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                                                        ABSTRACT 

Among the most commonly used drugs in the world, over-the-counter (OTC) pain 

relievers are used without a prescription to treat mild to moderate pain, lower fever, and 

control inflammation. The most widely used over-the-counter analgesics, acetaminophen 

(paracetamol), ibuprofen, aspirin (acetylsalicylic acid), and naproxen, are thoroughly 

reviewed pharmacologically in this study. The pharmacodynamic and pharmacokinetic 

characteristics of these drugs vary greatly, thus a comparative analysis is necessary to 

maximize therapeutic benefits and reduce side effects. 

Acetaminophen primarily functions as a central cyclooxygenase (COX) inhibitor with 

limited anti-inflammatory activity, while non-steroidal anti-inflammatory drugs (NSAIDs) 

like ibuprofen, aspirin, and naproxen work by blocking COX enzymes that are involved 

in prostaglandin synthesis. These mechanisms of action are the main focus of the review. 

The full range of therapeutic indications is reviewed, including fever, inflammation, 

musculoskeletal pain, headache, and dysmenorrhea. The study also examines frequent 

and dangerous side effects, particularly when taken incorrectly or in excess, including 

hepatotoxicity, cardiovascular risks, renal impairment, and gastrointestinal bleeding. 

A comprehensive literature search and data synthesis from several peer-reviewed 

pharmaceutical and medical databases, such as PubMed, Medline, and the Cochrane 

Library, were part of the approach used for this review. Relevance, methodological 

soundness, and clinical significance were taken into consideration when choosing the 

studies.  

The results show that although all four drugs effectively reduce pain, patient-specific 
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variables like age, pre-existing medical disorders, other medications being taken at the 

same time, and length of use affect their safety profiles and therapeutic benefits. For 

example, NSAIDs may have better anti-inflammatory benefits but are associated with a 

higher risk of cardiovascular and gastrointestinal problems, while acetaminophen is 

generally safer for people with gastrointestinal sensitivities. 

The necessity for more public education about the proper use of over-the-counter 

analgesics is emphasized in the paper's conclusion. It emphasizes how crucial it is to 

comprehend proper dosage, identify any drug-drug interactions (NSAIDs and 

anticoagulants, for example), and seek medical advice as required. In both clinical and 

non-clinical contexts, this knowledge is essential for preventing abuse and advancing safe, 

efficient pain management.  

Keywords: NSAIDs, pain management, acetaminophen, ibuprofen, aspirin, naproxen, 

self-medication, pharmacology, adverse effects, non-prescription medications, patient 

education, and efficacy comparison; over-the-counter analgesics 

Introduction 

A key element of healthcare is pain management, which is necessary to improve function, 

recuperation, and general quality of life in addition to patient comfort. Pain is one of the 

most common reasons people seek medical assistance, regardless of whether it is caused 

by acute accidents, chronic diseases, post-surgical procedures, or everyday physical 

pressures. In this regard, over-the-counter (OTC) painkillers have become essential 

resources for managing mild to moderate pain and its accompanying symptoms. These 

drugs are easily accessible to patients without a prescription from a doctor, which greatly 

encourages self-care behaviors and lessens the strain on healthcare systems. 

They are now a first-line treatment for a wide range of ailments, such as headaches, 

muscular soreness, joint pain, arthritis, menstrual cramps, tooth pain, and minor injuries 

including sprains and strains, due to their accessibility, cost, and convenience of use.  

Acetaminophen, sometimes referred to as paracetamol, and non-steroidal anti-

inflammatory medications (NSAIDs), such ibuprofen, aspirin, and naproxen, are among 

the most widely used over-the-counter analgesics. The distinct pharmacodynamic and 

pharmacokinetic characteristics of each of these substances affect their safety profile and 

TANZ(ISSN NO: 1869-7720)VOL20 ISSUE5 2025

PAGE NO: 348



therapeutic efficacy. Acetaminophen is frequently used for people with gastrointestinal 

sensitivities or those who are at risk of bleeding issues because of its analgesic and 

antipyretic properties. 

On the other hand, NSAIDs provide extra anti-inflammatory advantages by blocking the 

cyclooxygenase (COX) enzymes that are involved in the production of prostaglandins. 

