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The CNS governs the whole body, overseeing a number of crucial processes like motor 

function, emotion, cognition, sensory perception, and homeostatic regulation.  One of the most 

important components of modern treatment is the CNS pharmacological manipulation, 

encompassing drugs targeting conditions such as anxiety [1], depression, epilepsy, 

schizophrenia, pain, sleep disorders, and neurodegenerative disease. The pharmacology of 

drugs acting on the brain and spinal cord is discussed in this unit, focusing on the modes of 

action of the drugs, their therapeutic applications, and potential side effects.

Figure 1: Central Nervous System Pharmacology

There is a need for a comprehensive understanding of neurotransmitter systems, receptor 

subtypes, ion channels, and signal transduction pathways because of the central nervous 

system's complexity. CNS-active drugs can act by altering synaptic plasticity, altering neuronal 

excitability, or enhancing or reducing neurotransmission.  General and local anesthetics are 

administered at the beginning of the unit to induce unconsciousness and analgesia by inhibiting 

central nervous system activity. It goes on to drugs employed in the treatment of neurological 

disorders such as Parkinson's and Alzheimer's disease, sedatives, hypnotics, anxiolytics, 

antidepressants, antipsychotics, and antiepileptics. 
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3.1. GENERAL ANESTHETICS 

General anesthetics are an indispensable group of pharmacological drugs utilized in 

contemporary medicine, mostly utilized for inducing a reversible loss of consciousness in 

patients who are undergoing surgical or diagnostic interventions. Such drugs attain a condition 

of anesthesia that not only comprises unconsciousness but also analgesia (pain anesthesia), 

amnesia (lack of ability to create new memories during the process), relaxation of muscles, and 

immobility. The combined outcome of these effects renders general anesthetics critical in 

maintaining patients oblivious to the operation, free from pain, and unable to move as a result 

of surgical stimuli, which might otherwise result in distress or harm. The mechanisms of action 

are specific to the anesthetic applied and involve some drugs with a predominant mechanism 

of preventing the perception of pain, whereas others have a more direct influence on 

consciousness and memory [2]. 

The mechanism through which general anesthetics operate is closely entwined with their 

capacity for modulating the central nervous system (CNS), especially regions involved in 

retaining wakefulness and sensory perception. The reticular activating system (RAS) is one of 

the most essential targets of general anesthetics, a web of neurons of the brainstem that is 

credited with controlling the state of consciousness. Through action on neurotransmission 

within the RAS, anesthetics abolish the brain's capacity for wakefulness and consciousness. 

General anesthetics also have profound action on the thalamus, a sensory and motor relay 

station, and on the cerebral cortex, which plays a role in higher-order cognitive functions like 

awareness and memory. By these activities, general anesthetics inhibit the brain from 

processing sensory information, resulting in a total or partial shutdown of conscious perception. 

At the molecular level, general anesthetics act by modulating particular receptors and ion 

channels that govern the excitability of neurons. One shared mechanism of action for most 

anesthetics is enhancing the inhibitory neurotransmission, especially by way of the GABA-A 

(gamma-aminobutyric acid type A) receptor. GABA is the major inhibitory neurotransmitter 

within the CNS, and its activation results in the opening of chloride channels, rendering 

neurons less prone to fire and lessening neural activity. By augmenting GABAergic 

transmission, anesthetics enhance this inhibitory effect to induce sedation and 

unconsciousness. Others act by preventing excitatory neurotransmission, i.e., blocking the N-

methyl-D-aspartate (NMDA) receptor, which otherwise mediates excitatory glutamate 

transmission within the brain. The overall result of these measures is a considerable reduction 
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in neuronal activity throughout parts of the brain, resulting in controlled unconsciousness. The 

selection and blending of multiple anesthetic agents in precise amounts ensure balanced 

anesthesia, maximizing both the effectiveness of the anesthesia and the safety of the patient 

during surgery [3]. 

 Classification of General Anesthetics 

General anesthetics can be divided into two broad categories: inhalational (volatile) anesthetics 

and intravenous (IV) anesthetics. Both have unique benefits and are utilized according to the 

need of the surgery and the status of the patient.

1. Inhalational (Volatile) Anesthetics: They are delivered via the respiratory system as 

gases or vapors. They are usually given by a mask or endotracheal tube, and easy depth 

control is achieved. The titration of inhalational anesthetics is possible, allowing for 

finely adjustable dosing. Some of the most popular inhalational anesthetics are: 

o Halothane: A very early volatile anesthetic that has a pretty smooth induction 

and recovery profile but has been pretty much replaced due to its risk of 

hepatotoxicity. 

o Isoflurane: A commonly employed volatile anesthetic with low potency but a 

well-predicted and safe profile, often employed in maintenance as well as 

induction of anesthesia. 

o Sevoflurane: A newer inhalational agent that has a fast onset and recovery, 

which is great for outpatient procedures. It is tolerated well and has fewer side 

effects than older agents such as halothane. 

o Desflurane: Like sevoflurane in its quick onset and recovery, desflurane is 

commonly used for surgeries that need rapid induction and emergence from 

anesthesia. 

o Nitrous oxide: Also referred to as laughing gas, nitrous oxide is usually 

administered as an adjunct agent instead of a sole anesthetic. It is usually used 

in combination with other volatile agents to augment their effects and minimize 

side effects.

2. Intravenous (IV) Anesthetics: IV anesthetics are injected directly into the blood 

circulation, acting quickly. They are commonly employed for inducing anesthesia so 

that unconsciousness can be achieved promptly and in a controlled manner. After the 

patient is under anesthesia, inhalational anesthetics can be employed to supplement 

anesthesia. Some of the typical IV anesthetics are: 
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o Propofol: A rapid-acting sedative-hypnotic drug that is commonly employed 

for induction and maintenance of anesthesia. It is associated with smooth and 

quick recovery and has a lesser risk of nausea and vomiting than other drugs. 

o Thiopental sodium: A barbiturate employed for induction of anesthesia, 

although less so nowadays due to the advent of safer drugs such as propofol. 

o Etomidate: Tends to be used in high-risk patients because it has very little 

impact on cardiovascular stability. It rapidly induces anesthesia but may lead to 

adrenal suppression with continued administration. 

o Ketamine: An NMDA antagonist that causes dissociative anesthesia. It 

produces intense analgesia and amnesia with minimal respiratory depression 

and thus is beneficial in specific surgical contexts, particularly in trauma and 

children. 

o Midazolam (Benzodiazepine): A sedative and anxiolytic drug that is widely 

used as a premedication or anesthetic adjunct. It provides anxiolysis, amnesia, 

and light sedation. 

o Fentanyl (Opioid): An opioid that produces strong analgesia, often used in 

combination with other anesthetics for deep analgesia procedures. It assists in 

maintaining hemodynamic stability by lowering the need for increased doses of 

other anesthetics. 

 Mechanism of Action of General Anesthetics 

The main mechanism of action of general anesthetics is their capacity to modulate CNS 

neurotransmission to produce a reversible loss of consciousness, analgesia, amnesia, and 

immobility. General anesthetics produce anesthesia through several mechanisms: 

o Increasing Inhibitory Neurotransmission: The most general mechanism for 

most general anesthetics is the increase in inhibitory neurotransmission. This is 

usually mediated by the GABA-A receptors, which are chloride ion channels 

that, when stimulated, cause hyperpolarization of the neuron, making it less 

probable to fire. This causes CNS depression, resulting in sedation and 

unconsciousness.

o Inhibiting Excitatory Neurotransmission: Most general anesthetics also 

inhibit excitatory neurotransmitters, especially glutamate, by blocking the 

NMDA (N-methyl-D-aspartate) receptors. Drugs such as ketamine and nitrous 

oxide are reported to be NMDA antagonists. By inhibiting the excitatory action 
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of glutamate, these anesthetics inhibit neuronal firing, which helps to produce 

the anesthetic state. 

o Modifying Ion Channel Function: Anesthetics similarly influence many ion 

channels responsible for neuronal firing and synaptic transmission, including 

voltage-gated sodium and potassium channels. By controlling the movement of 

ions in and out of neurons, these drugs are able to decrease neuronal excitability 

and inhibit neural transmission, producing a generalized depressant effect on 

the CNS.

The actions have localized effects in particular regions of the brain, with different sites 

controlling different features of the anesthetic state: 

 Thalamus and Cortex: These regions are responsible for consciousness and sensory 

processing. Anesthetics depress activity in these areas, leading to a loss of 

consciousness and unresponsiveness to sensory stimuli. 

 Spinal Cord: Anesthetics also act on the spinal cord to produce immobility and muscle 

relaxation, preventing the patient from moving during surgery. 

 Limbic System: This area of the brain is responsible for emotional reactions and 

memory. General anesthetics, by blocking the limbic system, result in amnesia, so that 

the patient is unable to remember the operation. 

 Stages of General Anesthesia 

The stages of anesthesia, particularly for inhalational agents, are defined by Guedel’s 

classification, which helps to describe the progressive depth of anesthesia: 

1. Stage I (Analgesia): At this level, the patient is awake but feels drowsy and a reduction 

in perception of pain. This level represents the passage from complete alertness to 

reduced consciousness and is normally attained through the use of a low concentration 

of anesthetic agents. 

2. Stage II (Excitement/Delirium): This phase is marked by loss of consciousness, along 

with involuntary movements, abnormal respiration, and possibly agitation. It is a phase 

to be avoided when anesthesia is given gradually and under control.

3. Stage III (Surgical Anesthesia): This is the optimal time for surgery. The patient is 

deeply unconscious and respiratory and reflex functions are progressively inhibited. 

This plane can further be subdivided into planes of increasing depth, with the most 
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appropriate plane yielding the optimal combination of muscle relaxation, analgesia, and 

minimal respiratory depression. 

4. Stage IV (Medullary Paralysis): This stage indicates an overdose of anesthetic agents, 

leading to life-threatening depression of respiratory and cardiovascular functions. 

Immediate intervention is required to prevent fatal consequences. 

