
International Journal of Engineering & Scientific Research 
Vol.13 Issue 02, February 2025  

ISSN: 2347-6532 Impact Factor: 8.076 

Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com                       
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed 

at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A 

  

22 International Journal of Engineering& Scientific Research 

http://www.ijmra.us, Email: editorijmie@gmail.com 

 

Chemistry of Common Medicines- A Comparative Study of Paracetamol and Aspirin 

 
Mr. Rhutik Jaiswal, 

Chemistry Department, 

College of Home Science Jalna. 

Abstract: 

Paracetamol (acetaminophen) and aspirin (acetylsalicylic acid) are among the most 

extensively used over-the-counter (OTC) drugs worldwide for the relief of pain and fever. 

While both belong to the class of analgesics and antipyretics, their underlying chemical 

structures, methods of synthesis, mechanisms of action, and pharmacological behaviours 

reveal significant differences. Aspirin, an ester derived from salicylic acid, is synthesized 

through acetylation and is known for its dual analgesic and anti-inflammatory properties, 

primarily mediated by irreversible inhibition of cyclooxygenase (COX) enzymes. In contrast, 

paracetamol, an amide of p-aminophenol, is synthesized through nitration and reduction 

pathways, followed by acetylation, and its action is largely central, with weaker peripheral 

anti-inflammatory activity. The differences in their molecular interactions influence 

therapeutic efficacy and safety profiles: aspirin is associated with gastrointestinal irritation, 

bleeding risk, and Reye’s syndrome in children, whereas paracetamol carries the risk of 

hepatotoxicity at high doses. From an organic chemistry perspective, their functional groups 

ester and carboxylic acid in aspirin, hydroxyl and amide in paracetamol are key determinants 

of solubility, reactivity, and metabolic pathways. This comparative study highlights the 

importance of structural chemistry in pharmacology, illustrating how minor variations at the 

molecular level produce profound differences in clinical outcomes. Understanding these 

distinctions is critical for rational drug use, guiding both clinicians and patients in therapeutic 

decision-making. 
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Introduction: 

Pain and fever are among the most common symptoms affecting human populations 

worldwide, and they remain the leading reasons for self-medication and over-the-counter drug 

purchases. For decades, paracetamol (acetaminophen) and aspirin (acetylsalicylic acid) have 

been the most widely used drugs for these conditions, gaining household recognition due to 

their proven efficacy, broad availability, and relative affordability. Both drugs are classified 

as analgesics and antipyretics and their distinct chemical compositions and pharmacological 

properties highlight the importance of studying them from a comparative perspective. 

Aspirin, one of the earliest synthetic drugs developed in the late 19th century, represents a 

cornerstone in pharmaceutical history. Its mechanism of action, centered on the irreversible 

inhibition of cyclooxygenase enzymes (COX-1 and COX-2), underpins its analgesic, 

antipyretic, and anti-inflammatory effects, as well as its unique cardioprotective benefits 

through antiplatelet activity. However, its clinical use is limited by side effects such as gastric 

irritation, ulceration, bleeding disorders, and the risk of Reye’s syndrome in children. 

Paracetamol, introduced later, became an alternative to aspirin due to its safer gastrointestinal 

profile and suitability for children and pregnant women. Although it lacks significant 

peripheral anti-inflammatory action, its central activity thought to involve COX-3 inhibition 

and interactions with serotonergic and endocannabinoid pathways makes it an effective pain 
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and fever reducer. Its major safety concern lies in hepatotoxicity when consumed in excessive 

doses, a risk exacerbated by alcohol use or pre-existing liver conditions. 

Understanding the chemistry of these drugs with the structural role of esters and carboxylic 

acids in aspirin and the phenolic and amide groups in paracetamol helps explain their 

solubility, metabolic pathways, and differences in therapeutic action. A comparative study of 

paracetamol and aspirin therefore bridges organic chemistry and pharmacology and provides 

valuable insights for rational drug use and clinical decision-making. 

Objectives of the Study: 

1. To compare the chemical structures, functional groups, and synthesis pathways of 

paracetamol and aspirin. 

2. To analyse the mechanisms of action and their influence on pharmacological effects. 

3. To evaluate the pharmacokinetics and metabolism of both drugs with emphasis on 

safety and toxicity. 

4. To assess the clinical applications, advantages, and limitations of paracetamol and 

aspirin. 

5. To highlight the importance of structural chemistry in determining therapeutic efficacy 

and side effects. 

Literature Review: 

Recent literature continues to shed light on how paracetamol and aspirin differ in their 

chemical structure and in their mechanisms of action, therapeutic uses, and adverse effects. 

Several reviews and meta-analyses published up to 2023 provide updated understandings. 

Przybyła, G. W., et al. “Paracetamol – An Old Drug with New Mechanisms of Action.” 

Clinical and Experimental Pharmacology and Physiology, vol. 47, no. 11, Nov. 2020, pp. 