This makes them especially useful for inflammatory diseases like osteoarthritis or injuries 

sustained during sports. Their usage is not risk-free, either, as high-dose or prolonged 

NSAID use has been linked to cardiovascular events, renal failure, and stomach ulcers. 

Similar to this, acetaminophen has the potential to cause hepatotoxicity, especially in 

cases of overdose or prolonged alcohol use, even though it is usually regarded as safe 

when taken in accordance with recommended dosages.  

The distinctions between these drugs' mechanisms of action, clinical uses, dosage 

recommendations, potential side effects, and drug interactions must be understood by 

consumers and healthcare professionals due to their extensive use. 

OTC analgesic abuse or overuse, frequently brought on by ignorance of or a 

misinterpretation of dosage limitations, can have major negative effects on one's health, 

some of which may necessitate hospitalization or medical attention. Therefore, a 

combination of professional advice, public health education, and clear labeling is 

required for the proper use of these drugs. With an emphasis on their therapeutic 

mechanisms, indications, safety profiles, and evidence-based efficacy, this work attempts 

to present a thorough pharmacological overview of widely accessible over-the-counter 

analgesics. This study aims to improve knowledge of these commonly used drugs and to 

advance safer, more efficient pain management techniques in clinical and community 

settings by carefully examining recent research and clinical data. 

Literature Review 

Because of their widespread usage and potential for abuse, over-the-counter (OTC) pain 

medications have been the subject of numerous scientific studies and clinical reviews to 

evaluate their pharmacokinetics, pharmacodynamics, therapeutic efficacy, and safety 

profiles. Both the therapeutic advantages and related health hazards of these widely used 

drugs are highlighted by the substantial body of research. One of the most commonly 

TANZ(ISSN NO: 1869-7720)VOL20 ISSUE5 2025

PAGE NO: 349



used analgesics in the world, acetaminophen (paracetamol), has been the focus of intense 

pharmacological investigation. 

Although it is well-known for effectively lowering fever and pain, it has no discernible 

anti-inflammatory effects. Acetaminophen has been thoroughly examined in the literature 

for its potential to cause hepatotoxicity, especially when taken in doses exceeding 4,000 

mg daily or in combination with alcohol, despite having a better gastrointestinal profile 

than non-steroidal anti-inflammatory drugs (NSAIDs). Acute liver failure has been 

reported in a number of case studies and population-based studies, prompting regulatory 

agencies to update dose guidelines and require warning labels on products.  

By blocking cyclooxygenase (COX) enzymes, NSAIDs, such as ibuprofen, aspirin 

(acetylsalicylic acid), and naproxen, have been extensively researched for their ability to 

both reduce inflammation and relieve pain. 

But this inhibition, especially of COX-1, is linked to reduced platelet function and gastric 

mucosal protection, which raises the risk of peptic ulcers, gastrointestinal bleeding, and 

poor clotting. These hazards, particularly in older populations and those with a history of 

gastrointestinal diseases, have been validated by meta-analyses and randomized 

controlled trials. Another significant issue with long-term or high-dose NSAID use is 

cardiovascular safety. NSAID use, especially when combined with selective COX-2 

inhibitors and high-dose ibuprofen, has been linked to increased risks of myocardial 

infarction, stroke, and hypertension, according to a number of cohort studies and 

systematic reviews. 

Clinical recommendations currently recommend using the lowest effective dose for the 

shortest amount of time, particularly in patients who already have cardiovascular disease.  

Additionally, the research shows that these drugs range in their duration, tissue selectivity, 

and beginning of action, all of which affect how they are used clinically. For example, 

naproxen is frequently selected for its longer half-life, which offers prolonged relief, 

whereas ibuprofen is preferred for its quick onset and efficacy in treating inflammatory 

pain. Even though aspirin isn't used as much for pain relief these days, it's still commonly 

advised in small dosages for preventing cardiovascular disease due to its antiplatelet 

qualities. This complicates the safety profile of aspirin when taken with other NSAIDs. 
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Using data from peer-reviewed journals, clinical trials, meta-analyses, and safety 

advisories published by regulatory agencies like the European Medicines Agency (EMA) 

and the U.S. Food and Drug Administration (FDA), this review summarizes current 

pharmacological and clinical research on these over-the-counter analgesics. 