 Pharmacokinetics of General Anesthetics 

The pharmacokinetics of general anesthetics refer to how the body absorbs, distributes, 

metabolizes, and eliminates these agents [4]. Understanding these processes is essential for 

optimizing their use during surgery: 

 Inhalational Agents: 

o Lipid Solubility: As per the Meyer-Overton hypothesis, the strength of 

inhalational anesthetics is proportional to their lipid solubility. Agents that are 

more lipid-soluble are more potent because they can more readily pass through 

cell membranes and bind to CNS structures. 

o Minimum Alveolar Concentration (MAC): This definition measures the 

potency of an inhalational anesthetic and states the concentration needed to 

inhibit movement in 50% of patients when subjected to a surgical incision. 

Lower MAC values indicate higher potency. 

o Blood/Gas Partition Coefficient: This coefficient controls the speed with 

which an anesthetic will work. Drugs with low blood/gas partition coefficients 

(such as desflurane) have fast onset and recovery, whereas those with high 

coefficients (such as halothane) take longer to work and recover. 

 IV Agents: 

o IV anesthetics tend to have a quick onset because they are very lipid-soluble, 

hence easily cross the blood-brain barrier. The agents get distributed to the brain 

and highly perfused organs very rapidly, and this accounts for their rapid onset 

of action. 

o Once the drug is released, it tends to be redistributed to muscle and fat tissue, 

resulting in termination of action before the drug has been metabolized. 

Redistribution assists in determining the duration of action. 

o The majority of IV anesthetics are metabolized in the liver and excreted through 

the kidneys. The metabolic pathways, however, may differ as some agents 
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experience phase I and phase II reactions with the use of enzymes like 

cytochrome P450. 

It is important to understand the pharmacokinetics of anesthetics to control their dosing during 

surgery and to achieve a smooth induction and recovery from anesthesia. 

 Pharmacokinetics and Clinical Considerations of Common Anesthetic Agents 

1. Propofol: 

o Rapid Recovery and Induction: Propofol is an extensively used intravenous 

anesthetic with the benefit of inducing anesthesia rapidly and also having a 

speedy recovery time. This is made possible by its high lipid solubility, which 

enables it to penetrate through the blood-brain barrier in a very fast manner, 

hence leading to the smooth and speedy onset of unconsciousness. 

o No Analgesic Effect: In spite of being an effective sedative and hypnotic, 

propofol is not analgesic. It is therefore generally administered in conjunction 

with other analgesic drugs, especially opioids, to control pain during anesthetic 

procedures. 

o Causes Hypotension and Respiratory Depression: Propofol is linked with 

cardiovascular side effects, particularly hypotension, which may be 

considerable in patients with impaired cardiovascular function. It also has a 

respiratory depressant effect, resulting in respiratory depression and requiring 

close monitoring when it is administered. 

o Anti-Emetic Properties: Propofol's one of the most significant advantages is 

its anti-emetic effect. In contrast to certain anesthetic drugs that can cause 

nausea and vomiting during the postoperative period, propofol serves to 

decrease the frequency of these symptoms, thereby making it the anesthetic of 

choice for outpatient surgery. 

2. Thiopental (Barbiturate): 

o Ultra-Short Acting: Thiopental is a barbiturate that is chiefly employed for 

inducing anesthesia. It is ultra-short-acting, and this feature enables it to cause 

a swift onset of unconsciousness, hence being best suited for starting general 

anesthesia in emergency situations. 

o Accumulates in Fat with Repeated Doses: Thiopental is very lipophilic; in 

that it will be easily absorbed into fatty tissue. This quality can cause lasting 
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effects if a series of doses is given because the drug releases slowly from stores 

in fat to the bloodstream. Thus, judicious dosing must be performed, especially 

in long procedures. 

o Can Cause Laryngospasm and Respiratory Depression: Similar to most 

other anesthetic drugs, thiopental can lead to respiratory depression, which may 

require mechanical ventilation. It can also cause laryngospasm, a condition in 

which the vocal cords involuntarily close, possibly blocking the airway and 

making intubation difficult. 

3. Etomidate: 

o Minimal Cardiovascular Depression: Etomidate is the induction agent of 

choice in cardiovascular unstable patients since it has less effect on heart rate 

and blood pressure. Therefore, it is especially useful for patients with an 

impaired cardiovascular status, e.g., critical illness or heart disease [5]. 

o Used in Cardiac Patients: Due to its lack of effect on cardiovascular 

parameters, etomidate can be used frequently in cardiac surgery patients or in 

patients who are hemodynamically unstable to avoid worsening their situation 

through induction of anesthesia. 

o May Suppress Adrenal Steroid Synthesis: One significant disadvantage of 

etomidate is its capacity for inhibiting adrenal steroid production. This can 

cause adrenal insufficiency with extended use or repeated administration, and 

may necessitate steroid supplementation in some patients. 

4. Ketamine: 

o NMDA Receptor Antagonist: Ketamine is distinct as it is an antagonist at the 

NMDA (N-methyl-D-aspartate) receptor, and this receptor plays a key function 

in excitatory neurotransmission. This activity terminates the excitatory action 

of glutamate, hence its dissociative anesthetic properties. 

o Causes Dissociative Anesthesia: Ketamine produces a condition called 

dissociative anesthesia, and the patient seems to be cataleptic—eyes can be 

open, and there can be spontaneous movement. Although no unconsciousness 

occurs, the patients do not feel pain, and amnesia is produced. 

o Increases Heart Rate, Blood Pressure, and Intracranial Pressure: Unlike 

most anesthetic drugs, ketamine stimulates sympathetic nervous system activity 
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and results in increased heart rate and blood pressure. This renders it beneficial 

in patients with trauma or hypotension but potentially contraindicated in 

patients with hypertension or raised intracranial pressure. 

o Preserves Airway Reflexes and Spontaneous Respiration: Ketamine is 

differentiated among anesthetics in that it will leave the patient's airway reflexes 

and spontaneous respiration intact, which makes it an asset in certain surgical 

procedures or emergency situations where intubation is not feasible or desirable. 

o Useful in Asthmatics and Trauma Patients: Ketamine's bronchodilatory 

properties render it a useful anesthetic option in asthmatic patients since it 

ensures airway patency and prevents bronchospasm. It is also beneficial in 

trauma cases where the preservation of circulation and respiratory function is 

paramount. 

5. Midazolam: 

o Benzodiazepine with Anxiolytic, Amnestic, and Sedative Effects: 

Midazolam is a short-acting benzodiazepine used routinely for preoperative 

sedation, conscious sedation, and as an adjunct to general anesthesia. It induces 

anxiolysis (reduction of anxiety), amnesia (loss of memory), and sedation, 

which calm patients prior to procedures. 

o Often Used for Preoperative Sedation and Conscious Sedation: Midazolam 

is often given before surgery or medical procedures to relieve anxiety and 

produce a relaxed, cooperative condition in patients. It may also be used in 

procedures involving conscious sedation, enabling patients to stay awake but 

comfortable. 

6. Fentanyl and Other Opioids: 

o Strong Analgesics, Often Used Adjunctively: Fentanyl, an extremely potent 

opioid analgesic, is commonly combined with other anesthetic drugs to induce 

satisfactory relief of pain during surgery. Fentanyl may be administered either 

intravenously or epidurally, and its extremely potent analgesic effect makes it a 

key part of most anesthetic protocols. 

o Risk of Respiratory Depression and Rigidity: Although it is effective in 

inducing analgesia, fentanyl is associated with the potential for serious 

respiratory depression, especially when administered in large doses or in 
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combination with other CNS depressants [6]. Muscle rigidity, which may 

interfere with ventilation and necessitate pharmacologic intervention, is another 

effect of fentanyl. 

7. Inhalational Agents (e.g., Sevoflurane, Isoflurane): 

o Sevoflurane: Sevoflurane is an inhalational anesthetic that has a quick onset 

and offset of action and is thus well-suited for outpatient procedures. It is not 

irritant to the airway, thus especially well-tolerated in children and in patients 

with airway sensitivity.

o Isoflurane: Isoflurane is a powerful inhalational anesthetic that is commonly 

employed for maintenance of anesthesia in surgery. While effective, it is 

irritating and can lead to respiratory depression and airway irritation. It is 

generally avoided in pediatric patients or those with sensitive airways. 

o Nitrous Oxide: Also known as "laughing gas," nitrous oxide is a weak 

anesthetic that has a powerful analgesic effect. It is generally employed in 

combination with other anesthetics to improve their analgesic effect. Although 

it gives excellent pain relief, its impact on unconsciousness is minimal and 

therefore not applicable as a sole anesthetic. 

 Adverse Effects and Toxicity 

General anesthetics, while essential for modern surgical procedures, come with several 

potential risks and adverse effects: 

 Cardiovascular Depression: Most of the general anesthetics, such as propofol, 

etomidate, and inhalational agents, have the potential to cause cardiovascular 

depression, resulting in hypotension, bradycardia, and decreased cardiac output. These 

are especially worrisome in patients with underlying cardiovascular disease [7]. 

 Respiratory Depression and Loss of Airway Reflexes: Most anesthetic drugs, such 

as propofol, thiopental, and inhalational anesthetics, result in respiratory depression, 

leading to hypoxia and mechanical ventilation requirement. In addition, some of them, 

such as propofol and thiopental, have airway suppressant effects, so that airway 

obstruction and aspiration are enhanced. 

 Malignant Hyperthermia: Malignant hyperthermia is an unusual, potentially fatal 

complication of anesthesia precipitated by certain anesthetic agents, specifically 

halothane combined with succinylcholine (a skeletal muscle relaxant). The illness 
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involves an extremely high rise in temperature, muscular rigidity, and acidosis. 

Malignant hyperthermia is reversed by the use of dantrolene, an agent capable of 

countering the hypermetabolic state. 

 Hepatotoxicity: Some agents, particularly halothane, are linked to uncommon but 

severe liver injury, such as halothane hepatitis. This occurs usually in susceptible 

patients, usually following repeated exposure to the agent. 

