsy or mixed seizure types.
b. Combinations should have different mechanisms of action to enhance efficacy and minimize toxicity.
c. Example: Sodium channel blocker + SV2A modulator or GABA enhancer.
3. Pharmacokinetic Considerations
i.  Absorption:

a. Most AEDs are orally absorbed; food can influence bioavailability (e.g., Phenytoin has variable
absorption).

ii.  Distribution:
a. Highly protein-bound drugs (Phenytoin, Valproate) can be displaced by other drugs — toxicity risk.
iii.  Metabolism:

a. Many AEDs undergo hepatic metabolism via CYP450 enzymes (Phenytoin, Carbamazepine,
Phenobarbital).

iv.  Elimination:
a. Renally excreted drugs (Levetiracetam) require dose adjustment in renal impairment.
v.  Therapeutic drug monitoring (TDM):

a. Recommended for drugs with narrow therapeutic index: Phenytoin, Valproate, Carbamazepine,
Phenobarbital, and occasionally Lamotrigine.

4. Adverse Effect Profile and Toxicity
i.  Acute toxicity: Sedation, dizziness, ataxia, nausea.

ii.  Chronic toxicity: Cognitive impairment, osteoporosis, weight gain, teratogenicity, hepatotoxicity,
nephrolithiasis.

iii.  Drug-specific examples:
a. Phenytoin: Gingival hyperplasia, neuropathy
b. Valproate: Hepatotoxicity, teratogenicity
c. Carbamazepine: Hyponatremia, Stevens-Johnson syndrome
d. Vigabatrin: Vision loss
Consideration: Choice of AED must balance efficacy vs toxicity, especially in long-term therapy.
5. Special Populations
i.  Pregnancy:
a. AEDs can be teratogenic; Valproate is particularly high risk.
b. Lamotrigine and Levetiracetam are preferred for minimal teratogenicity.
c. Folic acid supplementation is recommended.
ii.  Children:
a. Growth, cognition, and behavior should be monitored.
b. Avoid AEDs with cognitive or sedative effects when possible.
iii.  Elderly:
a. Increased sensitivity to sedation and cognitive effects.
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b. Dose adjustments may be needed for renal/hepatic impairment.
iv.  Comorbidities:
a. Hepatic disease: Avoid hepatotoxic AEDs (Valproate, Carbamazepine).
b. Renal disease: Dose adjustment for renally excreted drugs (Levetiracetam).
c. Psychiatric disorders: Consider AEDs that improve mood (Valproate, Lamotrigine).
6. Drug Interactions
i.  Enzyme inducers (Carbamazepine, Phenytoin, Phenobarbital):
a. Reduce effectiveness of other drugs (oral contraceptives, anticoagulants).
ii.  Enzyme inhibitors (Valproate):
a. Increase levels of other AEDs — toxicity.
iii.  Polytherapy: Choose drugs with minimal pharmacokinetic interactions when possible.
7. Formulation and Compliance
i.  Long-acting formulations: Improve compliance (e.g., extended-release Valproate, Lamotrigine XR).
ii.  Intravenous formulations: For status epilepticus or inability to take oral drugs.
iii.  Patient education: Emphasize adherence; irregular intake increases risk of breakthrough seizures.
8. Monitoring Parameters
a. Serum drug levels (for narrow therapeutic index AEDs).
b. Liver and renal function tests (Valproate, Carbamazepine, Levetiracetam).
c. Hematology: Monitor for leukopenia, thrombocytopenia (Carbamazepine, Felbamate).
d. Cognition and behavior: Especially in children and elderly.
e. Electrolytes: Hyponatremia with Carbamazepine, Oxcarbazepine.
5. Toxicology Overview

Toxicology in epilepsy focuses on adverse effects, dose-dependent and chronic toxicity, organ-specific toxicity, and
idiosyncratic reactions of AEDs. Since most AEDs are used long-term, understanding their toxicity is critical for safe
and effective therapy.

1. Sodium Channel Blockers
Drugs: Phenytoin, Carbamazepine, Oxcarbazepine, Lamotrigine, Lacosamide

Common Toxicities:

Drug Dose-Dependent / Common Adverse Chronic / Severe Toxicity
Effects
Phenytoin Nystagmus, ataxia, dizziness, sedation | Gingival hyperplasia, hirsutism, neuropathy, osteopenia,

megaloblastic anemia, hepatotoxicity

Carbamazepine | Dizziness, diplopia, nausea, sedation | Hyponatremia, leukopenia, thrombocytopenia, Stevens-
Johnson syndrome, aplastic anemia, hepatotoxicity

Oxcarbazepine | Dizziness, somnolence, nausea Hyponatremia (less severe than carbamazepine)
Lamotrigine Rash, headache, dizziness Rare: Stevens-Johnson syndrome, toxic epidermal
necrolysis
Lacosamide Dizziness, headache, nausea PR interval prolongation, rarely arrhythmias
Notes:

a. Phenytoin exhibits nonlinear pharmacokinetics, making toxicity more likely at higher doses.

b. Carbamazepine and Lamotrigine can cause idiosyncratic hypersensitivity reactions.
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2. Calcium Channel Modulators

Drugs: Ethosuximide, Valproate, Zonisamide

Drug Adverse Effects Chronic / Severe Toxicity

Ethosuximide | GI upset, fatigue, dizziness, | Rare blood dyscrasias, hepatotoxicity

headache
Valproate Nausea, tremor, sedation, | Hepatotoxicity, pancreatitis, teratogenicity, hyperammonemia,
weight gain thrombocytopenia

Zonisamide Dizziness, sedation, anorexia Kidney stones, metabolic acidosis, cognitive slowing

Notes:
a. Valproate: Hepatotoxicity risk is higher in children <2 years or in polytherapy.
b. Zonisamide: Sulfonamide structure — risk of hypersensitivity reactions.

3. GABAergic Enhancers

Drugs: Benzodiazepines, Phenobarbital, Vigabatrin, Tiagabine

Drug Adverse Effects Chronic / Severe Toxicity

Benzodiazepines | Sedation, dizziness, ataxia, tolerance | Dependence, withdrawal seizures, cognitive impairment

Phenobarbital Sedation, cognitive dulling, ataxia Osteopenia, hyperactivity in children, hepatotoxicity
Vigabatrin Somnolence, fatigue Vision loss (irreversible peripheral constriction)
Tiagabine Dizziness, fatigue, tremor Rare: status epilepticus, cognitive slowing

Notes:

a. Vigabatrin requires regular visual field monitoring due to risk of permanent visual damage.
b. Chronic benzodiazepine use can cause tolerance and dependence.
4. Glutamate / Excitatory Modulators

Drugs: Topiramate, Perampanel, Felbamate

Drug Adverse Effects Chronic / Severe Toxicity

Topiramate | Cognitive slowing, dizziness, weight loss, | Kidney stones, metabolic acidosis, glaucoma

paresthesia
Perampanel | Dizziness, somnolence, gait disturbance Psychiatric effects: aggression, irritability, suicidal
ideation
Felbamate | Nausea, headache, insomnia Aplastic anemia, acute liver failure (rare but severe)

Notes:

a. Felbamate is reserved for refractory epilepsy due to risk of life-threatening toxicity.
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5. Synaptic Vesicle Protein Modulators

Drug: Levetiracetam

Adverse Effects

Chronic / Severe Toxicity

Fatigue, dizziness, headache

Behavioral disturbances: irritability, mood changes; rare psychosis

Notes:

a. Generally well-tolerated; low risk of organ toxicity.

6. Broad-Spectrum / Multi-Mechanism AEDs

Drug Mechanism Toxicity
Valproate | Na* channel + T-type Ca®>* + GABA | Hepatotoxicity, pancreatitis, teratogenicity, weight
enhancement gain, tremor
Topiramate | Na* channel + AMPA inhibition + GABA | Cognitive impairment, metabolic acidosis, kidney
potentiation stones
Notes:

a. Broad-spectrum drugs have higher utility but also diverse toxicity profiles.

7. Novel / Emerging AEDs
Drug Adverse Effects Notes
Cannabidiol Somnolence, diarrhea, fatigue Liver enzyme elevation; interactions with CYP-
(CBD) metabolized drugs
Ganaxolone Sedation, dizziness Neurosteroid; still under investigation
Cenobamate Somnolence, dizziness, QT prolongation | Requires ECG monitoring for cardiac safety

risk

8. Organ-Specific Toxicities

/0 o P

Renal: Zonisamide, Topiramate (kidney stones)

Hepatotoxicity: Valproate, Felbamate, Phenytoin, Carbamazepine

Hematological: Carbamazepine, Felbamate, Ethosuximide (leukopenia, aplastic anemia)

Visual: Vigabatrin (permanent peripheral visual field constriction)

Metabolic: Valproate (weight gain, hyperammonemia), Topiramate (metabolic acidosis)

=

CNS / Cognitive: Topiramate, Phenobarbital, Benzodiazepines, Ethosuximide
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Multiple Choice Questions (20)

1. Which neurotransmitter is most implicated in the pathophysiology of anxiety disorders?
a) GABA
b) Acetylcholine
¢) Histamine
d) Glutamate
2. Buspirone acts primarily as a:
a) GABA-A agonist
b) 5-HT1A partial agonist
¢) Dopamine D2 antagonist
d) NMDA receptor blocker
3. Which drug class is first-line in generalized anxiety disorder (GAD)?
a) Benzodiazepines
b) SSRIs
c) TCAs
d) MAOIs
4. The delayed therapeutic effect of SSRIs in anxiety and depression is due to:
a) Immediate receptor blockade
b) Secondary receptor downregulation and neuroplastic changes
¢) Direct dopamine antagonism
d) Rapid increase in serotonin synthesis
5. Lithium’s primary mechanism in mania involves inhibition of:
a) GABA-A receptors
b) Inositol monophosphatase
¢) NMDA receptor
d) Monoamine oxidase
6. A key side effect of valproate is:
a) Agranulocytosis
b) Hepatotoxicity
¢) Renal toxicity
d) Hypertension
7. Clozapine is reserved for:
a) First-line therapy in schizophrenia
b) Resistant schizophrenia
c¢) Depression with psychotic features
d) Anxiety with panic disorder
8. Typical antipsychotics exert their action mainly by blocking:
a) 5-HT2A receptors
b) GABA-A receptors
¢) D2 dopamine receptors
d) NMDA receptors
9. Which antidepressant is least likely to cause sexual dysfunction?
a) Fluoxetine
b) Venlafaxine
¢) Bupropion
d) Paroxetine
10. Ethosuximide is the drug of choice for:
a) Tonic-clonic seizures
b) Absence seizures
¢) Myoclonic seizures
d) Status epilepticus
11. Which AED enhances GABA by inhibiting GABA transaminase?
a) Vigabatrin
b) Tiagabine
c¢) Phenobarbital
d) Topiramate
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12. Perampanel acts by blocking:
a) AMPA receptors
b) NMDA receptors
c¢) T-type Ca*" channels
d) GABA-B receptors
13. Which drug is associated with agranulocytosis?
a) Haloperidol
b) Clozapine
¢) Risperidone
d) Quetiapine
14. A major risk with MAOQIs is:
a) Hypertensive crisis with tyramine
b) Serotonin syndrome with alcohol
¢) Neuroleptic malignant syndrome
d) QT prolongation
15. Benzodiazepine dependence occurs due to:
a) Enzyme induction
b) Receptor desensitization and downregulation
¢) Active metabolites
d) Increased GABA synthesis
16. Which mood stabilizer is teratogenic?
a) Lithium
b) Valproate
¢) Carbamazepine
d) All of the above
17. Which novel antidepressant acts as an NMDA receptor antagonist?
a) Trazodone
b) Mirtazapine
¢) Ketamine
d) Vortioxetine
18. The drug most associated with Stevens-Johnson syndrome is:
a) Carbamazepine
b) Lamotrigine
c¢)Bothaandb
d) Phenytoin
19. Status epilepticus is initially managed with:
a) Ethosuximide
b) Benzodiazepines
¢) Topiramate
d) Felbamate
20. Which atypical antidepressant is highly sedative and useful in depression with insomnia?
a) Bupropion
b) Mirtazapine
¢) Vortioxetine
d) Venlafaxine

Short Answer Questions (20)

Define anxiety disorder and list two neurotransmitter abnormalities involved.
Differentiate between SSRIs and SNRIs.

Mechanism of action of Buspirone.

Name two clinical uses and two toxic effects of benzodiazepines.

List four atypical antipsychotics.

What is serotonin syndrome?

Name one antiepileptic drug for each seizure type: absence, tonic-clonic, myoclonic.
Mechanism of action of lithium.

What are negative symptoms of schizophrenia?

10 Difference between FGAs and SGAs.

11. List two adverse effects of valproate.

12. Mechanism of action of ethosuximide.

VOB WD

121 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



13.
14.
15.
16.
17.
18.
19.
20.

What is tardive dyskinesia?

Give two pharmacological uses of carbamazepine.

Name two novel or experimental drugs in anxiety.

Mechanism of topiramate.

Define bipolar disorder.

What is agranulocytosis and which drug requires monitoring for it?
Write two major adverse effects of TCAs.

What is the role of BDNF in depression?

Long Answer Questions (10)

e S A o

Explain the pathophysiology of anxiety disorders and discuss the pharmacological management with examples.
Write in detail about SSRIs: mechanism, clinical uses, adverse effects, and toxicity.

Discuss the classification of antidepressants with detailed mechanisms and toxicology.

Explain the dopamine hypothesis of schizophrenia and the role of antipsychotics.

Write detailed pharmacology of lithium.

Discuss the mechanisms of action and toxicity of sodium channel-blocking AEDs.

Describe the glutamatergic hypothesis of depression and role of novel agents.

Differentiate between FGAs and SGAs with emphasis on side effects.

Discuss pathophysiology of epilepsy and explain the classification of AEDs with examples.

. Write short notes on:

a) Clozapine
b) Ketamine in depression
c) Status epilepticus management

Answer Key (MCQs Only)

NN R WD =
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a) GABA

b) 5-HT1A partial agonist

b) SSRIs

b) Secondary receptor downregulation and neuroplastic changes
b) Inositol monophosphatase

b) Hepatotoxicity

b) Resistant schizophrenia

c¢) D2 dopamine receptors

¢) Bupropion

. b) Absence seizures

. a) Vigabatrin

. a) AMPA receptors

. b) Clozapine

. a) Hypertensive crisis with tyramine
. b) Receptor desensitization and downregulation
. d) All of the above

. ¢) Ketamine

. ¢) Bothaand b

. b) Benzodiazepines

. b) Mirtazapine
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CHAPTER 7
CENTRAL NERVOUS SYSTEM PHARMACOLOGY-II

INTRODUCTION:

Central Nervous System (CNS) Pharmacology-II is a continuation of the study of drugs that act on the brain
and spinal cord, focusing primarily on disorders that involve abnormal electrical activity, mood regulation, psychosis,
and neurodegeneration. While CNS Pharmacology-I typically deals with sedatives, hypnotics, anxiolytics, and drugs
for sleep and anxiety disorders, CNS Pharmacology-II extends into the more advanced therapeutic areas involving
epilepsy, psychosis, affective disorders, neurodegenerative diseases, and substance abuse.

The central nervous system serves as the control center for all cognitive, emotional, sensory, and motor functions. Drugs
acting on the CNS often produce profound effects due to the complexity of neurotransmitter systems, receptor subtypes,
and neuronal circuits. Thus, understanding CNS Pharmacology-II is crucial for clinical practice because these drugs are
widely used in psychiatry, neurology, and general medicine.

Key Areas Covered in CNS Pharmacology-II
i.  Epilepsy and Antiepileptic Drugs
Epilepsy is a disorder characterized by abnormal, excessive neuronal activity leading to seizures.

b. Antiepileptic drugs (AEDs) act through mechanisms such as sodium channel blockade, enhancement
of GABAergic inhibition, or reduction of excitatory neurotransmission.

c. Understanding drug selection, adverse effects, and drug interactions is vital for effective seizure
management.

ii.  Psychosis and Antipsychotic Drugs
Psychotic disorders like schizophrenia are linked to dopaminergic and serotonergic dysfunction.

b. Antipsychotics are classified into typical (first-generation) and atypical (second-generation), differing
in their receptor selectivity and side effect profiles.

c. CNS Pharmacology-II explains the mechanism, efficacy, and adverse effects such as extrapyramidal
symptoms and metabolic syndrome.

iii.  Affective Disorders and Antidepressant Drugs

a. Depression and bipolar disorder are associated with disturbances in monoamine neurotransmitters
(serotonin, norepinephrine, dopamine).

b. Antidepressants include SSRIs, SNRIs, tricyclic antidepressants, and MAO inhibitors.
c. Mood stabilizers such as lithium and certain anticonvulsants are also used in bipolar disorder.
iv.  Neurodegenerative Disorders

a. Diseases like Parkinson’s disease, Alzheimer’s disease, and Huntington’s chorea involve progressive
neuronal degeneration.

b. Drugs aim to restore neurotransmitter balance (e.g., dopamine replacement in Parkinson’s,
cholinesterase inhibitors in Alzheimer’s) or slow disease progression.

c. This area highlights both symptomatic and disease-modifying approaches.
v.  Drug Dependence and Abuse

a. Substances such as opioids, alcohol, cannabinoids, stimulants, and hallucinogens can cause dependence
and addiction.

b. Pharmacology-II covers the neurobiology of addiction, withdrawal symptoms, and pharmacological
strategies for detoxification and rehabilitation.
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Importance of CNS Pharmacology-11

i.  Clinical Relevance: CNS disorders like epilepsy, schizophrenia, depression, and Parkinsonism are common,
chronic, and often disabling. Effective pharmacotherapy is essential for improving quality of life.

ii.  Pharmacological Complexity: These drugs frequently cross the blood-brain barrier and interact with multiple
neurotransmitter systems, making their pharmacokinetics and pharmacodynamics unique.

ili. ~ Therapeutic Challenges: High incidence of adverse effects, drug interactions, and variability in patient
response necessitate careful drug selection and monitoring.

iv.  Research and Innovation: CNS Pharmacology-IlI includes newer drug discoveries such as glutamatergic
modulators, monoclonal antibodies for neurodegeneration, and personalized medicine approaches.

NEURODEGENERATIVE DISEASES
1. Pathophysiology of Neurodegenerative Diseases
i.  Core mechanisms (shared):

a. Protein misfolding and aggregation — AP & tau in Alzheimer’s, a-synuclein in Parkinson’s, mutant
huntingtin in Huntington’s, TDP-43/SODI1 in ALS.

b. Excitotoxicity — excess glutamate overstimulates NMDA receptors — calcium influx — neuronal
death.

c. Oxidative stress and mitochondrial dysfunction — impaired ATP generation and free radical
accumulation.

d. Impaired protein clearance — defective ubiquitin-proteasome/autophagy-lysosomal systems.
e. Neuroinflammation — microglial and astrocytic activation contribute to chronic injury.

f. Selective neuronal vulnerability — hippocampus in Alzheimer’s, substantia nigra in Parkinson’s,
striatum in Huntington’s, motor neurons in ALS.

Theory Note: These disorders are progressive, incurable, and age-associated. Their molecular basis overlaps, explaining
why mixed pathologies (e.g., AD with Lewy body changes) are frequent.

2. Classification of Neurodegenerative Diseases
i.  Alzheimer’s disease (AD): Dementia due to AP and tau pathology.
ii.  Parkinson’s disease (PD): Motor disorder due to nigrostriatal dopamine loss and a-synuclein aggregation.

iii. ~ Huntington’s disease (HD): Genetic trinucleotide repeat disorder (CAG expansion) causing chorea and
cognitive decline.

iv.  Amyotrophic lateral sclerosis (ALS): Motor neuron disease, sporadic or familial (SOD1, C9orf72, etc.).

v.  Others (less detail needed here): Frontotemporal dementia, Multiple system atrophy, Progressive supranuclear
palsy, Prion diseases.

3. Drugs in Alzheimer’s Disease (AD)
Mechanism of Action & Pharmacology:

i.  Cholinesterase inhibitors (Donepezil, Rivastigmine, Galantamine): Inhibit AChE — 1 acetylcholine at
synapses — modest cognitive benefit.

ii. ~ Memantine: Low-affinity uncompetitive NMDA antagonist — prevents glutamate excitotoxicity.
iii.  Novel Immunotherapies:

a. Lecanemab, Donanemab, Aducanumab: Monoclonal antibodies — bind AP oligomers/protofibrils
— promote clearance.

Toxicology:
i.  Cholinesterase inhibitors — nausea, vomiting, diarrhea, bradycardia, syncope.
1. Memantine — dizziness, confusion, hallucinations.

iii.  Monoclonal antibodies — ARIA (Amyloid Related Imaging Abnormalities: edema/hemorrhage), infusion
reactions, MRI monitoring required.
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Theory Note: Current drugs are mainly symptomatic, while immunotherapies aim for disease modification but benefits
are modest and risks significant.

4. Drugs in Parkinson’s Disease (PD)
Mechanism of Action & Pharmacology:

i.  Levodopa + Carbidopa/Benserazide: Dopamine precursor + peripheral decarboxylase inhibitor — 1 CNS
dopamine.

ii.  Dopamine agonists: (Pramipexole, Ropinirole, Rotigotine) — directly stimulate D2/D3 receptors.
iii. =~ MAO-B inhibitors: (Selegiline, Rasagiline, Safinamide) — inhibit dopamine breakdown.
iv.  COMT inhibitors: (Entacapone, Opicapone) — prolong levodopa action.
v.  Amantadine: NMDA antagonist — reduces dyskinesia.
Novel Approaches:
i.  a-synuclein immunotherapy (experimental).
ii.  Gene therapy (AAV vectors delivering enzymes for dopamine synthesis).
iii.  Stem-cell derived dopaminergic neuron grafts.
Toxicology:
i.  Levodopa — motor fluctuations, dyskinesias, hallucinations, orthostatic hypotension
ii.  Dopamine agonists — impulse control disorders, psychosis, sleep attacks.
iii.  MAO-B inhibitors — insomnia, serotonin syndrome (with SSRIs).
1v. Amantadine — hallucinations, livedo reticularis.

Theory Note: Levodopa remains gold-standard but long-term complications require “levodopa-sparing” strategies.
Novel therapies seek disease modification, but safety and efficacy remain under study.

5. Drugs in Huntington’s Disease (HD)
Mechanism of Action & Pharmacology:
i.  VMAT?2 inhibitors (Tetrabenazine, Deutetrabenazine): Deplete presynaptic dopamine — | chorea.
ii.  Antipsychotics: (Olanzapine, Risperidone) used for behavioral/psychiatric symptoms.
iii.  Novel Therapies:
a. ASOs (e.g., Tominersen): Suppress huntingtin mRNA — | mutant protein.
b. RNA interference and gene therapy approaches under trials.
Toxicology:
i.  VMAT2 inhibitors — depression, suicidality, sedation, parkinsonism.
ii.  Antipsychotics — metabolic syndrome, extrapyramidal effects.
iii.  ASOs — intrathecal administration risks (headache, meningitis-like symptoms), off-target toxicity.

Theory Note: Symptomatic therapies help control motor/behavioral issues but do not alter progression; huntingtin-
lowering strategies are the future.

6. Drugs in Amyotrophic Lateral Sclerosis (ALS)
Mechanism of Action & Pharmacology:
i.  Riluzole: Inhibits glutamate release & sodium channels — modestly prolongs survival.
ii.  Edaravone: Antioxidant/free radical scavenger — slows functional decline.
iii.  Novel Agents:
a. Tofersen: Antisense oligonucleotide targeting SOD1 mRNA — reduces toxic protein in familial ALS.
b. AMXO0035 (Sodium phenylbutyrate + Taurursodiol): Aimed at mitochondrial/ER stress modulation

(approval withdrawn after negative confirmatory trial).

125 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



Toxicology:
i.  Riluzole — hepatotoxicity (LFT monitoring), GI upset.
11. Edaravone — infusion reactions, renal issues.
iii.  Tofersen — CSF pleocytosis, procedure-related risks, long-term safety unknown.

Theory Note: ALS therapies only modestly affect progression; precision-medicine approaches like ASOs mark a new
era but raise safety challenges.

7. Toxicology Overview (Cross-cutting)
i.  Cholinesterase inhibitors: GI and cardiac cholinergic effects
ii.  Dopaminergic drugs: Psychosis, hallucinations, impulse control, motor fluctuations.
11l. Monoclonal antibodies: ARIA, infusion reactions, need MRI monitoring.
iv.  ASOs/Gene therapies: Neuroinflammation, CSF changes, procedural risks.
v.  VMAT?2 inhibitors: Psychiatric side effects (suicidality).
vi.  Free radical scavengers: Infusion-related adverse events.
NARCOTIC ANALGESICS
1. Pathophysiology of Pain (Basis for Narcotic Analgesics Use)
1. Pain Pathways (Nociception)
i.  Transduction:
a. Noxious stimuli (mechanical, thermal, chemical) activate peripheral nociceptors (Ad and C fibers).
b. Leads to depolarization and initiation of action potentials.
ii.  Transmission:
a. Impulses travel via afferent fibers — dorsal horn of spinal cord.
b. Neurotransmitters released: Substance P, glutamate, CGRP.
c. Ascend through spinothalamic and spinoreticular tracts to thalamus and cortex.
iii.  Perception:
a. Pain becomes consciously recognized in the somatosensory cortex.
b. Emotional-affective dimension processed by limbic system.
iv.  Modulation:

a. Descending inhibitory pathways from periaqueductal gray (PAG), locus coeruleus, and raphe nuclei
release serotonin, norepinephrine, and endogenous opioids.

b. These inhibit dorsal horn neurons and reduce transmission.
2. Role of Endogenous Opioid System
i.  Endogenous ligands: Endorphins, Enkephalins, Dynorphins.

ii.  Opioid receptors: p (mu), « (kappa), o (delta).

iii.  Mechanism:
a. Activation — G-protein (Gi/Go) mediated.
b. | cAMP — reduced neuronal excitability.
c. 1 K" efflux — hyperpolarization.
d. | Ca* influx — reduced release of pain neurotransmitters (glutamate, substance P).

Theory Note: Endogenous opioids form the body’s natural “analgesic system.” Exogenous narcotic analgesics (like
morphine, fentanyl) mimic this system, providing powerful relief especially in severe pain.
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3. Types of Pain and Implications for Narcotic Analgesics
i.  Nociceptive pain (somatic, visceral):
a. Due to activation of nociceptors.
b. Responds very well to opioids.
ii.  Neuropathic pain:
a. Due to nerve injury/dysfunction.
b. Less responsive to opioids (needs adjuncts like antidepressants, anticonvulsants).
iii.  Chronic pain:
a. May involve central sensitization, reduced efficacy of opioids over time.
4. Pathophysiological Basis for Using Narcotic Analgesics

i.  Severe pain often involves overactivation of ascending pain pathways and insufficient endogenous
inhibitory control.

ii.  Narcotic analgesics:
Act at spinal cord — inhibit neurotransmitter release (substance P, glutamate).

b. Act at supraspinal sites (PAG, thalamus, limbic system) — modify pain perception and emotional
distress.

c. Actin periphery (in inflamed tissues) — reduce nociceptor excitability.

Theory Note: This multi-level action makes narcotic analgesics uniquely effective for severe pain (trauma, surgery,
cancer), where non-narcotics are insufficient.

2. Classification of Narcotic Analgesics
Theory Introduction

Narcotic analgesics (also called opioids) are a class of drugs that relieve severe pain by acting on opioid receptors (p,
K, 0) in the CNS and peripheral tissues. They are either natural, semi-synthetic, or synthetic derivatives of opium
alkaloids (morphine, codeine). Their classification is based on origin, receptor activity, potency, and therapeutic
use.

The importance of classification:
i.  Helps in understanding clinical use (severe pain, cough, diarrhea, anesthesia).
ii.  Explains differences in potency, duration, side effects.

iii.  Guides in managing tolerance, dependence, and toxicity.

1. Based on Origin
i.  Natural alkaloids (from opium poppy):
a. Morphine
b. Codeine

c. Thebaine
ii.  Semi-synthetic derivatives:
a. Heroin (diacetylmorphine)
b. Hydromorphone
c. Oxycodone
d. Oxymorphone
iii.  Synthetic opioids:
a. Methadone

b. Fentanyl and congeners (sufentanil, remifentanil, alfentanil)
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c. Pethidine (meperidine)
d. Pentazocine
Tramadol

f. Tapentadol
2. Based on Receptor Activity
i.  Pure agonists (strong analgesics):
a. Morphine, Fentanyl, Methadone, Heroin, Meperidine.
b. High efficacy at p-receptors.
ii.  Partial agonists / Mixed agonist—antagonists:
a. Buprenorphine (partial p-agonist, k-antagonist).
b. Nalbuphine, Butorphanol, Pentazocine (k-agonists, pi-antagonists).
iii.  Antagonists (no analgesic effect, reverse opioid toxicity):
a. Naloxone, Naltrexone, Nalmefene.
3. Based on Duration of Action
i.  Short-acting (1-3 hrs): Fentanyl, Remifentanil.
ii.  Intermediate-acting (3—6 hrs): Morphine, Heroin, Meperidine.
iii.  Long-acting (6—12 hrs or more): Methadone, Buprenorphine.
4. Based on Potency (Relative to Morphine)
i.  High potency (> morphine): Fentanyl, Sufentanil, Etorphine.
ii. ~ Moderate potency (~ morphine): Morphine, Heroin, Oxycodone.
iii.  Low potency (< morphine): Codeine, Tramadol, Propoxyphene.
5. Based on Therapeutic Use
i.  Analgesics (severe pain): Morphine, Fentanyl, Methadone.
ii.  Cough suppressants (antitussives): Codeine, Noscapine, Pholcodine, Dextromethorphan.
iii.  Antidiarrheals: Loperamide, Diphenoxylate.
iv.  Opioid antagonists (detoxification, overdose): Naloxone, Naltrexone.
6. Based on Chemical Structure (for pharmacologists)
i.  Phenanthrenes: Morphine, Codeine, Hydromorphone, Buprenorphine.
ii.  Phenylpiperidines: Fentanyl, Meperidine.
iii.  Diphenylheptanes: Methadone.
iv.  Others: Tramadol, Tapentadol.
3. Mechanism of Action
Theory Explanation

Narcotic analgesics (opioids) act mainly by mimicking endogenous opioid peptides (endorphins, enkephalins,
dynorphins) at opioid receptors distributed throughout the CNS and periphery.

There are three major receptor types:
i.  p(mu): Main site for analgesia, respiratory depression, euphoria, dependence.
ii.  k(kappa): Spinal analgesia, sedation, dysphoria.
iii. o (delta): Modulation of pain, emotional response.
These receptors are G-protein coupled receptors (GPCRs) linked to inhibitory G-proteins (Gi/Go). Upon activation,

they reduce neuronal excitability and neurotransmitter release, thereby suppressing pain transmission and perception.
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Mechanism of Action — Stepwise Points
i.  Binding to Opioid Receptors
a. Opioids bind to p, K, d receptors in the brain, spinal cord, and peripheral nerves.
b. Morphine-like drugs are mostly p-receptor agonists.
ii.  Activation of Gi/Go Proteins
a. Receptor activation — coupling with inhibitory G-proteins.
b. Inhibits adenylate cyclase — | cAMP.
c. Reduces excitability of neurons.
iii.  Ion Channel Effects
a. Presynaptic neuron:
1. Inhibition of voltage-gated Ca*" channels.
2. | Ca*" influx — | release of excitatory neurotransmitters (substance P, glutamate, CGRP).
b. Postsynaptic neuron:
1. Opening of K* channels — K" efflux.
2. Hyperpolarization — neuron becomes less excitable.
iv.  Spinal Cord Action

a. In the dorsal horn, opioids inhibit transmission of nociceptive signals from peripheral nociceptors to
second-order neurons.

b. This blocks ascending pain pathways.
v.  Supraspinal Action

a. In the periaqueductal gray (PAG), thalamus, and limbic system, opioids enhance descending
inhibitory pathways.

b. These pathways release serotonin and norepinephrine, which further suppress dorsal horn pain
transmission.

vi.  Peripheral Action
a. Ininflamed or injured tissue, opioids can reduce nociceptor excitability, contributing to analgesia.
Overall Effects
i.  Reduced transmission of pain signals from periphery — spinal cord — brain.

ii.  Altered pain perception in the brain (patients feel pain less intensely and are emotionally detached).

iii.  Activation of descending inhibitory pathways enhances endogenous control of pain.
4. Pharmacology (Existing Drugs)
Theory Overview

Narcotic analgesics (opioids) like morphine, codeine, fentanyl, methadone, pethidine, buprenorphine, etc. are the
cornerstone of severe pain management. Their pharmacology includes absorption, distribution, metabolism,
excretion (pharmacokinetics) and analgesic, CNS, cardiovascular, respiratory, GI, and endocrine effects
(pharmacodynamics).

