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Background: Pain management is a critical aspect of healthcare, aimed at alleviating discomfort and improving the quality of life for
individuals experiencing acute or chronic pain. Pharmacological methods constitute a primary approach to pain management,
including a diverse array of drugs that work through different mechanisms.

Aim: Identifying medications commonly employed in pain management, focusing on their mechanism of actions, uses, efficacy and
pharmacological applications.

Methods: The methodology involved a systematic search of scientific literature using various databases, including PubMed, Scopus,
and Google Scholar. Relevant articles published between 2000 and 2023 were screened for inclusion. The selected studies encom-
passed original research, review articles, therapeutic guidelines and randomized controlled trials.

Results: The findings of this review suggest that a multimodal approach combining various analgesics can enhance pain relief while
minimizing adverse effects. It emphasizes the importance of assessing pain intensity, determining the underlying etiology, and utilizing
evidence-based guidelines to optimize pain management outcomes.

Conclusion: Pharmacological methods of pain management are an essential component of pain management strategies to achieve
optimal pain relief while minimizing adverse effects. The article concludes with a discussion on emerging trends and future directions
in pharmacological pain management, including novel drug targets and advances in drug delivery systems.
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Introduction

Pain is a subjective experience that involves physical, psychological, and social factors.' It can arise from a variety of
sources, including injury, disease, inflammation, and nerve damage.”* Pain can greatly influence an individual’s overall
well-being, impairing their capacity to perform daily activities, fulfill work obligations, and participate in social
interactions.* Pain sensation is a complex process that involves the activation of sensory neurons, the transmission of
electrical and chemical signals along neural pathways, and the interpretation of these signals by higher brain centers.®’
The generation and modulation of pain sensation involve various mechanisms.® One mechanism is the activation of
nociceptors, specialized sensory neurons that respond to noxious stimuli.” Nociceptors express ion channels, such as
transient receptor potential vanilloid 1 (TRPV1) and acid-sensing ion channels (ASICs), which are activated by heat,
acid, and other noxious stimuli.** These ion channels depolarize the neuron, leading to the release of excitatory
neurotransmitters, such as substance P and glutamate, which stimulate neighboring neurons and create a cascade of
electrical and chemical signals that travel up to the spinal cord.'® Another mechanism involves the transmission of these
signals along neural pathways, such as the spinothalamic tract.* Within the spinal cord, these signals are transmitted to
secondary neurons responsible for conveying the information to higher brain centers.'' The perception of pain is
influenced by several factors, such as the intensity and duration of the stimulus, the emotional state of the individual,
and the context in which the pain occurs.'>'? The modulation of pain sensation also involves several mechanisms,
including the activation of descending pathways from higher brain centers to the spinal cord.® These pathways release

neurotransmitters, such as endorphins and enkephalins, that inhibit the release of neurotransmitters involved in pain

International Journal of General Medicine 2023:16 3247-3256 3247
Received: 28 April 2023 © 2023 Alorfi. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php and
AT incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the work you

Accepted: 2 July 2023
Published: 31 July 2023

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0636-7685
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Alorfi Dove

transmission, thereby reducing the perception of pain.'*'* In addition, inflammation and tissue damage can lead to
sensitization of nociceptors, resulting in hyperalgesia or allodynia.'>'® Overall, the mechanisms of pain sensation are
complex and involve the activation and modulation of multiple neural pathways and signaling molecules. Understanding
these mechanisms is crucial for the development of effective pain management. The prevalence and significance of pain
as a healthcare issue cannot be underestimated. It affects a significant proportion of the population and has far-reaching
consequences for individuals, healthcare systems, and society. Efforts to effectively manage pain and improve patient
outcomes remain a crucial priority in healthcare. Effective pain management is an essential aspect of healthcare, and it

involves a multi-disciplinary approach that includes pharmacological and non-pharmacological methods.'”'®

Pain Management

Pharmacological methods of pain management include non-opioid and opioid analgesics, adjuvant analgesics, and
corticosteroids. Non-opioid analgesics are commonly used for mild to moderate pain management. Opioid analgesics
are potent pain relievers used for moderate to severe pain management. However, they are associated with a range of
adverse effects, including sedation, respiratory depression, and constipation. Opioid analgesics also have a high risk of
dependence and addiction. Adjuvant analgesics, such as antidepressants and anticonvulsants additionally to enhance pain
relief.'® Corticosteroids are potent anti-inflammatory agents used for pain associated with inflammation. They are
commonly used for pain associated with conditions such as rheumatoid arthritis and back pain.*® Emerging therapies
like neuromodulation for pain offer innovative approaches to alleviate chronic pain by modulating the activity of the
nervous system through techniques such as spinal cord stimulation, deep brain stimulation, and transcutaneous electrical
nerve stimulation.”'**