 Nausea and Vomiting: Inhalational anesthetics such as isoflurane and sevoflurane are 

linked with postoperative nausea and vomiting (PONV), which are able to prolong 

recovery and add to patient discomfort. Anti-emetic drugs such as propofol are 

occasionally administered to counteract these actions. 

 Emergence Delirium: Ketamine is well-documented to induce emergence delirium, 

in which patients become confused, agitated, or have vivid hallucinations when they 

emerge from anesthesia. This is especially prevalent in pediatric and geriatric patients 

and can be controlled with attention to dosing or the addition of adjunct sedative agents. 

3.2. LOCAL ANESTHETICS 

Local anesthetics are drugs that inhibit pain sensation in a particular part of the body without 

impairing consciousness [8]. They are crucial in contemporary medicine, especially in minor 

surgery, dental operations, childbirth, and regional anesthesia, providing site-specific pain 

relief with minimal risks of general anesthesia. Local anesthetic use has facilitated shortening 

of recovery times, decrease in complications, and improved patient safety. 

 

Figure 2: Local anesthetics 
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 Mechanism of Action 

Local anesthetics work primarily by blocking voltage-gated sodium (Na⁺) channels, which are 

critical for the propagation of action potentials in nerves. The step-by-step process includes: 

1. Blockade of Na⁺ Channels: Local anesthetics block the movement of sodium ions into 

the nerve fibers upon depolarization, a phenomenon needed for conducting a nerve 

impulse. By stopping the process, the action potentials can no longer propagate along 

the nerve. 

2. Prevention of Signal Transmission: This inhibition leads to the loss of sensation, 

particularly the transmission of pain signals, from the area where the anesthetic is 

applied to the central nervous system. 

3. Selective Fiber Blockade: Local anesthetics preferentially block small, unmyelinated 

pain fibers first, followed by larger, myelinated fibers. This results in the following 

typical order of sensory loss: 

o Pain → Temperature → Touch → Pressure → Motor Function. 

 Classification of Local Anesthetics 

Local anesthetics can be classified in two ways: by their chemical structure and by their 

duration of action. 

A. Classification Based on Chemical Structure 

1. Ester-Linked Local Anesthetics: 

o They are metabolized quickly in the plasma by cholinesterase enzymes. 

o They are of shorter action and more likely to produce allergic reactions, 

particularly through the formation of derivatives of para-aminobenzoic acid 

(PABA). 

o Examples: 

 Procaine (Novocain) 

 Tetracaine 

 Benzocaine

 Chloroprocaine 
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2. Amide-Linked Local Anesthetics: 

o These are metabolized primarily in the liver via cytochrome P450 enzymes. 

o They have a longer duration of action and generally a lower risk of allergic 

reactions compared to esters. 

o Examples: 

 Lidocaine (Xylocaine) 

 Bupivacaine 

 Ropivacaine 

 Prilocaine 

 Mepivacaine 

B. Classification Based on Duration of Action 

 Short-Acting: Procaine, Chloropropane.

 Intermediate-Acting: Lidocaine, Prilocaine. 

 Long-Acting: Bupivacaine, Ropivacaine, Tetracaine. 

 Pharmacokinetics of Local Anesthetics 

The pharmacokinetics of local anesthetics can vary based on several factors: 

 Absorption: The uptake of local anesthetics is also a function of injection site and 

vascularity (perfusion to the area). Also, the inclusion of vasoconstrictors (e.g., 

adrenaline/epinephrine) lowers the rate of uptake and extends the duration of action by 

restricting systemic spread. 

 Distribution: Highly lipid-soluble anesthetics tend to have a longer duration of action 

as they can accumulate in tissues. 

 Metabolism: 

o Ester anesthetics are hydrolyzed by plasma enzymes (e.g., 

pseudocholinesterase). 

o Amide anesthetics are primarily metabolized in the liver by CYP enzymes. 

 Excretion: The excretion of local anesthetics occurs through the kidneys, and their 

urinary pH can influence the rate of excretion. 
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 Factors Influencing Activity 

Several factors can modify the efficacy and duration of local anesthetics: 

a. pKa of the Drug: The nearer the pKa of the anesthetic to physiological pH, the quicker 

the onset of action. 

b. Lipid Solubility: Agents with greater lipid solubility tend to be more potent and have 

a longer half-life of action. 

c. Protein Binding: More highly protein-bound local anesthetics are longer in their 

duration of action since they take longer to be eliminated from the system.

d. Vascularity of the Injection Site: The greater the blood supply in the region 

(vascularity), the quicker the drug is removed from the site, lessening its anesthetic 

effect. Therefore, poorly vascular areas (such as joints) tend to be more effectively 

anesthetized. 

 Clinical Uses 

Local anesthetics are versatile and can be used in a wide range of clinical scenarios: 

1. Topical Anesthesia: Applied directly to the skin or mucous membranes for minor 

procedures (e.g., lidocaine, benzocaine creams). 

2. Infiltration Anesthesia: Injected locally into the tissue for minor surgical procedures 

or laceration repairs. 

3. Field Blocks: Circumferential injection around an operative site, providing anesthesia 

to a larger area. 

4. Nerve Blocks: Used for more extensive anesthesia by blocking a specific peripheral 

nerve or nerve plexus. 

5. Spinal Anesthesia: Administered into the subarachnoid space for surgeries involving 

the lower body. 

6. Epidural Anesthesia: Injected into the epidural space, often used during labor or 

abdominal surgeries. 

7. Intravenous Regional Anesthesia (Bier’s Block): Involves injecting a local anesthetic 

into the vein of an extremity while occluding the blood flow to the limb.

 Adverse Effects of Local Anesthetics 

While local anesthetics are generally safe, they can cause adverse effects, both locally at the 

injection site and systemically [9]. 
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Local Toxicity 

 Pain, edema, hematoma, or infection at the site of injection. 

 Neurotoxicity: When used improperly in the intrathecal space (e.g., spinal), there is a 

risk of neurotoxic reactions, leading to long-term nerve damage. 

Systemic Toxicity (particularly with overdose or accidental intravenous injection): 

 CNS Toxicity: Symptoms can include dizziness, tinnitus, seizures, and drowsiness. 

Severe toxicity can progress to loss of consciousness or respiratory arrest. 

 Cardiotoxicity: Local anesthetics can cause bradycardia, arrhythmias, hypotension, 

and, in extreme cases, cardiac arrest. Bupivacaine is particularly cardiotoxic in 

overdose situations. 

 Allergic Reactions: Ester anesthetics are more likely to provoke allergic reactions due 

to the formation of PABA derivatives. 

Treatment of Systemic Toxicity: 

 Immediate discontinuation of the anesthetic. 

 Airway support and oxygenation as needed. 

 Benzodiazepines for controlling seizures. 

 Lipid Emulsion Therapy: For severe cases of cardiotoxicity (20% intralipid). 

Special Considerations 

1. Adrenaline (Epinephrine) in Local Anesthetics: 

o Prolongs the duration of anesthesia by causing vasoconstriction at the injection 

site, which reduces the rate of systemic absorption and extends the anesthetic 

effect. 

o Reduces bleeding during surgery. 

o Contraindicated in end-artery areas (e.g., fingers, toes, ears, nose, penis) due to 

the risk of ischemia and tissue necrosis. 

2. Eutectic Mixtures: 

o Mixtures such as EMLA cream (lidocaine + prilocaine) are ideal for non-

invasive, topical anesthetics on intact skin and are frequently utilized in 

venipuncture or small dermatologic procedures. 
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3.3. SEDATIVES AND HYPNOTICS 

Sedatives and hypnotics are a group of pharmacological agents that act on the central nervous 

system (CNS) to cause calming (sedation) or sleep (hypnosis). The main distinction between 

the two groups is in their purpose of use and the magnitude of their effect. Sedatives tend to 

minimize anxiety, agitation, or excitement without necessarily causing sleep, whereas 

hypnotics are employed to produce or sustain sleep [10]. Yet it should be mentioned that, with 

increased doses, sedatives also cause hypnosis (sleep), and continued increase in the dose can 

lead to anesthesia or even coma. This spectrum of CNS depression from sedation through 

hypnosis, anesthesia, and coma is a concept of fundamental importance for grasping both the 

therapeutic and possible toxic actions of these drugs. 

 

Figure 3: Sedatives and hypnotics Drugs 

 Mechanism of Action 

The majority of sedative-hypnotic medications function by increasing the activity of gamma-

aminobutyric acid (GABA), the brain's major inhibitory neurotransmitter. GABA acts by 

binding to GABA-A receptors on neurons, causing the entry of chloride ions into the cell. This 

hyperpolarizes the neuron, making it less probable to fire an action potential, and therefore 

decreases neuronal excitability. 

 Benzodiazepines: These medications, including diazepam, lorazepam, and 

alprazolam, augment the activity of GABA by making the chloride ion channels open 

more frequently when GABA acts at its receptor. This leads to a decrease in neuronal 
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excitability, which facilitates sedation, anxiolysis (removal of anxiety), and muscle 

relaxation. 

 Barbiturates: Barbiturates such as phenobarbital and thiopental work in a similar way 

but are different in that they prolong the time for which the chloride channels are open 

when GABA is present. At high doses, barbiturates have the further action of directly 

activating the GABA-A receptor, thus acting as powerful CNS depressants. 

Barbiturates, however, possess a narrow therapeutic window such that the margin 

between an effective dose and a toxic dose is not great, thereby making them more 

dangerous to overdose relative to benzodiazepines. 

 Z-drugs: Medications such as zolpidem, zaleplon, and eszopiclone are non-

benzodiazepine sedative-hypnotics that selectively act on GABA-A receptors with the 

α1 subunit, which are responsible for inducing sleep. These medications are usually 

used for the treatment of insomnia because they have fewer side effects and less risk of 

dependence than benzodiazepines. 

 Melatonin Receptor Agonists: Ramelteon is a non-GABA receptor acting drug that 

mimics the action of melatonin, a naturally occurring hormone, in regulating the sleep-

wake cycle. Melatonin receptor agonists act upon MT1 and MT2 receptors in the 

hypothalamus to facilitate sleep without modulation of the GABAergic system and 

hence prevent the risk of dependence or withdrawal. 