Morphine is the prototype drug, and other opioids are compared with it in terms of potency, duration, and efficacy.
A. Pharmacokinetics (PK)
i.  Absorption

a. Well absorbed orally, but oral bioavailability of morphine is low (20-30%) due to extensive first-
pass metabolism.

b. Parenteral routes (IV, IM, SC) give more predictable effects.

c. Fentanyl can be absorbed via transdermal patches, lozenges.
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d. Codeine has better oral bioavailability than morphine.
ii.  Distribution
a. Widely distributed in body tissues, especially highly perfused organs (liver, kidney, lungs, brain).

b. Crosses the blood—brain barrier (BBB), but morphine crosses slowly compared to fentanyl or heroin
(lipid-soluble).

c. Accumulates in fetus — caution in pregnancy.
iii. ~ Metabolism
Primarily in the liver by glucuronidation (UGT2B7).

b. Morphine — morphine-6-glucuronide (active, analgesic) and morphine-3-glucuronide
(inactive/toxic).

c. Codeine — metabolized by CYP2D6 — morphine (basis of its analgesia).
d. Meperidine — metabolized to normeperidine (toxic, causes seizures).
iv.  Excretion
a. Mostly via kidneys as metabolites.
b. Half-life: Morphine ~ 2—3 hrs; Methadone ~ 24 hrs (long-acting).
B. Pharmacodynamics (PD)
i.  Analgesia
a. Potent relief of severe nociceptive pain (surgical, trauma, cancer).
b. Less effective in neuropathic pain.
c. Alter both sensory and emotional aspects of pain.
ii.  CNS Effects
a. Euphoria (via mesolimbic dopamine system — reason for abuse).
b. Sedation and mental clouding.
c. Miosis (pinpoint pupil): characteristic sign of opioid use.
d. Antitussive effect: codeine, dextromethorphan.
e. Seizures (with meperidine metabolite normeperidine).
iii.  Respiratory System
a. Dose-dependent respiratory depression (inhibits brainstem response to COz).
b. Major cause of death in opioid overdose.
iv.  Cardiovascular System
a. Generally stable, but can cause vasodilation (via histamine release).
b. Orthostatic hypotension sometimes observed.
v.  Gastrointestinal System
a. Constipation (| peristalsis, 1 sphincter tone).
b. Used as antidiarrheal (loperamide, diphenoxylate).
vi.  Other Effects
Urinary retention (1 sphincter tone).
b. Histamine release — itching, bronchospasm (esp. morphine).

c. Endocrine effects: suppresses GnRH, LH, ACTH (causing hypogonadism, adrenal suppression in
chronic use).
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C. Clinical Uses
i.  Analgesia
a. Severe acute pain (trauma, surgery, burns).
b. Chronic pain (cancer, palliative care).
ii.  Cough Suppression
a. Codeine, dextromethorphan.
iii.  Diarrhea
a. Loperamide, diphenoxylate.
iv.  Preanesthetic medication / anesthesia
a. Fentanyl, remifentanil (short-acting, potent).
v.  Opioid dependence treatment
a. Methadone, buprenorphine (long-acting substitutes).
D. Adverse Effects
i.  Acute effects:
a. Respiratory depression, sedation, nausea, vomiting, constipation, miosis, urinary retention, pruritus.
ii.  Chronic effects:
a. Tolerance, physical dependence, withdrawal syndrome.
b. Hormonal dysregulation (hypogonadism).
iii.  Toxic effects:
a. Overdose — respiratory failure, pinpoint pupils, coma (opioid triad).
E. Tolerance and Dependence
i.  Tolerance: Repeated use — | response — higher doses required.
a. Due to receptor desensitization and adaptive cellular changes.
ii.  Dependence: Physical + psychological.
a. Withdrawal: lacrimation, rhinorrhea, yawning, sweating, diarrhea, irritability.
5. Pharmacology (Novel Drugs)
Theory Overview

Traditional opioids like morphine and fentanyl provide effective analgesia but are limited by addiction, tolerance,
respiratory depression, constipation, and withdrawal issues. To overcome these, novel opioids have been developed
that act via modified receptor profiles, biased signaling, dual mechanisms, or peripherally restricted action.

Examples include tramadol, tapentadol, oliceridine, cebranopadol, peripherally restricted opioids, and mixed
agonist—antagonists like buprenorphine.

A. Important Novel Narcotic Analgesics and Their Pharmacology
1. Tramadol
i.  Mechanism:
a. Weak p-opioid receptor agonist.

b. Inhibits reuptake of serotonin (5-HT) and norepinephrine — enhances descending inhibitory
pathways.

ii.  Pharmacokinetics:
a. Good oral absorption, metabolized by CYP2D6 to active metabolite (O-desmethyltramadol).
b. Half-life: ~6 hrs.

iii.  Uses: Moderate acute and chronic pain, neuropathic pain.
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iv.  Adverse effects: Less respiratory depression and constipation than morphine; risk of seizures and serotonin
syndrome.

2. Tapentadol
i.  Mechanism:
a. Moderate p-opioid receptor agonist.
b. Potent norepinephrine reuptake inhibitor (NRI).
c. Stronger than tramadol, avoids CYP2D6 dependence.
ii.  Uses: Moderate to severe pain, diabetic neuropathy.
iii.  Adverse effects: Less nausea, vomiting than morphine; risk of dependence exists.
3. Buprenorphine (Mixed agonist—antagonist, long-acting)
i.  Mechanism:
a. Partial p-agonist, k-antagonist.
b. High receptor affinity but limited intrinsic activity.
ii. ~ Pharmacokinetics:
a. Long half-life (~24-36 hrs).
iii.  Uses: Analgesia, opioid dependence (maintenance therapy).
iv.  Advantages: Ceiling effect on respiratory depression — safer.
v.  Adverse: Can precipitate withdrawal if given with full agonist.
4. Oliceridine (Biased p-agonist)
i.  Mechanism:

a. Selectively activates G-protein pathway of pi-receptor while avoiding B-arrestin pathway (linked to
respiratory depression, constipation).

ii.  Uses: Acute moderate-to-severe pain (post-surgical, trauma).
iii.  Advantages: Potent analgesia with reduced risk of respiratory depression, constipation, nausea.
iv.  Adverse: Still some abuse potential.
5. Cebranopadol (Dual-acting opioid)
i.  Mechanism:
a. Agonist at p, 9, k receptors + Nociceptin/orphanin FQ peptide (NOP) receptor.
b. Broader receptor activity — strong analgesia with less tolerance.
ii.  Uses: Chronic severe pain (including neuropathic pain).
iii.  Advantages: Lower abuse liability, efficacy in opioid-tolerant patients.
iv.  Adverse: Nausea, dizziness, but less respiratory depression.
6. Peripherally Restricted Opioids
i.  Examples: Loperamide, Naldemedine, Methylnaltrexone.
ii.  Mechanism:
a. Act only on peripheral p-receptors (do not cross B).
iii.  Uses:
a. Loperamide — antidiarrheal.

b. Naldemedine, Methylnaltrexone — treat opioid-induced constipation (OIC) without reversing central
analgesia.
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7. Novel k-Agonists and Mixed Compounds
i.  Nalbuphine, Butorphanol, Ubrogepant-like drugs (research).
ii.  Aim to reduce euphoria and abuse liability, while retaining spinal analgesia.
B. Key Pharmacological Features of Novel Opioids (Points)
i.  Better oral bioavailability (tapentadol, tramadol).
ii. ~ Dual mechanism drugs (opioid + monoamine reuptake inhibition) — effective in neuropathic pain.
iii.  Biased agonism (oliceridine) — selective pathway activation — fewer side effects.
iv.  NOP receptor targeting (cebranopadol) — less tolerance and dependence.
v.  Peripherally acting drugs — treat GI side effects without affecting CNS analgesia.
vi.  Partial agonists (buprenorphine) — safer in overdose, useful in addiction therapy.
C. Clinical Importance
i.  Tramadol, Tapentadol: First-line for moderate-to-severe pain with neuropathic features.
ii. ~ Buprenorphine: Maintenance therapy for opioid addiction + analgesia with safety margin.
iii.  Oliceridine: Hospital use for acute severe pain with reduced respiratory depression risk.
iv.  Cebranopadol: Promising in chronic and neuropathic pain.
v.  Peripherally restricted opioids: Manage side effects (OIC, diarrhea).
6. Toxicology and Adverse Effects
Theory Overview

Narcotic analgesics (opioids) like morphine, codeine, fentanyl, methadone, and related drugs produce powerful
analgesia, but their clinical use is limited by serious adverse effects and toxic potential. The most dangerous is
respiratory depression leading to coma and death, while long-term use causes tolerance, physical dependence, and
withdrawal syndrome.

The toxicology of opioids includes:
i.  Acute toxicity (overdose, respiratory depression, pinpoint pupils, coma).
ii.  Chronic toxicity (tolerance, dependence, endocrine disturbances).
iii. ~ Withdrawal effects (abstinence syndrome).
1v. Drug interactions (sedatives, alcohol, MAOIs, antidepressants).
A. Adverse Effects (Therapeutic Use & Common Side Effects)
i.  Central Nervous System
a. Sedation, mental clouding.
b. Euphoria (basis of abuse) or dysphoria (k-agonists).
c. Dizziness, confusion in elderly.
d. Seizures (with meperidine’s metabolite normeperidine).
ii.  Respiratory System
a. Dose-dependent respiratory depression (inhibits brainstem response to COz).
b. Most dangerous adverse effect — cause of death in overdose.
iii.  Pupils
a. Miosis (pinpoint pupil) due to parasympathetic stimulation of Edinger—Westphal nucleus.
b. Diagnostic sign of opioid poisoning.
iv.  Cardiovascular System

a. Vasodilation due to histamine release.
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b. Orthostatic hypotension.
c. Bradycardia (esp. with high doses).
v.  Gastrointestinal System
a. Constipation (| peristalsis, 1 sphincter tone).
b. Nausea, vomiting (due to stimulation of CTZ — chemoreceptor trigger zone).
vi.  Genitourinary System
a. Urinary retention (1 sphincter tone).
b. Reduced sexual function, infertility with chronic use.
vii.  Endocrine System
a. Suppression of HPA axis — | ACTH, LH, testosterone.
b. Chronic use — hypogonadism, menstrual irregularities.
viii.  Skin
a. Pruritus, flushing, sweating due to histamine release.
B. Toxicology (Acute and Chronic)
1. Acute Opioid Toxicity (Overdose)
Classic Triad:
i.  Respiratory depression (slow, shallow breathing).
ii.  Pinpoint pupils (miosis).
iii.  Coma.
Other features: hypotension, hypothermia, pulmonary edema.
i.  Fatal complication: Respiratory arrest.
ii. Management:
a. Maintain airway and ventilation.
b. Specific antidote — Naloxone (opioid antagonist) IV.
c. Repeat doses may be needed (short half-life).
2. Chronic Toxicity (Long-term Use)
i.  Tolerance:
a. Need for progressively higher doses for same effect.
b. Develops to analgesia, euphoria, respiratory depression.
c. Not significant for miosis and constipation.
ii.  Dependence:
a. Physical and psychological.
b. Leads to compulsive drug-seeking behavior (addiction).
iii.  Endocrine disturbances:
a. Hypogonadism, infertility, osteoporosis.
iv.  Immune suppression:
a. Chronic opioids reduce immune function.
3. Withdrawal Syndrome (Abstinence)
If drug is abruptly stopped after chronic use:

i.  Early symptoms: lacrimation, rhinorrhea, yawning, sweating, irritability.
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ii.  Later: piloerection, tremors, gooseflesh (hence “cold turkey”), nausea, vomiting, diarrhea, muscle cramps,
insomnia.

iii.  Not life-threatening (unlike alcohol or benzodiazepine withdrawal), but extremely distressing.

4. Drug Interactions (Toxicological Relevance)
i.  With CNS depressants (alcohol, benzodiazepines, barbiturates): 1 respiratory depression.

ii. ~ With MAOISs, SSRIs, TCAs: risk of serotonin syndrome (esp. with tramadol, meperidine).

iii.  With antihypertensives: 1 hypotension.
NON-NARCOTIC ANALGESICS
1. Pathophysiology of Pain and Inflammation (Basis for Use of Non-Narcotic Analgesics)
Theory Overview

Pain and inflammation are protective physiological responses, but when excessive or persistent, they become
pathological and require pharmacological management. Unlike narcotic (opioid) analgesics, which act centrally on
opioid receptors to modulate pain perception, non-narcotic analgesics act mainly peripherally (and partly centrally)
by inhibiting biochemical mediators of pain and inflammation—particularly prostaglandins, thromboxanes, and
leukotrienes derived from arachidonic acid metabolism.

The two key pathophysiological processes are:
1. Pain — generated by nociceptor activation and prostaglandin sensitization.
2. Inflammation — a cascade involving vascular changes, mediator release, and immune cell infiltration.

Non-narcotic analgesics are effective in mild to moderate pain and in inflammatory conditions because they block
cyclooxygenase (COX) enzymes, thus preventing prostaglandin synthesis.

A. Pathophysiology of Pain
1. Types of Pain
i.  Nociceptive pain: Acute, protective; mediated by tissue injury.
ii.  Inflammatory pain: Due to release of inflammatory mediators.
iii.  Neuropathic pain: Due to nerve damage (less responsive to non-narcotic analgesics).
2. Peripheral Mechanisms
1. Nociceptors in skin, joints, viscera detect noxious stimuli (thermal, mechanical, chemical).
ii. Tissue injury releases bradykinin, serotonin, histamine, ATP, substance P.

iii.  Prostaglandins (PGE:, PGI:) do not directly cause pain but sensitize nociceptors to bradykinin and other
mediators — hyperalgesia.

iv.  Non-narcotic analgesics reduce pain mainly by blocking prostaglandin synthesis in injured tissues.
3. Central Mechanisms
i.  Prostaglandins in spinal cord enhance transmission of nociceptive signals.
ii.  NSAIDs also act within the CNS to reduce pain amplification.
B. Pathophysiology of Inflammation
Inflammation is a complex defense response to infection, injury, or toxins.
1. Stages of Inflammation
i.  Vascular Phase
a. Vasodilation — increased blood flow (redness, heat).
b. Increased vascular permeability — plasma proteins leak (swelling, edema).
c. Mediators: histamine, bradykinin, prostaglandins, nitric oxide.
ii.  Cellular Phase

a. Migration of leukocytes (neutrophils, macrophages) into tissues.
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b. Mediated by cytokines, chemokines, complement proteins.
iii.  Resolution Phase
a. Anti-inflammatory mediators (lipoxins, resolvins, IL-10) promote healing.
2. Mediators of Inflammation
i.  Prostaglandins (PGE:, PGI:): Vasodilation, pain sensitization, fever.
ii. ~ Thromboxane A: (TXA:): Platelet aggregation, vasoconstriction.
iii.  Leukotrienes: Bronchoconstriction, increased permeability.
iv.  Cytokines (TNF-a, IL-1, IL-6): Activate immune response, fever.
v.  Histamine, bradykinin, serotonin: Early-phase mediators causing pain and swelling.
3. Role of Cyclooxygenase (COX) Pathway
i.  COX-1: Constitutive, physiological functions (gastric mucosa protection, platelet function, renal blood flow).
ii.  COX-2: Inducible at inflammation sites; generates pro-inflammatory prostaglandins.

iii.  Non-narcotic analgesics (NSAIDs, COX-2 inhibitors): Block COX enzymes, reducing prostaglandins — |
pain, | inflammation, | fever.

C. Basis for Use of Non-Narcotic Analgesics
i.  Analgesic effect:
a. By inhibiting prostaglandin synthesis, nociceptor sensitization is reduced — less peripheral pain.
b. Useful in headache, musculoskeletal pain, dysmenorrhea, arthritis.
ii.  Anti-inflammatory effect:
a. By blocking COX-2—derived prostaglandins — reduced redness, swelling, and tenderness.
b. Effective in rheumatoid arthritis, osteoarthritis, gout.
iii.  Antipyretic effect:
a. Prostaglandins (PGE-2) in hypothalamus elevate set-point for temperature.
b. NSAIDs and acetaminophen reset this by inhibiting COX in hypothalamus — fever reduction.
2. Classification of Non-Narcotic Analgesics
Theory Explanation

Non-narcotic analgesics are drugs that relieve mild to moderate pain, inflammation, and fever without causing
significant euphoria, dependence, or respiratory depression (as seen with narcotic analgesics).

Their main mechanism involves inhibition of cyclooxygenase (COX) enzymes, thereby blocking the synthesis of
prostaglandins and thromboxanes—key mediators of pain, inflammation, and fever.

They are broadly divided into Non-Steroidal Anti-Inflammatory Drugs (NSAIDs), Acetaminophen (Paracetamol),
and related drugs.

Pointwise Classification
1. Salicylates
i.  Aspirin (acetylsalicylic acid)
ii.  Sodium salicylate
iii.  Choline salicylate
iv.  Diflunisal (non-acetylated salicylate)
2. Para-aminophenol Derivatives
i.  Paracetamol (acetaminophen)

ii.  Phenacetin (obsolete due to nephrotoxicity)
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3. Pyrazolone Derivatives
i.  Metamizole (dipyrone — withdrawn in many countries due to agranulocytosis)
ii.  Phenylbutazone (rarely used now)
4. Propionic Acid Derivatives
i.  Ibuprofen
ii.  Naproxen
iii.  Ketoprofen
iv.  Flurbiprofen
v.  Oxaprozin
5. Acetic Acid Derivatives
i.  Indomethacin
ii.  Sulindac
iii.  Etodolac
iv.  Diclofenac
v.  Tolmetin
vi.  Nabumetone
6. Fenamates (Anthranilic Acid Derivatives)
i.  Mefenamic acid
ii.  Meclofenamic acid
7. Oxicams (Enolic Acid Derivatives)
i.  Piroxicam
ii.  Meloxicam
iii.  Tenoxicam
8. Selective COX-2 Inhibitors (Coxibs)
i.  Celecoxib
ii.  Etoricoxib
iii.  Parecoxib
iv.  Rofecoxib (withdrawn due to cardiovascular toxicity)
v.  Valdecoxib (withdrawn)
9. Other Non-Narcotic Analgesics
i.  Nimesulide (selective COX-2 inhibitor; hepatotoxicity risk)
ii.  Nabumetone (prodrug, preferential COX-2 inhibition)
iii.  Diflunisal (analgesic, minimal antipyretic effect)
Special Category: Antipyretic Analgesics

i.  Drugs with strong analgesic and antipyretic effects but weak anti-inflammatory action (e.g., paracetamol,
metamizole).

ii.  Preferred when inflammation is minimal, but fever/pain relief is required.
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3. Mechanism of Action
Theory Overview

Non-narcotic analgesics relieve pain, inflammation, and fever primarily by inhibiting cyclooxygenase (COX)
enzymes, thereby blocking the synthesis of prostaglandins (PGs) and thromboxanes (TXA:), which are key
mediators of pain, inflammation, and fever.

Pain and inflammation are mediated through prostaglandins sensitizing nociceptors, causing hyperalgesia and
promoting vascular changes. By reducing prostaglandin synthesis:

i.  Peripheral sensitization of nociceptors decreases — analgesia.
ii.  Vasodilation, edema, and leukocyte infiltration reduce — anti-inflammatory effect.
iii.  PGE: in hypothalamus is reduced — antipyretic effect.
The mechanisms vary slightly depending on drug class, COX selectivity, and site of action (peripheral vs central).
Mechanism — Stepwise Points
1. Inhibition of Cyclooxygenase (COX) Enzymes
i.  COX converts arachidonic acid — prostaglandin H. — PGE:, PGL2, TXA..
ii.  NSAIDs block COX-1 and/or COX-2:

a. COX-1 inhibition: | prostaglandins in stomach, platelets, kidneys — adverse effects like gastric
irritation, platelet inhibition.

b. COX-2 inhibition: | prostaglandins at sites of inflammation — | pain, swelling, redness.
2. Peripheral Analgesic Effect
i.  Reduced PGE: — nociceptors less sensitized to bradykinin, histamine, serotonin.
ii.  Result: | pain transmission from periphery to CNS.
3. Central Analgesic Effect (CNS)
i.  Some NSAIDs and acetaminophen cross B.

ii.  Inhibit prostaglandin synthesis in spinal cord dorsal horn and hypothalamus — | central pain perception and
fever.

iii.  Acetaminophen has weak peripheral anti-inflammatory activity but strong central antipyretic and analgesic
action.

4. Antipyretic Mechanism

i.  Infection/inflammation — 71 cytokines (IL-1, TNF-a) — 1 hypothalamic PGE2> — 1 thermoregulatory set-point
— fever.

ii.  NSAIDs and acetaminophen | PGE-: in hypothalamus — set-point normalizes — fever reduction.
5. Anti-Inflammatory Mechanism
i. | COX-2—derived prostaglandins — reduced vasodilation, vascular permeability, and leukocyte migration.
ii.  Result: | redness, swelling, tenderness.
6. Other Mechanisms (Specific Drugs)
i.  Aspirin: Irreversible COX inhibition — permanent platelet inhibition — antithrombotic effect.
ii.  Celecoxib: Selective COX-2 inhibition — anti-inflammatory and analgesic effect with less gastric toxicity.
iii.  Triptans (migraine NSAID adjuncts): 5-HT:B/1D agonists — cranial vasoconstriction.
(Exam-Style Points)
i.  Peripheral analgesia: | prostaglandin-mediated nociceptor sensitization.
ii.  Central analgesia: | spinal cord and CNS prostaglandins — | pain perception.
iii.  Anti-inflammatory effect: | prostaglandins — | edema, redness, leukocyte infiltration.

iv.  Antipyretic effect: | hypothalamic PGE: — reset temperature set-point.
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V.

COX selectivity:
a. COX-1 — physiological prostaglandins (GI protection, platelets)

b. COX-2 — inflammation-induced prostaglandins

Key point: Non-narcotic analgesics do not act on opioid receptors, hence no euphoria, dependence, or significant
respiratory depression.

4. Pharmacology of Major Non-Narcotic Analgesics

Theory Overview

Non-narcotic analgesics relieve mild to moderate pain, inflammation, and fever primarily through inhibition of
cyclooxygenase (COX) enzymes, reducing prostaglandin synthesis. Different drugs vary in COX selectivity,
pharmacokinetics, potency, and safety profile, which determines their clinical use.

Non-narcotic analgesics include:

1.
il.
ii.
iv.
V.

Vi.

Salicylates (aspirin)

Para-aminophenols (paracetamol)

Propionic acid derivatives (ibuprofen, naproxen)
Acetic acid derivatives (diclofenac, indomethacin)
Oxicams (piroxicam, meloxicam)

Selective COX-2 inhibitors (celecoxib, etoricoxib)

1. Aspirin (Acetylsalicylic Acid)

1.

ii.

iil.

1v.

Mechanism: Irreversibly inhibits COX-1 and COX-2 — | prostaglandins.
Pharmacokinetics:

a. Rapid oral absorption.

b. Plasma half-life ~15-20 min (salicylate metabolite longer).

c. Metabolized in liver; excreted via kidneys.
Uses: Analgesic, antipyretic, anti-inflammatory, antiplatelet (low dose).

Adverse effects: Gastric irritation, bleeding, Reye’s syndrome in children, hypersensitivity reactions.

2. Paracetamol (Acetaminophen)

1.

ii.

iii.
1v.

V.

Mechanism: Weak COX-1/COX-2 inhibitor peripherally; acts mainly in CNS — analgesic, antipyretic effect.
Pharmacokinetics:
a. Well absorbed orally; peak in 30—60 min.
b. Metabolized in liver (glucuronidation, sulfation); toxic metabolite NAPQI detoxified by glutathione.
c. Half-life ~2—4 hrs.
Uses: Analgesia (mild-moderate pain), antipyresis, preferred in patients with GI intolerance.
Adverse effects: Hepatotoxicity in overdose, rare hypersensitivity.

Key point: Minimal anti-inflammatory activity.

3. Ibuprofen (Propionic Acid Derivative)

L

il

1ii.

1v.

Mechanism: Reversible COX-1 and COX-2 inhibition — | prostaglandins.
Pharmacokinetics:

a. Good oral absorption; half-life ~2 hrs.

b. Hepatic metabolism; renal excretion.
Uses: Pain, fever, inflammation, dysmenorrhea, osteoarthritis, rheumatoid arthritis.

Adverse effects: GI irritation, renal impairment, hypersensitivity reactions, fluid retention.
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4. Diclofenac (Acetic Acid Derivative)
i.  Mechanism: Preferential COX-2 inhibition — strong anti-inflammatory and analgesic effect.
ii. ~ Pharmacokinetics:
a. Oral absorption, high first-pass metabolism.
b. Half-life ~1-2 hrs; metabolites excreted in urine and bile.
iii.  Uses: Pain, arthritis, acute musculoskeletal pain, post-operative analgesia.
1v. Adverse effects: GI irritation, hepatotoxicity, cardiovascular risk in chronic use.
5. Celecoxib (Selective COX-2 Inhibitor)
i.  Mechanism: Selectively inhibits COX-2 — reduces inflammation and pain with less GI toxicity.
ii. ~ Pharmacokinetics:
a. Oral absorption; half-life ~11 hrs.
b. Metabolized by CYP2C9; excreted in feces.
iii.  Uses: Osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, acute pain.
iv.  Adverse effects: Cardiovascular risk (MI, stroke), renal impairment, rare hypersensitivity.
6. Piroxicam / Meloxicam (Oxicams)
i.  Mechanism: Non-selective COX inhibitors; meloxicam is partially COX-2 selective.
ii. ~ Pharmacokinetics:
a. Long half-life (2045 hrs) — once daily dosing.
b. Hepatic metabolism; renal excretion.
iii.  Uses: Chronic arthritis, musculoskeletal pain, inflammatory conditions.
iv.  Adverse effects: GI irritation, renal impairment, headache, dizziness.
7. Other Drugs
i.  Nimesulide: Preferential COX-2 inhibitor; short-term pain and inflammation.
ii.  Indomethacin: Potent non-selective COX inhibitor; used in gout, arthritis.
iii.  Ketorolac: Potent NSAID for short-term severe pain; risk of GI and renal toxicity.
Key Pharmacological Points (Summary)
i.  Mechanism: COX inhibition — | prostaglandins — analgesic, anti-inflammatory, antipyretic.
ii.  Absorption: Mostly oral; variable first-pass metabolism.
iii. ~ Metabolism: Liver (glucuronidation, sulfation, CYP450).
iv.  Excretion: Renal (primary), some biliary.
v.  Clinical uses: Pain, inflammation, fever, arthritis, dysmenorrhea, post-operative pain.

vi.  Adverse effects: GI irritation, bleeding (aspirin), hepatotoxicity (paracetamol overdose), renal impairment,
cardiovascular risk (selective COX-2 inhibitors).

5. Toxicology of Non-Narcotic Analgesics
Theory Overview

Non-narcotic analgesics, while generally safe at therapeutic doses, can cause toxicity when overdosed or used
chronically, due to their effects on COX enzymes, prostaglandin pathways, and organ systems.

1. NSAIDs (aspirin, ibuprofen, diclofenac, etc.): Toxicity usually arises from excessive COX inhibition,
leading to gastrointestinal, renal, cardiovascular, and hematological complications.

ii.  Acetaminophen (paracetamol): Toxicity is mainly dose-dependent hepatotoxicity, due to accumulation of
the reactive metabolite NAPQI, which depletes hepatic glutathione and causes oxidative damage.

iii.  Toxicity can be acute (overdose) or chronic (long-term use).
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A. NSAID Toxicology
1. Gastrointestinal Toxicity
1. Most common adverse effect of NSAIDs.

ii.  Mechanism: | COX-1 — | protective prostaglandins in gastric mucosa — 1 acid secretion, | mucus and
bicarbonate — gastritis, ulcers, bleeding.

iii.  Severe cases — GI hemorrhage or perforation.
iv.  Risk increases with elderly, high doses, concomitant steroids or alcohol.
2. Renal Toxicity
i.  Prostaglandins maintain renal perfusion, especially in volume depletion.

ii.  NSAID-induced COX inhibition — | renal blood flow — acute kidney injury, hyperkalemia, sodium and
water retention, edema.

iii.  Chronic use — papillary necrosis.
3. Cardiovascular Toxicity
i.  Especially COX-2 selective inhibitors (coxibs):
a. | prostacyclin (PGIl2) — unopposed thromboxane — 1 risk of thromboembolism, ML, stroke.
ii.  Non-selective NSAIDs (ibuprofen, diclofenac) also carry mild risk.
4. Hematological Toxicity
i.  Aspirin irreversibly inhibits platelet COX-1 — antiplatelet effect — bleeding risk.
ii. ~ NSAIDs may rarely cause aplastic anemia, leukopenia, thrombocytopenia.
5. Hypersensitivity Reactions
i.  Rash, urticaria, angioedema, anaphylaxis (rare).
ii.  Aspirin-exacerbated respiratory disease (AERD) — bronchospasm in asthmatics.
B. Acetaminophen (Paracetamol) Toxicity
1. Hepatotoxicity (Major Concern)
i.  Therapeutic metabolism: glucuronidation and sulfation — safe.
ii.  Overdose — excess NAPQI formed — binds hepatocytes — acute liver failure.
ili. ~ Symptoms: Nausea, vomiting, malaise — jaundice, coagulopathy, encephalopathy.
iv.  Risk factors: Chronic alcohol use, malnutrition, CYP450 induction.
v.  Treatment: N-acetylcysteine (NAC) — replenishes glutathione.
2. Renal Toxicity
i.  Rare, usually in massive overdose — acute tubular necrosis.
3. Hypersensitivity
i.  Rare rash, leukopenia, thrombocytopenia.
C. Pyrazolones and Other NSAIDs
i.  Metamizole (dipyrone): Risk of agranulocytosis, rare but life-threatening.
ii.  Phenylbutazone: Rare, severe hematologic toxicity.
1ii. Long-term use — risk of GI, renal, and cardiovascular adverse effects similar to NSAIDs.
D. Overdose Symptoms (Pointwise)
NSAID Overdose
i.  Nausea, vomiting, epigastric pain.

ii.  Dizziness, tinnitus (aspirin).

141 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



1ii.

1v.

Metabolic acidosis (aspirin).

GI bleeding, renal failure.

Paracetamol Overdose

1.
ii.
iil.

1v.

Phase 1 (0—24 h): Nausea, vomiting, malaise.

Phase 2 (24-48 h): RUQ pain, elevated liver enzymes.

Phase 3 (48-96 h): Acute liver failure, coagulopathy, encephalopathy.
Phase 4 (>96 h): Recovery or progression to death.

E. Chronic Toxicity (Long-Term Use)

1.
il.

1ii.

NSAIDs: Gastric ulcers, renal impairment, hypertension, cardiovascular events, bleeding disorders.
Paracetamol: Rare hepatotoxicity if taken in repeated high doses or combined with alcohol.

Special risk populations: Elderly, patients with liver disease, kidney disease, heart failure.

Multiple Choice Questions (20)

1.

Which of the following is the gold-standard drug for Parkinson’s disease?
a) Riluzole

b) Levodopa

c¢) Donepezil

d) Memantine

Which mechanism is NOT a shared feature of neurodegenerative disorders?
a) Protein misfolding

b) Excitotoxicity

c¢) Enhanced neurogenesis

d) Oxidative stress

Which drug is an NMDA receptor antagonist used in Alzheimer’s disease?
a) Donepezil

b) Galantamine

¢) Memantine

d) Lecanemab

Amyloid-related imaging abnormalities (ARIA) are seen with:

a) Levodopa

b) Monoclonal antibodies (e.g., Aducanumab)

¢) Amantadine

d) Tetrabenazine

VMAT? inhibitors like tetrabenazine are primarily used in:

a) Parkinson’s disease

b) Huntington’s chorea

c) Alzheimer’s disease

d) ALS

Riluzole in ALS works mainly by:

a) Blocking NMDA receptors

b) Inhibiting glutamate release

c¢) Enhancing dopamine release

d) Increasing acetylcholine

Which opioid receptor subtype mediates euphoria and dependence?

a) p (mu)

b) k (kappa)

c) 6 (delta)

d) NOP

A patient on tramadol develops sweating, tremors, and confusion after taking fluoxetine. Likely diagnosis:
a) Opioid overdose

b) Serotonin syndrome

c¢) Neuroleptic malignant syndrome

d) Hypoglycemia
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Which opioid has a ceiling effect on respiratory depression?
a) Fentanyl

b) Methadone

¢) Buprenorphine

d) Morphine

Which is NOT a natural opioid?

a) Morphine

b) Codeine

c¢) Thebaine

d) Fentanyl

Which triad is diagnostic of acute opioid overdose?

a) Hypertension, tachycardia, miosis

b) Coma, miosis, respiratory depression

¢) Fever, rigidity, mydriasis

d) Sweating, tachypnea, agitation

Which of the following is the main risk of chronic paracetamol use in high doses?
a) Nephrotoxicity

b) Hepatotoxicity

¢) Ototoxicity

d) Pulmonary fibrosis

Which COX isoform is inducible during inflammation?

a) COX-1

b) COX-2

c) COX-3

d) LOX

Aspirin irreversibly inhibits which enzyme?

a) Lipoxygenase

b) Cyclooxygenase

c¢) Phospholipase A2

d) Adenylate cyclase

Which NSAID is safest for patients with peptic ulcer disease?
a) Indomethacin

b) Diclofenac

¢) Celecoxib

d) Aspirin

Which non-narcotic analgesic lacks significant anti-inflammatory activity?
a) Ibuprofen

b) Naproxen

¢) Paracetamol

d) Diclofenac

Which opioid is commonly used as an antitussive?

a) Morphine

b) Codeine

c) Fentanyl

d) Buprenorphine

Which drug is a biased p-opioid receptor agonist designed to reduce respiratory depression?
a) Tramadol

b) Tapentadol

¢) Oliceridine

d) Cebranopadol

Which adverse effect does NOT typically show tolerance with chronic opioid use?
a) Analgesia

b) Constipation

¢) Respiratory depression

d) Euphoria
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20. Which NSAID is withdrawn due to cardiovascular toxicity?

a) Rofecoxib
b) Celecoxib
c¢) Ibuprofen
d) Naproxen

Short Answer Questions (20)

W XN W=

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Define epilepsy and explain the main mechanisms of action of antiepileptic drugs.
Differentiate between typical and atypical antipsychotics with examples.