Patient-specific factors play a significant role in determining the most suitable medication and dosage regimen for
pain management. One important set of factors to consider is the patient’s pain intensity and type.> The severity and
nature of pain experienced by the patient influence the choice of medication. Another critical factor is the presence of
underlying medical conditions.?* Patients with comorbidities, such as liver or kidney disease, cardiovascular disorders, or
gastrointestinal issues, may require adjustments in medication selection or dosage to minimize potential adverse effects
or drug interactions.”> Age-related physiological changes can also impact medication selection.”® Elderly patients may
experience altered pharmacokinetics and pharmacodynamics, making them more susceptible to adverse effects.”’ As
a result, they may require lower doses or alternative medications that are better tolerated. Evaluation of the patient’s
medication profile is essential to identify potential drug interactions.”® Some medications may interact with analgesics,
altering their efficacy or increasing the risk of adverse effects. Considering concomitant medications is crucial in order to
avoid unwanted interactions.”

Ensuring effective pain management is essential in enhancing the quality of life for individuals who are dealing with
pain.?® Pharmacological methods of pain management are an essential component of pain management strategies and
should be used judiciously to achieve optimal pain relief while minimizing adverse effects.>® This article provides an
overview of the different pharmacological methods of pain management.

Non-Opioid Analgesics

Non-opioid analgesics are drugs that are commonly used to relieve mild to moderate pain.>' Examples include aspirin,
acetaminophen, and nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen and naproxen.>* These drugs are
widely available over the counter and have a low risk of addiction and dependence.

Types of Non-Opioid Analgesics

Non-opioid analgesics can be classified into three main categories: NSAIDs, acetaminophen, and topical agents.
NSAIDs are the most commonly used non-opioid analgesics.> They work by inhibiting the production of prostaglan-
dins, which are responsible for pain and inflammation.>* NSAIDs can be further classified into two categories:
selective and non-selective. Selective NSAIDs primarily target cyclooxygenase-2 (COX-2) enzymes, while non-
selective NSAIDs target both COX-1 and COX-2 enzymes.>** Examples of non-selective NSAIDs include aspirin,
ibuprofen, and naproxen, while examples of selective NSAIDs include celecoxib.?!+3637 Acetaminophen is another
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type of non-opioid analgesic commonly used for pain management.>® It works by inhibiting the production of
prostaglandins in the central nervous system.*® Acetaminophen is not effective in reducing inflammation but is useful
in managing mild to moderate pain.®® It has a low risk of adverse effects and is often used as an alternative to
NSAIDs.** Topical agents are a newer class of non-opioid analgesics that are applied directly to the skin. They work
by blocking pain signals at the site of application. Examples of topical agents include capsaicin cream, and diclofenac
gel 4142

Pharmacological Effects and Mechanism of Action

Non-opioid analgesics work by inhibiting the production of prostaglandins, which are responsible for pain and
inflammation.*> NSAIDs work by blocking the COX enzymes that produce prostaglandins.** Acetaminophen works
by inhibiting prostaglandin production in the central nervous system.*’ Topical agents work by blocking pain signals at
the site of application.*> NSAIDs have additional pharmacological effects, including anti-inflammatory, antipyretic, and
antiplatelet activity.*® They reduce inflammation by inhibiting the production of inflammatory mediators, such as
cytokines and chemokines.***” They also reduce fever by blocking the production of prostaglandins that regulate
body temperature.*® Lastly, NSAIDs have antiplatelet activity.*’

Adverse Effects

Non-opioid analgesics can cause adverse effects, which may limit their use in some patients.*> NSAIDs can cause
gastrointestinal (GI) adverse effects, such as dyspepsia, nausea, vomiting, and peptic ulcer disease.*® They can also cause
renal adverse effects, such as acute kidney injury and chronic kidney disease. NSAIDs should be used with caution in
patients with renal impairment, heart failure, or a history of GI bleeding.’” Acetaminophen is generally well-tolerated,
but it can cause hepatotoxicity in overdose.’® Topical agents can cause local adverse effects, such as skin irritation,
itching, and burning. They can also cause systemic adverse effects if absorbed through the skin, such as GI upset,
headache, and dizziness.>!