 Antihistamines: Over-the-counter (OTC) sleep medications such as diphenhydramine 

and hydroxyzine act by inhibiting H1 histamine receptors in the brain. Histamine is a 

neurotransmitter that induces wakefulness, and its blockade results in drowsiness and 

sedation. Antihistamines are generally more sedative in their side effects than other 

sedative-hypnotic medications and are usually prescribed for short-term insomnia. 

 Classification of Sedatives and Hypnotics 

Sedative-hypnotics can be classified based on their chemical structure and pharmacological 

properties: 

1. Benzodiazepines:

o Examples: Diazepam, lorazepam, alprazolam, midazolam 

o Uses: Benzodiazepines are prescribed to manage anxiety, insomnia, seizures, 

muscle spasms, and procedural sedation. They are widely regarded as safer than 
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barbiturates with less likelihood of a fatal overdose, but they also have the risk 

of dependence and withdrawal, particularly upon long-term use. 

2. Non-benzodiazepine Hypnotics (Z-drugs): 

o Examples: Zolpidem, zaleplon, eszopiclone 

o Uses: These medications are largely applied to treat insomnia. They selectively 

occupy GABA-A receptors with the α1 subunit, which play a critical role in the 

regulation of sleep. Z-drugs have less side effect profiles, like excessive daytime 

sleepiness, and fewer potentials for dependency than benzodiazepines. 

3. Barbiturates: 

o Examples: Phenobarbital, thiopental 

o Uses: Barbiturates are very effective CNS depressants that were commonly used 

for anxiety, insomnia, and seizure control. Because their therapeutic index is so 

narrow, barbiturates are now infrequently used, with a high risk of lethal 

overdose. 

4. Melatonin Receptor Agonists: 

o Example: Ramelteon 

o Uses: These drugs are employed in the treatment of insomnia and have the 

benefit of not causing dependence. They work on the melatonin receptors in the 

brain to control the sleep-wake cycle, and thus they are best suited for patients 

with circadian rhythm disorders or those requiring short-term therapy for sleep 

disorders.

5. Antihistamines: 

o Examples: Diphenhydramine, hydroxyzine 

o Uses: They are mostly employed as OTC sedatives for temporary insomnia. 

They induce sedation by inhibiting histamine receptors in the brain but are less 

potent than other sedative-hypnotics and tend to induce next-day sedation and 

anticholinergic side effects. 

 Pharmacokinetics

Sedative-hypnotics vary in their pharmacokinetic properties, influencing their onset and 

duration of action. The properties of these drugs are key factors in determining their clinical 

uses: 
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 Short-acting agents (e.g., midazolam, zolpidem) are ideal for sleep onset or short-term 

procedural sedation. These agents have a rapid onset of action, and their effects 

dissipate quickly, minimizing the risk of prolonged sedation. 

 Long-acting agents (e.g., diazepam, flurazepam) are often used for anxiety disorders, 

chronic insomnia, or seizure control. They have a slower onset and a longer duration of 

action, allowing them to provide more sustained effects. 

 Metabolism 

The metabolism of sedative-hypnotics is usually in the liver. Most benzodiazepines form active 

metabolites that account for their extended duration of action. Barbiturates are also reported to 

induce cytochrome P450 enzymes [11], whose influence on the metabolism of other drugs may 

cause drug interactions. 

 Clinical Uses 

 Anxiolysis (Anxiety Relief): Benzodiazepines, such as diazepam and lorazepam, are 

commonly used to treat anxiety and panic disorders due to their calming effects. 

 Insomnia: Non-benzodiazepine hypnotics, such as zolpidem and eszopiclone, are 

specifically designed to promote sleep and improve sleep quality in individuals with 

insomnia.

 Seizures: Benzodiazepines like lorazepam and diazepam are used in emergency 

settings to control acute seizures or status epilepticus. 

 Sedation: Drugs like midazolam are used for procedural sedation, providing a calming 

effect during medical or dental procedures. 

 Adverse Effects 

Common side effects associated with sedative-hypnotic drugs include: 

 CNS Depression: Excessive sedation, dizziness, drowsiness, or even respiratory 

depression at high doses. 

 Dependence and Withdrawal: Long-term use of sedatives or hypnotics can lead to 

physical dependence, tolerance, and withdrawal symptoms, particularly with 

benzodiazepines and barbiturates. 

 Cognitive Impairment: Chronic use of sedative-hypnotics, especially 

benzodiazepines, can lead to memory impairment and cognitive dysfunction. 
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 Drug Interactions: Since sedative-hypnotics affect CNS activity, they can interact 

with other CNS depressants (e.g., alcohol, opioids), increasing the risk of severe 

sedation, respiratory depression, and even overdose. 

 Special Considerations 

 Tolerance and Dependence: Prolonged use of sedative-hypnotics, particularly 

benzodiazepines and barbiturates, can result in the establishment of tolerance 

(increased doses for the same effect) and dependence (physical and 

psychological dependence on the drug). This highlights the need to restrict their 

use to short-term or controlled environments. 

 Withdrawal Symptoms: Sudden stoppage of prolonged sedative-hypnotic use 

will result in withdrawal symptoms like anxiety, agitation, insomnia, seizures, 

and in extreme cases, delirium. Therefore, tapering is generally advised to avoid 

withdrawal. 

 Combination with Other CNS Depressants: Sedative-hypnotics should not be 

combined with other CNS depressants (e.g., alcohol, opioids), as the additive 

depressant effects can lead to life-threatening respiratory depression, coma, or 

death. 

 Therapeutic Applications 

Clinical Applications 

1. Insomnia Sedative-hypnotic drugs like zolpidem, eszopiclone, and ramelteon are used 

to treat insomnia, particularly when sleep onset and maintenance are compromised. 

 Zolpidem and eszopiclone are commonly prescribed for short-term insomnia and 

have less risk of tolerance and dependency than traditional benzodiazepines. 

 Ramelteon, a melatonin receptor agonist, acts by occupying the MT1 and MT2 

receptors in the hypothalamus, controlling the circadian rhythm to induce natural 

sleep without acting on GABA receptors. It's a good choice for individuals who 

do not want to be dependent. 

For acute insomnia, benzodiazepines like lorazepam and temazepam are sometimes 

prescribed but are not typically first choice given the risks for dependence, side effects, and 

tolerance when taken long term. They are better at inducing sleep than sustaining sleep. 
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2. Anxiety Disorders Sedative-hypnotics, particularly benzodiazepines, are used as 

anxiolytics for generalized anxiety disorder (GAD), panic attacks, and as adjuncts in 

treating depression. 

 Alprazolam, lorazepam, and clonazepam are the most typically prescribed 

medications for anxiety. They provide immediate relief of symptoms through 

potentiation of the effects of GABA in the CNS. 

 Long-term use of benzodiazepines in anxiety is to be avoided since the risk of 

tolerance, dependence, and withdrawal is high. Cognitive-behavioral therapy 

(CBT) and other non-pharmacological interventions are suggested for chronic 

management. 

3. Seizure Management For status epilepticus (a medical emergency characterized by 

prolonged seizures), benzodiazepines like diazepam and lorazepam are the first-line 

treatment. 

 Phenobarbital, a barbiturate, for specific situations when seizures are refractory 

to benzodiazepines. It has a long action and is very useful for neonatal seizures 

because of its sedative effect [12]. The narrow therapeutic range and sedative side 

effects of phenobarbital, however, restrict its application. 

4. Pre-anesthetic and Procedural Sedation Drugs like midazolam, a benzodiazepine, 

are favored for preoperative sedation and procedural sedation (e.g., endoscopy). They 

provide: 

 Anxiolysis (relief of anxiety) 

 Amnesia (lack of memory for the procedure) 

 Sedation to help relax patients before surgery or medical procedures. Midazolam's 

short half-life makes it a preferred option for short-term use in these settings. 

5. Muscle Spasms and Spasticity Diazepam, a benzodiazepine, is employed to manage 

spasticity and muscle spasms that occur in association with diseases such as cerebral 

palsy or spinal cord injury. Its muscle-relaxant action proves helpful in lowering muscle 

tone and also in relieving pain. Nevertheless, owing to its CNS depressant action, it 

must be used with caution. 

6. Alcohol Withdrawal Benzodiazepines, such as chlordiazepoxide and diazepam, are 

the first-line treatment for the alleviation of symptoms of alcohol withdrawal, such as 

agitation, tremors, and seizures. They act by averting the hyperstimulation of the CNS 
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which happens when a CNS depressant, alcohol, is abruptly taken away. They also avert 

delirium tremens, a serious alcohol withdrawal complication presenting with confusion, 

hallucinations, and seizures. 

Adverse Effects 

Central Nervous System Depression: The primary adverse effects of sedative-hypnotic drugs 

are related to CNS depression, which can manifest as: 

 Drowsiness or excessive sedation 

 Confusion or difficulty concentrating 

 Dizziness or lightheadedness 

 Motor incoordination, impairing daily activities such as driving or operating machinery 

While benzodiazepines and Z-drugs are generally safer than older sedatives like barbiturates, 

they still carry the risk of cognitive impairment, especially with prolonged use. 

 Benzodiazepines may cause anterograde amnesia, leading to difficulty remembering 

events that occur after taking the drug. 

 Z-drugs (like zolpidem) may cause side effects such as sleepwalking, hallucinations, 

and rebound insomnia after the drug wears off. 

Barbiturates, because they have a low therapeutic ratio, are particularly hazardous in overdose. 

They produce potentially fatal respiratory depression and cardiac collapse. For these reasons, 

barbiturates are no longer used except in certain medical indications, such as neonatal seizure 

control or induction of anesthesia. 

Chronic Use: Long-term use of sedative-hypnotics can result in tolerance, where increasing 

doses are required to achieve the same therapeutic effects. This can lead to dependence and 

withdrawal symptoms, including: 

 Anxiety 

 Tremors 

 Insomnia 

 In severe cases, withdrawal can precipitate seizures or other life-threatening 

complications. 