Write the mechanism of action of SSRIs.

Mention the role of lithium in bipolar disorder.

List the pathophysiological mechanisms common to neurodegenerative disorders.
Name two drugs used in Alzheimer’s disease and their mechanisms.

Explain the role of carbidopa in Parkinson’s therapy.

What is the mechanism of action of tetrabenazine in Huntington’s disease?

Write two pharmacological effects of riluzole.

Mention the clinical triad of acute opioid toxicity.

Differentiate between pure agonists and partial agonists among opioids.

Name two long-acting opioids and their clinical use.

Define opioid tolerance and dependence.

Mention the role of tramadol in neuropathic pain.

Explain the mechanism of action of paracetamol.

Write two therapeutic uses of aspirin.

Mention two advantages and two risks of selective COX-2 inhibitors.

What is the antidote for paracetamol poisoning?

Write two clinical uses of NSAIDs.

List any two toxic effects of NSAIDs on the kidney.

Long Answer Questions (10)

1.

wh N

Se®ae

O

Discuss the pathophysiology and pharmacotherapy of Parkinson’s disease.

Write in detail the classification, mechanism, and adverse effects of narcotic analgesics.

Explain the pathophysiology of Alzheimer’s disease and discuss current pharmacological management.
Describe the pharmacology of novel opioids (Tramadol, Tapentadol, Oliceridine, Cebranopadol).
Write short notes on:

a) VMAT?2 inhibitors in Huntington’s disease

b) Monoclonal antibodies in Alzheimer’s disease

Explain the mechanism, clinical uses, and toxicology of NSAIDs.

Discuss opioid tolerance, dependence, and withdrawal.

Describe the pathophysiological basis of using narcotic analgesics in severe pain.

Write in detail about paracetamol: pharmacology, clinical uses, and toxicity.

Discuss the toxicology of NSAIDs and their clinical implications.
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Answer Sheet for MCQs

1.

WPk

b) Levodopa

¢) Enhanced neurogenesis

¢) Memantine

b) Monoclonal antibodies

b) Huntington’s chorea

b) Inhibiting glutamate release
2) u (mu)

b) Serotonin syndrome

c¢) Buprenorphine

. d) Fentanyl
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

b) Coma, miosis, respiratory depression
b) Hepatotoxicity

b) COX-2

b) Cyclooxygenase

¢) Celecoxib

¢) Paracetamol

b) Codeine

¢) Oliceridine

b) Constipation

a) Rofecoxib
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CHAPTER 8
CARDIOVASCULAR PHARMACOLOGY-I

INTRODUCTION:
1. Definition and Scope
Cardiovascular pharmacology studies the effects of drugs on the heart, blood vessels, and circulation.

b. Focuses on how drugs modulate cardiac output, vascular resistance, blood pressure, and overall cardiovascular
function.

c. Essential for understanding treatment of hypertension, heart failure, angina, arrhythmias, and shock.
2. Cardiovascular System Overview
Comprised of the heart (pump), blood vessels (arteries, veins, capillaries), and blood.

b. Key functions: oxygen and nutrient delivery, waste removal, hormonal transport, and maintaining hemodynamic
stability.

c. Drug effects can be direct on the heart or vessels, or indirect via neurohormonal regulation.
3. Pharmacological Targets in Cardiovascular System

a. Heart: sinoatrial (SA) node, atrioventricular (AV) node, myocardium. Drugs affect heart rate, contractility,
conduction, and rhythm.

b. Blood Vessels: arterial and venous smooth muscle. Drugs can induce vasodilation or vasoconstriction.

c. Renin-Angiotensin-Aldosterone System (RAAS): drugs like ACE inhibitors or ARBs modify blood pressure
and fluid balance.

d. Autonomic Nervous System: sympathetic and parasympathetic modulation affects heart rate, contractility, and
vascular tone.

4. Classification of Cardiovascular Drugs (Introduction)

a. Anti-hypertensives: lower blood pressure (e.g., ACE inhibitors, beta-blockers, calcium channel blockers,

diuretics).
b. Anti-anginal drugs: relieve myocardial ischemia (e.g., nitrates, beta-blockers, calcium channel blockers).
c. Anti-arrhythmic agents: restore normal cardiac rhythm (e.g., class I-IV anti-arrhythmics).
d. Heart failure drugs: improve cardiac output (e.g., digoxin, ACE inhibitors, beta-blockers, diuretics).

Lipid-lowering drugs: manage atherosclerosis (e.g., statins, fibrates).
f. Vasodilators and inotropes: affect vascular resistance and myocardial contractility.
5. Mechanisms of Drug Action

a. lon channel modulation: e.g., calcium channel blockers reduce intracellular Ca** — decreased contractility
and vasodilation.

b. Receptor-mediated effects: e.g., beta-blockers block Bi-adrenoceptors — decreased heart rate and contractility.

c. Enzyme inhibition: e.g., ACE inhibitors block conversion of angiotensin I — angiotensin II — vasodilation
and reduced aldosterone.

d. Neurohormonal modulation: e.g., adrenergic agonists or antagonists alter sympathetic tone.
6. Clinical Importance
a. Cardiovascular diseases are leading causes of morbidity and mortality worldwide.

b. Pharmacological interventions are central to management of heart failure, hypertension, arrhythmias, ischemic
heart disease, and shock.
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¢. Understanding drug mechanisms helps in optimizing therapy, minimizing adverse effects, and personalizing
patient care.

7. Therapeutic Considerations
a. Dose-response relationships, pharmacokinetics, and pharmacodynamics are crucial.
b. Drug interactions and comorbidities significantly affect cardiovascular therapy.
c. Monitoring therapy involves blood pressure, heart rate, ECG, renal function, and biomarkers.
8. Emerging Trends
a. Development of novel agents targeting molecular pathways in heart failure and hypertension.
b. Personalized medicine and pharmacogenomics in cardiovascular therapy.
c. Use of combination therapy for improved efficacy and reduced side effects.
DIURETICS
1. Introduction to Diuretics
Diuretics are drugs that increase urine output by promoting renal excretion of sodium, chloride, and water.

b. They are primarily used to manage hypertension, heart failure, edema, and certain renal and hepatic
disorders.

c. By reducing plasma volume, diuretics decrease cardiac preload and afterload, lower blood pressure, and reduce
edema.

2. Pathophysiology and Rationale for Use

a. Edema occurs due to fluid retention in conditions like congestive heart failure, nephrotic syndrome, or liver
cirrhosis.

b. Hypertension is partly caused by increased blood volume; diuretics reduce intravascular volume and vascular
resistance.

c. Heart failure: excessive preload leads to pulmonary congestion; diuretics relieve symptoms but do not directly
improve survival.

d. Renal disorders: impaired sodium and water excretion leads to fluid overload; diuretics restore balance.

Theory: The kidney’s nephron segments (proximal tubule, loop of Henle, distal tubule, collecting duct) regulate
electrolyte and water balance. Diuretics act at specific nephron sites to inhibit sodium reabsorption, indirectly increasing
water excretion.

3. Classification of Diuretics
Diuretics are classified based on their site and mechanism of action:
A. Loop Diuretics
Examples: Furosemide, Bumetanide, Torsemide.
b. Site of Action: Thick ascending loop of Henle.

c. Mechanism: Inhibit Na*-K*-2Cl~ symporter — decreased reabsorption of sodium, chloride, and potassium —
increased water excretion.

d. Indications: Acute pulmonary edema, chronic heart failure, renal failure, hypercalcemia.
B. Thiazide and Thiazide-like Diuretics
a. Examples: Hydrochlorothiazide, Chlorthalidone, Indapamide.
b. Site of Action: Distal convoluted tubule.
c. Mechanism: Inhibit Na*-Cl~ symporter — mild diuresis; also cause vasodilation — antihypertensive effect.
d. Indications: Hypertension, mild edema, nephrolithiasis prevention.
C. Potassium-Sparing Diuretics

a. Examples: Spironolactone, Eplerenone, Amiloride, Triamterene.
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b. Site of Action: Collecting ducts.
c. Mechanism:

i.  Spironolactone/Eplerenone: Aldosterone receptor antagonists — decreased Na' reabsorption, K*
retention.

ii.  Amiloride/Triamterene: Directly block epithelial Na* channels — K* retention.
d. Indications: Heart failure, ascites, hypokalemia prevention with other diuretics, primary hyperaldosteronism.
D. Carbonic Anhydrase Inhibitors
Examples: Acetazolamide.
b. Site of Action: Proximal tubule.

c. Mechanism: Inhibit carbonic anhydrase — decreased NaHCO; reabsorption — mild diuresis, metabolic
acidosis.

d. Indications: Glaucoma, metabolic alkalosis, altitude sickness.
E. Osmotic Diuretics
a. Examples: Mannitol.
b. Site of Action: Proximal tubule and loop of Henle.
c. Mechanism: Increase osmotic pressure in tubular fluid — water retention in tubules — increased urine output.
d. Indications: Cerebral edema, acute renal failure, reduction of intraocular pressure.

4. Mechanism of Action Summary

Diuretic Class Site of Action Mechanism Key Electrolyte Effect
Loop Thick ascending loop | Inhibit Na*-K*-2CI~ symporter TNa*, 1K, 1Ca*, 1Mg*
excretion
Thiazide Distal tubule Inhibit Na*-Cl~ symporter TNa*, 1K*, 1Mg?" excretion;

}Ca?" excretion

Potassium-sparing Collecting duct Block Na' channels or aldosterone | Retain K*
receptor
Carbonic anhydrase | Proximal tubule Block carbonic anhydrase — | tNa*, TK* excretion;
inhibitors NaHCO:s loss metabolic acidosis
Osmotic Proximal tubule & | Increase osmotic pressure in tubule | Mostly water excretion
loop

5. Pharmacological Effects

a. Hemodynamic effects: Reduce preload and pulmonary congestion in heart failure.

b. Blood pressure lowering: Effective in mild to moderate hypertension (especially thiazides).

c. Renal effects: Promote natriuresis and diuresis, correct volume overload.

d. Electrolyte modulation: Alter sodium, potassium, calcium, magnesium, and bicarbonate excretion.
6. Clinical Uses

a. Hypertension (especially thiazides)

b. Edema from heart failure, nephrotic syndrome, liver cirrhosis

c. Hypercalcemia (loop diuretics)

d. Prevention of kidney stones (thiazides)

e. Glaucoma and intracranial pressure reduction (acetazolamide, mannitol)
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7. Toxicology and Adverse Effects

Loop Diuretics:

a. Hypokalemia, hyponatremia, hypomagnesemia, hypocalcemia
b. Ototoxicity (especially rapid IV infusion)
c. Hyperuricemia — gout
Thiazides:
a. Hypokalemia, hyponatremia
b. Hypercalcemia, hyperglycemia, hyperlipidemia
c. Gout exacerbation

Potassium-Sparing Diuretics:

a.
b.

C.

Hyperkalemia (can be severe, especially with ACE inhibitors)
Gynecomastia (spironolactone)

Metabolic acidosis

Carbonic Anhydrase Inhibitors:

a.
b.

C.

Metabolic acidosis
Hypokalemia

Renal stones

Osmotic Diuretics:

a.
b.

C.

Volume depletion, hypernatremia
Pulmonary edema if used excessively

Electrolyte imbalance

8. Novel and Emerging Diuretics

a. Vaptans: Vasopressin V2 receptor antagonists (e.g., Tolvaptan) — promote free water excretion without
significant sodium loss; used in hyponatremia.
b. Dual-action agents: Combining natriuretic and vasodilatory effects for resistant hypertension.
c. SGLT?2 inhibitors (Gliflozins): Primarily antidiabetic drugs, but have mild diuretic and natriuretic effects;
beneficial in heart failure.
ANTIHYPERTENSIVES

1. Introduction to Antihypertensives

a.

Antihypertensive drugs are medications used to lower high blood pressure (hypertension) to prevent
complications like stroke, myocardial infarction, heart failure, and kidney disease.

They act by modifying cardiac output, vascular resistance, blood volume, or neurohormonal pathways.

Management includes lifestyle measures and pharmacotherapy, with drugs chosen based on patient profile and
comorbidities.

2. Pathophysiology of Hypertension

Hypertension results from complex interactions of genetic, environmental, and physiological factors, including:

a.
b.

C.

o

Increased peripheral vascular resistance due to vasoconstriction.

Increased cardiac output from elevated blood volume or sympathetic stimulation.
Renin-Angiotensin-Aldosterone System (RAAS) dysregulation — excessive angiotensin Il and aldosterone.
Sympathetic nervous system overactivity — increased heart rate, contractility, and vascular tone.

Endothelial dysfunction — impaired nitric oxide production and vasodilation.
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f.  Chronic hypertension leads to target organ damage: heart (left ventricular hypertrophy), kidneys
(nephropathy), brain (stroke), vessels (atherosclerosis).

Theory: Blood pressure (BP) = Cardiac Output x Total Peripheral Resistance. Antihypertensives act by reducing one
or more components of this equation.

3. Classification of Antihypertensive Drugs
A. Diuretics
a. Examples: Thiazides (Hydrochlorothiazide), Loop (Furosemide), Potassium-sparing (Spironolactone).
b. Mechanism: Reduce blood volume — lower cardiac output and peripheral resistance.
c. Clinical Use: First-line for mild to moderate hypertension, especially in elderly or salt-sensitive patients.
B. Sympatholytic Agents (Antiadrenergic Drugs)
a. Beta-Adrenoceptor Blockers
i.  Examples: Propranolol, Metoprolol, Atenolol.
ii. ~ Mechanism: Block B1 receptors — reduce heart rate, contractility, renin release — lower BP.
iii.  Use: Hypertension, angina, arrhythmias, post-MI.
b. Alpha-1 Blockers
i.  Examples: Prazosin, Doxazosin.
ii. ~ Mechanism: Block al receptors — vasodilation — lower peripheral resistance.
iii.  Use: Hypertension, benign prostatic hyperplasia.
c. Centrally Acting Alpha-2 Agonists
i.  Examples: Clonidine, Methyldopa.
ii. ~ Mechanism: Stimulate central a2 receptors — reduce sympathetic outflow — lower BP.
iii.  Use: Resistant hypertension, pregnancy (methyldopa).
C. Calcium Channel Blockers (CCBs)
Examples: Amlodipine, Verapamil, Diltiazem.

b. Mechanism: Inhibit L-type calcium channels — vasodilation (arterial) and/or negative inotropic and
chronotropic effects.

Use: Hypertension, angina, arrhythmias.
d. Subclasses:
i.  Dihydropyridines (Amlodipine) — mainly vasodilation
ii.  Non-dihydropyridines (Verapamil, Diltiazem) — heart rate control + vasodilation
D. Drugs Acting on Renin-Angiotensin-Aldosterone System (RAAS)
a. ACE Inhibitors
i.  Examples: Enalapril, Lisinopril.
ii. ~ Mechanism: Inhibit ACE — | Angiotensin Il — vasodilation, |aldosterone — natriuresis.
iii.  Use: Hypertension, heart failure, diabetic nephropathy.
b. Angiotensin II Receptor Blockers (ARBs)
i.  Examples: Losartan, Valsartan.
ii. ~ Mechanism: Block AT1 receptor — similar effect to ACE inhibitors without cough.
c. Direct Renin Inhibitors
i.  Example: Aliskiren.

ii.  Mechanism: Inhibit renin — prevent formation of angiotensin I — |Ang II.
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E. Vasodilators
a. Examples: Hydralazine, Minoxidil.
b. Mechanism: Direct relaxation of arteriolar smooth muscle — | peripheral resistance.
c. Use: Resistant hypertension, severe hypertension.
F. Other Agents
a. Alpha-beta blockers: Carvedilol, Labetalol — reduce BP by combined a1 and 1 blockade.
b. Combination therapies: Often used to enhance efficacy and reduce adverse effects.

4. Mechanisms of Action Summary

Drug Class Target/Mechanism Key Effect on BP
Diuretics Renal Na* excretion | Volume — |CO & |TPR
Beta-blockers B1 receptors |HR, |CO, |renin
Alpha-1 blockers al receptors Vasodilation — | TPR
Alpha-2 agonists CNS a2 receptors | Sympathetic outflow
CCBs L-type Ca*" channels Vasodilation = | HR/contractility
ACE inhibitors ACE enzyme | Ang 11, 1Bradykinin — vasodilation
ARBs AT1 receptor JAng Il — vasodilation
Direct renin inhibitors | Renin enzyme JAng I & Il — vasodilation
Vasodilators Arteriolar smooth muscle | |[TPR

5. Pharmacological Effects
a. Blood pressure reduction: Achieved by lowering cardiac output, vascular resistance, or blood volume.
b. Cardioprotective effects: ACE inhibitors, ARBs, and beta-blockers prevent remodeling in heart failure.
c. Renal protection: ACE inhibitors and ARBs slow progression of diabetic nephropathy.
d. Anti-anginal effect: Beta-blockers and CCBs reduce myocardial oxygen demand.

6. Toxicology and Adverse Effects

Diuretics: Hypokalemia, hyponatremia, hyperuricemia, hyperglycemia.

Beta-blockers: Bradycardia, fatigue, bronchospasm, masking of hypoglycemia.

Alpha-1 blockers: Orthostatic hypotension, dizziness.

Alpha-2 agonists: Sedation, dry mouth, rebound hypertension on withdrawal.

CCBs: Dihydropyridines — peripheral edema, headache; Non-dihydropyridines — bradycardia, constipation.

ACE inhibitors: Cough, hyperkalemia, angioedema, teratogenic.

ARBs: Hyperkalemia, hypotension, less cough.

Vasodilators: Reflex tachycardia, fluid retention, headache.

7. Novel and Emerging Antihypertensives

a. ARNIs (Angiotensin Receptor-Neprilysin Inhibitors): Sacubitril/Valsartan; enhance natriuretic peptides and
block Ang II.

b. Vasopeptidase inhibitors: Inhibit ACE + neutral endopeptidase; under investigation.

c. Endothelin receptor antagonists: For resistant hypertension.
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d. SGLT?2 inhibitors: Originally antidiabetic, modest BP reduction via osmotic diuresis and natriuresis.
ANTIISCHEMICS
1. Introduction to Anti-ischemics

a. Anti-ischemics are drugs used to improve myocardial oxygen supply and/or reduce myocardial oxygen
demand in ischemic heart diseases (IHD), including angina pectoris, myocardial infarction, and chronic
ischemic heart failure.

b. The main goal is to alleviate symptoms, prevent progression, and reduce morbidity and mortality.

c. Myocardial ischemia occurs when oxygen supply is insufficient to meet the metabolic demands of the heart,
often due to coronary artery obstruction (atherosclerosis) or increased oxygen demand (tachycardia,
hypertension).

2. Pathophysiology of Myocardial Ischemia
a. Imbalance between oxygen supply and demand is central:
i.  Reduced supply: coronary artery narrowing (atherosclerosis), thrombosis, spasm, anemia, hypoxia.
ii.  Increased demand: tachycardia, increased contractility, hypertension, left ventricular hypertrophy.

b. Cellular effects: ischemia — anaerobic metabolism — lactate accumulation — impaired contractility —
angina.

c. Chronic ischemia — myocardial remodeling, fibrosis, heart failure.

Theory: Myocardial oxygen demand depends on heart rate, contractility, wall tension, and afterload. Anti-
ischemics act by reducing demand or increasing coronary perfusion.

3. Classification of Anti-ischemics
A. Nitrates (Organic Nitrites/Nitrates)
Examples: Nitroglycerin, [sosorbide dinitrate, [sosorbide mononitrate.

b. Mechanism: Donate nitric oxide (NO) — activate guanylyl cyclase — 1¢GMP — smooth muscle relaxation
— venodilation > arteriolar dilation.

c. Pharmacological Effects:
i.  Reduce preload (venodilation) — lower myocardial oxygen demand.

ii.  Dilate coronary arteries — improve oxygen supply to ischemic myocardium.

iii.  Reduce anginal pain.
d. Indications: Stable angina, acute angina attacks, variant (Prinzmetal) angina.
e. Toxicology/Adverse Effects: Headache, hypotension, reflex tachycardia, methemoglobinemia (rare).
f. Tolerance: Continuous use leads to nitrate tolerance; intermittent dosing is recommended.

B. Beta-Adrenoceptor Blockers (B-blockers)
Examples: Metoprolol, Atenolol, Propranolol, Bisoprolol.

b. Mechanism: Block 1 receptors — decrease heart rate, contractility, and cardiac output — reduce myocardial
oxygen demand.

c. Effects:
i.  Decrease frequency and severity of anginal attacks.
ii.  Improve survival post-myocardial infarction.
d. Indications: Stable angina, post-MI prophylaxis, chronic IHD.
e. Toxicology: Bradycardia, hypotension, fatigue, bronchospasm (non-selective), masking hypoglycemia.
C. Calcium Channel Blockers (CCBs)

a. Examples: Amlodipine, Diltiazem, Verapamil, Nicardipine.
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Mechanism: Block L-type calcium channels — reduce intracellular Ca?* — myocardial relaxation and coronary
vasodilation.

Effects:
i.  Reduce afterload and myocardial oxygen demand (non-dihydropyridines).
ii.  Increase coronary blood flow (dihydropyridines).

Indications: Stable angina, variant angina, patients intolerant to B-blockers.

Toxicology: Dizziness, headache, peripheral edema, constipation (verapamil), bradycardia
(verapamil/diltiazem).

D. Ranolazine (Novel Anti-ischemics)

a.

b.

C.

Mechanism: Inhibits late inward sodium current — reduces intracellular Ca** — improves diastolic relaxation
— reduces myocardial oxygen consumption.

Indications: Chronic angina refractory to conventional therapy.

Toxicology: Dizziness, constipation, QT prolongation.

E. Nicorandil (K* Channel Opener with Nitrate Action)

a.

b.

C.

Mechanism: Opens ATP-sensitive K* channels — hyperpolarization — coronary vasodilation; nitrate moiety
— venodilation.

Indications: Stable angina, refractory angina.

Adverse Effects: Headache, flushing, hypotension, ulcer formation in rare cases.

F. Other Anti-ischemics

a.

Trimetazidine: Metabolic modulator; shifts myocardial metabolism from fatty acid to glucose oxidation —
more efficient ATP production under ischemia.

Ivabradine: Selective If channel inhibitor — reduces heart rate — reduces myocardial oxygen demand without
affecting contractility or blood pressure.

4. Mechanism of Action Summary

Drug Class Mechanism Effect on Myocardial Oxygen Supply/Demand
Nitrates NO donation — ¢cGMP — vasodilation | |Preload & afterload — |O: demand; 1Coronary perfusion
Beta-blockers | B1 blockade IHR, |Contractility — | Oz demand
CCBs L-type Ca?" channel blockade Vasodilation — 1Coronary perfusion; |O2> demand
Ranolazine Late Na* current inhibition lIntracellular Ca*>" — |O2 demand
Nicorandil K* channel opening + nitrate effect TCoronary perfusion; |O> demand
Trimetazidine | Metabolic modulation 1Efficiency of ATP production — |Ischemic injury
Ivabradine If channel inhibition |Heart rate — |O2 demand

5. Pharmacological Effects

a.
b.

C.

o

Reduction of anginal pain and frequency of attacks.

Improved exercise tolerance in chronic stable angina.

Enhanced coronary blood flow in variant angina.

Prevention of ischemic myocardial injury in acute coronary syndromes.

Adjunct in heart failure (selected drugs like Ranolazine, Ivabradine).
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6. Toxicology and Adverse Effects

a. Nitrates: Headache, hypotension, tachycardia, tolerance.

b. Beta-blockers: Bradycardia, hypotension, fatigue, bronchospasm.
c. CCBs: Dizziness, peripheral edema, bradycardia, constipation.

d. Raneolazine: QT prolongation, dizziness, constipation.

e. Nicorandil: Headache, hypotension, ulceration.
f. Trimetazidine: Rare GI upset, movement disorders.
g. Ivabradine: Bradycardia, visual disturbances (phosphenes).
7. Novel and Emerging Anti-ischemics
a. Metabolic modulators: Ranolazine, Trimetazidine.
b. Heart rate modulators: Ivabradine.
c. Combination therapies: Nitrate + K* channel opener (e.g., Nicorandil).
d. Gene therapy and angiogenic approaches: Experimental approaches to improve myocardial perfusion.
ANTI- ARRHYTHMICS
Introduction to Anti-arrhythmics
1. Definition

a. Anti-arrhythmics are drugs that prevent, control, or terminate abnormal heart rhythms caused by
disturbances in impulse generation or conduction.

b. They are used to manage tachyarrhythmias, bradyarrhythmias, and irregular rhythms arising from the
atria, AV node, or ventricles.

2. Clinical Significance
a. Arrhythmias can lead to palpitations, syncope, heart failure, thromboembolism, or sudden cardiac death.

b. Anti-arrhythmic therapy aims to restore normal rhythm (rhythm control) or control heart rate (rate
control) to prevent complications.

3. Basic Pathophysiology
a. Normal cardiac rhythm: Generated by SA node — atria — AV node — His-Purkinje system — ventricles.
b. Arrhythmias result from:
i.  Abnormal impulse generation:
1. Enhanced automaticity of pacemaker cells.
2. Triggered activity due to early (EAD) or delayed afterdepolarizations (DAD).
ii.  Abnormal impulse conduction:
1. Re-entry circuits — sustained tachycardia.
2. Conduction block (AV or bundle branch).

c. Contributing factors: Ischemia, electrolyte imbalance (K*, Mg?*), structural heart disease, drugs, autonomic
imbalance.

4. Mechanisms of Anti-Arrhythmic Action
a. Modulate ion channels: Na*, K*, Ca** channels to alter action potential duration or conduction velocity.
b. Block autonomic receptors: -blockers reduce sympathetic stimulation.
c. Modify conduction pathways: AV node blockers (digoxin, calcium channel blockers, adenosine).
d. Reduce abnormal automaticity: Prevent ectopic pacemaker activity or re-entry circuits.
5. General Classification (Vaughan-Williams)

a. Class I: Sodium channel blockers — slow conduction in atrial and ventricular tissue.
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b. Class II: Beta-blockers — reduce sympathetic stimulation, slow AV conduction.
c. Class III: Potassium channel blockers — prolong repolarization and refractory period.
d. Class IV: Calcium channel blockers — slow AV nodal conduction, reduce heart rate.
e. Others: Digoxin, Adenosine, Ivabradine — act via autonomic modulation or ion channels outside main classes.
6. Pharmacological Goals
a. Restore normal sinus rhythm in tachyarrhythmias.
b. Control ventricular rate in atrial fibrillation/flutter.
c. Prevent recurrence of arrhythmias, especially after myocardial infarction.
d. Reduce morbidity and mortality from arrhythmia-related complications.
7. Key Considerations
a. Drug selection depends on:
i.  Type and site of arrhythmia (atrial vs. ventricular, tachycardia vs. bradycardia).
ii.  Underlying heart disease (ischemic, structural, heart failure).
iii.  Safety and toxicity profile (proarrhythmia risk, organ-specific toxicity).
b. Monitoring includes ECG, electrolyte levels, heart rate, blood pressure, and signs of drug toxicity.
Pathophysiology of Cardiac Arrhythmias
Pathophysiology of Cardiac Arrhythmias
1. Definition

a. Cardiac arrhythmias are abnormalities in heart rhythm, caused by disturbances in impulse generation or
conduction in the cardiac conduction system.

b. They can manifest as tachyarrhythmias (fast), bradyarrhythmias (slow), or irregular rhythms.
2. Normal Cardiac Conduction

a. The SA node acts as the natural pacemaker — generates action potentials — atria — AV node — His-Purkinje
system — ventricles.

b. Normal rhythm depends on timely generation and conduction of impulses with coordinated contraction.
3. Mechanisms Leading to Arrhythmias
A. Abnormal Impulse Generation
a. Enhanced Automaticity
i.  Pacemaker cells (SA node, ectopic foci) fire at an increased rate.
ii.  Causes: ischemia, electrolyte imbalance (high catecholamines, hypokalemia), sympathetic stimulation.
iii.  Leads to: sinus tachycardia, ectopic atrial or ventricular beats.
b. Triggered Activity
i.  Abnormal depolarizations during or after repolarization.

ii.  Early Afterdepolarizations (EAD): Occur during phase 2 or 3 of action potential; may cause torsades
de pointes.

iii.  Delayed Afterdepolarizations (DAD): Occur after full repolarization (phase 4), often due to
intracellular Ca** overload (e.g., digitalis toxicity).

B. Abnormal Impulse Conduction
a. Re-entry Circuits

i.  Occur when an impulse re-excites previously depolarized tissue due to conduction block or slowed
conduction in one pathway.

ii.  Most common mechanism of tachyarrhythmias (e.g., atrial flutter, AVNRT, ventricular tachycardia).
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b. Conduction Blocks
i. AV node block: delays or prevents impulse transmission to ventricles — bradyarrhythmias.
ii.  Bundle branch block: delays conduction in specific ventricular pathways — wide QRS complex.
iii.  Causes: ischemia, fibrosis, electrolyte disturbances, drugs.
4. Contributing Factors
Ischemia or myocardial infarction: alters ion gradients, increases ectopic activity.
b. Electrolyte disturbances:
i.  Hypokalemia — enhances automaticity and triggered activity.
ii.  Hyperkalemia — slows conduction, may cause heart block or asystole.

c. Autonomic imbalance: increased sympathetic tone — tachyarrhythmias; increased parasympathetic tone —
bradyarrhythmias.

d. Structural heart disease: fibrosis, hypertrophy, cardiomyopathy — re-entry circuits.
e. Drugs/toxins: digitalis, anti-arrhythmic overdose, stimulants.
5. Classification of Arrhythmias Based on Pathophysiology
a. Tachyarrhythmias ({HR)
i.  Sinus tachycardia
ii.  Atrial fibrillation/flutter
iii.  Supraventricular tachycardia (re-entry)
iv.  Ventricular tachycardia/fibrillation
b. Bradyarrhythmias (| HR)
i.  Sinus bradycardia
ii. AV block (first, second, third degree)
iii.  Junctional rhythms
c. Irregular rhythms
i.  Atrial fibrillation
ii.  Multifocal atrial tachycardia
6. Cellular Basis of Arrhythmias
a. Cardiac action potential phases:
i.  Phase 0: Rapid depolarization (Na" influx) — conduction velocity.
ii. ~ Phase 1-3: Repolarization (K" efflux, Ca** influx) — refractory period.
iii.  Phase 4: Spontaneous depolarization (pacemaker potential) — automaticity.

b. Arrhythmias result from abnormalities in any of these phases, affecting impulse formation, conduction speed,
or refractoriness.