Opioid Analgesics

Opioid analgesics are the most potent drugs in pain management.>’ They produce a range of pharmacological effects,
including analgesia, sedation, respiratory depression, and euphoria.’>>* Opioid analgesics can cause respiratory depres-
sion, gastrointestinal adverse effects, hormonal changes, tolerance, dependence, and addiction when used long-term.>*>
Careful monitoring of patients receiving opioid analgesics is essential to ensure safe and effective pain management.>*
Examples of opioid analgesics include morphine, oxycodone, hydrocodone, fentanyl, and codeine.” >’ These medica-

tions are available by prescription only and have a high risk of addiction and dependence.*>

Types of Opioid Analgesics

Opioid analgesics can be classified into three main categories: natural opioids, synthetic opioids, and semi-synthetic
opioids.’® Natural opioids are derived from the opium poppy, while synthetic and semi-synthetic opioids are manufac-
tured in a laboratory.”®>° Examples of natural opioids include morphine, codeine, and thebaine. Examples of synthetic
opioids include fentanyl, methadone, and tramadol. Examples of semi-synthetic opioids include oxycodone, hydroco-
done, and buprenorphine.®

Pharmacological Effects and Mechanism of Action

The mechanism of action of opioid analgesics is complex and involves multiple steps, including receptor binding,
G protein activation, and neurotransmitter inhibition.®® By targeting opioid receptors in various parts of the body, these
drugs can effectively reduce the perception of pain and provide relief to patients suffering from moderate to severe
pain.®' There are three main types of opioid receptors: mu, delta, and kappa.®* Mu opioid receptors are responsible for
producing analgesia, while delta and kappa opioid receptors have other effects, such as producing sedation and reducing
anxiety.®“®® Opioids have antitussive, anti-diarrheal, and pupil-constricting effects.®
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Adverse Effects

Opioid analgesics can cause a range of adverse effects, which can limit their use in some patients.®>**® The most common
adverse effects are related to the central nervous system and include sedation, dizziness, confusion, addiction and
respiratory depression.®”*® Respiratory depression can be life-threatening and requires close monitoring of patients
receiving opioid analgesics.®® Opioid analgesics can also cause gastrointestinal adverse effects, such as nausea, vomiting,
and constipation.’>’® They can cause urinary retention and may exacerbate symptoms in patients with benign prostatic
hyperplasia.”' Opioid analgesics can also cause hormonal changes, including decreased testosterone levels and increased
prolactin levels.”” Long-term use of opioid analgesics can lead to tolerance, dependence, and addiction.”® Patients who
use opioid analgesics for an extended period may require higher doses to achieve the same level of pain relief.”* Sudden

cessation of opioid analgesics can cause withdrawal symptoms, including anxiety, agitation, and flu-like symptoms.”*°

Adjuvant Analgesics

Adjuvant analgesics are a diverse group of medications that can be used in combination with other pain management
drugs to enhance their analgesic effects or to manage specific types of pain.”” These medications work by modulating the
activity of neurotransmitters and ion channels in the central and peripheral nervous systems. Examples of adjuvant

analgesics include antidepressants, benzodiazepines, anticonvulsants, and corticosteroids.”®”®

Categories of Adjuvant Analgesics
Adjuvant analgesics can be classified into several categories based on their mechanism of action and therapeutic
indications. These categories include:

Antidepressants

Antidepressants, particularly those that affect serotonin and noradrenaline signaling, have been used in pain
management.®® These drugs modulate the descending pain pathways from the brainstem to the spinal cord, leading to
a reduction in pain perception.'” Selective serotonin reuptake inhibitors (SSRIs) such as fluoxetine and paroxetine have
been shown to be effective in the treatment of chronic pain conditions such as fibromyalgia, chronic lower back pain, and
neuropathic pain.*° Tricyclic antidepressants (TCAs), such as amitriptyline and nortriptyline, are also commonly used in
the treatment of chronic pain and have been shown to be effective in reducing pain severity and improving function in
conditions such as diabetic neuropathy, postherpetic neuralgia, and chronic low back pain.*'** However, these drugs can
also cause side effects such as dry mouth, sedation, and cognitive impairment.®