As such, sedative-hypnotics are typically recommended for short-term use, and the duration of 

treatment should be minimized where possible. 
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Contraindications and Precautions 

Sedative-hypnotics should be used with caution or avoided in the following circumstances: 

1. Pregnancy and Lactation 

 Teratogenicity: Many sedative-hypnotics, especially benzodiazepines and 

barbiturates, can cause harm to a developing fetus, including cleft palate, neonatal 

CNS depression, and withdrawal symptoms after birth. 

 Neonatal CNS Depression: These drugs may be excreted in breast milk and may 

cause sedation in the infant. Therefore, sedative-hypnotics should be avoided 

during pregnancy and lactation unless absolutely necessary. 

2. Elderly Patients: Aged patients are more susceptible to side effects, such as falls, 

delirium, confusion, and memory impairment. Furthermore, decreased metabolism in 

the elderly may result in extended drug effects. Elderly patients should receive lower 

doses, and careful monitoring is necessary. 

3. Respiratory Disorders: In COPD or sleep apnea patients, sedative-hypnotics can 

worsen respiratory depression with severe and life-threatening outcomes. These 

medications should be avoided in such scenarios or used with utmost caution. 

4. Substance Use Disorder: Due to the dependence potential of sedative-hypnotics, they 

should be avoided in patients with a history of substance use disorder or a risk of 

misuse. 

5. Liver or Kidney Dysfunction: Sedative-hypnotics, especially benzodiazepines, are 

metabolized by the liver. Liver disease can delay the half-life of these drugs, resulting 

in prolonged sedation and an increased risk of overdose. Likewise, compromised 

kidney function can impair the excretion of these drugs. 

Drug Interactions 

Sedative-hypnotics can interact with several other drugs, potentiating CNS depression or 

altering the metabolism of other medications: 

1. CNS Depressants: 

 Alcohol, opioids, antihistamines, and antipsychotics all enhance the sedative 

effects of sedative-hypnotics, leading to potentially dangerous levels of CNS 

depression. Concomitant use should be avoided or closely monitored. 
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2. Enzyme Inducers/ Inhibitors: 

 Barbiturates are potent enzyme inducers, meaning they can accelerate the 

metabolism of other drugs, including oral contraceptives, anticoagulants, and 

anticonvulsants. This can lead to reduced efficacy of these drugs [13]. 

 Benzodiazepines and Z-drugs are metabolized by CYP3A4 enzymes, and their 

efficacy can be altered by CYP3A4 inhibitors (e.g., ketoconazole) or inducers (e.g., 

rifampin). It’s important to adjust dosages when co-administering these drugs. 

3. Other Interactions: 

 Opioid analgesics and benzodiazepines together increase the risk of respiratory 

depression and sedation. Their use together should be approached with caution, 

with the lowest effective doses prescribed. 

3.4. DRUGS FOR ANXIETY DISORDERS 

Anxiety disorders, such as generalized anxiety disorder (GAD), panic disorder, social anxiety 

disorder, and specific phobias, have a huge impact on individuals' quality of life by inducing 

constant fear, tension, and worry. Treatment of anxiety disorders may include a combination 

of pharmacotherapy and psychotherapy. Medication acts on a specific neurotransmitter system 

in the brain to provide relief from symptoms, whereas therapy assists in resolving the 

underlying psychological triggers and thought patterns [14]. Following is a more specific 

explanation of the pharmacological treatment options for anxiety disorders: 

1. Benzodiazepines 

Benzodiazepines are one of the most widely prescribed drugs for acute or transient treatment 

of anxiety. They exert their action by enhancing the effects of gamma-aminobutyric acid 

(GABA), the major inhibitory neurotransmitter of the brain. This potentiating action leads to 

decreased neuronal activity, which induces feelings of relaxation and calmness. Because of 

their quick onset of action, benzodiazepines are effective in providing instantaneous relief from 

the symptoms of anxiety. 

Commonly used benzodiazepines 

o Diazepam (Valium): Often prescribed for short-term anxiety, muscle spasms, 

and alcohol withdrawal. 

o Lorazepam (Ativan): Frequently used for generalized anxiety disorder (GAD) 

and acute anxiety episodes. 
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o Alprazolam (Xanax): Commonly prescribed for panic attacks and GAD. 

Side Effects: 

o Efficacious for short-term use, but benzodiazepines carry side effects including 

drowsiness, memory disturbances, and loss of coordination. Tolerance, 

dependence, and withdrawal symptoms including anxiety, tremors, and 

insomnia can develop with long-term use [15]. In addition, interaction of 

benzodiazepines with alcohol or other CNS depressants may produce an 

increased risk of overdose and respiratory depression. 

Limitations: 

o Due to the potential for addiction and withdrawal issues, benzodiazepines are 

typically recommended only for short-term use. Long-term use is avoided 

unless absolutely necessary. 

2. Selective Serotonin Reuptake Inhibitors (SSRIs) 

SSRIs have been deemed to be the first-line medication used for long-term treatment of anxiety 

disorders. These drugs act through inhibiting reuptake of serotonin, which is a neurotransmitter 

that takes part in influencing mood [16]. Increasing the levels of serotonin in the brain, SSRIs 

relieve anxiety symptoms and increase mood stability. 

Common SSRIs include: 

o Sertraline (Zoloft): Often used to treat GAD, panic disorder, and social anxiety 

disorder. 

o Fluoxetine (Prozac): Used for various anxiety-related conditions, including 

GAD. 

o Escitalopram (Lexapro): Commonly prescribed for GAD and social anxiety 

disorder. 

Side Effects: 

o Although SSRIs are well-tolerated in general, they can induce side effects such 

as insomnia, nausea [17], sexual dysfunction, and temporary rises in anxiety 

[108]. Side effects tend to abate after a couple of weeks of medication. 

Restlessness or agitation may be experienced as the body gets used to the drug. 
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Advantages: 

o SSRIs are effective for chronic anxiety and have a relatively safe side effect 

profile, making them suitable for long-term use. 

3. Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs) 

SNRIs are yet another category of antidepressants utilized in the management of anxiety 

disorders. SNRIs work on both serotonin and norepinephrine, two neurotransmitters involved 

in managing mood and response to stress [18]. Through their blockade of reuptake, SNRIs 

enhance mood, inhibit anxiety, and stabilize emotional reactions. 

 

Figure 4: SNRI Mechanism of Action 

Common SNRIs include: 

o Venlafaxine (Effexor XR): Effective for treating generalized anxiety disorder, 

panic disorder, and social anxiety disorder. 

o Duloxetine (Cymbalta): Often used for generalized anxiety disorder, panic 

disorder, and chronic pain associated with anxiety. 

Side Effects: 

o While SNRIs are effective, they can cause side effects such as increased blood 

pressure at higher doses, dizziness, dry mouth, and withdrawal symptoms if 

discontinued abruptly. 

Advantages: 

o SNRIs are effective in treating both depression and anxiety, making them 

versatile options for patients with comorbid conditions. 
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4. Buspirone 

Buspirone is a non-benzodiazepine anxiolytic that partially agonizes the 5-HT1A serotonin 

receptor, which modulates serotonin activity within the brain. In contrast to benzodiazepines, 

buspirone lacks sedation and does not lead to addiction, thus it is a suitable choice for the long-

term treatment of anxiety. 

Common use: 

o Buspirone is primarily used for generalized anxiety disorder (GAD) and is often 

preferred for chronic use due to its lower risk of dependence. 

Side Effects: 

o Common side effects include dizziness, nausea, and headache. Although it is 

well-tolerated, buspirone may take several weeks to show full therapeutic 

effects. 

Advantages: 

o Buspirone is effective for long-term anxiety management without the risk of 

dependence or sedation associated with benzodiazepines. 

5. Beta-Blockers 

Beta-blockers are utilized to treat the bodily symptoms of anxiety, including trembling, racing 

heart, and perspiration. Beta-blockers prevent the effect of adrenaline, a stress hormone that 

plays a part in the "fight or flight" response [19]. Beta-blockers are especially useful when the 

anxiety manifests primarily physically and also in performance anxiety. 

Common beta-blockers: 

o Propranolol (Inderal): Often used for situational anxiety, such as public 

speaking or performance-related anxiety. 

Side Effects: 

o Beta-blockers can cause fatigue, dizziness, cold extremities, and occasionally 

low blood pressure. They are not typically used for chronic anxiety 

management, but can provide relief for acute, situational anxiety. 
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6. Antihistamines 

Antihistamines like Hydroxyzine (Vistaril) are occasionally utilized to manage anxiety, 

especially for their sedative effect. Hydroxyzine inhibits the histamine receptors in the brain 

and possesses a weak anxiolytic effect but without benzodiazepine-associated addiction. 

Common use: 

o Hydroxyzine is often used for short-term relief of anxiety symptoms, especially 

when a sedative effect is required. 

Side Effects: 

o Common side effects include drowsiness, dry mouth, and blurred vision, but it 

generally has fewer severe side effects than benzodiazepines. 

7. Tricyclic Antidepressants (TCAs) 

While no longer routinely prescribed for anxiety disorders because of side effects, tricyclic 

antidepressants (TCAs) may still be prescribed in instances where other drugs fail. TCAs are 

effective by preventing the reuptake of both serotonin and norepinephrine, like SNRIs, but they 

also block other receptors for neurotransmitters, resulting in broader side effects. 

Common TCAs include: 

o Amitriptyline (Elavil) and Imipramine (Tofranil). 

Side Effects: 

o TCAs can cause significant dry mouth, constipation, blurred vision, weight 

gain, and sedation, making them less desirable for long-term use. 

 

Advantages: 

o TCAs are considered when patients do not respond to other treatments or when 

the anxiety disorder is complicated by comorbid depression. 