Classification of Anti-arrhythmic Drugs (Vaughan-Williams Classification)
1. Overview of Vaughan-Williams Classification

a. Developed to categorize anti-arrhythmic drugs based on their primary electrophysiological effects on
cardiac action potential and conduction.

b. Divides drugs into four main classes (I-1V), with some unclassified agents considered “class V.”
c. Useful for rational therapy, as each class targets specific arrhythmia mechanisms.
2. Class I — Sodium Channel Blockers

a. Primary action: Block fast Na* channels — slow phase 0 depolarization — reduce conduction velocity,
especially in atrial and ventricular myocardium.
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b. Effect on Action Potential: |Phase 0 slope, may alter QRS duration.
Subclasses:
a. Class IA (Moderate Na* Block + K* Block)
i.  Examples: Quinidine, Procainamide, Disopyramide
ii.  Effects: Prolong AP duration, increase effective refractory period
iii.  Clinical use: Atrial & ventricular arrhythmias
iv.  Toxicity: Hypotension, proarrhythmia, lupus-like syndrome (procainamide)
b. Class IB (Weak Na* Block, Shorten AP)
i.  Examples: Lidocaine, Mexiletine
ii.  Effects: Preferentially affect ischemic ventricular tissue, shorten repolarization
iii.  Clinical use: Ventricular arrhythmias post-MI
iv.  Toxicity: CNS effects — dizziness, seizures; bradycardia
c. Class IC (Strong Na* Block)
i.  Examples: Flecainide, Propafenone
ii.  Effects: Marked slowing of conduction, minimal effect on repolarization
iii.  Clinical use: Supraventricular arrhythmias, refractory ventricular arrhythmias
iv.  Toxicity: Proarrhythmic, especially post-MI
3. Class II — Beta-Adrenoceptor Blockers

a. Primary action: Block Bl receptors — decrease sympathetic stimulation — reduce automaticity, slow AV
nodal conduction, decrease heart rate and contractility.

b. Effect on Action Potential: Slows phase 4 depolarization in pacemaker cells (SA & AV nodes).
c. Examples: Propranolol, Metoprolol, Atenolol, Esmolol
d. Clinical use: Supraventricular tachyarrhythmias, post-MI prophylaxis, atrial fibrillation rate control
e. Toxicity: Bradycardia, hypotension, fatigue, bronchospasm (non-selective B-blockers)
4. Class III — Potassium Channel Blockers

a. Primary action: Block K* channels — prolong repolarization — increase action potential duration and effective
refractory period

b. Effect on Action Potential: Prolongs phase 3
Examples: Amiodarone, Sotalol, Dofetilide, Ibutilide
d. Clinical use: Atrial fibrillation/flutter, ventricular tachycardia/fibrillation
e. Toxicity:
i.  Amiodarone — pulmonary fibrosis, thyroid dysfunction, hepatic toxicity, corneal deposits
ii.  Sotalol — torsades de pointes (proarrhythmic)
5. Class IV — Calcium Channel Blockers
a. Primary action: Block L-type Ca?* channels — slow AV nodal conduction — decrease ventricular rate
b. Effect on Action Potential: |Phase 0 slope in pacemaker cells; prolong AV node conduction
c. Examples: Verapamil, Diltiazem
d. Clinical use: Supraventricular tachycardia, rate control in atrial fibrillation/flutter
e. Toxicity: Bradycardia, hypotension, constipation (verapamil), AV block
6. Class V / Miscellaneous Anti-arrhythmics

a. Primary action: Various mechanisms outside main classes
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b. Examples:
i.  Adenosine: Activates adenosine receptors — transient AV nodal block
ii.  Digoxin: TVagal tone — slows AV conduction
iii.  Ivabradine: Selective If channel inhibitor — reduces SA node firing

c. Clinical use: PSVT (adenosine), atrial fibrillation/flutter rate control (digoxin), experimental sinus tachycardia
(ivabradine)

d. Toxicity: Specific to each agent (e.g., digoxin — nausea, arrhythmias; adenosine — transient flushing/chest
discomfort)

Mechanism of Action
1. Overview

a. Anti-arrhythmic drugs restore normal cardiac rhythm or control heart rate by modifying cardiac ion currents,
conduction velocity, refractory period, or autonomic influence.

b. Mechanisms are generally based on the Vaughan-Williams classification: Classes [-IV, plus miscellaneous
agents.

c. Therapeutic effects target:
i.  Abnormal impulse generation (enhanced automaticity, triggered activity).
ii.  Abnormal impulse conduction (re-entry circuits, conduction blocks).

2. Class I — Sodium Channel Blockers

a. Target: Fast sodium channels (phase 0 of action potential)

b. Effect:
i.  Slows depolarization — decreases conduction velocity, especially in atrial and ventricular myocardium.
ii.  Modifies QRS duration and refractory period depending on subclass.

c. Subclasses & Mechanisms:

i.  Class IA: Moderate Na* block + K* block — slows conduction, prolongs AP and refractory period
(Quinidine, Procainamide)

ii.  Class IB: Weak Na* block — preferentially affect ischemic tissue, shorten AP (Lidocaine, Mexiletine)

iii.  Class IC: Strong Na* block — markedly slow conduction with minimal effect on AP duration
(Flecainide, Propafenone)

3. Class II — Beta-Adrenoceptor Blockers
a. Target: fl-adrenergic receptors in SA & AV nodes
b. Effect:
i.  Reduce sympathetic stimulation — slow phase 4 depolarization
ii.  Decrease automaticity and conduction velocity, particularly at the AV node
c. Outcome: Slows heart rate, prolongs AV nodal conduction, suppresses abnormal pacemaker activity
4. Class III — Potassium Channel Blockers
a. Target: Cardiac K* channels (phase 3 of action potential)
b. Effect:
i.  Prolong repolarization — increase action potential duration and effective refractory period
ii.  Prevent re-entry circuits by delaying readiness for next impulse
c. Examples: Amiodarone, Sotalol, Dofetilide, Ibutilide

d. Clinical impact: Useful in atrial fibrillation/flutter and ventricular tachyarrhythmias
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5. Class IV — Calcium Channel Blockers
a. Target: L-type Ca?' channels (phase 0 in nodal tissue)
b. Effect:
i.  Slow AV nodal conduction
ii.  Reduce heart rate (negative chronotropy)
iii.  Mildly reduce contractility (negative inotropy)

c. Outcome: Effective in controlling ventricular response in supraventricular tachyarrhythmias (e.g., atrial
fibrillation)

6. Miscellaneous / Class V Anti-Arrhythmics
a. Adenosine:

i.  Activates adenosine receptors — TK* efflux — hyperpolarization — transient AV nodal block —
terminates PSVT

b. Digoxin:

i.  Inhibits Na’/K*-ATPase — fvagal tone — slows AV nodal conduction — rate control in atrial
fibrillation/flutter

c. Ivabradine:

i.  Selective If channel inhibitor — reduces SA node firing — slows heart rate without affecting
contractility

7. Cellular and Electrophysiological Effects

Drug Class Action Potential Effect Result on Arrhythmia
Phase

I (Na* blockers) Phase 0 |Depolarization rate Slows conduction, prevents re-entry

IT (B-blockers) Phase 4 (pacemaker) | |Slope of depolarization |Automaticity, slow AV  nodal
conduction

IIT (K* blockers) Phase 3 TRepolarization duration TRefractory period, prevent re-entry

IV (Ca*" blockers) | Phase 0 (nodal) |Depolarization rate in AV | |AV conduction, control ventricular

node rate

Adenosine AV node Hyperpolarization Transient AV block, terminate PSVT

Digoxin AV node 1Vagal tone Slow AV conduction, rate control

Ivabradine SA node | Pacemaker current |Heart rate

Pharmacological Effects
1. Restoration of Normal Sinus Rhythm (Rhythm Control)
a. Anti-arrhythmics terminate abnormal rapid or irregular rhythms and restore normal SA node pacing.
b. Mainly achieved by:
i.  Class I drugs: Slow conduction and prevent re-entry circuits.
ii.  Class III drugs: Prolong refractory period to terminate tachyarrhythmias.
iii.  Adenosine: Rapidly terminates paroxysmal supraventricular tachycardia (PSVT).
2. Control of Ventricular Rate (Rate Control)

a. Drugs that slow AV nodal conduction reduce ventricular response to atrial arrhythmias.
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b. Mainly achieved by:
i.  Class II (B-blockers) — decrease sympathetic tone.
ii.  Class IV (Ca? channel blockers) — slow AV node conduction.
iii.  Digoxin — enhances vagal tone to control ventricular rate in atrial fibrillation/flutter.
3. Suppression of Abnormal Automaticity
a. Anti-arrhythmics stabilize pacemaker cells to prevent ectopic firing.
b. Examples:
i.  Class I drugs reduce abnormal depolarization in atrial and ventricular tissue.
ii.  Class II and IV drugs reduce phase 4 slope in pacemaker cells.
4. Prolongation of Refractory Period
a. Class III drugs (K* channel blockers) increase action potential duration and refractory period.
b. This prevents re-entry circuits, a common mechanism of tachyarrhythmias.
5. Decrease in Conduction Velocity
a. Class I drugs markedly slow conduction in atrial and ventricular tissue.

b. Class II and IV drugs slow conduction in nodal tissue (AV node), reducing the propagation of abnormal
impulses.

6. Reduction in Myocardial Oxygen Demand

a. Drugs that decrease heart rate and contractility (B-blockers, non-dihydropyridine CCBs) lower myocardial
oxygen consumption, indirectly preventing ischemia-induced arrhythmias.

7. Anti-Ischemic and Hemodynamic Effects
a. Some anti-arrhythmics also improve cardiac efficiency:

i.  Amiodarone: Mild negative inotropic effect, vasodilation, and suppression of ischemia-induced
arrhythmias.

ii.  p-blockers: Reduce heart rate, contractility, and BP.
8. Miscellaneous Effects
a. Ivabradine: Selective If channel inhibition reduces heart rate without affecting contractility.
b. Adenosine: Causes transient AV nodal block, terminates re-entrant tachycardias.
c. Digoxin: Slows AV nodal conduction and enhances vagal tone.
Toxicology and Adverse Effects
1. Class I — Sodium Channel Blockers
a. Class IA (Quinidine, Procainamide, Disopyramide):
i.  Cardiac: Proarrhythmia (torsades de pointes), AV block, QT prolongation

ii.  Non-cardiac: Hypotension, GI disturbances (nausea, diarrhea), cinchonism (quinidine), lupus-like
syndrome (procainamide)

iii. ~ Mechanism of toxicity: Excess Na® and K* channel blockade — conduction slowing and
arrhythmogenesis

b. Class IB (Lidocaine, Mexiletine):
i.  CNS toxicity: confusion, dizziness, tremors, seizures
ii.  Cardiovascular: bradycardia, hypotension, rarely heart block
iii.  Mechanism: Excess Na* channel inhibition in CNS and ischemic myocardium
c. Class IC (Flecainide, Propafenone):

i.  Highly proarrhythmic in patients with structural heart disease or post-MI

160 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



11. CNS effects: dizziness, visual disturbances

iii.  Mechanism: Marked conduction slowing — risk of re-entrant arrhythmias

2. Class II — Beta-Adrenoceptor Blockers

a
b.

C.

d.

c.

Bradycardia, AV block, hypotension

Fatigue, exercise intolerance

Bronchospasm (non-selective B-blockers)
Masking of hypoglycemia in diabetic patients

Mechanism: Excess B1 blockade — reduced pacemaker activity and AV nodal conduction

3. Class III — Potassium Channel Blockers

a.

b.

C.

d.

Amiodarone: Pulmonary fibrosis, thyroid dysfunction (hypo- or hyperthyroidism), hepatotoxicity, corneal
deposits, photosensitivity

Sotalol: QT prolongation — torsades de pointes, bradycardia
Dofetilide/Ibutilide: Risk of torsades de pointes, especially with electrolyte imbalances

Mechanism: Excess K* channel blockade — prolonged repolarization — proarrhythmia

4. Class IV — Calcium Channel Blockers

a.
b.
C.
d.

Bradycardia, AV block, hypotension
Peripheral edema (especially DHPs, though mainly for antihypertensive effect)
Constipation (verapamil), flushing, dizziness

Mechanism: Excess L-type Ca*" channel blockade — slowed AV nodal conduction and negative inotropy

5. Miscellaneous / Class V Anti-Arrhythmics

a.

C.

Adenosine: Transient flushing, chest discomfort, hypotension, dyspnea; very short half-life — mostly transient
effects

Digoxin: Nausea, vomiting, visual disturbances (yellow-green halos), life-threatening arrhythmias (ventricular
tachycardia, AV block)

Ivabradine: Bradycardia, visual disturbances (phosphenes), rare AV block

6. General Toxicological Considerations

Proarrhythmia: Many anti-arrhythmics can paradoxically cause arrhythmias (torsades de pointes, VT/VF)
Electrolyte imbalances: Hypokalemia or hypomagnesemia can worsen drug-induced arrhythmias

Drug interactions: Many anti-arrhythmics have CYP-mediated metabolism, leading to potential drug-drug
interactions and toxicity

Organ-specific toxicities: Amiodarone (thyroid, lung, liver), Class IB (CNS), Class IC (proarrhythmic in heart
disease)

Novel and Emerging Anti-arrhythmics

1. Overview

a.

Traditional anti-arrhythmics (Classes I-1V) are effective but often limited by proarrhythmic potential, organ
toxicity, and narrow therapeutic index.

Novel agents aim to improve efficacy, reduce side effects, and target specific mechanisms of
arrhythmogenesis.

Focus areas include selective ion channel modulation, metabolic modulation, autonomic modulation, and
upstream disease modification.

2. Selective If Channel Inhibitors

a.

Example: Ivabradine
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b. Mechanism: Selectively inhibits the funny (If) current in SA node — reduces spontaneous pacemaker activity
— slows heart rate without affecting contractility or AV conduction.

c. Clinical Application:
i.  Sinus tachycardia
ii.  Adjunct therapy in heart failure with elevated heart rate
d. Advantages: Does not cause negative inotropy; safer in patients with LV dysfunction.
e. Adverse Effects: Bradycardia, visual disturbances (phosphenes), rare AV block.
3. Multichannel and Hybrid Agents
Examples: Ranolazine (primarily anti-ischemic, also anti-arrhythmic)

b. Mechanism: Inhibits late inward Na* current, reduces intracellular Ca** overload — stabilizes repolarization
— prevents triggered activity.

c. Clinical Application:
i.  Chronic atrial fibrillation/flutter
ii.  Ventricular arrhythmias secondary to ischemia
d. Advantages: Less proarrhythmic than traditional Class I/III agents.
4. Newer Class III Potassium Channel Blockers
Examples: Dofetilide, Vernakalant

b. Mechanism: Selective inhibition of K* channels — prolong atrial or ventricular refractory period without
significant negative inotropy.

c. Clinical Application:
i.  Acute termination of atrial fibrillation/flutter (Vernakalant)
ii.  Chronic rhythm maintenance (Dofetilide)
d. Advantages: Reduced risk of ventricular proarrhythmia compared to non-selective Class III drugs.
5. Gap Junction Modulators

a. Mechanism: Improve electrical coupling between cardiac myocytes — stabilize conduction — prevent re-entry
circuits.

b. Clinical Application: Experimental therapy for atrial and ventricular tachyarrhythmias.
c. Advantage: Targets arrhythmia substrate rather than only ion currents.
6. Upstream / Disease-Modifying Agents
a. Target fibrosis, oxidative stress, inflammation — reduce arrhythmogenic substrate.
b. Examples: ACE inhibitors, ARBs, statins in combination with anti-arrhythmics

c. Effect: Prevent structural remodeling — reduce incidence of atrial fibrillation or post-MI ventricular
arrhythmias.

7. Gene and Cell-Based Therapies
a. Experimental approaches to modulate ion channels or pacemaker activity via:
i.  Gene therapy (e.g., HCN channel modification)
ii.  Stem cell therapy for AV node or conduction system repair

b. Potential to replace pharmacological therapy in congenital or refractory arrhythmias.
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Multiple Choice Questions (20)

L.

Which of the following is NOT a primary pharmacological target in the cardiovascular system?

a) SA node

b) AV node

¢) Skeletal muscle fibers

d) Blood vessel smooth muscle

Loop diuretics act on which part of the nephron?
a) Proximal tubule

b) Distal convoluted tubule

¢) Collecting duct

d) Thick ascending loop of Henle

The main adverse effect of spironolactone is:
a) Hypokalemia

b) Hyperkalemia

¢) Ototoxicity

d) Hypocalcemia

Which antihypertensive drug class primarily causes cough and angioedema?

a) ARBs

b) ACE inhibitors

¢) Calcium channel blockers

d) Beta-blockers

Which drug is a carbonic anhydrase inhibitor?
a) Mannitol

b) Acetazolamide

¢) Furosemide

d) Amiloride

The equation for blood pressure is:

a) BP = Stroke volume x Heart rate

b) BP = Cardiac output x Total peripheral resistance
¢) BP = Stroke volume + Total peripheral resistance
d) BP = Cardiac preload + Cardiac output
Beta-blockers lower blood pressure by:

a) Blocking al receptors

b) Increasing renin release

¢) Blocking B1 receptors

d) Opening potassium channels

Which diuretic decreases calcium excretion?
a) Loop diuretics

b) Thiazides

¢) Potassium-sparing

d) Osmotic diuretics

Which drug is a selective If channel inhibitor?
a) Verapamil

b) Ivabradine

¢) Digoxin

d) Adenosine

10. A common adverse effect of loop diuretics is:

a) Hypercalcemia
b) Hypocalcemia
¢) Hyperkalemia
d) Hypertension

11. The Vaughan-Williams classification is used for:

a) Anti-hypertensives
b) Anti-arrhythmics
¢) Anti-ischemics

d) Diuretics
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12. Ranolazine works by:
a) Blocking B1 receptors
b) Inhibiting late Na* current
¢) Opening K* channels
d) Blocking Ca** influx
13. Which drug is contraindicated in pregnancy-induced hypertension?
a) Methyldopa
b) ACE inhibitors
¢) Hydralazine
d) Labetalol
14. Which anti-arrhythmic class prolongs repolarization by blocking K* channels?
a) Class I
b) Class 11
¢) Class III
d) Class IV
15. Which anti-anginal drug causes tolerance with continuous use?
a) Beta-blockers
b) Nitrates
c) CCBs
d) Ivabradine
16. Which of the following is NOT an osmotic diuretic indication?
a) Cerebral edema
b) Intraocular pressure
¢) Pulmonary edema
d) Acute renal failure
17. Which antihypertensive has beneficial effects in diabetic nephropathy?
a) Thiazides
b) ACE inhibitors
c) Beta-blockers
d) Hydralazine
18. Adenosine is mainly used in:
a) Chronic angina
b) Paroxysmal supraventricular tachycardia (PSVT)
¢) Ventricular fibrillation
d) Atrial flutter maintenance
19. A side effect specific to verapamil is:
a) Gynecomastia
b) Constipation
¢) Ototoxicity
d) Visual halos
20. Which of the following is a vasopressin V2 receptor antagonist?
a) Mannitol
b) Tolvaptan
¢) Spironolactone
d) Minoxidil

Short Answer Questions (20)

Define cardiovascular pharmacology.

List the major pharmacological targets in the cardiovascular system.
What are the clinical uses of loop diuretics?

Give two adverse effects of thiazides.

What is the mechanism of action of osmotic diuretics?
Differentiate between ACE inhibitors and ARBs.

Name two centrally acting antihypertensive drugs.

Define myocardial ischemia.

List two classes of anti-anginal drugs.

10 Mention two examples of potassium-sparing diuretics.

11. What is preload and afterload?

12. Give two therapeutic uses of carbonic anhydrase inhibitors.

VOB WD
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13.
14.
15.
16.
17.
18.
19.
20.

Define re-entry circuit in arrhythmia.

Classify anti-arrhythmic drugs (Vaughan-Williams).
Mention two toxic effects of amiodarone.

Write two pharmacological effects of nitrates.

What is reflex tachycardia?

List two drugs that prolong QT interval.

Write one mechanism of action of digoxin.

Define pharmacogenomics in cardiovascular therapy.

Long Answer Questions (10)

Nk W=

9.
10.

Discuss the classification, mechanism of action, and clinical uses of diuretics.
Explain the pathophysiology of hypertension and the pharmacological basis of antihypertensive therapy.
Describe the classification of antihypertensives with examples and their mechanisms.
Write a detailed note on nitrates as anti-anginal drugs.
Explain the Vaughan-Williams classification of anti-arrhythmic drugs with mechanisms and examples.
Discuss the pharmacological effects and adverse effects of calcium channel blockers.
Explain the role of the Renin-Angiotensin-Aldosterone System (RAAS) in cardiovascular pharmacology and its
drug targets.
Write short notes on:
a) Ranolazine
b) Ivabradine
¢) Nicorandil
Discuss emerging trends in cardiovascular pharmacology.
Describe the mechanisms leading to cardiac arrhythmias and how anti-arrhythmics correct them.

Answer Sheet for MCQs
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CHAPTER 9
CARDIOVASCULAR PHARMACOLOGY-II

INTRODUCTION:

Cardiovascular Pharmacology-II is a continuation of the study of drugs that affect the heart and blood vessels,
building upon the foundational concepts introduced in Cardiovascular Pharmacology-I. While the first part typically
focuses on basic cardiovascular physiology, pharmacokinetics, and major classes of drugs like antiarrhythmics and
antihypertensives, Cardiovascular Pharmacology-II dives deeper into the mechanisms, therapeutic applications,
adverse effects, and novel developments of cardiovascular drugs. It emphasizes a more integrative understanding of
how drugs influence cardiovascular function at molecular, cellular, and systemic levels.

Key Features of Cardiovascular Pharmacology-II:

1. Advanced Drug Classes: This part deals with drugs for heart failure, ischemic heart disease, hypertension,
dyslipidemia, and thromboembolic disorders, covering their pharmacodynamics, pharmacokinetics, and
clinical implications.

2. Mechanism of Action Focus: Emphasis is placed on understanding the cellular and molecular mechanisms,
such as receptor interactions, ion channel modulation, and intracellular signaling pathways, which underlie
therapeutic and adverse effects.

3. Therapeutic Integration: Drugs are studied not in isolation but in relation to disease pathophysiology,
allowing a rational choice of therapy based on disease stage, comorbidities, and individual patient response.

4. Toxicology and Adverse Effects: Detailed exploration of side effects, drug interactions, and contraindications,
highlighting the risk-benefit balance necessary for safe clinical use.

5. Emerging and Novel Therapies: Introduction to new-generation cardiovascular drugs, biologics, and gene
therapy approaches, reflecting the rapidly evolving landscape of cardiovascular medicine.

6. Clinical Application Emphasis: Focuses on translating pharmacological knowledge into evidence-based
treatment strategies, including individualized therapy and combination regimens.

7. Integrative Systems Approach: Explores the cardiovascular system as a dynamic network, considering
neurohormonal regulation, hemodynamics, and the impact of systemic diseases like diabetes or kidney disorders
on drug action.

Scope of Study in Cardiovascular Pharmacology-11:

1. Heart Failure Pharmacology: Drugs affecting preload, afterload, contractility, and neurohormonal
modulation.

2. Anti-Anginal and Anti-Ischemic Therapy: Nitrates, beta-blockers, calcium channel blockers, and metabolic
modulators.

3. Antihypertensive Therapy: Advanced understanding of RAAS inhibitors, vasodilators, and central acting
agents.

4. Anti-Platelet, Anticoagulant, and Thrombolytic Drugs: Mechanisms, indications, and safety considerations.
5. Lipid-Lowering Agents: Statins, fibrates, PCSK9 inhibitors, and novel therapies for dyslipidemia.

6. Emerging Treatments: Novel ion channel modulators, gene therapy, RNA-based therapeutics, and devices
interacting with pharmacotherapy.

Overall, Cardiovascular Pharmacology-II is highly integrative, mechanistic, and clinically oriented, preparing
students and practitioners to apply pharmacological principles in complex cardiovascular conditions, optimize therapy,
and anticipate adverse effects. It bridges fundamental pharmacology with clinical decision-making and future
therapeutic innovations.
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DRUGS FOR HEART FAILURE
1. Pathophysiology of Heart Failure (HF)

Heart failure is a complex clinical syndrome resulting from structural or functional cardiac abnormalities, leading to
reduced cardiac output (CO) and/or elevated ventricular filling pressures. The pathophysiology involves multiple
interconnected mechanisms:

a. Systolic dysfunction: Impaired ventricular contraction (commonly in ischemic heart disease or dilated
cardiomyopathy), causing reduced ejection fraction (HFrEF).

b. Diastolic dysfunction: Impaired ventricular relaxation (common in hypertension or restrictive
cardiomyopathy), causing preserved ejection fraction (HFpEF).

c. Neurohormonal activation:

i.  Renin-Angiotensin-Aldosterone System (RAAS): Chronic activation leads to vasoconstriction,
sodium/water retention, and cardiac remodeling.

ii.  Sympathetic Nervous System (SNS): Increased catecholamines cause tachycardia, vasoconstriction,
and myocyte apoptosis.

iii.  Natriuretic Peptides (ANP, BNP): Counter-regulatory hormones that promote vasodilation and
natriuresis but are insufficient in advanced HF.

d. Cardiac remodeling: Structural changes like hypertrophy, fibrosis, and ventricular dilation, driven by
neurohormonal factors.

e. Cellular mechanisms: Altered calcium handling, impaired beta-adrenergic signaling, and increased oxidative
stress.

2. Classification of Drugs for Heart Failure
Drugs for HF can be classified based on their primary therapeutic target:
a. Positive Inotropes — Increase myocardial contractility (used mainly in acute HF).
i.  Cardiac glycosides, f1-agonists, PDE3 inhibitors.
b. Neurohormonal Modulators — Inhibit maladaptive RAAS or SNS activation.
1. ACE inhibitors, ARBs, ARNI, Aldosterone antagonists, B-blockers.
c. Diuretics — Reduce preload and relieve congestion.
i.  Loop diuretics, thiazides, potassium-sparing diuretics.
d. Vasodilators — Reduce preload and afterload.
i.  Nitrates, hydralazine, combination therapy.
¢. Novel and Emerging Drugs — Target new pathways.
i.  SGLT?2 inhibitors, cardiac myosin modulators, soluble guanylate cyclase stimulators.
3. Mechanism of Action (MOA) of Major Drug Classes
A. Positive Inotropes
a. Digoxin (Cardiac Glycoside)

i.  Inhibits Na*/K*-ATPase, increasing intracellular Na* — enhances Ca?* influx via Na*/Ca?** exchanger
— 1 myocardial contractility.

ii.  Also exerts vagal stimulation, reducing heart rate.
b. Dobutamine

i.  Pl-adrenergic agonist — 1 cAMP — 1 Ca?" influx — 1 contractility (short-term use in acute HF).
c. Milrinone (PDE3 inhibitor)

i.  Inhibits phosphodiesterase-3 — 1 cAMP in cardiac myocytes — 1 contractility and vasodilation.
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B. RAAS Modulators
a. ACE inhibitors (e.g., Enalapril, Lisinopril)
i.  Block conversion of Angiotensin I — Angiotensin Il — | vasoconstriction, | aldosterone, | remodeling.
ii.  Improves survival in HFrEF.
b. ARB:s (e.g., Losartan, Valsartan)
i.  Block ATI receptors — similar effects as ACE inhibitors, alternative in ACEi intolerance.

ARNI (e.g., Sacubitril/Valsartan)

o

i.  Sacubitril inhibits neprilysin — 1 natriuretic peptides (vasodilation, natriuresis).
ii.  Valsartan blocks AT1 receptor — RAAS inhibition.
iii.  Reduces morbidity and mortality in HFrEF.
d. Aldosterone antagonists (e.g., Spironolactone, Eplerenone)
i.  Block aldosterone receptors — | sodium/water retention, | myocardial fibrosis.
ii.  Improves survival in HFrEF.
C. Beta-Blockers (e.g., Carvedilol, Metoprolol succinate, Bisoprolol)
a. Antagonize [1-adrenergic receptors — | heart rate, | myocardial oxygen demand, | remodeling.
b. Initially may worsen HF; benefits are seen with chronic use.
c. Improve survival in HFrEF.
D. Diuretics
a. Loop diuretics (Furosemide, Torsemide)
i.  Inhibit Na*/K*/2Cl" cotransporter — potent natriuresis — reduce preload and pulmonary congestion.
b. Thiazides (Hydrochlorothiazide)
i.  Moderate natriuretic effect; used with loop diuretics for refractory edema.
c. Potassium-sparing (Spironolactone, Amiloride)
i.  Used to prevent hypokalemia and also block aldosterone effects.
E. Vasodilators

a. Hydralazine + Nitrate combination: | afterload and preload, improve symptoms, especially in patients
intolerant to ACEi/ARB.

F. Novel Drugs
a. SGLT?2 inhibitors (e.g., Dapagliflozin, Empagliflozin)

i.  Inhibit renal glucose reabsorption — mild diuresis, natriuresis, improved cardiac metabolism, reduced
hospitalization in HFrEF and HFpEF.

b. Cardiac Myosin Activators (e.g., Omecamtiv Mecarbil)

i.  Directly increase myosin-actin interaction — improve systolic function without increasing intracellular
Ca*.

c. Soluble Guanylate Cyclase Stimulators (e.g., Vericiguat)
1. Stimulate cGMP production — vasodilation, anti-fibrotic effects, reduce HF hospitalization.
4. Pharmacological Effects
a. Positive inotropes: 1 contractility, 7 CO; short-term symptomatic benefit.
b. RAAS inhibitors & p-blockers: | remodeling, | morbidity/mortality.
c. Diuretics: Symptomatic relief (edema, dyspnea) without proven survival benefit.

d. Novel agents (SGLT2i, ARNI, myosin activators): Improve survival, reduce hospitalizations, enhance cardiac
efficiency.
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5. Toxicology and Adverse Effects

e

@ oo

Digoxin: Arrhythmias, GI disturbances, visual disturbances, hyperkalemia.
Dobutamine/Milrinone: Tachyarrhythmias, hypotension, long-term mortality risk.

ACE inhibitors/ARBs/ARNI: Hypotension, hyperkalemia, renal dysfunction, angioedema (ACEi).
Beta-blockers: Bradycardia, worsening acute HF, fatigue.

Diuretics: Electrolyte imbalance, dehydration, hypotension.

Aldosterone antagonists: Hyperkalemia, gynecomastia (spironolactone).

Novel drugs (SGLT2i): Genitourinary infections, mild volume depletion.

Myosin activators: Hypotension, possible ischemia risk.

6. Therapeutic Strategy in HF

Acute decompensated HF: Loop diuretics, inotropes if low CO, vasodilators if hypertensive.

b. Chronic HFrEF: RAAS inhibitors (ACEi/ARB/ARNI), beta-blockers, aldosterone antagonists, SGLT2
inhibitors, diuretics as needed.
c. HFpEF: Symptom relief (diuretics), SGLT2 inhibitors show benefit, control comorbidities (hypertension,
diabetes).
d. Novel therapies are being integrated based on severity, comorbidities, and evidence from clinical trials.
HYPERLIPIDEMIA

1. Pathophysiology of Hyperlipidemia

Hyperlipidemia is a disorder characterized by elevated levels of plasma lipids, including cholesterol, triglycerides
(TG), low-density lipoprotein (LDL), very low-density lipoprotein (VLDL), and often a decrease in high-density
lipoprotein (HDL). It is a major risk factor for atherosclerosis, coronary artery disease (CAD), cerebrovascular
disease, and peripheral artery disease. The pathophysiology is complex, involving genetic, metabolic, and
environmental factors.

1. Lipid Metabolism Overview

a.

Exogenous pathway: Dietary lipids (triglycerides and cholesterol) — absorbed in intestine — packaged as
chylomicrons — transported to tissues — remnants cleared by liver.

Endogenous pathway: Liver synthesizes VLDL — converted to LDL in plasma — LDL delivers cholesterol
to peripheral tissues.

Reverse cholesterol transport: HDL collects cholesterol from peripheral tissues — returns it to liver for
excretion.

2. Mechanisms Leading to Hyperlipidemia

A. Increased Lipid Production

a.

b.

Overproduction of VLDL in the liver:
i.  Seen in obesity, insulin resistance, type 2 diabetes.
ii.  Excess triglycerides lead to elevated VLDL and subsequently LDL.
Genetic mutations:
i.  Familial combined hyperlipidemia — increased ApoB production — 1 LDL and VLDL.

ii.  Familial hypertriglyceridemia — increased VLDL secretion.

B. Decreased Lipid Clearance

a.

b.

Defective LDL receptor function:

i.  Familial hypercholesterolemia — decreased LDL uptake by liver — 1 plasma LDL.
Defective lipoprotein lipase (LPL):

i.  Impaired hydrolysis of TG-rich lipoproteins — hypertriglyceridemia.
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c. Hepatic overproduction of cholesterol:
i.  Upregulated HMG-CoA reductase activity — 1 cholesterol synthesis.
C. Dysregulation of Lipoprotein Metabolism

a. LDL oxidation: LDL particles undergo oxidative modification — taken up by macrophages — foam cell
formation — fatty streaks — atherogenesis.

b. HDL dysfunction: Reduced HDL — impaired reverse cholesterol transport — accumulation of cholesterol in
arterial wall.

D. Role of Insulin Resistance and Metabolic Syndrome
a. Insulin resistance — 1 free fatty acid flux from adipose tissue — 1 hepatic VLDL production.
b. | LPL activity — impaired triglyceride clearance.
c. Dyslipidemia pattern: T TG, 1 small dense LDL, | HDL (“atherogenic dyslipidemia”).