Anticonvulsants

Anticonvulsants, such as gabapentin and pregabalin, have emerged as promising agents for the management of neuro-
pathic pain.** These medications work by modulating the activity of voltage-gated calcium channels in the central
nervous system, which can help to reduce pain perception' via reducing the release of excitatory neurotransmitters and
dampening the hyperexcitability of neurons that contribute to the development and maintenance of chronic pain.'®'
Moreover, anticonvulsants have been shown to improve sleep quality, anxiety, and depression, all of which are common
comorbidities in patients with chronic pain.*>*® Clinical studies have demonstrated the efficacy of anticonvulsants in
various neuropathic pain conditions, such as diabetic neuropathy, postherpetic neuralgia, and spinal cord injury.®”-%®
However, despite their effectiveness, anticonvulsants are associated with adverse effects, such as sedation, dizziness, and

cognitive impairment.®®

Local Anesthetics

Local anesthetics, such as lidocaine and bupivacaine, can be used in the management of chronic pain.*’ They work by
blocking the transmission of nerve impulses in a specific area of the body, thus producing a temporary loss of sensation
and pain relief.”® They are also used for the treatment of chronic pain conditions, such as neuropathic pain and
postherpetic neuralgia.”! The primary mechanism of action of local anesthetics is the blockade of voltage-gated sodium
channels in nerve fibers.”” This prevents the influx of sodium ions required for the generation and propagation of action
potentials, effectively blocking the transmission of nerve impulses.”® The onset of action of local anesthetics depends on
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the type of medication used, the route of administration, and the characteristics of the tissue being anesthetized. Local
anesthetics can be administered through various routes, such as infiltration, nerve block, epidural, and intrathecal.**
Epidural and intrathecal injections involve the injection of the anesthetic into the epidural space or cerebrospinal fluid,
respectively.”> Local anesthetics have several advantages in the management of pain. They also have a rapid onset of
action, and their effects can be reversed with the administration of specific antidotes, such as naloxone.”® However, local
anesthetics can also have adverse effects, such as systemic toxicity, allergic reactions, and nerve damage. Systemic
toxicity can occur due to the inadvertent injection of a high dose of the anesthetic or the use of a medication with
a narrow therapeutic index.”” The symptoms of systemic toxicity include central nervous system depression, cardiovas-
cular collapse, and respiratory arrest.”® Patients with comorbidities, such as liver or renal impairment, require special
consideration in the choice and administration of local anesthetics.”® Collectively, local anesthetics are an essential
component of pharmacological approaches for pain management in various medical procedures.

Corticosteroids

Corticosteroids have potent anti-inflammatory and analgesic effects, making them useful in the management of various
types of pain. They reduce the production of pain-inducing substances and inflammatory mediators, such as prostaglan-
dins, leukotrienes, and cytokines.”® Corticosteroids, such as prednisone and dexamethasone, can be used in the manage-
ment of inflammatory pain. Corticosteroids also have immunosuppressive effects, which can be beneficial in the
management of pain associated with autoimmune diseases, such as rheumatoid arthritis.'® They are used to manage
pain associated with a variety of conditions, such as rheumatoid arthritis, osteoarthritis, and acute and chronic pain.'*''*?
Corticosteroids are associated with a range of adverse effects such as weight gain, fluid retention, hypertension, mood
changes, and gastrointestinal disturbances, such as ulcers and bleeding.'®>'*> While long-term use of corticosteroids can
also lead to osteoporosis, muscle weakness, and increased risk of infections.'’® A summary of pharmacological options
for pain management is tabulated in Table 1.

Emerging Therapies

Neuromodulation for pain is a therapeutic technique that involves using electrical or chemical stimulation to modulate
the activity of the nervous system and alleviate pain.?' It targets chronic pain conditions that have not responded well to
traditional treatments.”> One common method is Spinal Cord Stimulation (SCS), where a small device is implanted near

Table 1 Pharmacological Options for Pain Management

Class Examples Role in Pain
Non-opioid Aspirin, acetaminophen, (NSAIDs) They work by inhibiting the production of prostaglandins, which are responsible for
analgesics such as ibuprofen and naproxen. pain and inflammation
Opioid Morphine, oxycodone, hydrocodone, Inhibition of opioid receptor
analgesics fentanyl, and codeine
Antidepressants | SSRIs such as paroxetine and Blocking the norepinephrine or serotonin transporter
fluoxetine