Understanding how these drugs work, their advantages and disadvantages, and the crucial 

elements that need to be taken into account when suggesting or utilizing them in routine 

healthcare is intended to be obvious and supported by data. The results emphasize the 

necessity of specialized pain management techniques and public awareness campaigns to 

reduce the dangers of long-term use and self-medication. 

Methodology 

The pharmacological profiles, clinical efficacy, and safety concerns of popular over-the-

counter (OTC) pain relievers—specifically, acetaminophen, ibuprofen, aspirin, and 

naproxen—were synthesized and analyzed in this review using a qualitative, narrative 

approach. Peer-reviewed journal papers, clinical trial reports, systematic reviews, and 

regulatory documents were among the many reliable scientific and medical sources from 

which data were methodically collected. PubMed, Scopus, and Web of Science were the 

main databases used for the literature search; they were chosen for their thorough 

coverage of pharmacological and biomedical research. 

In order to find relevant results, the search method included Boolean operators with terms 

like "acetaminophen AND hepatotoxicity," "ibuprofen AND cardiovascular risk," 

"aspirin AND gastrointestinal bleeding," and "naproxen AND anti-inflammatory effect." 

To restrict the results to English-language articles and human subjects studies, 

sophisticated filters were used. Only studies published within the last ten years (2015–

2025) were taken into consideration, with a particular focus on works that looked at the 

clinical applications, pharmacokinetics, pharmacodynamics, safety profiles, adverse drug 

reactions, and drug-drug interactions of the chosen analgesics. These inclusion criteria 

were created to guarantee the relevance and current nature of the sources. 

Studies were further vetted for methodological soundness and alignment with the 

review's goals. High-quality RCTs, cohort studies, meta-analyses, and official guidelines 

from health organizations including the World Health Organization (WHO), the 
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European Medicines Agency (EMA), and the U.S. Food and Drug Administration (FDA) 

were prioritized. To bolster the contextual framework of the investigation, review articles 

that offered thorough pharmacological insights or historical viewpoints on medication 

creation and consumption patterns were also included. 

Anecdotal accounts, opinion articles lacking empirical support, non-peer-reviewed 

sources, and research concentrating on experimental substances or prescription-only 

painkillers were not included in the review. A final selection of 85 studies was 

incorporated into the synthesis following screening and assessment. Key themes such as 

mechanism of action, therapeutic indications, dose recommendations, adverse effects, 

and special considerations for various patient populations (e.g., children, elderly, patients 

with comorbidities) were used to arrange the gathered material.  

With the goal of assisting consumers and healthcare professionals in making 

knowledgeable decisions about pain management techniques, this methodological 

framework allowed for a fair and evidence-based evaluation of the chosen over-the-

counter analgesics. 

Results and Discussion 

Table 1 summarizes key pharmacological parameters of common OTC pain relievers. 

Drug Mechanism of 

Action 

Common Uses Adverse 

Effects 

Contraindications 

Acetaminophen Inhibits COX 

in CNS 

Fever, 

headache, mild 

pain 

Hepatotoxicity Liver disease 

Ibuprofen Non-selective 

COX inhibitor 

Pain, 

inflammation, 

fever 

GI bleeding, 

renal 

impairment 

Peptic ulcer, 

kidney disease 

Aspirin Irreversible 

COX inhibitor 

Pain, anti-

inflammatory, 

antiplatelet 

GI upset, 

bleeding 

Bleeding 

disorders 

Naproxen Non-selective Pain, arthritis, GI issues, GI ulcers 
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COX inhibitor inflammation dizziness 

Acetaminophen, ibuprofen, aspirin, and naproxen are the four over-the-counter (OTC) 

analgesics assessed in this research. Each has a unique pharmacological profile that 

affects its effectiveness, safety, and appropriateness for particular patient demographics 

and clinical situations. Acetaminophen is frequently the first-choice medication for 

people with gastrointestinal sensitivities or a history of peptic ulcers because of its well-

known analgesic and antipyretic qualities. Acetaminophen has a limited anti-

inflammatory effect because, in contrast to non-steroidal anti-inflammatory medications 

(NSAIDs), it does not appreciably inhibit peripheral cyclooxygenase (COX) enzymes. 