E. Contribution of Inflammation

a. Chronic low-grade inflammation (from obesity, diabetes) — 1 cytokines (IL-6, TNF-a) — 1 hepatic lipid
synthesis, | LDL receptor activity, and 1 lipoprotein oxidation.

b. Endothelial dysfunction — promotes LDL retention and plaque formation.
3. Types of Hyperlipidemia Based on Pathophysiology
a. Primary (Genetic) Hyperlipidemia:
i.  Familial hypercholesterolemia (LDL receptor defect)
ii.  Familial combined hyperlipidemia (1 ApoB, VLDL)
iii.  Familial hypertriglyceridemia (1 VLDL)
b. Secondary (Acquired) Hyperlipidemia:
i.  Diabetes mellitus — 1 TG, | HDL
ii.  Hypothyroidism — 1 LDL and cholesterol
iii.  Nephrotic syndrome — 1 VLDL, 1 LDL
iv.  Obesity —» 1 TG, | HDL
v.  Drugs: corticosteroids, thiazides, antipsychotics
4. Cellular and Molecular Mechanisms
Foam cell formation: Macrophages engulf oxidized LDL — fatty streaks in arteries.

b. Endothelial dysfunction: LDL, TG-rich lipoproteins, and oxidized lipids — reduce nitric oxide, increase
adhesion molecules.

c. Atherosclerotic plaque progression: Smooth muscle proliferation, extracellular matrix deposition, necrotic
core formation.

d. Prothrombotic state: Dyslipidemia promotes platelet aggregation and thrombosis.
5. Clinical Implications

a. Persistent hyperlipidemia — accelerated atherosclerosis — coronary artery disease, myocardial infarction,
stroke.

b. Elevated triglycerides (>500 mg/dL) — risk of pancreatitis.
c. Dyslipidemia contributes to metabolic syndrome — further cardiovascular risk.
2. Classification of Anti-Hyperlipidemic Drugs

Anti-hyperlipidemic drugs are classified based on their primary mechanism of action and the type of lipid
abnormality they target. The main goal is to reduce LDL, VLDL, triglycerides (TG) and/or increase HDL, thereby
lowering cardiovascular risk.
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1. HMG-CoA Reductase Inhibitors (Statins)

Examples: Atorvastatin, Rosuvastatin, Simvastatin, Pravastatin

Mechanism: Inhibit HMG-CoA reductase, the rate-limiting enzyme in cholesterol synthesis — | hepatic
cholesterol — 1 LDL receptor expression — 1 LDL clearance.

Effects: | LDL (20-60%), | TG (10-30%), modest T HDL (5-10%).

Clinical Use: Primary and secondary prevention of atherosclerotic cardiovascular disease (ASCVD), familial
hypercholesterolemia.

Key Notes: Pleiotropic effects include plaque stabilization, anti-inflammatory action, and improved endothelial
function.

2. Bile Acid Sequestrants (Resins)

C.
d.

c.

Examples: Cholestyramine, Colestipol, Colesevelam

Mechanism: Bind bile acids in the intestine — prevent reabsorption — 1 hepatic conversion of cholesterol to
bile acids — 1 LDL receptor expression — | plasma LDL.

Effects: Primarily | LDL (15-30%), may slightly 1 TG.
Clinical Use: Hypercholesterolemia, adjunct to statins.

Limitations: GI side effects (constipation, bloating), interfere with absorption of other drugs.

3. Cholesterol Absorption Inhibitors

Examples: Ezetimibe

Mechanism: Inhibits NPC1L1 transporter in enterocytes — | dietary and biliary cholesterol absorption — |
hepatic cholesterol — 1 LDL receptor — | plasma LDL-C.

Effects: | LDL (15-20%), used as monotherapy or combined with statins for additive effect.

Clinical Use: Statin-intolerant patients or adjunct therapy to achieve LDL targets.

4. Fibrates (PPAR-o Agonists)

Examples: Gemfibrozil, Fenofibrate, Bezafibrate

b. Mechanism: Activate PPAR-a — 1 lipoprotein lipase — 1 catabolism of TG-rich lipoproteins — | VLDL;
also T HDL via ApoA1/ApoA2 expression.

c. Effects: | TG (30-50%), modest 1 HDL (10-20%), variable LDL effect.

d. Clinical Use: Severe hypertriglyceridemia, mixed dyslipidemia, reduce risk of pancreatitis.

5. Niacin (Vitamin B3)

Examples: Nicotinic acid, extended-release formulations

b. Mechanism: Inhibits hepatic VLDL secretion — | LDL; reduces HDL catabolism — 1 HDL; also | lipolysis
in adipose tissue — | free fatty acids — | hepatic TG synthesis.

c. Effects: | LDL (10-25%), | TG (20-50%), 1 HDL (15-35%).

d. Clinical Use: Dyslipidemia with low HDL, combined therapy with statins.

e. Limitations: Flushing, pruritus, hyperuricemia, hyperglycemia, hepatotoxicity.

6. PCSKO9 Inhibitors (Monoclonal Antibodies)

a.
b.

C.

o

Examples: Alirocumab, Evolocumab

Mechanism: Bind PCSK9, preventing LDL receptor degradation — 1 LDL clearance from plasma.
Effects: Potent LDL-C reduction (~50-70%).

Clinical Use: Familial hypercholesterolemia, statin-intolerant patients, high-risk ASCVD.

Notes: Injectable, high cost, long-term safety still under observation.
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7. Omega-3 Fatty Acids
a. Examples: Eicosapentaenoic acid (EPA), Docosahexaenoic acid (DHA)
b. Mechanism: Reduce hepatic VLDL synthesis — | TG; also anti-inflammatory and anti-thrombotic.
c. Effects: | TG (20-50%), minimal LDL effect.
d. Clinical Use: Severe hypertriglyceridemia to prevent pancreatitis, adjunct therapy.
8. Novel and Emerging Agents
a. ATP-Citrate Lyase Inhibitors:
i.  Example: Bempedoic acid
ii.  Inhibit upstream cholesterol synthesis — | LDL-C, adjunct to statins.
b. ANGPTLS3 Inhibitors:
i.  Example: Evinacumab
ii. ~ Monoclonal antibody — 1 lipoprotein lipase activity — | LDL and TG.
c. ApoB Antisense Oligonucleotides:
i.  Example: Mipomersen
ii.  Inhibit ApoB synthesis — | VLDL/LDL production.
3. Mechanism of Action (MOA) of Major Drug Classes
1. HMG-CoA Reductase Inhibitors (Statins)
a. Examples: Atorvastatin, Rosuvastatin, Simvastatin, Pravastatin
b. MOA:
i.  Inhibit HMG-CoA reductase, the rate-limiting enzyme in cholesterol synthesis in the liver.
ii. | Mevalonate — | hepatic cholesterol — upregulation of LDL receptors on hepatocytes.
iii. 1 LDL clearance from blood — | plasma LDL-C.

iv.  Additional effects: | VLDL synthesis — modest | TG; stabilize atherosclerotic plaques; anti-
inflammatory and antioxidant effects.

c. Therapeutic Outcome: | LDL (20-60%), | TG (10-30%),  HDL (5-10%), reduced cardiovascular events.
2. Bile Acid Sequestrants (Resins)
a. Examples: Cholestyramine, Colestipol, Colesevelam

b. MOA:

1.
ii.

iil.

Bind bile acids in the intestine — prevent enterohepatic recycling.
Hepatic cholesterol is converted to bile acids — | hepatic cholesterol.

Upregulate LDL receptors — 1 plasma LDL clearance.

c. Effect on Lipids: Primarily | LDL (15-30%), may slightly 1 TG.
d. Clinical Note: Often used as adjunct to statins to enhance LDL reduction.
3. Cholesterol Absorption Inhibitors
a. Example: Ezetimibe
b. MOA:
i.  Inhibits NPC1L1 transporter in the brush border of enterocytes.
ii. | intestinal absorption of dietary and biliary cholesterol.
iii. | hepatic cholesterol — upregulation of LDL receptors — 1 LDL clearance.
c. Effect on Lipids: | LDL (~15-20%), modest effect on TG and HDL.
d. Usage: Monotherapy in statin-intolerant patients or combination with statins for additive effect.
172 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



4. Fibrates (PPAR-a Agonists)

a. Examples: Gemfibrozil, Fenofibrate

b. MOA:

i.  Activate Peroxisome Proliferator-Activated Receptor alpha (PPAR-a) in liver and muscle.

ii. 1 Lipoprotein lipase (LPL) activity — 1 hydrolysis of triglyceride-rich lipoproteins (VLDL,
chylomicrons).

iii. 1 ApoAl and ApoA2 synthesis — 1 HDL.
iv. | hepatic VLDL production — | TG.
c. Effect on Lipids: | TG (30-50%), T HDL (10-20%), modest LDL effect.
5. Niacin (Vitamin B3)
a. Examples: Nicotinic acid, extended-release formulations
b. MOA:

i.  Inhibits hepatic diacylglycerol acyltransferase-2 — | VLDL synthesis — | LDL formation.
ii. | HDL catabolism — 1 HDL levels.
iii. | lipolysis in adipose tissue — | free fatty acids — | hepatic TG synthesis.
c. Effect on Lipids: | LDL (10-25%), | TG (20-50%), T HDL (15-35%).
d. Clinical Use: Dyslipidemia with low HDL or combined therapy.
6. PCSK9 Inhibitors (Monoclonal Antibodies)
a. Examples: Alirocumab, Evolocumab
b. MOA:
i.  Bind PCSKDY protein — prevent degradation of LDL receptors on hepatocytes.
ii. 1 LDL receptor recycling — 1 LDL clearance from plasma.
c. Effect on Lipids: Potent | LDL-C (~50-70%).
d. Clinical Use: Familial hypercholesterolemia, statin-intolerant patients, high-risk ASCVD.
7. Omega-3 Fatty Acids

a. Examples: Eicosapentaenoic acid (EPA), Docosahexaenoic acid (DHA)
b. MOA:

i. | hepatic VLDL and triglyceride synthesis.
ii. 1 P-oxidation of fatty acids in liver.
iii.  Anti-inflammatory and anti-thrombotic effects on vasculature.
c. Effect on Lipids: | TG (20-50%), minimal LDL effect.

d. Clinical Use: Severe hypertriglyceridemia to prevent pancreatitis.

8. Novel and Emerging Agents
a. ATP-Citrate Lyase Inhibitors (Bempedoic acid)

i.  Inhibit ATP-citrate lyase — | cholesterol synthesis upstream of HMG-CoA reductase — | LDL-C.
b. ANGPTLS3 Inhibitors (Evinacumab)

i.  Monoclonal antibody — inhibits ANGPTL3 — 1 lipoprotein lipase activity — | LDL & TG.

c. ApoB Antisense Oligonucleotides (Mipomersen)

i.  Inhibit ApoB synthesis — | VLDL and LDL production.
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4. Pharmacological Effects
1. HMG-CoA Reductase Inhibitors (Statins)

a.

Primary Effects:

i. | Plasma LDL cholesterol (20—60%) by inhibiting cholesterol synthesis and increasing LDL receptor-
mediated clearance.

ii.  Modest | triglycerides (10-30%).
iii.  Slight 1 HDL cholesterol (5-10%).

b. Pleiotropic Effects:

C.

i.  Endothelial function improvement: 1 nitric oxide (NO) bioavailability.
ii.  Plaque stabilization: Reduces lipid core and inflammation.
iii.  Anti-inflammatory: | C-reactive protein (CRP) and vascular inflammation.
iv.  Antithrombotic: Reduces platelet aggregation.
v.  Oxidative stress reduction: Protects against LDL oxidation.
Clinical Impact:
i.  Reduce risk of myocardial infarction, stroke, and overall cardiovascular mortality.

ii.  Slows progression of atherosclerosis.

2. Bile Acid Sequestrants (Resins)

a.

Effects on Lipid Profile:
i. | LDL cholesterol (15-30%) by increasing hepatic cholesterol utilization for bile acid synthesis.
ii. ~ Minimal effect on HDL; may slightly 1 it.

iii. TG may increase slightly in some patients.

b. Additional Effects:

C.

i.  Can improve glycemic control in type 2 diabetes (e.g., colesevelam).
Clinical Impact:
i.  Adjunct therapy to statins when LDL targets are not achieved.

ii.  Used in familial hypercholesterolemia.

3. Cholesterol Absorption Inhibitors

a.

Effects on Lipid Profile:
i. | LDL cholesterol (~15-20%).
ii. ~ Minimal effect on HDL and triglycerides.

b. Clinical Impact:

i.  Used as monotherapy in statin-intolerant patients.

ii.  Additive effect when combined with statins to achieve target LDL levels.

4. Fibrates (PPAR-a Agonists)

a.

Effects on Lipid Profile:
i. | Triglycerides (30-50%) by promoting VLDL catabolism.
ii. 1 HDL cholesterol (10-20%) via ApoA1/ApoA2 upregulation.
iii.  Variable or modest effect on LDL.

b. Additional Effects:

i.  Improve insulin sensitivity.

ii.  Anti-inflammatory effects in vascular tissue.
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c. Clinical Impact:
i.  Reduce risk of pancreatitis in severe hypertriglyceridemia.
ii. ~ Modest cardiovascular benefit in mixed dyslipidemia.
5. Niacin (Vitamin B3)
a. Effects on Lipid Profile:
i. | LDL cholesterol (10-25%).
ii. | Triglycerides (20—50%).
iii. 1 HDL cholesterol (15-35%), the largest effect among available drugs.
b. Additional Effects:
i.  Reduces lipoprotein(a) [Lp(a)], a risk factor for atherosclerosis.
ii.  Anti-inflammatory effect on endothelium.
c. Clinical Impact:
i.  Useful in patients with low HDL or high Lp(a).
ii.  Less frequently used due to side effects.
6. PCSKOY Inhibitors
a. Effects on Lipid Profile:
i.  Potent | LDL cholesterol (~50-70%).
ii.  Modest | triglycerides and slight 1 HDL.
b. Clinical Impact:
i.  Effective in familial hypercholesterolemia and high-risk ASCVD.
ii.  Can significantly reduce cardiovascular events when added to statins.
7. Omega-3 Fatty Acids
a. Effects on Lipid Profile:
i. | Triglycerides (20—50%), especially in severe hypertriglyceridemia.
ii.  Minimal effect on LDL and HDL.
b. Additional Effects:
i.  Anti-inflammatory, anti-thrombotic.
ii.  Improves endothelial function.
c. Clinical Impact:
i.  Prevent pancreatitis in very high TG levels.
ii.  Adjunct therapy for cardiovascular risk reduction.
8. Novel and Emerging Agents
a. ATP-Citrate Lyase Inhibitors (Bempedoic acid)
i. | LDL cholesterol by inhibiting cholesterol synthesis upstream of HMG-CoA reductase.
ii.  Additive LDL-lowering effect with statins.
b. ANGPTLS3 Inhibitors (Evinacumab)
i. | LDL and triglycerides via enhanced LPL activity.
c. ApoB Antisense Oligonucleotides (Mipomersen)

i. | VLDL and LDL production — | plasma LDL.
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5. Toxicology and Adverse Effects
1. HMG-CoA Reductase Inhibitors (Statins)
a. Common Adverse Effects:
i.  Myalgia (muscle pain), fatigue
ii.  Mild gastrointestinal disturbances (nausea, constipation)
iii.  Headache
b. Serious Toxicity:
i.  Myopathy and rhabdomyolysis: Rare but life-threatening; elevated CK levels.
ii.  Hepatotoxicity: 1 liver enzymes; rarely severe liver injury.
iii.  New-onset diabetes: Slight increase in risk, especially in high-intensity therapy.

c. Risk Factors: Advanced age, renal/hepatic impairment, high-dose statins, drug interactions (e.g., CYP3A4
inhibitors).

2. Bile Acid Sequestrants (Resins)
a. Common Adverse Effects:
i.  Gastrointestinal discomfort: constipation, bloating, flatulence, nausea.
ii.  Poor palatability (especially cholestyramine).
b. Serious Toxicity:
i.  May impair absorption of fat-soluble vitamins (A, D, E, K).
ii.  Can interfere with absorption of other drugs (warfarin, thyroxine, statins).
c. Clinical Note: Generally safe systemically as they are not absorbed.
3. Cholesterol Absorption Inhibitors (Ezetimibe)
a. Common Adverse Effects:
i.  Mild gastrointestinal upset
ii.  Headache
b. Serious Toxicity:
i.  Rare myopathy, especially when combined with statins.
ii.  Hepatotoxicity risk increases when used with statins.
c. Overall Safety: Well tolerated in most patients.
4. Fibrates (PPAR-o Agonists)
a. Common Adverse Effects:
i.  Gastrointestinal disturbances: nausea, dyspepsia
ii. Skin rash, urticaria
b. Serious Toxicity:
i.  Myopathy and rhabdomyolysis: Risk increased when combined with statins
ii.  Hepatotoxicity: 1 liver enzymes; rare cholestatic hepatitis
iii.  Gallstones: Especially with long-term therapy
c. Clinical Consideration: Monitor liver function and CK levels.
5. Niacin (Vitamin B3)
a. Common Adverse Effects:
i.  Flushing, warmth, pruritus
ii.  Headache
176 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



iii.  Dyspepsia
b. Serious Toxicity:
i.  Hepatotoxicity (especially sustained-release formulations)
ii.  Hyperglycemia — caution in diabetic patients
iii.  Hyperuricemia — may precipitate gout
iv.  Rare: macular edema, arrhythmias
c. Mitigation: Aspirin or slow dose titration reduces flushing.
6. PCSK9 Inhibitors (Alirocumab, Evolocumab)
a. Common Adverse Effects:
i.  Injection site reactions (pain, erythema, swelling)
ii.  Flu-like symptoms, nasopharyngitis
b. Serious Toxicity:
i.  Generally well tolerated; long-term safety still under study
ii.  Rare neurocognitive effects reported
c. Clinical Note: Requires subcutaneous injection every 2—4 weeks.
7. Omega-3 Fatty Acids (EPA, DHA)
a. Common Adverse Effects:
i.  Fishy aftertaste, belching
ii.  Mild gastrointestinal upset (nausea, diarrhea)
b. Serious Toxicity:
i.  Rare bleeding tendency at high doses
ii.  Allergic reactions in fish-allergic patients

8. Novel and Emerging Agents

Drug Adverse Effects Serious Toxicity / Notes

Bempedoic acid (ATP-citrate lyase | Mild hyperuricemia, muscle aches | Hepatotoxicity rare; generally well

inhibitor) tolerated

Evinacumab (ANGPTLS3 inhibitor) Infusion-related reactions Long-term CV safety data ongoing
Mipomersen (ApoB antisense | Injection site reactions, flu-like | Hepatotoxicity, steatosis; monitoring
oligonucleotide) symptoms required

General Toxicological Considerations in Hyperlipidemic Therapy
a. Drug Interactions:
i.  Statins and fibrates increase risk of myopathy/rhabdomyolysis.
ii.  Resins reduce absorption of fat-soluble drugs and vitamins.
b. Monitoring:
i.  Liver function tests for statins, fibrates, niacin.
ii.  CK levels for statins and fibrate combination therapy.
iii.  Blood glucose for niacin therapy.
c. Population-Specific Risks:
i.  Elderly patients: 1 risk of statin-induced myopathy and hepatotoxicity.
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ii.  Renal impairment: Dose adjustment for fibrates and PCSK9 inhibitors may be required.
6. Therapeutic Strategy
1. Treatment Goals in Hyperlipidemia
a. Primary Objective: Reduce LDL cholesterol to target levels according to cardiovascular risk.
b. Secondary Objectives:
i.  Reduce triglycerides (TG) in hypertriglyceridemia.
ii.  Raise HDL cholesterol if low.

iii.  Prevent atherosclerosis progression, cardiovascular events, and pancreatitis (in severe
hypertriglyceridemia).

Guidelines (e.g., ACC/AHA, ESC/EAS):
a. High-risk patients (ASCVD, diabetes, familial hypercholesterolemia): LDL <70 mg/dL
b. Moderate-risk patients: LDL <100 mg/dL
c. Severe hypertriglyceridemia (>500 mg/dL): primary goal is TG reduction to prevent pancreatitis.
2. Lifestyle and Non-Pharmacologic Measures
a. Dietary Interventions:
1. | saturated fats, trans fats, and cholesterol.
ii. 1 soluble fiber (oats, legumes) — reduce LDL absorption.
iii. 1 omega-3 fatty acids — | TG.
b. Weight Management & Exercise:
i.  Regular aerobic activity — 1 HDL, | TG.
ii.  Weight reduction in obese patients — improves lipid profile and insulin sensitivity.
c. Smoking Cessation & Alcohol Moderation:
i.  Smoking | HDL and promotes atherosclerosis.
ii.  Excess alcohol 1 TG levels.
Note: Lifestyle modification is always the foundation of therapy, regardless of pharmacologic interventions.
3. Pharmacologic Strategies
A. LDL-Cholesterol Lowering Therapy
a. First-Line Therapy: Statins
i.  High-intensity statins (atorvastatin 40—80 mg, rosuvastatin 20-40 mg) for high-risk patients.
ii.  Moderate-intensity statins for moderate-risk patients.
iii.  Monitoring: Lipid profile, liver function tests, CK levels if symptomatic.
b. Combination Therapy for Uncontrolled LDL:
i.  Statin + Ezetimibe — additive LDL reduction.

ii.  Statin + PCSK9 inhibitor — potent LDL reduction in familial hypercholesterolemia or very high-risk
ASCVD.

c. Alternative for Statin-Intolerant Patients:
i.  Ezetimibe monotherapy.
ii.  PCSKD9 inhibitors in high-risk patients.
B. Triglyceride-Lowering Therapy
a. Severe Hypertriglyceridemia (>500 mg/dL)

i.  Fibrates — first-line (gemfibrozil, fenofibrate).
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ii.  High-dose omega-3 fatty acids (EPA/DHA) — adjunct therapy.
iii.  Niacin can also reduce TG but less commonly used due to side effects.
b. Moderate Hypertriglyceridemia (200—499 mg/dL)
i.  Lifestyle modification (diet, weight loss, exercise) often sufficient.
ii.  Fibrates or omega-3 fatty acids if high-risk or persistent.
C. HDL-Raising Therapy
a. Niacin — most effective HDL augmenter (15-35%).
b. Fibrates — modest HDL increase.
c. Statins — mild HDL increase, mainly beneficial via LDL reduction.
4. Therapy in Special Populations
a. Familial Hypercholesterolemia (FH):
i.  Aggressive LDL-lowering — high-intensity statin + ezetimibe £ PCSK9 inhibitor.
b. Diabetic Dyslipidemia:
i.  Statins are first-line — reduce LDL and cardiovascular risk.
ii.  Fibrates may be added if TG are high and HDL low.
c. Chronic Kidney Disease (CKD):
i.  Statins for LDL reduction; avoid high-dose fibrates in severe renal impairment.
d. Pregnancy:
i.  Statins contraindicated; bile acid sequestrants considered safe.
5. Monitoring and Follow-Up
a. Lipid Profile: Every 4-12 weeks after initiating therapy or changing dose.
b. Liver Function Tests: Statins, fibrates, niacin.
c. Creatine Kinase (CK): If patient develops myalgia or on high-risk drug combinations.
d. Glycemic Control: Niacin therapy in diabetics.
e. Adherence and Lifestyle Reinforcement: Critical for long-term success.
6. Stepwise Therapeutic Algorithm
a. Assess cardiovascular risk — categorize as low, moderate, high, or very high.
b. Initiate lifestyle modifications — diet, exercise, smoking cessation.
c. Start pharmacologic therapy based on lipid abnormality:
i.  LDL elevation — statins + ezetimibe/PCSK9 inhibitor
ii. TG elevation — fibrates = omega-3 fatty acids
iii.  Low HDL — lifestyle + niacin/fibrate as adjunct
d. Reassess lipid levels and adverse effects — adjust therapy as needed.
e. Target achievement — continue maintenance therapy and lifestyle measures.
7. Key Principles

a. Treat the patient, not just the numbers: Individualize therapy based on overall cardiovascular risk,
comorbidities, and drug tolerance.

b. Combination therapy is preferred when monotherapy fails to achieve targets.
Monitor for adverse effects and adjust therapy accordingly.

d. Lifestyle modifications remain essential, even in pharmacologically treated patients.
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HEMATINICS
1. Pathophysiology Related to Hematinics
1. Definition and Relevance

Hematinics are substances that increase hemoglobin synthesis, red blood cell (RBC) production, or improve the
oxygen-carrying capacity of blood. They are essential in correcting anemias, which can significantly impact
cardiovascular function because anemia leads to reduced oxygen delivery to tissues, forcing the cardiovascular system
to compensate.

2. Types of Hematinic Deficiencies
a. Iron Deficiency
1. Most common cause of anemia worldwide.
ii. ~ Mechanism: | Iron — | hemoglobin synthesis — microcytic, hypochromic anemia.

iii.  Cardiovascular Impact: Chronic anemia — 1 cardiac output — risk of high-output heart failure in
severe cases.

b. Vitamin B12 Deficiency
i.  Causes megaloblastic anemia due to defective DNA synthesis in RBC precursors.
ii.  Can result from:
1. Pernicious anemia (autoimmune destruction of intrinsic factor)
2. Malabsorption syndromes (e.g., Crohn’s disease, gastrectomy)

iii.  Cardiovascular Impact: Chronic anemia — tachycardia, angina in patients with preexisting heart
disease.

c. Folate Deficiency
i.  Also causes megaloblastic anemia (large, immature RBCs).
ii.  Can be due to dietary deficiency, alcoholism, pregnancy, or certain drugs (e.g., methotrexate).
iii.  Cardiovascular Impact: Similar to B12 deficiency, leads to compensatory cardiovascular responses.
d. Anemia of Chronic Disease (ACD)
i.  Occurs in chronic infections, inflammation, or malignancy.

ii.  Mechanism: 1 Hepcidin — | iron release from macrophages — | iron available for erythropoiesis —
normocytic or mildly microcytic anemia.

iii.  Cardiovascular Impact: Chronic low-grade anemia contributes to left ventricular hypertrophy and
increased cardiac workload

e. Hemolytic Anemia
i. 1 RBC destruction — compensatory erythropoiesis.
ii.  If compensation fails — anemia — fatigue, tachycardia, angina, heart failure.
f. Blood Loss
i.  Acute or chronic bleeding — iron deficiency — microcytic anemia.
ii.  Rapid blood loss — hypovolemia and cardiovascular collapse if severe.
3. Compensatory Cardiovascular Changes in Anemia
a. Increased cardiac output: Heart pumps more blood to maintain tissue oxygen delivery.
b. Tachycardia and palpitations: Compensatory mechanism to improve oxygen delivery.
c. Peripheral vasodilation: | systemic vascular resistance to improve tissue perfusion.
d. Left ventricular hypertrophy: Long-term adaptation in chronic anemia.

¢. High-output heart failure: Severe or prolonged anemia can overwhelm compensatory mechanisms.
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4. Cellular and Molecular Basis
a. Iron in Hemoglobin Synthesis
i.  Iron is a key component of heme in hemoglobin.
ii. | Iron — defective heme — | hemoglobin — reduced oxygen transport.
b. Vitamin B12 and Folate in DNA Synthesis
i.  Essential for thymidine synthesis in DNA replication.
ii.  Deficiency — ineffective erythropoiesis — megaloblastic anemia.
c. Erythropoietin (EPO) Role
i.  Produced by kidneys in response to hypoxia.
ii.  Stimulates RBC progenitor proliferation and differentiation.

iii.  Chronic kidney disease — | EPO — anemia — reduced oxygen delivery — compensatory cardiac
strain.

5. Clinical Implications
Anemia worsens underlying cardiovascular disease.
b. Hematinic therapy aims to restore RBC count and hemoglobin, reducing cardiovascular workload.

c. Proper understanding of underlying pathophysiology guides choice of hematinic therapy (iron, B12, folate,
EPO).

2. Classification of Hematinics
1. Overview

Hematinics are agents that enhance hemoglobin synthesis, red blood cell (RBC) production, or overall oxygen-
carrying capacity of blood. They are primarily used to treat various types of anemia, including iron deficiency anemia,
megaloblastic anemia, and anemia due to chronic disease or blood loss.

The classification of hematinics is based on the specific nutrient or factor that is deficient and needs replacement.
2. Major Classes of Hematinics
A. Iron Preparations
a. Purpose: Correct iron deficiency — restore hemoglobin synthesis.
b. Types:
i.  Oral Iron: Ferrous sulfate, ferrous gluconate, ferrous fumarate.
11. Parenteral Iron: Iron dextran, iron sucrose, ferric carboxymaltose.
c. Mechanism: Iron is incorporated into heme in hemoglobin, restoring oxygen-carrying capacity.
d. Clinical Use: Iron-deficiency anemia, chronic blood loss, malabsorption syndromes.
B. Vitamin B12 (Cobalamin) Preparations
Purpose: Correct B12 deficiency, which causes megaloblastic anemia.
b. Types:
i.  Oral cobalamin (for dietary deficiency)
ii.  Parenteral cobalamin (IM, SC) — cyanocobalamin, hydroxocobalamin

c. Mechanism: Cofactor for DNA synthesis in erythroid precursors; deficiency leads to ineffective erythropoiesis
and megaloblastic anemia.

d. Clinical Use: Pernicious anemia, malabsorption, post-gastrectomy anemia.
C. Folate (Folic Acid) Preparations
a. Purpose: Correct folate deficiency — megaloblastic anemia.

b. Forms: Folic acid oral supplements, intravenous or intramuscular folate in severe cases.
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c. Mechanism: Required for thymidine and purine synthesis in DNA; deficiency — impaired RBC maturation.

d. Clinical Use: Nutritional deficiency, alcoholism, pregnancy, drug-induced deficiency (methotrexate,
anticonvulsants).

D. Erythropoiesis-Stimulating Agents (ESAs)
Purpose: Stimulate RBC production in anemia due to chronic kidney disease or chemotherapy.
b. Examples: Erythropoietin (EPO), Darbepoetin alfa, Methoxy polyethylene glycol-epoetin beta.

c. Mechanism: Bind EPO receptors on erythroid progenitors — stimulate proliferation and differentiation — 1
RBC count and hemoglobin.

d. Clinical Use: CKD-associated anemia, anemia due to chemotherapy or chronic inflammation.
E. Combination Preparations
a. Purpose: Provide multiple hematinics simultaneously for mixed deficiencies.
b. Examples: Iron + folic acid tablets, multivitamin-mineral supplements with B12, folate, and iron.
c. Mechanism: Corrects multiple nutrient deficiencies — synergistic effect on erythropoiesis.
d. Clinical Use: Pregnancy, chronic blood loss, malnutrition, post-surgical anemia.
F. Hematinic Nutritional Supplements
a. Purpose: Prevent or correct mild deficiencies in high-risk populations.
b. Examples: Multivitamins with iron, B12, folate; fortified foods.
c. Mechanism: Provide essential micronutrients to support normal RBC production.
d. Clinical Use: Pregnancy, infancy, elderly, dietary deficiency.
3. Mechanism of Action (MOA) of Major Hematinics
1. Iron Preparations

a. Examples: Ferrous sulfate, Ferrous gluconate, Ferrous fumarate (oral); Iron dextran, Iron sucrose, Ferric
carboxymaltose (parenteral).

b. MOA:

i.  Irom absorption: Oral iron absorbed in the duodenum as Fe?" (ferrous form) via divalent metal
transporter 1 (DMT1).

ii.  Transport & storage: Iron binds transferrin — delivered to bone marrow for erythropoiesis; stored
as ferritin in liver, spleen, and bone marrow.

iii. ~ Hemoglobin synthesis: Iron is incorporated into heme in erythroid precursors — formation of
functional hemoglobin in RBCs.

c. Clinical Outcome: T hemoglobin, 1 hematocrit, correction of microcytic, hypochromic anemia.
2. Vitamin B12 (Cobalamin) Preparations

a. Examples: Cyanocobalamin, Hydroxocobalamin

b. MOA:

i.  Cobalamin binds intrinsic factor (IF) in the stomach — absorbed in the terminal ileum via IF-
cobalamin receptor.

ii.  Acts as a cofactor for methionine synthase, catalyzing homocysteine — methionine conversion.

iii. ~ Methionine is required for S-adenosylmethionine (SAM) production, essential for DNA methylation
and synthesis.

iv.  Deficiency — impaired DNA synthesis — megaloblastic anemia with large, immature RBCs.

c. Clinical Outcome: Normalizes RBC size and count, corrects megaloblastic anemia, improves neurological
symptoms.
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3. Folate (Folic Acid) Preparations
a. Examples: Folic acid, Leucovorin (active form)
b. MOA:
i.  Folate converted to tetrahydrofolate (THF) in the body.

ii. ~ THF acts as a cofactor in one-carbon transfer reactions for purine and thymidylate (dTMP)
synthesis, essential for DNA replication.

iii.  Deficiency — impaired DNA synthesis — megaloblastic anemia (macrocytic RBCs).
c. Clinical Outcome: Restores DNA synthesis in erythroid precursors — correction of anemia.
4. Erythropoiesis-Stimulating Agents (ESAs)
a. Examples: Erythropoietin (EPO), Darbepoetin alfa, Methoxy polyethylene glycol-epoetin beta
b. MOA:
i.  ESAs bind to erythropoietin receptors (EPOR) on erythroid progenitor cells in bone marrow.

ii.  Activates JAK2/STATS signaling pathway — 1 proliferation, differentiation, and survival of RBC
precursors.

iii. 1 RBC count — 1 hemoglobin — improved oxygen-carrying capacity.
c. Clinical Outcome: Effective in anemia due to CKD, chemotherapy, or chronic disease.
5. Combination Hematinics
a. Examples: Iron + folate tablets, multivitamins with iron, B12, folate
b. MOA:
i.  Provide multiple essential nutrients simultaneously — synergistic effect on erythropoiesis.

ii.  Iron — heme synthesis; Folate & B12 — DNA synthesis; Vitamins/minerals — cofactor support for
enzymatic reactions in RBC production.

c. Clinical Outcome: Corrects mixed or multifactorial anemia, particularly in pregnancy, malnutrition, or
chronic blood loss.