8. Combination with Therapy 

Along with pharmacologic treatment, cognitive-behavioral therapy (CBT) is frequently 

indicated as a first-line psychological treatment for anxiety disorders. CBT is a systematic, 

goal-based therapy that helps patients recognize and challenge negative patterns of thinking 

leading to anxiety. It also imparts functional skills, including relaxation skills and problem-

solving skills, to control symptoms of anxiety. 
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Advantages of combining therapy and medication: 

o Merging medication and therapy is more beneficial than each separately. Although 

medication relieves symptoms, therapy resolves the causes of anxiety and offers 

better long-term results. For instance, medication can decrease present anxiety, but 

CBT will enable the patients to build skills to overcome anxiety in the future. 

3.5. ANTIDEPRESSANTS 

Antidepressants are a mainstay of mood disorder treatment, especially depression and anxiety. 

Antidepressants work to alter the levels of neurotransmitters—chemical messengers in the 

brain—like serotonin, norepinephrine, and dopamine, which have a central role in controlling 

mood, emotional reaction, and other functions [20]. Selection of an antidepressant is based on 

a variety of factors such as the mood disorder type, patient characteristics, and side effects. 

Following is a detailed discussion of the different classes of antidepressants, their action 

mechanisms, indications, and side effects. 

1. Selective Serotonin Reuptake Inhibitors (SSRIs) 

SSRIs rank among the most widely prescribed antidepressants because they have been proven 

effective and have relatively minor side effects. They selectively inhibit the reuptake of the 

neurotransmitter serotonin, which is important in mood control. Increasing the brain 

availability of serotonin leads to improved mood and less anxiety or depression. 

 Common SSRIs include: 

o Fluoxetine (Prozac): Often used to treat depression, obsessive-compulsive 

disorder (OCD), and panic disorder. 

o Sertraline (Zoloft): Frequently prescribed for major depressive disorder 

(MDD), panic disorder, and social anxiety disorder. 

o Escitalopram (Lexapro): Used for generalized anxiety disorder (GAD) and 

MDD. 

 Indications: SSRIs are first-line treatments for a variety of mood disorders, including: 

o Major depressive disorder (MDD) 

o Generalized anxiety disorder (GAD) 

o Panic disorder 

o Obsessive-compulsive disorder (OCD) 
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o Post-traumatic stress disorder (PTSD) 

 Side Effects: While generally well-tolerated, SSRIs can cause: 

o Nausea, particularly in the first few weeks of treatment. 

o Insomnia or sleep disturbances. 

o Sexual dysfunction, including reduced libido, delayed ejaculation, and 

anorgasmia. 

o Headaches and gastrointestinal issues (e.g., diarrhea or constipation). 

While side effects will eventually pass, some people become even more anxious or agitated 

when they first begin taking the medication. The symptoms usually correct after a few weeks 

of use. 

2. Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs) 

SNRIs are analogous to SSRIs but with a wider mechanism of action. They block the reuptake 

of serotonin and norepinephrine, both of which are involved in regulating mood, energy, and 

physical symptoms such as pain and fatigue. By affecting both of these neurotransmitters, 

SNRIs offer a more extensive solution for the treatment of depression and anxiety. 

 Common SNRIs include: 

o Venlafaxine (Effexor XR): Used for major depressive disorder, generalized 

anxiety disorder, and social anxiety disorder. 

o Duloxetine (Cymbalta): Effective for major depression, anxiety disorders, and 

chronic pain conditions such as fibromyalgia. 

 Indications: SNRIs are typically prescribed for: 

o Major depressive disorder (MDD) 

o Generalized anxiety disorder (GAD) 

o Social anxiety disorder 

o Chronic pain conditions (e.g., fibromyalgia, neuropathic pain) 

 Side Effects: SNRIs can cause side effects similar to those of SSRIs, including: 

o Nausea and insomnia. 

o Dry mouth and dizziness. 

o Sexual dysfunction. 
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o Increased blood pressure at higher doses (particularly with venlafaxine), 

necessitating regular blood pressure monitoring. 

o Discontinuation symptoms, such as dizziness, nausea, and flu-like symptoms, if 

stopped abruptly. 

3. Tricyclic Antidepressants (TCAs) 

TCAs are older drugs that work effectively to treat depression and anxiety but are prescribed 

less today because of their side effect profile and overdose risk. TCAs block the reuptake of 

serotonin and norepinephrine, raising the level of these neurotransmitters in the brain. 

 Common TCAs include: 

o Amitriptyline (Elavil): Often prescribed for chronic pain, insomnia, and 

depression. 

o Imipramine (Tofranil): Used to treat depression and panic disorder. 

o Nortriptyline (Pamelor): A less sedating TCA, used for depression and 

anxiety. 

 Indications: TCAs are used for: 

o Major depressive disorder (MDD) 

o Panic disorder 

o Chronic pain 

o Insomnia 

 Side Effects: TCAs are associated with a number of side effects, including: 

o Dry mouth, constipation, blurred vision, and urinary retention. 

o Sedation and weight gain. 

o Increased risk of overdose due to their toxicity in high doses. 

o Orthostatic hypotension (a drop-in blood pressure when standing), which can 

lead to dizziness or fainting. 

Due to these side effects and the risk of overdose, TCAs are typically reserved for patients who 

have not responded to other medications. 

 

 

 DOI 10.5281/zenodo.15826880 https://doi.org/10.5281/zenodo.15826881



ADVANCED PHARMACOLOGY – I 

126 

4. Monoamine Oxidase Inhibitors (MAOIs) 

MAOIs are among the oldest antidepressant classes. They function by blocking the monoamine 

oxidase enzyme that metabolizes serotonin, norepinephrine, and dopamine in the brain. 

Blocking this enzyme, MAOIs raise the levels of the neurotransmitters, enhancing the mood. 

 Common MAOIs include: 

o Phenelzine (Nardil): Often used for treatment-resistant depression and anxiety 

disorders. 

o Tranylcypromine (Parnate): Used for depression and some anxiety disorders. 

 Indications: MAOIs are typically prescribed when other antidepressants have failed. 

They are less commonly used due to their strict dietary restrictions and potential for 

severe drug interactions. 

 Side Effects: MAOIs require careful management, including: 

o Dietary restrictions: Patients must avoid foods high in tyramine (e.g., aged 

cheeses, cured meats, certain alcoholic beverages), as tyramine can trigger a 

hypertensive crisis. 

o Orthostatic hypotension. 

o Weight gain and sexual dysfunction. 

o Insomnia or agitation. 

5. Atypical Antidepressants 

Atypical antidepressants are a heterogeneous group of drugs that do not easily fit into the 

primary classes of SSRIs, SNRIs, or TCAs. They act by mechanisms distinct from the others 

to modify neurotransmitter levels, providing alternatives for patients who have not responded 

to conventional antidepressants. 

 Common atypical antidepressants include: 

o Bupropion (Wellbutrin): A norepinephrine-dopamine reuptake inhibitor, 

useful for depression and smoking cessation. 

o Mirtazapine (Remeron): Increases serotonin and norepinephrine release, often 

prescribed for depression with insomnia or poor appetite. 

 Indications: These medications are used for: 

o Major depressive disorder (MDD) 
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o Seasonal affective disorder (SAD) 

o Smoking cessation (bupropion) 

o Anxiety (in some cases) 

 Side Effects: Atypical antidepressants have varied side effects: 

o Bupropion: Can cause insomnia, agitation, and, in rare cases, seizures. 

o Mirtazapine: Associated with sedation, weight gain, and increased appetite. 

6. Other Antidepressant Classes 

There are additional medications that may be used off-label to treat mood disorders. 

 Trazodone: Primarily prescribed for insomnia but also has antidepressant properties 

due to its serotonin antagonism. It is often used for sleep issues in patients with 

depression. 

 Vortioxetine (Trintellix): A serotonin modulator with a unique mechanism of action 

that helps treat depression by targeting multiple serotonin receptors. 

Antidepressants are significant in the therapy of depression, anxiety disorders, and other 

relevant illnesses. Selecting an antidepressant is subject to various aspects, such as the nature 

of the mood disorder, patient properties, and drug side effect profile. SSRIs and SNRIs are 

generally the initial drugs of choice because they work well and have relatively benign side 

effects, with TCAs and MAOIs being reserved when other drugs are ineffective. The atypical 

antidepressants provide extra choices for people who will not respond to other drugs. A 

combination of antidepressant therapy with psychotherapy, including cognitive-behavioral 

therapy (CBT), works best in the treatment of mood disorders in most instances. Careful 

monitoring by the healthcare professionals is necessary to ascertain the safety and efficacy of 

the treatment. 

3.6. ANTIPSYCHOTICS (FOR PSYCHOSIS AND MANIA) 

Antipsychotics are drugs employed mostly to manage psychotic illnesses, like schizophrenia, 

and manic states in the case of bipolar disorder. Antipsychotics balance the activity of 

neurotransmitters in the brain, specifically dopamine, and occasionally serotonin. 

Antipsychotics are typically classified into two broad categories: first-generation (typical) and 

second-generation (atypical) antipsychotics. 
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First-Generation (Typical) Antipsychotics 

First-generation antipsychotics, or neuroleptics, have been around for decades and are very 

effective in managing psychosis by antagonizing dopamine receptors, more specifically the D2 

receptors in the brain. Though very effective at managing psychotic symptoms, they are very 

much associated with important side effects. 

 Common Drugs: Haloperidol (Haldol), Chlorpromazine (Thorazine), and 

Fluphenazine (Prolixin) are examples of first-generation antipsychotics. 

 Mechanism of Action: These medications work by blocking dopamine receptors, 

which decreases symptoms of psychosis such as delusions and hallucinations. This 

effect can also lead to side effects such as extrapyramidal symptoms (movement 

disorders) and other negative reactions. 

 Side Effects: First-generation antipsychotics are linked to movement disorders, 

including tremor, rigidity, and bradykinesia (slowness of movement), and tardive 

dyskinesia (spontaneous movement). They can also produce sedation, dry mouth, 

blurred vision, constipation, and urinary retention. One of the serious but infrequent 

side effects is Neuroleptic Malignant Syndrome (NMS), which includes fever, muscle 

rigidity, and altered mental status. 