1710–1725. In this review, the authors explore how paracetamol’s analgesic and antipyretic 

effects cannot be fully explained by traditional COX-1 or COX-2 inhibition. They summarize 

evidence suggesting involvement of COX-3, a COX-1 splice variant, though its relevance in 

humans remains debated. They also discuss alternate mechanisms, including interactions with 

transient receptor potential vanilloid 1 (TRPV1) channel and the endocannabinoid system. 

The review highlights that paracetamol's anti-inflammatory action is weak in peripheral 

tissues. studylib.net 

“Cyclooxygenase-3 Inhibition: A Probable Mechanism of Acetaminophen in Human: A 

Review.” Research & Reviews: A Journal of Pharmaceutical Science, by Iswar Hazarika and 

Panner Selvam, vol. 6, no. 3, 2015. Although slightly older, this article is important because 

it reviews experimental findings that suggest analgesic and antipyretic effects of paracetamol 

may involve COX-3. However, it also notes that evidence for functional COX-3 in humans is 

limited and controversial. Pharma Journals 

A more recent study, Silva, F., et al. “Parenteral Ready-to-Use Fixed-Dose Combinations 

Including NSAIDs with Paracetamol or Metamizole for Multimodal Analgesia—Approved 

Products and Challenges.” Pharmaceuticals, vol. 16, no. 8, 2023, Article 1084. This research 

addresses formulations combining paracetamol with NSAIDs for enhanced analgesia, 

pointing out both benefits and challenges—especially with safety (e.g. interactions, dose 

adjustments), regulatory approval, and manufacturing. It underlines that combining 

paracetamol with NSAIDs enhance pain relief but may also raise risks of adverse effects 

depending on the condition, dose, and route of administration. MDPI 

Clerici, Bianca, and Marco Cattaneo. “Pharmacological Efficacy and Gastrointestinal Safety 

of Different Aspirin Formulations for Cardiovascular Prevention: A Narrative Review.” 

http://www.ijmra.us/
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Journal of Cardiovascular Development and Disease, vol. 10, no. 4, 2023, Article 137. This 

review compares various aspirin formulations—plain, enteric-coated (EC), buffered—and 

their tradeoffs. It concludes that while EC aspirin may reduce gastric mucosal injury, it does 

not meaningfully reduce the risk of clinically relevant gastrointestinal (GI) ulceration or 

bleeding. Also, EC aspirin may be less effective at inhibiting thromboxane A2 production in 

people with higher body weight, which reduce cardiovascular protection. MDPI 

“Strongly Increased Risk of Gastric and Duodenal Ulcers among New Users of Low-Dose 

Aspirin: Results from Two Large Cohorts with New-User Design.” Alimentary Pharmacology 

& Therapeutics, vol. 56, no. 2, 2022, pp. 262–272. This cohort study (German ESTHER and 

UK Biobank) shows that initiating low-dose aspirin use (for example, 75-100 mg) is 

significantly associated with increased risk of gastric and duodenal ulcer in new users. These 

risks are much higher than seen in studies using “prevalent user” designs. This underscores 

that the timing of use (new vs long-term) matters. PubMed 

“Incidence and Outcome of Gastrointestinal Bleeding in Patients Receiving Aspirin with or 

without Clopidogrel over 10 Years — An Observational Study.” Journal of Family Medicine 

and Primary Care, 2023. This 12-year prospective study compares GI bleeding in patients on 

aspirin alone vs combined (dual antiplatelet) therapy. It finds cumulative bleeding risk rises 

with duration, especially in lower GI tract over time, and identifies predictors of bleeding and 

mortality including comorbidities. PubMed 

Several recent works reaffirm that low-dose aspirin is useful for cardiovascular protection but 

carries nontrivial risk for GI complications. Different formulations (enteric-coated, buffered) 

may modify—but not eliminate—risk. MDPI+2PubMed+2 

For paracetamol, recent literature emphasizes that although COX inhibition remains central 

to its understood mechanism, there is growing support for auxiliary pathways (TRPV1, 

endocannabinoid, perhaps COX-3 in non-human models). studylib.net 

Safety remains a major concern with overdose for paracetamol (hepatotoxicity), and with 

aspirin for GI bleeding and ulcer formation, especially in new users or those on dual therapy. 

PubMed+2MDPI+2 

There is less recent data comparing head-to-head the comparative safety of aspirin vs 

paracetamol in specific vulnerable populations (children, pregnant women, people with 

hepatic or renal impairment). 

Methodology: 
This study adopts a comparative analytical approach using secondary sources, including 

textbooks, peer-reviewed journals, and pharmaceutical chemistry databases. 

 Chemical Analysis: Comparison of molecular structures, functional groups, and 

physicochemical properties. 

 Synthetic Pathways: Stepwise review of laboratory and industrial synthesis methods. 

 Mechanism of Action: Examination of enzyme inhibition, prostaglandin synthesis 

pathways, and central versus peripheral effects. 