6. Nutritional Hematinics
a. Examples: Multivitamins, fortified foods
b. MOA:
i.  Supply essential micronutrients (iron, B12, folate, vitamin C, copper) required for RBC production.
ii.  Support normal enzymatic activity in heme synthesis and DNA replication.
c. Clinical Outcome: Prevents nutritional anemia, supports normal hematopoiesis in high-risk populations.
4. Pharmacological Effects
1. Iron Preparations
a. Primary Pharmacological Effects:
i. 1 Hemoglobin synthesis by providing iron for heme incorporation.
ii. 1 Red blood cell (RBC) production — correction of microcytic, hypochromic anemia.
iii. 1 Hematocrit and oxygen-carrying capacity of blood.
b. Secondary/Indirect Effects:
i. 1 Exercise tolerance and physical performance in iron-deficient individuals.
ii. | Cardiac workload by improving tissue oxygen delivery in chronic anemia.
ili.  Supports enzymatic reactions as iron is a cofactor for cytochromes and other iron-containing enzymes.
c. Clinical Outcome: Corrects iron-deficiency anemia, improves fatigue, and reduces symptoms related to tissue

hypoxia.
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2. Vitamin B12 (Cobalamin) Preparations
a. Primary Effects:
i. 1 DNA synthesis in erythroid progenitor cells — effective erythropoiesis.
ii.  Correction of megaloblastic anemia characterized by macrocytic RBCs.
b. Secondary Effects:
i.  Improves neurological function (myelin synthesis and maintenance).
ii. | Homocysteine levels — may reduce cardiovascular risk in hyperhomocysteinemia.

c. Clinical Outcome: Normalizes RBC morphology and hemoglobin levels; reverses anemia-related fatigue and
neurological symptoms (if treatment is early).

3. Folate (Folic Acid) Preparations
a. Primary Effects:
i. 1 DNA synthesis in erythroid precursors — correction of megaloblastic anemia.
ii.  Supports normal maturation of RBCs.
b. Secondary Effects:
i.  Reduces homocysteine levels — potential reduction in cardiovascular risk.
ii.  Supports rapid RBC production in pregnancy or hemolytic states.
c. Clinical Outcome: Restores normal hematologic parameters and improves anemia-related symptoms.
4. Erythropoiesis-Stimulating Agents (ESAs)
a. Primary Effects:
i. 1 Proliferation and differentiation of erythroid progenitor cells in the bone marrow.
ii. 1 Hemoglobin and hematocrit levels.
b. Secondary Effects:
i.  Improves oxygen delivery to tissues — enhanced exercise capacity.
ii. | Need for blood transfusions in chronic kidney disease or chemotherapy-induced anemia.
c. Clinical Outcome: Effective in correcting anemia in CKD, cancer chemotherapy, or chronic disease settings.
5. Combination Hematinics
a. Primary Effects:
i.  Provide multiple essential nutrients (iron, folate, B12) — synergistic effect on erythropoiesis.
ii.  Correction of mixed anemia (e.g., iron + folate deficiency).
b. Secondary Effects:
i.  Enhances overall metabolic support for RBC synthesis.
ii.  May improve energy levels, growth, and development in deficient populations.

c. Clinical Qutcome: Rapid correction of multifactorial anemia, especially in pregnancy, malnutrition, or chronic
blood loss.

6. Nutritional Hematinics
a. Primary Effects:
i.  Provide essential micronutrients for normal erythropoiesis (iron, copper, vitamins).
ii.  Support normal hemoglobin and RBC synthesis.
b. Secondary Effects:
i.  Prevents anemia in high-risk populations (pregnant women, infants, elderly).

ii.  Supports enzymatic functions in oxygen transport and energy metabolism.
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c. Clinical Qutcome: Maintains normal hematological status and prevents deficiency-related anemia.
5. Toxicology and Adverse Effects
1. Iron Preparations
a. Common Adverse Effects:
i.  Gastrointestinal: nausea, vomiting, constipation, diarrhea, abdominal discomfort.
ii.  Dark-colored stools (harmless, due to unabsorbed iron).
b. Serious Toxicity:

i.  Iron overload (hemochromatosis) — organ damage (liver, heart, pancreas) with chronic high-dose
therapy.

ii.  Acute iron poisoning (especially in children) — corrosive gastroenteritis, metabolic acidosis, shock,
hepatic failure, and potentially death.

iii.  Rare hypersensitivity reactions with parenteral iron (iron dextran): anaphylaxis, hypotension.

c. Monitoring: Serum ferritin, transferrin saturation, hemoglobin levels; watch for signs of overload in chronic
therapy.

2. Vitamin B12 (Cobalamin) Preparations
a. Common Adverse Effects:
1. Mild diarrhea, itching, rash, or headache.
ii.  Rare injection-site reactions (pain, erythema).
b. Serious Toxicity:
i.  Generally very low toxicity due to water solubility.
ii.  Rare hypersensitivity reactions (anaphylaxis) with parenteral injections.
c. Monitoring: Monitor hematologic response (hemoglobin, MCV) and neurological improvement.
3. Folate (Folic Acid) Preparations
a. Common Adverse Effects:
i.  Rare and usually mild: nausea, abdominal discomfort, rash.
b. Serious Toxicity:

i.  Very low; high doses may mask vitamin B12 deficiency, potentially delaying neurological
complications.

c. Monitoring: Hematologic response and B12 levels if at risk of deficiency.
4. Erythropoiesis-Stimulating Agents (ESAs)
a. Common Adverse Effects:
i.  Hypertension, headache, fatigue, fever.
ii.  Injection-site reactions.
b. Serious Toxicity:

i.  Thromboembolic events: 1 risk of stroke, myocardial infarction, deep vein thrombosis, especially if
hemoglobin rises too rapidly.

ii.  Purered cell aplasia (rare, antibody-mediated).
iii.  Potential tumor progression in cancer patients (controversial).
c. Monitoring: Hemoglobin, hematocrit, blood pressure; adjust dose to avoid rapid Hb rise (>1 g/dL per 2 weeks).
5. Combination Hematinics
a. Common Adverse Effects:

i.  Dependent on components: iron — GI disturbances, B12 — mild diarrhea, folate — rare nausea.

185 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



ii.  Taste disturbances in oral formulations.
b. Serious Toxicity:
i.  Iron overload if overused.
ii.  Masking of B12 deficiency by high folate content.
c. Monitoring: Hemoglobin, MCV, serum ferritin, B12, folate levels.
6. Nutritional Hematinics
a. Common Adverse Effects:
i.  Generally mild: nausea, minor GI upset.
ii.  Allergic reactions are rare.
b. Serious Toxicity:
i.  Excessive iron intake may lead to overload.
11. Excess fat-soluble vitamins (A, D, E, K) can accumulate and cause toxicity.
c. Monitoring: Usually not required in standard supplementation; monitor in high-dose therapy.
6. Therapeutic Strategy
1. Treatment Goals in Hematinic Therapy
a. Primary Objective: Correct anemia and restore normal hemoglobin and hematocrit levels.
b. Secondary Objectives:
i.  Improve oxygen-carrying capacity and tissue oxygenation.
ii.  Reduce cardiovascular strain caused by chronic anemia.
iii.  Address underlying nutrient deficiencies to prevent recurrence.
2. Assessment Before Therapy
Identify type of anemia: Microcytic, macrocytic, normocytic.

b. Determine cause: Nutritional deficiency (iron, B12, folate), chronic disease, blood loss, hemolysis, renal
failure.

c. Laboratory tests:
1. Hemoglobin, hematocrit, RBC indices (MCV, MCH)
ii.  Serum ferritin, serum iron, total iron-binding capacity (TIBC)
iii.  Vitamin B12 and folate levels
iv.  Reticulocyte count
v.  Renal function tests (for ESA therapy)
3. Lifestyle and Dietary Measures
a. Dietary iron sources: Red meat, leafy greens, legumes.
b. Vitamin C supplementation: Enhances iron absorption.
c. Vitamin B12 sources: Meat, eggs, dairy, fortified foods.
d. Folate sources: Leafy vegetables, citrus fruits, fortified cereals.
e. Avoid inhibitors of iron absorption: Tea, coffee, phytates with iron-rich meals.
4. Pharmacologic Therapy Based on Type of Deficiency
A. Iron-Deficiency Anemia
a. First-Line: Oral iron (ferrous sulfate, gluconate, fumarate).
i.  Desing: 100-200 mg elemental iron/day in divided doses.
ii.  Duration: Until hemoglobin normalizes and iron stores replenished (usually 3—6 months).
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b. Parenteral Iron:
1. Indicated in malabsorption, intolerance to oral iron, or severe anemia.
11. Forms: Iron dextran, iron sucrose, ferric carboxymaltose.

c. Monitoring: Hemoglobin, ferritin, transferrin saturation, and for adverse effects.

B. Vitamin B12 Deficiency (Megaloblastic Anemia)

a. Parenteral Therapy: Cyanocobalamin IM or SC injection for pernicious anemia or malabsorption.
i.  Typical: 1000 pg/day for 1-2 weeks, then weekly, then monthly maintenance.

b. Oral Therapy: High-dose oral B12 (1000-2000 pg/day) for dietary deficiency.

c. Monitoring: Hematologic response (reticulocyte count, hemoglobin), neurological improvement, serum B12
levels.

C. Folate Deficiency
a. Oral Folic Acid: 1-5 mg/day until hematologic recovery (usually 2—4 months).
b. Special Considerations: Monitor B12 levels to avoid masking B12 deficiency.
D. Anemia of Chronic Kidney Disease / Chronic Disease
a. [Erythropoiesis-Stimulating Agents (ESAs): EPO, darbepoetin alfa.
i.  Goal: Gradual increase in hemoglobin (<1 g/dL per 2 weeks) to reduce cardiovascular risk.
ii.  Often combined with iron therapy to support erythropoiesis.
b. Monitoring: Hemoglobin, hematocrit, blood pressure, iron status, and potential thromboembolic risk.
E. Combination Hematinics
a. Indication: Mixed nutritional deficiencies (iron + folate, B12 + folate).
b. Forms: Oral tablets or fortified nutritional supplements.
c. Monitoring: Hematologic parameters and serum nutrient levels.
5. Stepwise Therapeutic Approach
Diagnose anemia type and cause — categorize as iron deficiency, B12/folate deficiency, or chronic disease.
b. Implement dietary and lifestyle measures — improve nutrient intake and absorption.

c. Start specific hematinic therapy — choose oral or parenteral route depending on severity, absorption, and
tolerance.

d. Monitor response — hemoglobin, hematocrit, RBC indices, and nutrient levels.
e. Adjust therapy — switch route or add combination therapy if response inadequate.

f. Maintenance and prevention — continue supplementation in high-risk groups (pregnancy, elderly, CKD,
malnutrition).

6. Special Considerations
a. Pregnancy: Iron + folate supplementation to prevent maternal and fetal anemia.
b. Elderly: Monitor for renal function and risk of iron overload.
c. Chronic Disease: Correct underlying condition; ESAs may be needed.
d. Pediatric Population: Dose adjustment based on weight and age; prevent growth retardation.
7. Monitoring and Safety
Hematologic response: Hemoglobin rise of ~1 g/dL/week (for iron and ESAs) indicates efficacy.
b. Nutrient levels: Ferritin, transferrin saturation, serum B12, folate.

c. Adverse effect monitoring: GI disturbances (iron), hypersensitivity (B12 injections), hypertension or
thromboembolic events (ESAs).
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Key Principles:

1. Identify the underlying deficiency — target therapy accordingly.

2. Route and formulation selection — oral for mild cases, parenteral for severe or malabsorption.

3. Combination therapy — useful for multifactorial anemia.

4. Monitor hematologic response and adverse effects — ensure safe correction of anemia.

5. Lifestyle and dietary measures — essential adjunct to pharmacotherapy for long-term prevention.
Multiple Choice Questions (20)

1. Which of the following is the most important long-term survival benefit in HFrEF?
a. Loop diuretics
b. ACE inhibitors
c. Digoxin
d. Dobutamine
2. Sacubitril/Valsartan (ARNI) improves outcomes in HF primarily by:
a. Blocking p1-receptors
b. Inhibiting neprilysin & AT1 receptor
c. Inhibiting PDE3
d. Increasing sodium reabsorption
3. Which drug directly activates cardiac myosin to improve systolic function?
a. Dobutamine
b. Omecamtiv mecarbil
c. Digoxin
d. Milrinone
4. SGLT?2 inhibitors in HF improve outcomes mainly by:
a. Enhancing calcium influx in myocytes
b. Increasing glucose reabsorption in kidney
c. Promoting natriuresis & metabolic efficiency
d. Blocking B-adrenergic signaling
5. Which class of drugs is most effective for symptomatic relief but not survival benefit in HF?
a. B-blockers
b. Diuretics
c¢. ACE inhibitors
d. ARNI
6. Which adverse effect is most characteristic of digoxin toxicity?
a. Gingival hyperplasia
b. Visual disturbances (yellow vision)
c¢. Gynecomastia
d. Cough
7. Statins lower LDL cholesterol primarily by:
a. Increasing bile acid excretion
b. Upregulating LDL receptors
c. Blocking NPC1L1 transporter
d. Inhibiting lipoprotein lipase
8. Which lipid-lowering agent can increase triglycerides?
a. Statins
b. Bile acid sequestrants
c. PCSK9 inhibitors
d. Fibrates
9. PCSKY inhibitors act by:
a. Enhancing HDL synthesis
b. Preventing LDL receptor degradation
c. Blocking cholesterol absorption in gut
d. Inhibiting HMG-CoA reductase
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Which drug is most effective for lowering triglycerides?
a. Ezetimibe

b. Niacin

c. Fibrates

d. Statins

Niacin increases HDL levels by:

a. Inhibiting NPC1L1 transporter

b. Inhibiting HDL catabolism

c. Increasing PCSK9 degradation

d. Stimulating PPAR-a

Major toxicity of fibrates when combined with statins is:
a. Hepatotoxicity

b. Rhabdomyolysis

c. Pancreatitis

d. Constipation

The hallmark anemia in vitamin B12 deficiency is:

a. Microcytic hypochromic anemia

b. Megaloblastic anemia

¢. Normocytic normochromic anemia

d. Hemolytic anemia

The vitamin required along with B12 for DNA synthesis is:
a. Vitamin C

b. Folate

c¢. Vitamin D

d. Vitamin K

The best therapy for pernicious anemia is:

a. Oral iron

b. Oral folate

c. Parenteral vitamin B12

d. Erythropoietin

Erythropoietin exerts its effect through:

a. JAK/STAT signaling on erythroid progenitors

b. Direct hemoglobin synthesis stimulation

c. Inhibition of hepcidin

d. Blocking apoptosis in RBCs

Which of the following drugs can mask B12 deficiency if given alone?
a. Folic acid

b. Iron sulfate

c. Niacin

d. ESA

The most common side effect of oral iron therapy is:
a. Neuropathy

b. Constipation

c. Hypertension

d. Hypoglycemia

Which anemia is most common in chronic kidney disease?
a. Hemolytic anemia

b. Microcytic hypochromic anemia

c. Megaloblastic anemia

d. Normocytic normochromic anemia

Which drug combination increases risk of myopathy?
a. Statin + Fibrate

b. Statin + Ezetimibe

c. Statin + Niacin

d. Statin + Omega-3 fatty acids
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Short Questions (20)

NN R WD =

e

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Define HFrEF and HFpEF.

Explain the role of RAAS in heart failure.

Mechanism of action of digoxin.

List two acute and two chronic HF drugs.

Mention two novel drugs for HF.

List adverse effects of ACE inhibitors.

Differentiate between diuretics and RAAS inhibitors in HF.
What are natriuretic peptides?

Mechanism of action of statins.

Mention two adverse effects of statins.

Write two differences between fibrates and niacin.
Mechanism of action of PCSK9 inhibitors.

Define familial hypercholesterolemia.

Mention one drug for severe hypertriglyceridemia.

List two pleiotropic effects of statins.

Define megaloblastic anemia.

Mention two causes of vitamin B12 deficiency.

Role of erythropoietin in anemia therapy.

List two adverse effects of oral iron.

Why is folate always given with caution in B12 deficiency?

Long Questions (10)

1
2
3
4.
5.
6
7
8
9.
1

0.

Discuss the pathophysiology of heart failure and the pharmacological basis of therapy.
Explain the mechanism, therapeutic uses, and toxicology of digoxin.

Describe the role of ACE inhibitors, ARBs, and ARNIs in HF management.

Explain the classification, MOA, and adverse effects of lipid-lowering drugs.

Discuss the role of statins in cardiovascular disease beyond LDL lowering.

Write a detailed note on fibrates and PCSK9 inhibitors.

Explain the pathophysiology of iron-deficiency anemia and its management.

Discuss vitamin B12 deficiency: causes, clinical features, therapy.

Write a note on erythropoiesis- stlmulatlng agents.

Describe therapeutic strategy for anemia in pregnancy.

Answer Sheet (MCQs Only)
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CHAPTER 10
CARDIOVASCULAR PHARMACOLOGY-III

INTRODUCTION:

Cardiovascular Pharmacology-III represents an advanced segment of cardiovascular pharmacology that focuses
on specific pharmacotherapeutic interventions targeting complex cardiovascular disorders beyond the
foundational concepts covered in earlier modules. This stage emphasizes understanding drugs used in heart failure,
hypertension, shock, dyslipidemia, thromboembolic disorders, and vascular dysfunctions, including both
conventional therapies and novel/emerging pharmacological agents.

Scope and Importance: The cardiovascular system is crucial for maintaining homeostasis by ensuring adequate
perfusion and oxygen delivery to tissues. Dysfunction in this system leads to conditions such as heart failure,
myocardial infarction, arrhythmias, hypertension, atherosclerosis, and thromboembolic events, which are leading
causes of morbidity and mortality worldwide. Cardiovascular Pharmacology-IIl integrates mechanistic insights,
therapeutic strategies, and clinical applications, enabling a precise approach to drug therapy.

Core Areas Covered:
1. Heart Failure and Cardiomyopathies:

a. Drugs that improve cardiac output, reduce preload and afterload, and modify neurohormonal activation
(e.g., ACE inhibitors, ARBs, beta-blockers, diuretics, inotropes).

b. Understanding compensatory mechanisms and maladaptive remodeling is critical for rational therapy.
2. Shock and Circulatory Collapse:

a. Pharmacology of vasopressors (e.g., norepinephrine, dopamine, vasopressin) and inotropes.

b. Therapeutic strategies to maintain perfusion while minimizing adverse effects.
3. Dyslipidemia and Atherosclerosis:

a. Lipid-lowering agents (statins, fibrates, PCSK9 inhibitors) and their impact on cardiovascular risk
reduction.

b. Role of anti-atherosclerotic strategies in preventing coronary artery disease.
4. Antithrombotic and Anticoagulant Therapy:

a. Mechanisms and clinical uses of anticoagulants (heparins, warfarin, DOACs), antiplatelet agents
(aspirin, P2Y 12 inhibitors), and fibrinolytics.

b. Balancing efficacy with bleeding risk.
5. Hypertension:

a. Advanced concepts in pharmacologic control, including RAAS modulation, calcium channel blockers,
diuretics, central sympatholytics, and combination therapy.

b. Understanding resistant hypertension and personalized therapy.
6. Emerging and Novel Therapies:

a. Targeted therapies like SGLT2 inhibitors in heart failure, novel anticoagulants, and gene-based
therapies.

b. Integration of pharmacogenomics in cardiovascular therapy.
Pharmacological Principles Emphasized:
1. Mechanism of action, pharmacokinetics, and pharmacodynamics.
2. Drug interactions, adverse effects, and toxicity profiles.
3. Rational selection of therapy based on pathophysiology, comorbidities, and clinical evidence.

Clinical Relevance: Cardiovascular Pharmacology-III is critical for bridging basic pharmacological knowledge with
practical therapeutic decision-making in cardiovascular medicine. It equips healthcare professionals with the skills to
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optimize drug therapy for complex cardiovascular conditions, anticipate complications, and adopt evidence-based,
patient-centered approaches.

COAGULANTS
1. Pathophysiology Related to Coagulants

Coagulants, also known as hemostatic agents, are drugs that promote blood clotting to prevent or control bleeding
disorders. Their use is indicated in conditions where the normal coagulation cascade is impaired, which can occur
due to:

i.  Coagulation Factor Deficiencies:
a. Congenital (e.g., hemophilia A — factor VIII deficiency, hemophilia B — factor IX deficiency).
b. Acquired (e.g., vitamin K deficiency leading to reduced synthesis of factors II, VIL, IX, X).
ii.  Excessive Anticoagulation:
a. Overdose or adverse effects of anticoagulants like warfarin or heparin can cause hemorrhage.
iii.  Platelet Dysfunction or Thrombocytopenia:
a. Reduced platelet count or impaired platelet function reduces primary hemostasis.
iv.  Surgical or Trauma-Induced Bleeding:
a. Severe blood loss or trauma necessitating pharmacologic support to stabilize hemostasis.
Mechanistic Insight:

i.  Normal hemostasis involves three steps: vascular constriction, platelet plug formation, and coagulation
cascade activation. Coagulants act by enhancing any of these processes or by supplying missing clotting
factors.

2. Classification of Coagulants
Coagulants can be classified based on mechanism of action and therapeutic use:
i.  Vitamin K and Derivatives:
a. Example: Phytomenadione (Vitamin K1), Menadione (Vitamin K3)
b. Corrects bleeding due to vitamin K deficiency or warfarin overdose.
ii.  Blood Clotting Factors:
Factor VIII Concentrates: For Hemophilia A
b. Factor IX Concentrates: For Hemophilia B

c. Prothrombin Complex Concentrates (PCC): For multiple factor deficiencies or rapid reversal of
warfarin

iii.  Antifibrinolytics:

a. Tranexamic Acid, Aminocaproic Acid

b. Inhibit plasminogen activation, preventing fibrin degradation and stabilizing clots.
iv.  Topical Hemostatics:

a. Thrombin, Fibrin Sealants, Gelatin Sponges

b. Applied directly to bleeding sites in surgery or trauma.
v.  Desmopressin (DDAVP):

a. Synthetic analog of vasopressin

b. Increases plasma levels of factor VIII and von Willebrand factor

c. Useful in mild hemophilia A and von Willebrand disease.
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vi.  Novel/Investigational Coagulants:
a. Recombinant clotting factors (rFVIIa, rFVIII variants)
b. Gene therapies for hemophilia
c. Small molecules enhancing platelet adhesion or coagulation factor activity
3. Mechanism of Action (MOA)
i.  Vitamin K:

a. Acts as a cofactor for gamma-glutamyl carboxylase, enabling activation of vitamin K-dependent
clotting factors (II, VII, IX, X, and proteins C & S).

b. Restores the body’s ability to form thrombin and fibrin.
ii.  Clotting Factor Concentrates:
a. Directly replace deficient clotting factors, allowing normal coagulation cascade to proceed.
iii.  Antifibrinolytics:
a. Tranexamic acid: competitively inhibits plasminogen binding to fibrin — prevents clot breakdown.
b. Aminocaproic acid: similar mechanism.
iv.  Desmopressin:

a. Stimulates endothelial release of vWF and factor VIII, enhancing platelet adhesion and secondary
hemostasis.

v.  Topical Hemostatics:
a. Thrombin: Converts fibrinogen to fibrin locally.
b. Fibrin glue: Provides scaffold for clot formation.
vi.  Novel Agents:

a. Recombinant factors mimic endogenous factors but with longer half-lives or reduced
immunogenicity.

b. Gene therapy introduces functional copies of defective coagulation genes.
4. Pharmacological Effects
i.  Primary Effect: Rapid cessation of bleeding, stabilization of clot formation.
ii.  Secondary Effects:
a. Improvement in hemodynamic stability during acute hemorrhage.
b. Reduction in transfusion requirements during surgery.
c. Prevention of hemorrhagic complications in patients with congenital or acquired coagulopathies.
Therapeutic Considerations:
i.  Choice depends on type of bleeding, factor deficiency, patient comorbidities, and urgency.
ii.  Some agents (e.g., tranexamic acid) are particularly useful in surgical or trauma settings.
5. Toxicology and Adverse Effects
i.  Vitamin K:
a. Generally safe orally or IV.
b. Rare: anaphylaxis (with IV), hyperbilirubinemia in neonates.
ii.  Factor Concentrates:

a. Risk of allergic reactions or inhibitor antibody formation (especially with repeated use in
hemophilia).

b. Transmission of infections is minimal with recombinant forms.
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1ii.

1v.

Vi.

Antifibrinolytics:

a. Risk of thrombosis if overdosed or in high-risk patients.

b. Gastrointestinal upset, hypotension with IV administration.
Desmopressin:

a. Hyponatremia due to water retention

b. Headache, flushing, mild hypotension.
Topical Hemostatics:

a. Generally safe, localized reactions possible.

b. Risk of infection or foreign body reaction is minimal.
Novel Agents:

a. Recombinant or gene therapies: immunogenicity, thrombosis risk, and long-term safety are under
monitoring.

6. Therapeutic Strategy

1.
ii.

iil.

Acute Hemorrhage: Factor replacement or antifibrinolytics depending on cause.
Surgical Prophylaxis: Antifibrinolytics, topical hemostatics, or preoperative factor supplementation.

Chronic Management: Prophylactic replacement therapy in hemophilia; vitamin K in chronic deficiency.

iv.  Novel Therapies: Gene therapy for hemophilia, long-acting recombinant factors to reduce frequency of
administration.
ANTICOAGULANTS

1. Pathophysiology Related to Anticoagulants

Anticoagulants are drugs that inhibit blood coagulation to prevent or treat thromboembolic disorders. Thrombosis
occurs due to an imbalance in hemostasis, which can be triggered by:

a.

C.

Endothelial Injury — damages vascular lining, exposing tissue factor and triggering the coagulation cascade
(e.g., atherosclerosis, post-surgical injury).

Hypercoagulable States — inherited or acquired disorders like factor V Leiden mutation, protein C or S
deficiency, antiphospholipid syndrome.

Stasis of Blood Flow — immobility, atrial fibrillation, or venous insufficiency increases risk of clot formation.

Clinical Significance:

Venous thromboembolism (VTE) — deep vein thrombosis (DVT) and pulmonary embolism (PE).
Arterial thrombosis — stroke, myocardial infarction.

Prevention of thrombotic complications in mechanical heart valves, atrial fibrillation, or post-orthopedic
surgery.

The use of anticoagulants aims to restore hemostatic balance by inhibiting one or more steps in the coagulation
cascade.

2. Classification of Anticoagulants

Anticoagulants are classified based on mechanism of action and site of activity in the coagulation cascade:

a.

b.

Vitamin K Antagonists (VKAs):

i.  Example: Warfarin

1. Inhibit vitamin K-dependent synthesis of clotting factors II, VII, IX, X, and proteins C & S.
Heparins:

i.  Unfractionated Heparin (UFH): Enhances antithrombin III, inhibiting thrombin (factor Ila) and factor
Xa.
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ii.  Low Molecular Weight Heparins (LMWH, e.g., enoxaparin): Preferentially inhibit factor Xa with
more predictable pharmacokinetics.

c. Direct Oral Anticoagulants (DOAC:sS):
i.  Direct Thrombin Inhibitors: Dabigatran (inhibit factor Ila).
11. Direct Factor Xa Inhibitors: Rivaroxaban, Apixaban, Edoxaban.
d. Parenteral Direct Thrombin Inhibitors:
i.  Lepirudin, Bivalirudin — used in heparin-induced thrombocytopenia (HIT).
e. Indirect Factor Xa Inhibitors:
i.  Fondaparinux — enhances antithrombin III activity specifically against factor Xa.
f. Novel and Emerging Anticoagulants:
i.  Small molecules targeting factor Xla or XIla (under clinical trials).
ii. ~ RNA-based or monoclonal antibody anticoagulants.
3. Mechanism of Action (MOA)
a. Vitamin K Antagonists (Warfarin):

i.  Inhibit vitamin K epoxide reductase, reducing y-carboxylation of vitamin K-dependent factors —
synthesis of inactive clotting factors — anticoagulation.

b. Heparins:
i.  UFH binds antithrombin III, increasing its inhibitory effect on thrombin (I1a) and factor Xa.
ii. ~ LMWH binds antithrombin III, mainly inhibiting factor Xa.
c. Direct Thrombin Inhibitors:
i.  Bind thrombin’s active site, directly inhibiting conversion of fibrinogen to fibrin.
d. Direct Factor Xa Inhibitors:
i.  Bind factor Xa directly — inhibit conversion of prothrombin to thrombin.
e. Indirect Factor Xa Inhibitors (Fondaparinux):
i.  Potentiate antithrombin III specifically against factor Xa.
f. Novel Agents:
i.  Factor Xla/XlIla inhibitors — target intrinsic coagulation pathway, potentially lowering bleeding risk.
4. Pharmacological Effects
a. Primary Effect: Inhibition of clot formation, prevention of thrombus propagation.
b. Secondary Effects:
i.  Prevention of stroke in atrial fibrillation.
ii.  Reduction of post-surgical thromboembolic events.
iii.  Protection of vascular grafts and mechanical heart valves.
Pharmacokinetic Considerations:
a. UFH: rapid onset, [V or SC, requires monitoring (aPTT).
b. LMWH: SC, predictable effect, less monitoring needed.
c. Warfarin: oral, delayed onset, requires INR monitoring, highly protein-bound.
d. DOAC:S: oral, predictable effect, minimal monitoring.
5. Toxicology and Adverse Effects
a. Bleeding:

i.  Most common and potentially life-threatening complication.
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ii.  Severity depends on drug, dose, and patient comorbidities.

o

Heparin-Specific Effects:

i.  Heparin-Induced Thrombocytopenia (HIT): Immune-mediated platelet activation — paradoxical
thrombosis.

ii.  Osteoporosis with long-term use.
c. Warfarin-Specific Effects:
i.  Skin necrosis due to protein C deficiency in early therapy.
ii.  Teratogenic — contraindicated in pregnancy.
d. DOAC:S:
i.  Bleeding risk lower than warfarin, but caution in renal impairment.
ii.  Dyspepsia (dabigatran), liver enzyme elevation.
e. Other Rare Effects:
i.  Allergic reactions, hepatic toxicity, thrombotic complications with underdosing.
6. Therapeutic Strategy
a. Acute VTE: UFH or LMWH — transition to warfarin or DOACs.
b. Atrial Fibrillation: Long-term anticoagulation with DOACs or warfarin (based on CHA2DS2-VASc score).
c. Mechanical Valves: Warfarin remains the standard.
d. HIT: Avoid heparin; use direct thrombin inhibitors.
e. Surgical Prophylaxis: LMWH or DOAC:s as per patient risk.
Monitoring:
a. UFH: aPTT
b. Warfarin: INR
c. LMWH and DOAC:s: usually no routine monitoring, dose adjusted based on renal function.
FIBRINOLYTICS
1. Pathophysiology Related to Fibrinolytics

Fibrinolytics are drugs that promote the breakdown of established thrombi (blood clots) by activating the fibrinolytic
system. Their use is indicated in conditions where thrombus formation has caused vascular occlusion, leading to
ischemia or infarction.