Second-Generation (Atypical) Antipsychotics 

Second-generation (atypical) antipsychotics are more recently developed drugs that are 

preferable because they have less risk of extrapyramidal side effects. These drugs are more 

potent in treating positive symptoms (e.g., hallucinations, delusions) as well as negative 

symptoms (e.g., apathy, social withdrawal) of psychotic disorders. 

 Common Drugs: Olanzapine (Zyprexa), Risperidone (Risperdal), Quetiapine 

(Seroquel), Aripiprazole (Abilify), and Clozapine (Clozaril) are well-known atypical 

antipsychotics. 

 Mechanism of Action: Atypical antipsychotics have action on both the dopamine and 

serotonin receptors in the brain, reducing psychotic symptoms but also enhancing mood 

and behavior. Their wider action on neurotransmitters can lead to an improved side 

effect profile than with typical antipsychotics. 

 Side Effects: Atypical antipsychotics come with metabolic side effects, for example, 

weight gain, increased cholesterol, and a heightened risk of diabetes. Sedation follows 

with medications like quetiapine, while clozapine has a danger of agranulocytosis 
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(reduction in the white blood count), which implies frequent blood check-ups. Atypical 

antipsychotics have also been observed to lengthen the QT period, thereby the danger 

of arrhythmias. 

Indications for Antipsychotics 

Antipsychotics are mainly used for: 

 Psychotic Disorders: These include schizophrenia and schizoaffective disorder. The 

drugs help manage the hallucinations, delusions, and disorganized thinking associated 

with these conditions. 

 Bipolar Disorder: Antipsychotics are used to treat manic episodes in bipolar disorder. 

Atypical antipsychotics are especially effective for this purpose, often in combination 

with mood stabilizers. 

 Severe Agitation: In cases of extreme agitation or aggression, particularly in patients 

with psychosis or mania, antipsychotics can help calm the individual and reduce 

dangerous behavior. 

 Off-Label Uses: Antipsychotics may also be used to treat severe depression (especially 

when other treatments fail), anxiety disorders, and even obsessive-compulsive disorder 

(OCD) in some cases. 

Antipsychotics in the Treatment of Mania 

In bipolar illness, antipsychotics are usually employed when the patient becomes manic. Manic 

episodes include symptoms such as heightened mood, grandiosity, and decreased sleep 

requirement, and antipsychotics are useful in stabilizing mood and diminishing such extreme 

behaviors. 

 Effectiveness: Atypical antipsychotics, like olanzapine and quetiapine, are especially 

effective in the management of mania. They are often administered together with mood 

stabilizers, e.g., lithium, for optimal control of manic as well as depressive episodes. 

3.7. ANTIEPILEPTIC DRUGS 

Antiepileptic medications (AEDs), or anticonvulsants, are drugs prescribed to prevent and treat 

seizures in patients with epilepsy or other seizure disorders. The drugs stabilize the electrical 

activity in the brain so that neurons are not abnormally fired to produce seizures. Treating 

epilepsy sometimes involves cautious balancing of the nature of seizures, the age of the patient, 

and the side effect profile of the medication. 
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Mechanisms of Action 

Antiepileptic drugs work through various mechanisms to control seizures. These include: 

 Inhibition of Sodium Channels: Many AEDs prevent the rapid firing of neurons by 

inhibiting sodium channels, which helps control seizures. 

 Enhancement of GABAergic Activity: Some AEDs increase the activity of gamma-

aminobutyric acid (GABA), an inhibitory neurotransmitter that helps calm neural 

activity. 

 Inhibition of Glutamate Activity: Glutamate is an excitatory neurotransmitter, and 

some AEDs work by blocking its receptors, reducing excitatory neural firing. 

 Modulation of Calcium Channels: Certain drugs target calcium channels, reducing 

the release of neurotransmitters that may trigger seizures. 

Types of Antiepileptic Drugs 

1. First-Generation Antiepileptic Drugs (Traditional AEDs) These are the older, 

established drugs that have been around for decades to control seizures. They are 

effective but tend to have more side effects and need drug level monitoring. 

o Phenytoin (Dilantin): A widely used medication that acts by blocking sodium 

channels. It is useful for managing partial and generalized tonic-clonic seizures 

but needs monitoring for toxicity because it has a narrow therapeutic window. 

o Carbamazepine (Tegretol): Effective for treating partial seizures and 

generalized tonic-clonic seizures. It works by inhibiting sodium channels but 

can cause side effects like drowsiness, dizziness, and liver toxicity. 

o Valproic Acid (Depakote): A wide-spectrum AED with efficacy for a range of 

seizure types, including absence and generalized seizures. It enhances GABA 

function but may be associated with weight gain, hair loss, and liver injury in 

certain individuals. 

o Phenobarbital: A barbiturate that enhances GABAergic activity and is used 

primarily for partial and generalized tonic-clonic seizures. It can cause sedation, 

cognitive impairment, and dependence if used long-term. 

2. Second-Generation Antiepileptic Drugs (Newer AEDs) These newer medications 

have fewer side effects and often require less monitoring. They are more targeted in 

their action and offer improved options for individualized treatment. 
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o Lamotrigine (Lamictal): It is used in the treatment of generalized and partial 

seizures and blocks sodium channels while stabilizing neuronal membranes. 

Lamotrigine has a good side effect profile but needs to be titrated gradually to 

avoid serious skin rashes. 

o Levetiracetam (Keppra): A useful AED for both partial and generalized 

seizures. Its exact mechanism is unclear, but thought to act via modulation of 

the synaptic vesicle protein 2A (SV2A). It is easily tolerated, and the most 

frequently encountered side effects are irritability and fatigue. 

o Topiramate (Topamax): Effective for both partial and generalized seizures, 

topiramate works by inhibiting sodium channels and enhancing GABAergic 

activity. Side effects can include cognitive dysfunction, weight loss, and kidney 

stones. 

o Gabapentin (Neurontin): Used mainly for the treatment of partial seizures, 

gabapentin inhibits calcium channels and is also employed to manage 

neuropathic pain. It is usually well tolerated with side effects being dizziness 

and fatigue. 

3. Other AEDs 

o Ethosuximide (Zarontin): Primarily used for absence seizures, ethosuximide 

inhibits calcium channels and is effective in reducing the frequency of these 

types of seizures. Common side effects include nausea and drowsiness. 

o Clonazepam (Klonopin): A GABA potentiating benzodiazepine, clonazepam 

is employed to control seizures, particularly in acute situations or to treat 

specific types of seizures, like myoclonic seizures. It has the potential to induce 

sedation and dependency upon prolonged use. 

Indications for Antiepileptic Drugs 

AEDs are used in the management of various seizure types, including: 

 Generalized Seizures: These involve both sides of the brain and include tonic-clonic 

(grand mal) seizures, absence seizures (petit mal), and myoclonic seizures. 

 Partial Seizures: These seizures begin in one part of the brain and can be simple or 

complex. Simple partial seizures do not affect consciousness, while complex partial 

seizures do. 
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 Status Epilepticus: A medical crisis with ongoing seizures lasting longer than 5 

minutes or recurrent seizures with no interlude between. Acute care settings usually 

make use of benzodiazepines like lorazepam. 

Side Effects and Considerations 

While AEDs are essential in managing epilepsy, they can cause various side effects, including: 

 Sedation and Cognitive Impairment: Some AEDs, particularly older ones like 

phenobarbital, may cause drowsiness, cognitive slowing, and reduced concentration. 

 Metabolic and Weight Changes: Drugs like valproic acid and topiramate can cause 

weight gain or loss. 

 Liver and Kidney Toxicity: Certain AEDs, such as valproic acid and carbamazepine, 

may cause liver damage, while topiramate can lead to kidney stones. 

 Drug Interactions: AEDs can interact with other medications, affecting their 

metabolism. For example, carbamazepine can induce liver enzymes, potentially 

decreasing the efficacy of other drugs. 

Therapeutic Drug Monitoring 

For medications such as phenytoin and carbamazepine, routine blood work is necessary to 

check drug levels and ensure that they are within the therapeutic range. This prevents toxicity 

and optimal seizure control. 

3.8. DRUGS FOR NEURODEGENERATIVE DISEASES 

Neurodegenerative conditions like Parkinson's disease and Alzheimer's disease consist of the 

progressive loss of neurons in the brain, which causes dysfunction in motor as well as cognitive 

abilities. Therapy is aimed at reducing symptoms, enhancing the quality of life, and hindering 

disease progression, although present treatment does not include cures.  

 DOI 10.5281/zenodo.15826880 https://doi.org/10.5281/zenodo.15826881



ADVANCED PHARMACOLOGY – I 

133 

 

Figure 5: Neurodegenerative Diseases 

Here is a closer examination of the drugs prescribed for these disorders: 

3.8.1. Parkinson’s Disease 

Parkinson's disease (PD) is a progressive disorder that results from the degeneration of 

dopamine-producing neurons within the substantia nigra. The degeneration results in motor 

impairments such as tremor, rigidity, bradykinesia, and postural instability. Non-motor 

symptoms including depression and cognitive impairment are also prevalent. 

1. Dopaminergic Agents 

The main therapy for PD is the restoration of dopaminergic function in the brain. The most 

widely prescribed medication is Levodopa, which is often taken with Carbidopa to avoid early 

conversion to dopamine outside the brain. Levodopa relieves the motor symptoms but can lead 

to complications such as motor fluctuations and dyskinesia (movement without control). 

2. Dopamine Agonists 

Medications such as Pramipexole, Ropinirole, and Bromocriptine bind directly to the dopamine 

receptors, simulating dopamine action. These are especially valuable in younger or early-stage 
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disease patients. Side effects include nausea, dizziness, and potentially more serious such as 

impulse disorders (e.g., compulsive gambling or increased sex). 

3. MAO-B Inhibitors 

Selegiline and Rasagiline prevent the action of the enzyme monoamine oxidase B (MAO-B), 

which degrades dopamine. This prolongs dopamine's action, alleviating motor symptoms. 

These medications are best in the initial stages of the disease to postpone the requirement of 

levodopa and can decrease the motor fluctuations linked to the use of levodopa. 