But because of the same process, it is much kinder to the digestive system. The main 

issue with acetaminophen use is that it can be hepatotoxic, especially when used in large 

quantities or by those who already have liver disease or a history of chronic alcohol 

consumption. 

Health authorities have imposed stringent daily dosage restrictions and strengthened 

consumer education on optimal use since acute liver failure associated with accidental 

overdosing continues to be a major public health concern.  

In general, NSAIDs—such as ibuprofen and naproxen—are superior to acetaminophen in 

the treatment of inflammatory pain, such as that caused by arthritis, musculoskeletal 

injuries, or dysmenorrhea. They work by inhibiting the COX-1 and COX-2 enzymes, 

which are involved in the manufacture of prostaglandins. Although this dual inhibition is 

helpful in lowering pain and inflammation, it also damages the gastrointestinal tract's 

protective lining and prevents platelets from aggregating, which increases the risk of 

gastrointestinal bleeding and ulceration—especially when used for an extended period of 

time. 

 Furthermore, NSAIDs have been linked to elevated cardiovascular risks, such as 

hypertension, myocardial infarction, and stroke, especially in individuals who already 

had cardiovascular disease or who were taking large doses of the medication for a lengthy 

length of time. Despite having similar gastrointestinal issues, naproxen is occasionally 

chosen over other NSAIDs due to its comparatively lower cardiovascular risk.  

Among over-the-counter painkillers, aspirin holds a special place. Like other NSAIDs, it 
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has analgesic, anti-inflammatory, and antipyretic properties, but its potent antiplatelet 

action stems from its permanent suppression of COX-1. People at risk for cardiovascular 

disease frequently use low-dose aspirin to avoid thrombotic events. However, because of 

the increased risk of gastrointestinal issues and the availability of safer substitutes, its 

usage as an analgesic has decreased. 

Crucially, because aspirin is linked to Reye's syndrome, a rare but potentially deadly liver 

and brain disorder, it should not be used in children and adolescents who have viral 

infections. Because of this limitation, its use is restricted to adult populations, and 

patients should be advised with caution while using it to relieve general pain.  

The requirement for a customized patient evaluation when advising or choosing an over-

the-counter painkiller is highlighted by the diverse characteristics of these drugs. To 

optimize therapeutic benefit and minimize risk, factors like age, comorbidities, 

concurrent medications, and the type of pain (e.g., inflammatory vs. non-inflammatory) 

must be taken into account. The safe and efficient use of these drugs depends heavily on 

healthcare practitioner advice and public understanding. 

Conclusion 

From headaches and muscle aches to arthritis and fever, over-the-counter (OTC) pain 

medicines provide easily available, reasonably priced, and typically dependable solutions 

for treating a variety of mild to severe pain disorders. They are a mainstay of first-line 

treatment and self-medication in both clinical and home settings due to their accessibility 

and simplicity of usage. Nevertheless, even though these drugs are thought to be safe, 

using them requires knowledge of their unique pharmacological characteristics, 

therapeutic advantages, and possible risks. Age, medical history, comorbid diseases, and 

concurrent pharmacological therapy are some of the factors that affect whether 

analgesic—whether it be acetaminophen, ibuprofen, aspirin, or naproxen—is appropriate 

for a certain patient. 

Both healthcare professionals and patients must continue to be watchful and 

knowledgeable about appropriate dosages, suggested usage durations, and recognized 

contraindications in order to guarantee safe and efficient utilization. For example, 

although being easy on the stomach, acetaminophen can cause severe liver damage if 
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taken in excess or in combination with alcohol. Although they work well for 

inflammatory pain, NSAIDs should be used with caution because they might result in 

cardiovascular problems, renal impairment, and gastrointestinal bleeding. Because of the 

risk of Reye's syndrome, aspirin should be avoided in some populations, including 

children, even if it has beneficial antiplatelet characteristics. 

The results of this analysis highlight that only when OTC painkillers are used 

appropriately and under the proper clinical supervision can their full advantages be 

realized. Safe pharmaceutical practices include clear labeling, pharmacist consultations, 

public health campaigns, and ongoing research into the long-term consequences of 

medications. In the end, avoiding negative effects and maximizing the therapeutic use of 

over-the-counter analgesics in routine healthcare still depend on both the patient and the 

healthcare provider making educated decisions. 
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