Pathophysiological Basis of Use:

a. Acute Myocardial Infarction (AMI):
i.  Occlusion of coronary arteries by a thrombus leads to myocardial ischemia.
ii.  Rapid clot dissolution restores perfusion and limits infarct size.

b. Ischemic Stroke:
i.  Cerebral arterial thrombus or embolus causes focal ischemia.
ii.  Early thrombolysis can salvage penumbral brain tissue.

c. Pulmonary Embolism (PE):

i.  Obstruction of pulmonary arteries by thromboembolism increases right ventricular strain and can cause
hemodynamic collapse.

d. Other Venous Thromboses:
i.  Deep vein thrombosis (DVT), catheter-related thrombi, or peripheral arterial thrombosis.
Mechanistic Insight:

a. The fibrinolytic system naturally dissolves clots via plasmin, which degrades fibrin.
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b. Fibrinolytic drugs activate plasminogen to plasmin, accelerating clot dissolution.
2. Classification of Fibrinolytics
Fibrinolytics can be classified into first-, second-, and third-generation agents based on their specificity and origin:
a. First Generation — Non-fibrin-specific:
i.  Streptokinase — bacterial protein that forms a complex with plasminogen, activating it systemically.
ii.  Urokinase — human enzyme directly converts plasminogen to plasmin.
b. Second Generation — Fibrin-specific:

i.  Alteplase (tPA) — recombinant tissue plasminogen activator; selectively activates plasminogen bound
to fibrin.

c. Third Generation — Modified tPA with enhanced properties:
i.  Reteplase — genetically modified tPA with longer half-life; less fibrin specificity than alteplase.

ii.  Tenecteplase — engineered tPA with increased fibrin specificity and resistance to plasminogen activator
inhibitor-1 (PAI-1).

d. Novel and Emerging Fibrinolytics:
i.  Genetically engineered plasmin variants — more clot-specific, reduced systemic fibrinolysis.
ii.  Single-chain urokinase plasminogen activators — designed for selective thrombus dissolution.
3. Mechanism of Action (MOA)
a. Streptokinase:

Forms a complex with plasminogen, converting free plasminogen to plasmin — systemic fibrin
degradation.

b. Urokinase:
Directly converts plasminogen to plasmin without forming a complex — systemic fibrinolysis.
c. tPA (Alteplase, Reteplase, Tenecteplase):
Preferentially binds fibrin-bound plasminogen, converting it to plasmin — localized clot lysis.
Minimizes systemic fibrinolysis and reduces bleeding risk compared to first-generation agents.
d. Novel Agents:
Engineered to increase half-life, fibrin specificity, and resistance to inhibitors.
Aim for rapid clot dissolution with minimal systemic bleeding.
4. Pharmacological Effects
a. Primary Effect: Rapid lysis of intravascular thrombi, restoring blood flow to ischemic tissue.
b. Secondary Effects:
i.  Improvement in myocardial perfusion during AMI.
ii.  Resolution of pulmonary obstruction in PE.
iii.  Salvage of ischemic tissue in stroke.
Pharmacokinetics:
a. Streptokinase: IV infusion; short half-life; non-specific.
b. tPA: IV bolus or infusion; short half-life (~5 min for alteplase, longer for reteplase/tenecteplase).
c. Urokinase: IV infusion; requires continuous administration.
Clinical Considerations:
a. Rapid administration after symptom onset is critical for efficacy (especially in AMI and stroke).

b. Often used with anticoagulants (heparin) to prevent re-thrombosis.
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5. Toxicology and Adverse Effects

a. Bleeding:

1.

ii.

b. Allergic Reactions:

1.

ii.

c. Hypotension:

1.

d. Reperfusion Arrhythmias:

1.

e. Novel Agents:

1.

6. Therapeutic Strategy

a. Acute Myocardial Infarction:

1.

b. Ischemic Stroke:

1.

c. Massive Pulmonary Embolism:

1.

d. Adjunct Therapy:

1.

e. Monitoring:

1.

Streptokinase is antigenic — fever, hypotension, urticaria.

Risk higher if previous streptococcal infection.

Rapid infusion of streptokinase can cause vasodilation.

Most common and serious adverse effect; can be systemic or intracranial.

Risk increased with prior stroke, recent surgery, trauma, or uncontrolled hypertension.

Sudden restoration of blood flow to ischemic myocardium may cause transient arrhythmias.

Engineered fibrinolytics aim to reduce systemic bleeding and antigenicity.

Administer fibrinolytic within 12 hours of symptom onset; early reperfusion improves survival.

Alteplase within 4.5 hours of symptom onset is recommended; careful patient selection required.

Fibrinolytic therapy for patients with hemodynamic compromise.

Anticoagulants (heparin) post-thrombolysis to prevent re-thrombosis.

Continuous observation for bleeding, hemodynamic instability, and neurological status.

7. Major Fibrinolytics
Drug/Class MOA Clinical Use Key Adverse Effects
Streptokinase | Activates plasminogen systemically AMI, PE, DVT Bleeding, allergy, hypotension
Urokinase Directly converts plasminogen to | PE, DVT Bleeding, hypotension
plasmin

Alteplase Fibrin-specific plasminogen activation | AMI, ischemic | Bleeding (esp. intracranial)

(tPA) stroke, PE

Reteplase Modified tPA; longer half-life AMI Bleeding, reperfusion arrhythmias

Tenecteplase Engineered tPA; high fibrin specificity | AMI Bleeding, reperfusion arrhythmias

Novel agents | Genetically engineered, fibrin-specific | Experimental, Reduced systemic bleeding risk
targeted
thrombolysis
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8. Novel and Emerging Fibrinolytics
a. Single-chain urokinase plasminogen activators: Enhance selectivity for thrombus.
b. Modified tPAs: Longer half-life and PAI-1 resistance — reduced infusion time.
c. Nanoparticle-based delivery: Targeted thrombolysis with minimized systemic exposure.
d. Gene therapy approaches: Localized expression of tPA at thrombotic sites (experimental).
ANTI-PLATELET DRUGS
1. Pathophysiology Related to Anti-Platelet Therapy
1. Role of Platelets in Hemostasis and Thrombosis

Platelets are small, anucleate blood cells that play a central role in primary hemostasis. They respond rapidly to
vascular injury and contribute to clot formation via:

a. Adhesion: Platelets adhere to exposed subendothelial collagen via von Willebrand factor (vWF) and platelet
surface receptors like GP Ib-I1X-V.

b. Activation: Adhesion triggers platelet activation, leading to:
i.  Shape change (disc — spiny projections)
ii.  Release of granule contents (ADP, serotonin, calcium, platelet factor 4)
iii.  Synthesis of thromboxane A2 (TXA2) via COX-1, promoting aggregation.

c. Aggregation: Activated platelets express GP IIb/IIla, which binds fibrinogen, linking platelets to form a
primary platelet plug.

This process is crucial to stop bleeding, but excessive or inappropriate activation leads to pathological arterial
thrombosis.

2. Pathophysiology of Arterial Thrombosis

Anti-platelet therapy targets platelet-mediated arterial thrombeosis, which typically occurs in high-shear arteries
like coronary, cerebral, or peripheral arteries.

Key Mechanisms Leading to Pathological Platelet Activation:
a. [Endothelial Injury or Dysfunction:
i.  Atherosclerotic plaques rupture or endothelial cells are damaged.
ii.  Exposed collagen and tissue factor trigger platelet adhesion and activation.
b. Platelet Hyperreactivity:
i.  Excessive responsiveness to ADP, thromboxane A2, thrombin — exaggerated aggregation.
ii.  Genetic polymorphisms (e.g., P2Y 12 receptor variants) or inflammation can increase platelet reactivity.
c. Shear Stress:
i.  High arterial shear forces promote vWF-mediated platelet adhesion.
ii. ~ Common in stenosed arteries, contributing to plaque-associated thrombosis.
d. Thrombin-Mediated Activation:

i.  Thrombin (activated coagulation factor Ila) strongly activates platelets via PAR-1 and PAR-4
receptors.

ii.  Accelerates fibrin formation and platelet aggregation at the site of vascular injury.
e. Secondary Amplification Loops:

i.  Platelets release ADP, serotonin, and TXA2, which recruit additional platelets — thrombus
propagation.

ii.  GP IIb/Illa receptor activation ensures stable platelet-platelet interactions.
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3. Clinical Conditions Targeted by Anti-Platelet Therapy

Anti-platelet drugs intervene at various stages of platelet activation and aggregation to prevent arterial thrombosis
in conditions such as:

a. Acute Coronary Syndrome (ACS):
i.  Ruptured atherosclerotic plaque — platelet plug — partial/complete coronary artery occlusion.
b. Myocardial Infarction (MI):
i.  Platelet aggregation at the site of plaque rupture — thrombotic occlusion — ischemia.
c. Ischemic Stroke and Transient Ischemic Attack (TIA):
i.  Platelet-rich thrombi occlude cerebral arteries — focal ischemia.
d. Peripheral Arterial Disease (PAD):
1. Platelet-mediated thrombosis at narrowed arteries — intermittent claudication, critical limb ischemia.
e. Post-Intervention Thrombosis:
i.  Stents, grafts, or catheter devices — platelet activation at artificial surfaces — thrombus formation.
4. Rationale for Anti-Platelet Therapy

a. Since platelets are central to arterial thrombus formation, inhibiting their function reduces the risk of
myocardial infarction, stroke, and peripheral ischemia.

b. Different drug classes target specific pathways:
i.  COX inhibitors (aspirin): block TXA2-mediated aggregation.
ii. ~ P2Y12 inhibitors: block ADP-induced platelet activation.
iii.  GP IIb/IIIa inhibitors: prevent fibrinogen-mediated platelet cross-linking.
iv.  PAR-1 antagonists: block thrombin-induced activation.

Anti-platelet therapy does not directly affect coagulation factors but prevents the formation of platelet-rich
arterial thrombi, which is distinct from the fibrin-rich venous thrombi targeted by anticoagulants.

2. Classification of Anti-Platelet Drugs
1. Cyclooxygenase (COX) Inhibitors
Mechanism:

a. Irreversibly inhibit COX-1 in platelets — blocks thromboxane A2 (TXA2) synthesis — inhibits platelet
aggregation.

b. Platelets cannot synthesize new COX enzymes, so the effect lasts for the platelet lifespan (~7—-10 days).
Examples:

a. Aspirin (Acetylsalicylic acid) — most widely used.
Clinical Uses:

a. Primary and secondary prevention of myocardial infarction, ischemic stroke, and peripheral arterial
disease.

b. Often part of dual anti-platelet therapy (DAPT) post-PCI.

Key Points:
a. Low-dose aspirin (75—-100 mg/day) is sufficient for anti-platelet effect.
b. Gastrointestinal toxicity is dose-dependent.

2. ADP Receptor (P2Y12) Antagonists

Mechanism:

a. Inhibit the P2Y12 receptor on platelet membranes — prevents ADP-mediated platelet activation and
subsequent GP IIb/IIla expression — reduces aggregation.
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Subclasses:
a. Thienopyridines (Irreversible):
i.  Clopidogrel, Prasugrel, Ticlopidine
ii.  Prodrugs requiring hepatic metabolism to active form.
iii.  Inhibit platelet aggregation for the life of the platelet.
b. Non-Thienopyridines (Reversible):
i.  Ticagrelor, Cangrelor
1i. Direct, reversible inhibition of P2Y12.
iii.  Rapid onset and offset; no hepatic activation required (ticagrelor).
Clinical Uses:
a. Acute Coronary Syndrome (ACS)
b. Post-Percutaneous Coronary Intervention (PCI)
c. Stroke or TIA prevention (clopidogrel)
Key Points:
a. Often combined with aspirin as dual anti-platelet therapy (DAPT).
b. Bleeding risk increases with combination therapy.
3. Glycoprotein IIb/IIla (GP I1b/II1a) Receptor Antagonists
Mechanism:

a. Block GP Ilb/II1a receptors on activated platelets — prevent fibrinogen and vWF binding — inhibit platelet
cross-linking and aggregation.

Examples:
a. Abciximab, Eptifibatide, Tirofiban
Clinical Uses:
a. Intravenous therapy in high-risk ACS, during PCI, and in unstable angina.
Key Points:
a. Potent anti-platelet effect, rapid onset, short duration.
b. Requires IV administration and careful monitoring.
4. Phosphodiesterase (PDE) Inhibitors
Mechanism:

a. Inhibit phosphodiesterase (PDE) in platelets — increases intracellular cAMP/cGMP — inhibits platelet
activation.

Examples:

a. Dipyridamole, Cilostazol
Clinical Uses:

a. Stroke prevention (dipyridamole, often combined with aspirin)

b. Symptomatic management of Peripheral Arterial Disease (Cilostazol) — improves walking distance
Key Points:

a. Mild anti-platelet effect; often used as adjunct therapy.

b. Cilostazol also has vasodilatory properties.
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5. PAR-1 (Protease-Activated Receptor-1) Antagonists
Mechanism:

a. Inhibit thrombin-induced platelet activation via PAR-1 receptor blockade.
Examples:

a. Vorapaxar
Clinical Uses:

a. Secondary prevention of myocardial infarction or peripheral arterial disease in high-risk patients.
Key Points:

a. Long half-life; risk of intracranial bleeding limits use in certain populations.
6. Novel and Emerging Anti-Platelet Drugs
Mechanism and Targets:

a. Target platelet adhesion receptors like GPVI and GPIb.

b. Next-generation reversible P2Y12 inhibitors with faster onset.

c. PAR-4 antagonists: inhibit thrombin-mediated platelet activation.

d. Nanoparticle or targeted drug delivery systems to reduce systemic bleeding risk.
Clinical Applications:

a. Experimental use in ACS, PCI, and other thrombotic disorders.

b. Aim to improve safety profile while maintaining anti-thrombotic efficacy.
3. Mechanism of Action (MOA)
1. Cyclooxygenase (COX) Inhibitors
Drug Example: Aspirin
MOA:

Aspirin irreversibly acetylates the serine residue in the active site of COX-1 enzyme in platelets.

b. This blocks conversion of arachidonic acid to prostaglandin H2 (PGH2), which is a precursor for
thromboxane A2 (TXA2).

c. TXA2 is a potent vasoconstrictor and platelet aggregator; its inhibition prevents platelet activation and
aggregation.

d. Since platelets lack nuclei, they cannot synthesize new COX-1, so the anti-platelet effect lasts for the lifespan
of the platelet (~7-10 days).

Clinical Relevance:
a. Prevents arterial thrombosis in myocardial infarction, ischemic stroke, and PAD.
2. ADP Receptor (P2Y12) Antagonists
Drug Examples: Clopidogrel, Prasugrel, Ticagrelor
MOA:
a. Thienopyridines (Clopidogrel, Prasugrel, Ticlopidine):
i.  Prodrugs converted in the liver to active metabolites.
ii.  Irreversibly bind to P2Y12 receptors on platelet membranes — inhibit ADP-induced activation.
iii.  Prevent GP IIb/I1Ia receptor expression, reducing fibrinogen-mediated platelet aggregation.
b. Non-thienopyridines (Ticagrelor, Cangrelor):
i.  Directly and reversibly inhibit P2Y12 receptors.

ii.  Rapid onset and offset; no hepatic activation needed (Ticagrelor).
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Effect:

a. Reduced platelet aggregation, especially in response to ADP.

b. Inhibits amplification of platelet activation via ADP released from dense granules.
Clinical Relevance:

a. Acute Coronary Syndrome (ACS), post-PClI, stroke prevention.
3. Glycoprotein IIb/IIla (GP I1b/II1a) Receptor Antagonists
Drug Examples: Abciximab, Eptifibatide, Tirofiban
MOA:

Block GP IIb/IIIa receptors on activated platelets.

b. These receptors normally bind fibrinogen and von Willebrand factor, cross-linking platelets to form
aggregates.

c. By inhibiting these receptors, GP IIb/Illa antagonists prevent platelet aggregation regardless of the
activating stimulus.

Effect:
a. Potent, rapid inhibition of platelet aggregation.
b. Acts at the final common pathway of platelet aggregation.
Clinical Relevance:
a. High-risk ACS, PCI, unstable angina.
4. Phosphodiesterase (PDE) Inhibitors
Drug Examples: Dipyridamole, Cilostazol
MOA:
a. Inhibit PDE enzymes in platelets — increase intracellular cyclic AMP (cAMP) and/or cyclic GMP (¢cGMP).
b. Elevated cAMP/cGMP inhibits platelet shape change, granule release, and aggregation.
c. Cilostazol also has vasodilatory effects via cAMP elevation in vascular smooth muscle.
Effect:
a. Weak to moderate platelet inhibition; often used adjunctively.
Clinical Relevance:
a. Secondary stroke prevention (dipyridamole), PAD symptom improvement (cilostazol).
5. PAR-1 (Protease-Activated Receptor-1) Antagonists

Drug Example: Vorapaxar

MOA:
a. Thrombin binds to PAR-1 receptors on platelets — activates G-protein signaling — platelet activation and
aggregation.
b. Vorapaxar blocks PAR-1, inhibiting thrombin-induced platelet activation without affecting coagulation factors
directly.
Effect:

a. Reduces thrombin-mediated platelet aggregation.
b. Does not interfere with other platelet activation pathways.
Clinical Relevance:

a. Secondary prevention in patients with a history of MI or PAD.
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4. Pharmacological Effects
1. General Pharmacological Effects of Anti-Platelet Drugs
Primary Effect:

a. Inhibition of platelet activation and aggregation — reduces formation of arterial thrombi.

b. Prevents occlusive thrombus formation in high-shear arteries (coronary, cerebral, peripheral).
Secondary Effects:

a. Improvement of myocardial and cerebral perfusion by maintaining patency of arteries.

b. Prevention of secondary thrombotic events (e.g., recurrent MI or stroke).

c. Reduction in vascular complications after interventional procedures (stents, bypass grafts).
Hemodynamic Effects:

a. Anti-platelet drugs generally do not affect coagulation factors or systemic hemostasis, so venous thrombi
are less affected.

b. Minimal direct effects on blood pressure or cardiac output, except PDE inhibitors (cilostazol) which cause mild
vasodilation.

2. Class-Specific Pharmacological Effects
A. COX Inhibitors (Aspirin)
a. Platelet Effects:
i.  Irreversible inhibition of TXA2 — decreased platelet aggregation.
ii.  Effects persist for platelet lifespan (~7—10 days).
b. Vascular Effects:

i.  Low-dose aspirin selectively inhibits platelet COX-1 without affecting endothelial COX-2 — minimal
impact on prostacyclin (PGI2), maintaining vasodilation and anti-aggregation.

c. Clinical Effects:
i.  Reduced risk of myocardial infarction, ischemic stroke, and arterial thrombosis.
ii.  Beneficial in primary and secondary prevention of cardiovascular events.
B. ADP Receptor (P2Y12) Antagonists
a. Platelet Effects:

i.  Prevent ADP-mediated platelet activation and GP IIb/Illa receptor expression — inhibits platelet cross-
linking.

ii.  Irreversible (thienopyridines) or reversible (ticagrelor) inhibition.
b. Clinical Effects:
i.  Reduces risk of stent thrombosis, recurrent MI, and stroke.
ii.  Often used in dual anti-platelet therapy (DAPT) with aspirin for additive effects.
iii.  Faster onset (ticagrelor) useful in ACS management.
C. Glycoprotein IIb/II1a (GP IIb/IIIa) Inhibitors
a. Platelet Effects:

i.  Block final common pathway of aggregation by preventing fibrinogen binding — potent and rapid
inhibition of platelet aggregation.

b. Clinical Effects:
i.  Immediate prevention of thrombus formation during PCI or high-risk ACS.

ii.  Strong anti-thrombotic effect but short duration, requires [V administration.
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D. Phosphodiesterase (PDE) Inhibitors
a. Platelet Effects:
i. 1 cAMP/cGMP in platelets — reduced granule release, shape change, and aggregation.
ii.  Weak to moderate platelet inhibition.
b. Vascular Effects:
i.  Cilostazol — mild vasodilation, improves blood flow in peripheral arteries.
c. Clinical Effects:
i.  Stroke prevention (dipyridamole, often combined with aspirin).
ii.  Improved walking distance and reduced symptoms in Peripheral Arterial Disease (PAD) (cilostazol).
E. PAR-1 (Thrombin) Receptor Antagonists
a. Platelet Effects:
i.  Inhibit thrombin-induced platelet activation without affecting coagulation cascade directly.
ii.  Target only thrombin-mediated platelet aggregation.
b. Clinical Effects:
i.  Reduces arterial thromboesis risk in patients with history of MI or PAD.
ii.  Long-term therapy provides additional protection in high-risk patients.
3. Additional Pharmacodynamic Considerations
a. Combination Therapy:
i.  Dual or triple anti-platelet therapy can synergistically inhibit multiple pathways of platelet activation.
ii.  Example: Aspirin + P2Y 12 inhibitor + GP IIb/Illa inhibitor (peri-PCI).
b. Onset and Duration:
i.  Rapid onset: GP IIb/Illa inhibitors (IV), ticagrelor.
ii.  Moderate onset: Clopidogrel (prodrug, slower conversion).
iii.  Long-lasting effect: Aspirin (irreversible), thienopyridines (irreversible).
c. Target Specificity:

i.  Drugs like GP IIb/Illa inhibitors act at final common pathway — potent, non-selective for the
activating stimulus.

ii.  PAR-1 antagonists target thrombin-specific activation — selective, potentially lower bleeding risk.
5. Toxicology and Adverse Effects
1. General Toxicology of Anti-Platelet Drugs

a. Anti-platelet drugs inhibit platelet function — primary risk is bleeding, which may range from minor bruising
to life-threatening hemorrhage.

b. Adverse effects depend on drug class, potency, duration, and combination therapy.

c. Some drugs have hematologic, gastrointestinal, cardiovascular, or hypersensitivity toxicities.
Mechanistic Basis:

a. Bleeding risk arises from impaired platelet plug formation at sites of vascular injury.

b. Potency correlates with degree of platelet inhibition (GP IIb/Illa inhibitors > P2Y 12 inhibitors > aspirin).
2. Class-Specific Toxicology and Adverse Effects
A. COX Inhibitors (Aspirin)
Common Toxicities:

a. Gastrointestinal: Dyspepsia, gastritis, peptic ulcer, GI bleeding.
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b. Hemorrhagic: Increased risk of bleeding (epistaxis, intracranial hemorrhage).
Rare/Serious Toxicities:
a. Hypersensitivity reactions: Rash, bronchospasm, angioedema.
b. Reye’s syndrome: Rare in children with viral infections.
Mechanism:
a. Irreversible COX-1 inhibition reduces thromboxane A2 — impaired platelet aggregation.
b. COX-1 inhibition in gastric mucosa — decreased protective prostaglandins — ulceration/bleeding.
B. ADP Receptor (P2Y12) Antagonists
Thienopyridines (Clopidogrel, Prasugrel, Ticlopidine):
a. Bleeding: Epistaxis, gastrointestinal, intracranial, post-surgical.
b. Hematologic:
i.  Ticlopidine: neutropenia, thrombocytopenia, rarely aplastic anemia.
ii.  Clopidogrel/Prasugrel: less frequent hematologic toxicity.
Non-thienopyridines (Ticagrelor, Cangrelor):
a. Bleeding: Similar to thienopyridines.
b. Other: Ticagrelor — dyspnea, bradyarrhythmias.
Mechanism:

a. Irreversible/reversible blockade of P2Y12 — impaired platelet ADP signaling — defective aggregation and
amplification.

C. Glycoprotein IIb/Il1a (GP IIb/I11a) Inhibitors
Drugs: Abciximab, Eptifibatide, Tirofiban
Toxicities:
a. Bleeding: Most common, especially at catheter insertion sites or surgical sites.
b. Thrombocytopenia: Immune-mediated (abciximab > others).
c. Hypersensitivity: Rare reactions, mostly with chimeric antibodies (abciximab).
Mechanism:

a. Potent inhibition of the final common pathway of platelet aggregation — maximal suppression of thrombus
formation.

D. Phosphodiesterase (PDE) Inhibitors

Drugs: Dipyridamole, Cilostazol

Toxicities:
a. Headache, dizziness, palpitations, flushing (due to vasodilation).
b. Gastrointestinal upset: nausea, diarrhea.
c. Rare: arrhythmias (cilostazol), hypotension.

Mechanism:

a. T cAMP/cGMP — inhibits platelet activation and smooth muscle contraction — systemic vasodilatory side
effects.

E. PAR-1 (Thrombin) Receptor Antagonists
Drug: Vorapaxar
Toxicities:

a. Bleeding: Particularly intracranial hemorrhage; contraindicated in patients with prior stroke, TIA, or
intracranial bleeding.
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b. Other: anemia, bruising.
Mechanism:

a. Selective blockade of thrombin-mediated platelet activation — impaired platelet response to thrombin —
bleeding risk without affecting coagulation cascade.

3. Combination Therapy Considerations

a. Dual Anti-Platelet Therapy (DAPT): Aspirin + P2Y12 inhibitor — additive inhibition — higher bleeding
risk.

b. Triple Therapy: Addition of anticoagulants further increases hemorrhagic complications.

c. Monitoring: Careful assessment of bleeding risk, renal/hepatic function, and history of stroke or GI disease is
critical.

4. Risk Factors for Toxicity
a. Patient Factors: Age >75, history of bleeding, hepatic/renal impairment, concurrent anticoagulant use.
b. Drug Factors: Potency, route (IV GP IIb/Illa inhibitors > oral), duration of therapy.
c. Procedure-Related: Surgery, catheterization, invasive procedures.

6. Therapeutic Strategy

1. Principles of Anti-Platelet Therapy

a. Goal: Prevent arterial thrombus formation and reduce risk of myocardial infarction, stroke, and
peripheral ischemia.

b. Target: Platelet activation and aggregation pathways, without excessively impairing systemic hemostasis.
c. Considerations:
i.  Patient-specific risk factors (age, bleeding history, comorbidities).
ii.  Clinical indication (primary prevention, secondary prevention, ACS, PCI, PAD).
iii.  Choice of drug class based on mechanism, potency, and route of administration.
2. Primary Prevention
Indication: High-risk patients without prior cardiovascular events (e.g., diabetics, elderly with risk factors).
Strategy:
a. Low-dose aspirin (75-100 mg/day) is the drug of choice.
b. Rationale: Inhibits TXA2-mediated platelet aggregation with minimal GI or systemic toxicity.
c. Monitoring: Signs of GI bleeding; risk-benefit assessment is critical in elderly.
Alternative:
a. For patients intolerant to aspirin: low-dose clopidogrel.
3. Secondary Prevention
Indication: Patients with history of myocardial infarction, ischemic stroke, TIA, or PAD.
Strategy:
a. Single anti-platelet therapy:
i.  Aspirin or clopidogrel for long-term prevention.
b. Dual anti-platelet therapy (DAPT):
i.  Aspirin + P2Y'12 inhibitor (clopidogrel, prasugrel, ticagrelor) for 6—12 months post-PCI or ACS.

c. Rationale: Target multiple platelet activation pathways for additive protection against recurrent events.
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4. Acute Coronary Syndrome (ACS) and Percutaneous Coronary Intervention (PCI)
Indication: Unstable angina, NSTEMI, STEMI, stent placement.
Strategy:

a. Immediate Therapy:

i.  Aspirin loading dose (160-325 mg) + P2Y 12 inhibitor loading (clopidogrel 300-600 mg, prasugrel 60
mg, or ticagrelor 180 mg).

b. Peri-PCI Therapy:
i. IV GP IIb/Illa inhibitors (abciximab, eptifibatide, tirofiban) in high-risk patients for rapid platelet
inhibition.
c. Maintenance Therapy:
i.  Continue DAPT (aspirin + P2Y'12 inhibitor) for 6—12 months post-PCI.
d. Monitoring:
i.  Bleeding complications, platelet function tests in high-risk patients.
5. Peripheral Arterial Disease (PAD)
Indication: Intermittent claudication, critical limb ischemia.
Strategy:
a. Cilostazol: Improves walking distance via PDE inhibition and vasodilation.
b. Aspirin or clopidogrel: Prevent thrombotic events.
c. Combination therapy may be used in high-risk PAD patients.
6. Stroke and Transient Ischemic Attack (TTA) Prevention
Indication: Secondary prevention after ischemic stroke or TIA.
Strategy:
Aspirin, clopidogrel, or dipyridamole-aspirin combination.

b. Dual therapy (aspirin + clopidogrel) reserved for short-term use (up to 90 days) post-stroke in high-risk
patients.

c. PAR-1 antagonist (vorapaxar) may be used in select high-risk patients for secondary prevention.
7. Novel or Emerging Strategies
a. Reversible P2Y12 inhibitors (ticagrelor, cangrelor):
i.  Allow rapid onset/offset, useful for patients requiring surgery or at high bleeding risk.
b. GPVI and PAR-4 antagonists:
i.  Experimental agents aiming to reduce arterial thrombosis without major bleeding.
c. Targeted delivery systems (nanoparticles, prodrugs):
i.  Reduce systemic exposure — minimize bleeding complications.
8. Combination Therapy Considerations
a. Dual anti-platelet therapy (DAPT): Aspirin + P2Y 12 inhibitor.
i.  Used post-PCI, ACS, and high-risk secondary prevention.
b. Triple therapy (DAPT + anticoagulant):
i.  Reserved for patients with atrial fibrillation and stent placement.
ii.  Requires careful bleeding risk assessment.
Monitoring:

a. Bleeding: hemoglobin, hematocrit, stool occult blood.
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b. Platelet function: in selected patients with high thrombotic risk or poor response.

c. Liver and kidney function: for drugs metabolized hepatically (clopidogrel, prasugrel) or renally (ticagrelor,

cilostazol).

9. Duration of Therapy

Primary prevention: Lifelong low-dose aspirin in high-risk patients.

b. Secondary prevention: Long-term single anti-platelet therapy; DAPT duration depends on PCI type, stent type,

and bleeding risk.

c. Acute settings (ACS/PCI): Short-term high-potency IV therapy followed by oral DAPT.

Multiple Choice Questions (MCQs)

1. Vitamin K is essential for the activation of which clotting factors?

a) L, 11, V, VIII

b) 11, VII, IX, X

o 1L V, VIL, X

d) VIL, VIIL IX, XI

2. Hemophilia A is caused by deficiency of:

a) Factor VII
b) Factor VIII
¢) Factor IX
d) Factor X

3. Which drug is used for rapid reversal of warfarin toxicity?

a) Protamine sulfate
b) Vitamin K1 (Phytonadione)
¢) Aminocaproic acid
d) Tranexamic acid
4. Tranexamic acid acts by:
a) Activating plasminogen

b) Inhibiting plasminogen activation

¢) Blocking thrombin receptors
d) Enhancing fibrin degradation

5. Desmopressin increases levels of:
a) Factor IX and X

b) Factor VIII and von Willebrand factor

¢) Prothrombin and fibrinogen
d) Factor VII and thrombin

6. Mechanism of action of warfarin is:

a) Direct thrombin inhibition
b) Inhibition of factor Xa

¢) Inhibition of vitamin K epoxide reductase

d) Antithrombin III activation
7. Heparin acts by:

a) Inhibiting vitamin K-dependent clotting factors
b) Enhancing antithrombin III activity
¢) Blocking thromboxane synthesis

d) Directly inhibiting thrombin

8. The antidote for heparin overdose is:

a) Vitamin K

b) Fresh frozen plasma
¢) Protamine sulfate

d) Idarucizumab

9. Direct oral anticoagulant (DOAC) rivaroxaban inhibits:

a) Factor [Xa
b) Factor Xa
¢) Factor Ila
d) Factor Vlla
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Dabigatran is classified as:

a) Direct thrombin inhibitor

b) Indirect thrombin inhibitor

¢) Vitamin K antagonist

d) Factor Xa inhibitor

Streptokinase is derived from:

a) Human kidney cells

b) Streptococcal bacteria

¢) Recombinant DNA technology

d) Endothelial cells

Alteplase is preferred over streptokinase because:
a) Longer half-life

b) Non-fibrin-specific action

¢) Higher fibrin specificity

d) Oral bioavailability

The drug used within 4.5 hours of ischemic stroke is:
a) Streptokinase

b) Alteplase

¢) Warfarin

d) Rivaroxaban

Which fibrinolytic drug has the highest fibrin specificity?
a) Streptokinase

b) Urokinase

c) Alteplase

d) Tenecteplase

Aspirin prevents platelet aggregation by:

a) Blocking P2Y 12 receptor

b) Blocking GP IIb/Illa receptor

¢) Irreversible inhibition of COX-1

d) Increasing cAMP in platelets
Clopidogrel belongs to which class?

a) COX inhibitor

b) P2Y'12 receptor antagonist

c¢) GP IIb/Il1a antagonist

d) PDE inhibitor

Abciximab acts by blocking:

a) GP IIb/Il1a receptor

b) COX-1 enzyme

¢) P2Y12 receptor

d) PAR-1 receptor

Dipyridamole inhibits platelet aggregation by:
a) Inhibiting phosphodiesterase — 1cAMP
b) Blocking COX-1

¢) Inhibiting factor Xa

d) Activating plasminogen

The only approved PAR-1 antagonist is:

a) Cangrelor

b) Vorapaxar

¢) Cilostazol

d) Ticagrelor

The most serious complication of fibrinolytic therapy is:
a) Thrombocytopenia

b) Stroke recurrence

¢) Intracranial hemorrhage

d) Arrhythmia
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Short Answer Questions (SAQs)

Define coagulants and give two examples.