TCAs such as amitriptyline and

nortriptyline
Benzodiazepines | Diazepam Inhibit GABA neurotransmitter in the brain
Anticonvulsants | Gabapentin and pregabalin Reduction of the release of glutamate and sensory neuropeptides (Substance P and
CGRP) at the synapse, accomplished by decreasing the influx of calcium ions.
Local Lidocaine and bupivacaine Blockage of Na+ and K+ ion channels and regulate intracellular and extracellular
Anesthetics calcium concentrations
Corticosteroids | Prednisone and dexamethasone An anti-inflammatory action
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Table 2 Non-Pharmacological Options for Pain Management

Approach Description

Physical Therapy Focuses on sport exercises, muscle stretches, and manual techniques to improve overall mobility, strength,
and body flexibility. Commonly used for managing pain associated with musculoskeletal conditions, injuries,
or post-surgical recovery.''""''? Includes techniques such as massage, heat or cold therapy, ultrasound, and

transcutaneous electrical nerve stimulation (TENS)''?

Psychological Interventions Involves cognitive-behavioral therapy (CBT) to modify thoughts, emotions, and behaviors associated with
pain.''* Equips individuals with coping strategies, relaxation techniques, and stress management skills to
improve pain perception and functional outcomes. Effective for chronic pain conditions like fibromyalgia and

chronic low back pain.*

Complementary and Alternative Includes practices such as acupuncture, mindfulness meditation, yoga, and herbal remedies. Acupuncture
Medicine (CAM) involves the insertion of thin needles into specific points on the body to stimulate pain relief. Mind-body
techniques like mindfulness meditation and yoga emphasize relaxation, stress reduction, and improved body
awareness to help individuals cope with pain symptoms. The effectiveness of CAM therapies varies, and

some individuals find them beneficial in managing pain.''>''®

Combination Approach Non-pharmacological options can be used alongside pharmacological methods to enhance pain relief and
improve overall well-being. By tailoring interventions to individual needs and preferences, healthcare

providers can offer a comprehensive and personalized approach to pain management.

the spinal cord to deliver electrical impulses that disrupt pain signals.'” Deep brain stimulation (DBS) involves
implanting electrodes in specific brain areas to regulate abnormal neural activity associated with pain.'®®
Transcutaneous electrical nerve stimulation (TENS) uses a portable device to deliver low-voltage electrical impulses
near the painful area, blocking or reducing pain signals.'” Intrathecal drug delivery (IDD) utilizes a pump to deliver
pain-relieving medication directly into the spinal cord.''” Overall, neuromodulation for pain provides an alternative
approach, offering relief and improved functionality for individuals living with chronic pain by directly influencing the

neural pathways involved in pain perception.

Non-Pharmacological Interventions

Non-pharmacological options for pain management encompass a variety of interventions and techniques that do not rely
on medications to alleviate pain. These approaches are aimed at addressing pain through alternative means, such as
physical, psychological, or complementary therapies. A descriptive of each non-pharmacological options for pain
management are provided in Table 2.

Conclusion

In conclusion, opioids, nonsteroidal anti-inflammatory drugs (NSAIDs), anticonvulsants, and antidepressants are com-
monly used drugs for pain management. Opioids are effective for acute pain, but their long-term use is associated with
tolerance, dependence, and addiction. NSAIDs are effective in the management of inflammatory pain, but their use is
limited by the risk of adverse effects such as gastrointestinal bleeding and renal dysfunction. Anticonvulsants and
antidepressants are increasingly used for the treatment of neuropathic pain, and they have demonstrated efficacy in
reducing pain severity and improving function. However, these drugs can also cause side effects, and careful patient
selection and dosing are necessary to balance the benefits and risks of treatment. Emerging trends and future directions in
pharmacological pain management encompass novel drug targets and advancements in drug delivery systems, paving the
way for more effective and personalized pain relief.'!” In recent years, there has been an increasing focus on identifying
and developing novel drug targets to enhance pain management. This includes targeting specific receptors, ion channels,
or signaling pathways involved in pain transmission and modulation."'®'" Overall, pharmacological methods of pain
management should be used judiciously and tailored to individual patient needs to achieve optimal pain relief and
improve quality of life.
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Future Research and Upcoming Considerations
Emerging trends in pharmacological pain management focus on novel drug targets and innovative drug delivery systems.

By expanding our understanding of pain mechanisms and utilizing advanced technologies, researchers and pharmaceu-

tical companies are striving to develop more efficient, targeted, and personalized medications for pain relief.
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