4. COMT Inhibitors 

Entacapone and Tolcapone are employed to block catechol-O-methyltransferase (COMT), an 

enzyme that degrades levodopa. By prolonging the effect of levodopa, these medications assist 

in leveling out motor fluctuation. Tolcapone must be monitored carefully, though, because it 

poses a risk of liver injury. 

5. Anticholinergic Drugs 

Drugs such as Benztropine and Trihexyphenidyl are employed to suppress tremors and rigidity 

of Parkinson's disease, particularly in younger individuals. They act by inhibiting the effect of 

acetylcholine, a neurotransmitter that becomes hyperactive in PD. They are frequently not used 

in older individuals because they have side effects like memory loss, dryness of the mouth, and 

constipation. 

6. Amantadine 

Originally an antiviral medication, Amantadine is also prescribed to alleviate mild symptoms 

of Parkinson's disease, especially tremors and stiffness. It does this by stimulating the release 

of dopamine and blocking its reuptake, thereby enhancing the level of dopamine in the brain. 

It may, however, lead to side effects like hallucinations, confusion, and swelling. 

3.8.2. Alzheimer’s Disease 

Alzheimer's disease (AD) is the leading cause of dementia and is marked by cognitive 

impairment, memory loss, and behavioral alterations. The illness is associated with amyloid 

plaque and tau tangle deposition, which impairs neuronal function. A decrease in acetylcholine 

(ACh) levels, a memory and learning neurotransmitter, is also a notable characteristic. 
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1. Cholinesterase Inhibitors 

Donepezil, Rivastigmine, and Galantamine are usually prescribed to treat the shortage of 

acetylcholine. These drugs are effective because they block the acetylcholinesterase enzyme, 

which hydrolyzes acetylcholine. These medications increase the amount of acetylcholine 

present, thereby enhancing memory and thinking. Side effects may be nausea, weakness, and 

muscle cramps, and they can result in bradycardia (slowed heart rate). 

2. NMDA Antagonists 

Memantine is an NMDA (N-methyl-D-aspartate) receptor blocker employed in the 

management of moderate to severe Alzheimer's disease. Glutamate, a neurotransmitter, has a 

function in learning and memory but may result in excitotoxicity if there is an excess of it. 

Memantine accomplishes its effects by modulating glutamate action, thereby averting the 

overstimulation of neurons and limiting the potential of neuronal injury. The side effects of 

memantine are dizziness, headache, and constipation. 

3. Combination Therapy 

For more severe cases, donepezil can be used with memantine. The combination therapy acts 

on both the cholinergic and glutamatergic systems, allowing for better management of 

symptoms. Namzaric is a good example of such a combination drug, which is administered to 

patients with moderate to severe Alzheimer's disease. 

4. Investigational Therapies 

Studies continue to investigate new treatments, especially those that attack the amyloid plaques 

and tau tangles that define Alzheimer's disease. Perhaps the latest breakthrough is Aducanumab 

(Aduhelm), an anti-amyloid antibody treatment intended to decrease the accumulation of 

amyloid plaques in the brain. Promising as they are, these treatments have major risks like brain 

swelling and microhemorrhages. 

Both Alzheimer's and Parkinson's diseases are complicated neurodegenerative processes that 

cause abnormal brain functioning. Although as yet there is no cure, the medications on the 

market today can greatly ease symptoms and reverse progression, keeping patients at a better 

quality of life. With further research being conducted, drug therapies aimed at the causes of 

these diseases rather than just treating the symptoms could be more efficient in the future. 
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3.9. NARCOTIC ANALGESICS 

Narcotic analgesics, or opioid analgesics, are a group of drugs that are mainly employed for 

the treatment of moderate to severe pain. Narcotic analgesics act by binding to opioid receptors 

in the spinal cord and brain, which changes the way one perceives pain and feels relief. These 

drugs, though, carry some serious risks with them, such as dependence, tolerance, and 

overdose. 

Mechanism of Action 

Narcotic analgesics act by interacting with certain opioid receptors (mu, kappa, and delta) in 

the central nervous system. The interaction of these opioids prevents pain transmission 

mechanisms, leading to the modification of pain messages and the perception of analgesia. 

Common Narcotic Analgesics 

1. Morphine 

One of the strongest opioids, morphine, is most frequently used for the management of severe 

pain, particularly postoperative or cancer pain. Morphine comes in several forms, such as oral, 

injectable, and extended release. 

2. Codeine 

Codeine is a milder opioid often used for moderate pain and as a cough suppressant. It is 

typically combined with other medications, such as acetaminophen, for enhanced analgesic 

effects. 

3. Hydrocodone 

Hydrocodone is used to relieve pain and most often is used in combination with acetaminophen 

or ibuprofen in combination tablets. Hydrocodone is typically prescribed for conditions like 

back pain or pain due to injury. 

4. Oxycodone 

Oxycodone is a potent opioid used to manage moderate to severe pain. It is often available in 

combination with acetaminophen (e.g., Percocet) or aspirin (e.g., Percodan). 

5. Fentanyl 

Fentanyl is a very powerful opioid for severe pain, particularly for patients with chronic pain 

or patients undergoing surgery. It comes as a transdermal patch, injection, and lozenges. 

Fentanyl has a high risk of overdose because it is very potent, particularly if misused. 
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6. Hydromorphone 

Hydromorphone (Dilaudid) is another powerful opioid medication that is prescribed to patients 

suffering from extreme pain. It is usually prescribed in hospitals or to patients who have been 

tolerant to other opioid drugs. 

Risks and Side Effects 

 Dependence and Tolerance: Chronic use can lead to physical dependence, where the 

body becomes reliant on the drug to function normally. Tolerance develops over time, 

requiring higher doses for the same effect. 

 Overdose: Narcotic analgesics can cause respiratory depression, leading to overdose 

and death, especially when abused or mixed with other depressants (e.g., alcohol or 

benzodiazepines). 

 Side Effects: Common side effects include nausea, vomiting, constipation, sedation, 

and euphoria [127]. Long-term use can also cause hormonal imbalances, cognitive 

dysfunction, and immunosuppression. 

Management of Addiction 

Because of the great potential for abuse, narcotic analgesics are usually prescribed cautiously. 

Their use is closely monitored by healthcare providers, and non-pharmacological treatments 

like physical therapy and cognitive-behavioral therapy are usually prescribed to complement 

their use. 

3.10. NON-NARCOTIC ANALGESICS 

Non-narcotic analgesics, or non-opioid analgesics, are medications taken to relieve mild to 

moderate pain. They neither cause euphoria nor result in addiction, unlike narcotics. They are 

usually employed to relieve pain caused by headaches, arthritis, and mild musculoskeletal pain. 

Mechanism of Action 

Non-narcotic analgesics work through various mechanisms: 

 Nonsteroidal anti-inflammatory drugs (NSAIDs): These drugs inhibit the enzyme 

cyclooxygenase (COX), reducing the production of prostaglandins, which are 

chemicals involved in inflammation and pain. This results in both pain relief and anti-

inflammatory effects. 
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 Acetaminophen: Although its exact mechanism is not well understood, acetaminophen 

is thought to work by inhibiting the production of prostaglandins in the brain, reducing 

pain perception. 

Common Non-Narcotic Analgesics 

1. Acetaminophen (Paracetamol) 

o Acetaminophen is a most popular analgesic used to relieve pain of mild to 

moderate degree. It is generally employed in headache, minor aches, and pains 

like pain in muscles or teeth. It is also utilized as an antipyretic (an antipyretic 

agent). 

o While NSAIDs do not have anti-inflammatory activity to any significant extent, 

acetaminophen has none. Acetaminophen is, for the most part, safe at normal 

dosages, but overdose results in major liver injury. 

2. Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) 

o Ibuprofen, Aspirin, Naproxen, and Diclofenac are among the most ordinary 

NSAIDs. These medications work efficiently in treating inflammation and pain 

in ailments such as arthritis, muscle strain, and menstrual cramps. 

o NSAIDs inhibit the COX enzymes, COX-1 and COX-2. COX-1 is responsible 

for protecting the lining of the stomach, and COX-2 is responsible for 

inflammation. The use of NSAIDs over the long term or in high doses can lead 

to gastric ulcers, kidney injury, and cardiovascular events (e.g., heart attack or 

stroke). 

3. Aspirin 

o Aspirin is a commonly used NSAID with anti-inflammatory, analgesic, and 

antipyretic effects. It is frequently utilized for headaches, arthritis, and as a 

preventive treatment for cardiovascular events because it can prevent platelet 

aggregation. 

o Aspirin is also contraindicated in children with viral infections because of the 

possibility of developing Reye's syndrome, a rare but dangerous condition. 

4. COX-2 Inhibitors (e.g., Celecoxib) 

o Celecoxib is a COX-2 selective inhibitor that achieves pain relief with less risk 

of gastrointestinal side effects than conventional NSAIDs. It is prescribed for 
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conditions such as arthritis, but it can pose a risk of cardiovascular events in 

certain patients. 

5. Topical Analgesics (e.g., Lidocaine, Capsaicin) 

o Topical analgesics are directly applied to the skin and are most often used for 

localized pain, including muscle strains, sprains, and joint pain. Lidocaine is a 

local anesthetic that blocks the pain by numbing the area, whereas capsaicin 

depletes substance P, a neurotransmitter in pain transmission. 

Risks and Side Effects 

 Acetaminophen: While generally safe at recommended doses, acetaminophen can 

cause liver toxicity if taken in excess or combined with alcohol. 

 NSAIDs: Long-term or high-dose use can lead to gastrointestinal issues (e.g., ulcers or 

bleeding), kidney damage, and cardiovascular problems. 

 Topical Analgesics: These are generally well-tolerated but can cause skin irritation 

or allergic reactions in some individuals. 

Management of Pain with Non-Narcotic Analgesics 

Non-narcotic analgesics are usually employed for milder pain or as combination therapy with 

narcotic analgesics. They are also preferred in long-term pain management due to their lower 

risk of dependence and fewer side effects compared to narcotic analgesics. Proper use and 

following dosage recommendations are required in order not to expose the patient to possible 

harmful side effects. 
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