Explain the role of vitamin K in coagulation.

Write two uses of desmopressin in coagulation disorders.
Classify anticoagulants with examples.

Mention two differences between UFH and LMWH.

What is heparin-induced thrombocytopenia (HIT)?

Write the mechanism of action of warfarin.

State two therapeutic uses of DOACs.

9. What is the role of fibrinolytics in myocardial infarction?
10. Give two differences between alteplase and streptokinase.
11. List two clinical uses of fibrinolytic drugs.

12. Mention two adverse effects of streptokinase.

13. What is the mechanism of aspirin as an anti-platelet drug?
14. List two examples of P2Y 12 inhibitors.

15. Write one clinical use of GP IIb/Illa antagonists.

16. Mention one example of a PDE inhibitor and its use.

17. State the adverse effect of vorapaxar.

18. Write the difference between arterial and venous thrombosis.
19. Explain the rationale for dual anti-platelet therapy (DAPT).
20. Mention two risk factors for bleeding in patients receiving anti-platelet therapy.

NN R WD =

Long Answer Questions (LAQs)

Discuss the classification, mechanism, therapeutic uses, and adverse effects of coagulants.
Explain the pharmacology of warfarin with mechanism, kinetics, uses, adverse effects, and monitoring.
Describe the pharmacology of heparins (UFH and LMWH).

Write in detail about Direct Oral Anticoagulants (DOACS).

Classify fibrinolytics. Discuss their mechanism, uses, and adverse effects.

Explain the role of fibrinolytics in acute myocardial infarction and ischemic stroke.

Discuss the mechanism, uses, and adverse effects of aspirin.

Classify anti-platelet drugs with examples and mechanisms.

Write short notes on:

a) GP IIb/I1la antagonists

b) PAR-1 antagonists

10. Discuss therapeutic strategies and clinical relevance of anti-platelet therapy in ACS and stroke.

WXk DD

Answer Key for MCQs
1. b
2. b
3. b
4. b
5. b
6. ¢
7. b
8. ¢
9. b
10. a
11. b
12. ¢
13.b
14. d
15. ¢
16. b
17. a
18. a
19. b
20. ¢
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CHAPTER 11
AUTOCOID PHARMACOLOGY

INTRODUCTION:

Autacoids (from the Greek autos = self, akos = remedy) are a diverse group of biologically active, hormone-
like endogenous substances that are synthesized, released, and act locally within the same tissue or nearby cells. Unlike
classical hormones that are produced in endocrine glands and transported through blood to distant organs, autacoids act
primarily as local chemical mediators with rapid onset and short duration of action. Their concentrations rise sharply
in response to physiological or pathological stimuli, after which they are quickly metabolized.

Autacoid pharmacology deals with the origin, synthesis, release, receptors, mechanisms of action, physiological
roles, and drugs that modify the actions of these endogenous mediators. These substances participate in almost every
homeostatic and pathophysiological process—such as inflammation, allergy, pain perception, smooth muscle
contraction, vascular tone regulation, gastric acid secretion, neurotransmission, and immune responses. Because they
respond immediately to local changes, autacoids serve as fine regulators of tissue function.

The major groups of autacoids include histamine, serotonin (5-HT), prostaglandins and other eicosanoids,
bradykinin and related kinins, nitric oxide (NO), angiotensin, endothelins, platelet-activating factor (PAF), and
cytokines. Each has unique sites of synthesis and release patterns. For example, histamine is stored in mast cells and
basophils and participates in hypersensitivity reactions; serotonin is present in enterochromaffin cells and platelets and
is involved in gastrointestinal motility and mood regulation; prostaglandins are synthesized on demand from arachidonic
acid and help regulate inflammation, smooth muscle tone, uterine contraction, and renal blood flow.

Pharmacologically, autacoids act via specific receptors, usually G-protein-coupled receptors (GPCRs), distributed on
various tissues. Their short half-lives are due to rapid enzymatic inactivation. Drugs affecting autacoids may mimic
their action (agonists), block their receptors (antagonists), or interfere with their synthesis, release, or degradation.
For instance, antihistamines block Hi or H: receptors, NSAIDs inhibit prostaglandin synthesis via COX inhibition, ACE
inhibitors suppress bradykinin degradation, triptans activate specific serotonin receptors for migraine relief, and NO
donors promote vasodilation.

Autacoids are central to understanding the mechanisms of inflammation, hypersensitivity, haemostasis, smooth muscle
physiology, cardiovascular regulation, and neuroimmune interactions. Their pharmacology forms a crucial foundation
in therapeutics because clinically important drugs often modulate the activity of these locally acting mediators. The
study of autacoids therefore bridges basic physiology with clinical pharmacology, explaining how local chemical
messengers orchestrate complex tissue responses and how manipulating them helps treat allergic disorders, asthma,
pain, gastric ulcers, hypertension, migraine, and many inflammatory or immune-mediated diseases.

THE PHYSIOLOGICAL AND PATHOLOGICAL ROLE OF HISTAMINE
Physiological Roles of Histamine
1. Regulation of Gastric Acid Secretion
a. Histamine released from enterochromaffin-like (ECL) cells stimulates parietal cells via Hz receptors.
b. Increases secretion of HCI and intrinsic factor.
c. Acts as the final common mediator for gastric acid release.
2. Neurotransmission in the Central Nervous System
Histamine acts as a neurotransmitter in the hypothalamus.
b. Promotes wakefulness, alertness, and attention via H: receptors.

c. Hsreceptors act as presynaptic autoreceptors regulating release of histamine, acetylcholine, norepinephrine, and
other neurotransmitters.

3. Regulation of Vascular Tone and Microcirculation
a. Causes mild vasodilation through H: receptors on endothelial cells (via NO release).

b. Helps maintain capillary permeability and blood flow in microvascular beds.
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4. Smooth Muscle Modulation
a. Histamine causes contraction of intestinal and bronchial smooth muscle through H: receptors.
b. Plays a role in normal peristaltic and respiratory regulation to a minor extent.
5. Immunomodulatory Functions
a. Hareceptors on eosinophils, mast cells, and dendritic cells regulate chemotaxis and immune cell activation.
b. Helps in tissue repair, wound healing, and inflammatory cell recruitment.
6. Local Mediator in Tissue Growth and Cell Proliferation
a. Participates in angiogenesis and tissue regeneration.
b. Influences fibroblast and smooth muscle cell proliferation.
Pathological Roles of Histamine
1. Hypersensitivity (Type I Allergic Reactions)
a. Rapid histamine release from mast cells after allergen exposure.
b. Produces itching, redness, swelling, urticaria, and rhinorrhea.
c. Hi receptors mediate most acute allergic symptoms.
2. Bronchoconstriction in Asthma
a. Histamine causes strong bronchial smooth muscle contraction through H: receptors.
b. Leads to airway narrowing, wheezing, and increased mucus secretion.
3. Anaphylactic Reactions and Shock
a. Massive histamine release leads to:
i.  Severe vasodilation
ii.  Hypotension
iii.  Capillary leakage — angioedema
iv.  Bronchospasm
b. Contributes significantly to anaphylactic shock.
4. Inflammatory Response (Triple Response of Lewis)
a. Histamine produces:
i.  Redness (local vasodilation)
ii.  Flare (axon reflex vasodilation)
iii.  Wheal (plasma exudation due to increased permeability)
b. Seen in injury, trauma, and local inflammation.
5. Gastric Disorders — Hyperacidity and Peptic Ulcer Disease
a. [Excessive stimulation of H: receptors increases acid secretion.
b. Contributes to peptic ulcer formation, GERD, and Zollinger—Ellison syndrome.
6. Nasal and Respiratory Allergies
a. Responsible for sneezing, nasal congestion, watery eyes, and itching in allergic rhinitis.
b. Causes mucosal edema and increased glandular secretion.
7. Chronic Inflammatory and Immune Disorders
a. Hareceptor activation drives eosinophil recruitment, worsening chronic allergic states like:
i.  Atopic dermatitis

ii.  Allergic asthma

213 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



iii.  Chronic urticaria
8. CNS Dysregulation
a. Abnormal histamine levels linked to sleep disorders, excessive sedation, or altered appetite.
b. Overactivation or deficiency may affect cognition and mood.
THE PHYSIOLOGICAL AND PATHOLOGICAL ROLE OF SEROTONIN
Physiological Roles of Serotonin (5-HT)
1. Regulation of Gastrointestinal Motility
a. About 90% of body serotonin is stored in enterochromaffin cells of the GI tract.
b. Acts on 5-HTs and 5-HT. receptors to enhance peristalsis, gut motility, and secretion.
c. Initiates the peristaltic reflex after food intake.
2. Platelet Functions and Haemostasis
a. Platelets take up serotonin from plasma and store it in granules.
b. Upon activation, they release serotonin which causes:
i.  Vasoconstriction of injured vessels to limit blood loss.
ii.  Platelet aggregation by amplifying platelet activation signals.
3. Neurotransmission in the CNS
a. Serotonin is an important neurotransmitter in various brain regions.
b. Regulates:
i.  Mood and emotion (low levels linked with depression)
ii.  Sleep-wake cycle
iii.  Appetite and satiety
iv.  Thermoregulation
v.  Pain perception
c. Involved in memory, learning, and behavior.
4. Cardiovascular Regulation
a. Causes vasoconstriction or vasodilation depending on the receptor subtype and vascular bed.
b. Modulates blood pressure and vascular tone.
c. Mild positive effect on cardiac contractility.
5. Smooth Muscle Effects
a. Causes contraction of bronchial, uterine, and vascular smooth muscles (via 5-HT: receptors).
b. Facilitates functions like uterine tone and vascular regulation.
6. Endocrine Regulation
a. Modifies secretion of several hormones such as ACTH, GH, prolactin, and oxytocin.
b. Plays a role in hypothalamic regulation of endocrine functions.
7. Sensory and Behavioral Functions
a. Serotonin influences nausea and vomiting, acting through 5-HTs receptors in the chemoreceptor trigger zone.
b. Modulates anxiety, aggression, and impulse control.
Pathological Roles of Serotonin (5-HT)
1. Migraine Pathophysiology

a. Migraine involves fluctuating serotonin levels.
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b. A drop in serotonin causes vasodilation of intracranial vessels, triggering headache.
c. Abnormal activation of trigeminal sensory nerves leads to inflammation and pain.
d. Basis for using triptans, which are 5-HT:B/iD agonists.
2. Carcinoid Syndrome
a. Caused by serotonin-secreting tumors of the GI tract (carcinoid tumors).
b. Leads to:
i.  Severe diarrhea (excess GI motility)
ii.  Flushing
iii.  Bronchoconstriction
iv.  Right-sided heart lesions due to fibrosis
c. Urinary 5-HIAA (serotonin metabolite) is markedly increased.
3. Depression and Psychiatric Disorders
a. Deficiency of serotonin contributes to major depressive disorder.
b. Dysregulated serotonin associated with:
i.  Anxiety disorders
ii.  Obsessive-compulsive disorder (OCD)
iii.  Schizophrenia
c. Basis for SSRIs and SNRIs in therapy.
4. Serotonin Syndrome (Toxicity)
a. Life-threatening condition due to excessive serotonergic activity, often from drug interaction.
b. Symptoms:
i.  Hyperthermia
ii.  Agitation
iii.  Tremors, clonus, hyperreflexia
iv.  Hypertension and tachycardia
c. Caused by combining MAOIs, SSRIs, linezolid, tramadol, etc.
5. Role in Allergic Reactions and Inflammation
a. Serotonin released from activated platelets contributes to inflammatory signaling.
b. Increases vascular permeability and acts as a chemoattractant.
6. Smooth Muscle Hyperreactivity
a. Can produce pathological bronchoconstriction, worsening asthma.
b. Excess contraction of vascular smooth muscle may cause vasospasm.
7. GI Disorders
a. [Excess serotonin activity leads to:
i.  Diarrhea-predominant IBS (IBS-D)
ii.  Nausea and vomiting
b. Deficiency contributes to constipation-predominant IBS (IBS-C).
8. Coagulation Abnormalities

a. Excessive release from platelets may contribute to thrombosis and vasospasm, especially in cardiovascular
disease.
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THE PHYSIOLOGICAL AND PATHOLOGICAL ROLE OF KININS
Physiological Roles of Kinins (Bradykinin & Kallidin)
1. Potent Vasodilators
a. Kinins, especially bradykinin, cause strong vasodilation through B: receptors.
b. Mediated largely by nitric oxide (NO), prostaglandins, and endothelium-derived hyperpolarizing factors.
c. Help regulate local blood flow and tissue perfusion.
2. Increase in Vascular Permeability
a. Kinins increase permeability of post-capillary venules, promoting movement of plasma proteins into tissues.
b. Essential for inflammatory exudation and initiation of the inflammatory response.
3. Pain Mediation (Algogenic Action)
a. Bradykinin is one of the strongest endogenous pain-producing substances.
b. Directly stimulates nociceptors, causing pain during tissue injury, burns, trauma, and inflammation.
c. Works synergistically with prostaglandins, explaining why NSAIDs reduce kinin-induced pain.
4. Smooth Muscle Actions
a. Causes contraction of non-vascular smooth muscles, including:
i.  Bronchial muscles
ii.  Intestinal muscles
iii.  Uterine muscles
b. Helps modulate physiological motility responses.
5. Regulation of Blood Pressure
a. Through vasodilation and natriuresis (sodium excretion), kinins play a minor role in short-term BP control.
b. Oppose the vasoconstrictor actions of the renin-angiotensin system.
6. Renal and Natriuretic Functions
a. Kinins act on renal tubules to promote sodium and water excretion.
b. Improve renal blood flow and glomerular filtration through vasodilation.
c. Contribute to fluid—electrolyte balance.
7. Role in Inflammatory Regulation
a. Kinins stimulate the release of other inflammatory mediators:
i.  Prostaglandins
ii.  Histamine
iii.  Cytokines
b. Support early inflammatory response and modulation of immune cell activity.
8. Angioedema Protection and Endothelial Integrity
a. Maintain vascular health, endothelial function, and capillary tone.
b. Contribute to wound healing and tissue repair.
Pathological Roles of Kinins
1. Acute Inflammation and Hyperalgesia
a. [Excessive bradykinin release causes:
i.  Intense pain

ii.  Redness and swelling
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iii.  Heat during inflammation
b. Responsible for pain in arthritis, injuries, and inflammatory diseases.
2. Allergic Reactions and Anaphylaxis
a. Kinins contribute to edema, bronchoconstriction, and hypotension seen in anaphylactoid reactions.
b. Act synergistically with histamine during allergic responses.
3. Hereditary Angioedema (HAE)
a. Deficiency of C1-esterase inhibitor — uncontrolled kallikrein activity — excessive bradykinin formation.
b. Results in severe episodic swelling of skin, airway, or GI tract.
c. Bradykinin is the primary mediator of this edema (not histamine).
4. ACE Inhibitor—Induced Cough and Angioedema
a. ACE inhibitors block the enzyme that breaks down bradykinin, causing its accumulation.
b. Leads to:
i.  Dry, persistent cough
ii.  Angioedema in severe cases
c. A major dose-limiting side effect of ACE inhibitors like enalapril, lisinopril.
5. Septic Shock and Vascular Leakage
a. Overproduction of kinins during systemic infection increases vascular permeability, leading to:
i.  Hypotension
ii.  Fluid loss
iii.  Organ hypoperfusion
b. Kinins contribute to the cardiovascular collapse in septic shock.
6. Bronchial Hyperresponsiveness
a. Bradykinin can induce bronchospasm, worsening asthma.
b. Increases mucus secretion and airway sensitivity.
7. Chronic Inflammatory Diseases
a. Contribute to synovial inflammation in rheumatoid arthritis and other chronic inflammatory disorders.
b. Participate in long-term tissue damage through persistent vasodilation and permeability changes.
8. Cardiovascular Disorders
a. [Excessive kinin activity can contribute to vasodilation-related hypotension.

b. However, deficient kinin activity may impair endothelial function, contributing to hypertension and vascular
disease.

PROSTAGLANDINS

Prostaglandins (PGs) are a major group of autacoids belonging to the broader class of eicosanoids, which also
includes thromboxanes and leukotrienes. They are synthesized from the 20-carbon polyunsaturated fatty acid
arachidonic acid, which is released from membrane phospholipids by the enzyme phospholipase A.. Prostaglandins
are formed through the cyclooxygenase (COX) pathway, mediated by COX-1 and COX-2, producing cyclic
endoperoxides that are further converted to various prostaglandins such as PGEz, PGF:a, PGD:, PGI: (prostacyclin)
and TXA: (thromboxane A:). They are not stored in tissues; instead, they are synthesized “on demand” in response to
stimuli such as trauma, inflammation, infection, hormones, and immune activation. Their actions are local, extremely
potent, and short-lived due to rapid metabolism.

Prostaglandins exert their effects through specific G-protein—coupled receptors (EP, FP, DP, IP, TP), each linked to
characteristic responses in different tissues. Physiologically, prostaglandins play critical roles in inflammation, smooth
muscle function, renal physiology, reproduction, gastrointestinal protection, platelet aggregation, regulation of
vascular tone, and maintenance of homeostasis. PGE-: is one of the most abundant prostaglandins and contributes to
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fever, vasodilation, and gastric protection. PGl (prostacyclin), produced mainly by vascular endothelium, acts as a
strong vasodilator and inhibitor of platelet aggregation, maintaining smooth blood flow. In contrast, TXA-, produced
by platelets, causes vasoconstriction and promotes platelet aggregation, facilitating haemostasis. This physiological
opposition between prostacyclin and thromboxane A: is essential for balancing vascular homeostasis.

In the gastrointestinal tract, prostaglandins help maintain mucosal integrity. They increase mucus and bicarbonate
secretion, enhance mucosal blood flow, and inhibit acid secretion, thereby protecting against ulcers. In the kidneys,
prostaglandins regulate renal blood flow, glomerular filtration, and renin release, especially during stress conditions
such as dehydration or renal artery constriction. In the reproductive system, PGF2a and PGE-: play vital roles in uterine
contraction, cervical ripening, and initiation of labor, while also contributing to menstrual physiology. PGE:
additionally sensitizes nociceptors, increasing pain perception, and is responsible for the fever response by acting on the
hypothalamus.

Pathologically, prostaglandins are deeply involved in inflammation and pain. PGE: and PGIl. mediate redness,
swelling, warmth, and hyperalgesia at the site of inflammation. They increase vascular permeability and sensitize
peripheral nerve endings to bradykinin and other mediators. Prostaglandins are key contributors to rheumatoid
arthritis, osteoarthritis, and other chronic inflammatory disorders. Excess prostaglandin production also contributes to
dysmenorrhea, causing painful uterine contractions and cramping. In respiratory diseases such as asthma,
prostaglandins may either facilitate or inhibit bronchial responses depending on the subtype; for example, PGD:
promotes bronchoconstriction in allergic asthma.

Disorders of platelet function and thrombosis also involve prostaglandins. Excess TX A2 promotes pathological platelet
aggregation, increasing the risk of thrombotic events such as myocardial infarction and stroke, whereas deficiency of
PGIL: reduces vascular protection. Fever, observed in infections and autoimmune conditions, is primarily mediated by
PGE: acting on hypothalamic thermoregulatory centers. Certain tumors may produce excessive prostaglandins,
contributing to cachexia, bone pain, or paraneoplastic fever.

OPIOID AUTOCOIDS

1. Introduction
a. Opioid autacoids are naturally occurring peptide molecules in the body that act like opioid drugs.
b. Major types include endorphins, enkephalins, and dynorphins.

c. They bind to opioid receptors (p, K, 6) and regulate pain, emotion, stress response, and various physiological
functions.

2. Pain Modulation (Analgesic Role)
a. Endogenous opioids are major regulators of pain perception.
b. They bind to opioid receptors in the CNS and peripheral nerves and inhibit pain transmission.
c. Reduce release of substance P and other pain neurotransmitters.
3. Stress and Emotional Regulation
a. Levels increase during stress, exercise, injury, excitement, and meditation.
b. Produce feelings of euphoria, well-being, and emotional comfort.
c. Responsible for “runner’s high”.
4. Control of Mood and Behavior
a. Involved in regulating anxiety, reward, addiction pathways, motivation, and reinforcement.
b. Influence dopamine release in the mesolimbic pathway, affecting reward-seeking behavior.
5. Neuroendocrine Regulation
a. Modulate secretion of hormones such as:
i.  ACTH, prolactin, growth hormone, and gonadotropins.
b. Act through the hypothalamic—pituitary axis.
6. Modulation of Immune Function
a. Present on immune cells.

b. Regulate cytokine release, inflammation control, and immune cell activity.
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c. Act as natural immunomodulators.
7. Control of Respiration and Cardiovascular Functions
a. Endogenous opioids modulate respiratory rhythm, but less intensely than exogenous opioids.
b. Affect heart rate, blood pressure, and vascular tone via central pathways.
8. Gastrointestinal Regulation
a. Reduce GI motility by inhibiting acetylcholine release.
b. Promote constipation—a physiological effect which becomes pathological with excess opioid activity.
9. Regulation of Appetite and Feeding Behavior
a. Influence hunger and satiety centers in the hypothalamus
b. Can increase preference for palatable foods.
10. Role in Chronic Pain and Hyperalgesia
a. Long-term alterations in endogenous opioid pathways may lead to:
i.  Chronic pain
ii.  Increased sensitivity to pain (hyperalgesia)
b. Seen in persistent inflammation or nerve injury.
11. Stress-Related Disorders
a. Dysregulation contributes to anxiety disorders, depression, PTSD, and mood disturbances.
b. Abnormal opioid activity alters reward and coping mechanisms.
12. Addiction and Substance Abuse
a. Endogenous opioids interact with dopamine pathways, affecting drug addiction.
b. Altered activity increases vulnerability to addiction to:
i.  Opioids
ii.  Alcohol
iii.  Nicotine
iv.  Other stimulants
13. Immune Dysregulation
a. Excess or deficiency of opioid peptides may worsen immune-related conditions.
b. Linked with autoimmune disorders, chronic inflammatory states, or immunosuppression.
14. Gastrointestinal Disorders
a. Increased endogenous opioid activity may cause:
i.  Constipation
ii.  Delayed gastric emptying
b. Plays arole in IBS, postoperative ileus, and opioid-induced bowel dysfunction.
15. Pathological Stress Response
a. Overactivation during stress can disturb emotional stability.
b. Implicated in stress-induced analgesia and maladaptive behavior.
16. Neurological and Psychiatric Disorders
a. Altered opioid signaling associated with:
i.  Schizophrenia

ii.  Eating disorders
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iii.  Obsessive—compulsive disorder
iv.  Chronic fatigue
PHARMACOLOGY OF SHT
1. Introduction to Serotonin Pharmacology

a. Serotonin (5-hydroxytryptamine, 5-HT) is an endogenous biogenic amine functioning as an autocoid,
neurotransmitter, and local hormone.

b. It is synthesized from the amino acid tryptophan via tryptophan hydroxylase.
c. Present mainly in:
i.  Enterochromaffin cells (90%)
ii.  Platelets
iii. ~ CNS neurons

d. Acts via seven receptor families (5-HT1 to 5-HT7); all G-protein coupled except S-HT3 (ligand-gated ion
channel).

2. Mechanism of Action
a. Serotonin binds to specific 5-HT receptors, producing diverse tissue-specific effects.
b. Drug actions depend on:
i.  Agonist or antagonist activity on receptor subtypes.
ii.  Regional receptor distribution.
3. 5-HT Receptors and Pharmacological Effects
A. 5-HT1 Receptors (Gi-coupled)
a. Reduce cAMP, cause hyperpolarization.
b. Major effects:
i.  5-HT1A: neuronal inhibition, anxiolysis.
ii.  5-HT1B/1D: cranial vasoconstriction (target for anti-migraine drugs like triptans).
iii.  5-HT1F: also involved in migraine pathways.
B. 5-HT2 Receptors (Gq-coupled)
a. Increase IP3/DAG — smooth muscle contraction.
b. Major effects:
i.  5-HT2A: vasoconstriction, platelet aggregation.
ii.  5-HT2B: gastric fundus contraction.
iii.  5-HT2C: mood and appetite regulation.
C. 5-HT3 Receptors (Ligand-gated Na+/K+ channel)
a. Found in CNS, GI tract, vagal afferents.
b. Effects:
i.  Rapid depolarization.
ii.  Emetic reflex activation — target for antiemetics (ondansetron).
D. 5-HT4 Receptors (Gs-coupled)
a. Increase cAMP.
b. Effects:
i.  Enhance GI motility — target for prokinetic drugs (cisapride, prucalopride).

ii.  Enhance cardiac chronotropy.
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E. 5-HTS, 5-HT6, 5-HT7 Receptors
a. CNS-mediated functions:
i.  Learning, memory, cognition.
ii.  Thermoregulation.
iii.  Vasodilation (5-HT7).
4. Pharmacological Actions of 5-HT (System-wise)
A. Smooth Muscle Effects
a. Bronchi: mild bronchoconstriction.
b. Uterus: variable; contraction in late pregnancy.
c. GIT: powerful contraction — increased peristalsis — can cause diarrhea.
B. Cardiovascular Effects
a. Triphasic blood pressure response when injected:
i.  Transient fall (via chemoreceptor reflex).
ii.  Rise in BP (vasoconstriction via 5-HT2A).
iii.  Secondary fall (vasodilation via 5-HT1).
b. Platelets: promote aggregation via 5-HT2A receptors.
c. Coronary arteries: constriction — may precipitate angina.
C. CNS Effects
a. Regulates mood, sleep, pain perception.
b. High levels — agitation; low levels — depression.
c. Central emesis stimulation (via 5-HT3).
D. GI Tract Effects
a. Enhances coordinated motility.
b. Increases secretion via enteric nerves.
c. Important mediator in IBS, carcinoid syndrome diarrhea.
5. Pharmacological Modifiers of Serotonin
A. Serotonin Agonists
a. Triptans (Sumatriptan, Rizatriptan)
i.  5-HT1B/1D agonists — cranial vasoconstriction.
ii.  Used for acute migraine.
b. Buspirone
i.  5-HTI1A partial agonist.
ii.  Used as anxiolytic.
c. Cisapride / Prucalopride
i.  5-HT4 agonists — GI prokinetics.
B. Serotonin Antagonists
a. Cyproheptadine
i.  5-HT2 antagonist.

ii.  Used in carcinoid syndrome, serotonin syndrome, and allergic conditions.
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b. Ketanserin
i.  5-HT2A blocker; antihypertensive.
c. Ondansetron / Granisetron
i.  5-HT3 blockers.
ii.  Strong antiemetics for chemotherapy-induced vomiting.
d. Ergot alkaloids
i.  Partial agonists/antagonists at 5-HT receptors.
ii.  Used in migraine and postpartum hemorrhage.
6. Clinical Conditions Related to 5-HT
A. Carcinoid Syndrome
a. Tumor secretes large amounts of 5-HT.
b. Causes:
i.  Diarrhea
ii.  Bronchoconstriction
iii.  Flushing
c. Treated with serotonin antagonists.
B. Migraine
a. Believed to involve 5-HT-mediated vasodilation and inflammation.
b. Treated by triptans (5-HT1B/1D agonists).
C. Depression
a. Low 5-HT levels implicated.
b. Treated by SSRIs (fluoxetine, sertraline).
D. Serotonin Syndrome
a. Excess 5-HT due to drug combinations.
b. Features: agitation, hyperthermia, tremors.

c. Treatment: cyproheptadine.
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MULTIPLE-CHOICE QUESTIONS

1. Autacoids are best defined as

a) Hormones acting far from their site of synthesis

b) Locally acting physiological mediators
c) Peptides secreted only by the GI tract
d) Neurotransmitters released from neurons
2. Histamine is stored mainly in
a) Neutrophils
b) Mast cells and basophils
¢) Hepatocytes
d) Intestinal epithelial cells
3. Hl-receptor stimulation causes
a) Bronchodilation
b) Increased gastric acid secretion
¢) Bronchoconstriction
d) Positive inotropic effect
4. H2-receptor stimulation is responsible for
a) Gastric acid secretion
b) Uterine contraction
¢) Increased vascular permeability
d) Bronchoconstriction
5. Serotonin (5-HT) is mainly stored in
a) Mast cells
b) Platelets
¢) Macrophages
d) Adipocytes
6. The precursor of serotonin is
a) Tyrosine
b) Histidine
¢) Tryptophan
d) Lysine
7. The major metabolite of serotonin is
a) VMA
b) 5-HIAA
¢) Melatonin
d) HVA
8. Bradykinin causes
a) Vasoconstriction
b) Bronchodilation
¢) Vasodilation and pain
d) Increased heart rate only
9. ACE inhibitors increase bradykinin levels by
a) Inhibiting renin
b) Inhibiting kininase I1
¢) Stimulating substance P
d) Enhancing NE uptake
10. Prostaglandin E2 causes
a) Bronchodilation
b) Uterine relaxation
c¢) Fever and pain
d) Gastric acid suppression only
11. Thromboxane A2 primarily causes
a) Platelet inhibition
b) Vasoconstriction and platelet aggregation
¢) Bronchodilation
d) Anticoagulation

223 | TEXT BOOK OF ADVANCE PHARMACOLOGY-I



12. Leukotriene LTC4/LTD4 causes
a) Strong bronchodilation
b) Powerful bronchoconstriction
¢) Reduced vascular permeability
d) Decreased mucus secretion
13. Antihistamines acting on H1-receptors are mainly used for
a) Peptic ulcer
b) Allergic rhinitis
¢) Parkinsonism
d) Hypertension
14. A selective 5-HT1B/1D agonist used in migraine is
a) Buspirone
b) Sumatriptan
¢) Ondansetron
d) Cisapride
15. A selective 5-HT3 antagonist used as an antiemetic is
a) Sumatriptan
b) Ondansetron
¢) Fluoxetine
d) Methysergide
16. PGF2a analogs are used mainly for
a) Peptic ulcer
b) Glaucoma
¢) Hypertension
d) Arrhythmias
17. Montelukast acts by
a) Inhibiting COX
b) Blocking leukotriene receptors
¢) Stimulating prostaglandin synthesis
d) Inhibiting lipoxygenase
18. Hl-antihistamines causing maximum sedation belong to
a) Second-generation group
b) Non-sedating group
¢) First-generation group
d) Third-generation group
19. Serotonin syndrome is associated with
a) CNS depression
b) Bradycardia
¢) Hyperthermia, agitation, tremor
d) Hypotension and miosis
20. Misoprostol is used mainly for
a) Inducing glaucoma
b) NSAID-induced ulcer prevention
¢) Treating hypertension
d) Treating migraine

Short Questions

Define autacoids with suitable examples.

Describe the sources and storage of histamine.

List the major histamine receptors and their functions.
Mention the physiological roles of histamine.

What are the effects of H1-receptor activation?
Classify H1-antihistamines with examples.

Explain the role of H2-receptor blockers.

Describe the biosynthesis and metabolism of serotonin.
What are the physiological functions of serotonin?

10 Write the therapeutic uses of serotonin agonists.

11. Name the major kinin peptides and their actions.

12. What is bradykinin? Describe its effects.

VOB WD
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13.
14.
15.
16.
17.
18.
19.
20.

Explain why ACE inhibitors lead to cough.

What are prostaglandins? Give examples and functions.
Describe the actions of prostaglandin E2.

What is the role of thromboxane A2 in hemostasis?
Mention the clinical uses of prostaglandin analogs.
What are leukotrienes and their role in asthma?

Write short notes on leukotriene antagonists.

Describe the mechanism of action of montelukast.

Long Questions

1.
2
3
4
5.
6.
7
8
9.
1

0.

Describe the biosynthesis, storage, release, and pharmacological actions of histamine. Add notes on H1 and H2
blockers.

Explain in detail the classification, mechanisms, uses, and adverse effects of H1-antihistamines.

Discuss serotonin: biosynthesis, metabolism, receptors, physiological roles, and drug actions.

Write an essay on serotonin agonists and antagonists with clinical applications.

Explain the kinin system in detail, including the role of bradykinin in inflammation and pain.

Describe prostaglandins: biosynthesis via COX pathway, classification, actions, and therapeutic applications.
Discuss the role of prostaglandins in inflammation and fever.

Explain thromboxanes and prostacyclin: synthesis, antagonistic roles, and therapeutic implications.

Describe leukotrienes: synthesis via LOX pathway, physiological actions, and anti-leukotriene drugs in asthma.
Write a detailed note on autacoids and their general significance in physiology and pharmacology.

Answer Key For Mcqs

PN DR LD =
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