 Pharmacokinetics: Compilation of absorption, metabolism, half-life, and excretion 

data from pharmacological studies. 

 Clinical Review: Analysis of therapeutic applications, contraindications, and toxicity 

profiles from clinical literature. 
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 Chemical Structures and Properties: 

Compound IUPAC Name Molecular 

Formula 

Functional Groups 

Paracetamol N-(4-

hydroxyphenyl)acetamide 

C₈H₉NO₂ Phenol, Amide 

Aspirin 2-acetoxybenzoic acid C₉H₈O₄ Ester, Carboxylic 

Acid 

 

Table 1  Chemical Structures and Functional Properties of Paracetamol and Aspirin 

 

 

The table 1 summarizes the fundamental chemical characteristics of paracetamol and aspirin, 

including their IUPAC names, molecular formulas, and key functional groups. Paracetamol 

contains a phenol and an amide group, which contribute to its moderate water solubility and 

central analgesic activity. Aspirin, on the other hand, possesses an ester and a carboxylic acid 

group, which influence its reactivity, gastrointestinal effects, and anti-inflammatory 

properties. These structural differences form the basis for their distinct pharmacological 

behaviours and safety profiles. 

 Paracetamol is a crystalline solid with a melting point of 169–171°C. It is slightly 

soluble in water and more soluble in alcohol. 

 Aspirin is also crystalline, with a melting point of 135–136°C. It hydrolyzes in moist 

conditions, releasing salicylic acid. 

Synthesis Pathways: 

Paracetamol 

Paracetamol is synthesized via a three-step process: 

1. Nitration of Phenol: Phenol is nitrated to form p-nitrophenol. 

2. Reduction: p-nitrophenol is reduced to p-aminophenol. 

3. Acetylation: p-aminophenol reacts with acetic anhydride to form paracetamol. 

Aspirin 

Aspirin is synthesized from salicylic acid: 

1. Preparation of Salicylic Acid: Phenol reacts with CO₂ and NaOH under high pressure 

to form salicylic acid. 

2. Esterification: Salicylic acid is acetylated using acetic anhydride to yield aspirin. 

Mechanism of Action: 

Paracetamol 

Paracetamol inhibits the enzyme cyclooxygenase (COX), particularly COX-3 in the central 

nervous system. This reduces the synthesis of prostaglandins, which are mediators of pain and 

fever. Unlike NSAIDs, paracetamol has minimal anti-inflammatory effects. 

Aspirin 

Aspirin irreversibly inhibits COX-1 and COX-2 enzymes, preventing the formation of 

thromboxane and prostaglandins. This accounts for its analgesic, antipyretic, anti-

inflammatory, and antiplatelet effects. 
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Pharmacokinetics and Metabolism 

 

Property Paracetamol Aspirin 

Absorption Rapid (oral) Rapid (oral) 

Metabolism Liver (glucuronidation, sulfation) Liver (hydrolysis to salicylic acid) 

Half-life 2–3 hours 2–4 hours 

Excretion Renal Renal 

 

Table 2: Pharmacokinetic Properties of Paracetamol and Aspirin 

The above table 2 compares the pharmacokinetic profiles of paracetamol and aspirin, 

highlighting their absorption, metabolism, half-life, and excretion. Both drugs are rapidly 

absorbed when administered orally, ensuring prompt therapeutic effects. Paracetamol is 

primarily metabolized in the liver through glucuronidation and sulfation, while a portion 

forms the toxic metabolite NAPQI. Aspirin undergoes hepatic hydrolysis to produce salicylic 

acid, its active metabolite. The elimination half-life of paracetamol ranges from 2 to 3 hours, 

whereas aspirin’s half-life is slightly longer at 2 to 4 hours. Both drugs are excreted renally. 

Understanding these pharmacokinetic differences helps explain variations in dosing, safety, 

and potential toxicity between the two analgesics. 

Paracetamol is metabolized primarily in the liver, with a small fraction converted to a toxic 

metabolite (NAPQI), which is detoxified by glutathione. Aspirin is hydrolysed to salicylic 

acid, which is further metabolized and excreted. 

Clinical Applications and Safety: 

Paracetamol: 

 Used for mild to moderate pain and fever. 

 Safe in pregnancy and for children. 

 Overdose can cause hepatotoxicity due to NAPQI accumulation. 

Aspirin: 

 Used for pain, fever, inflammation, and cardiovascular protection. 

 Contraindicated in children with viral infections (risk of Reye’s syndrome). 

 Can cause gastrointestinal irritation and bleeding. 

Findings: 

1. Structural Differences: Paracetamol contains hydroxyl and amide groups, while 

aspirin contains ester and carboxylic acid groups, leading to differences in solubility 

and reactivity. 

2. Synthesis: Paracetamol synthesis involves nitration, reduction, and acetylation, while 

aspirin is produced via acetylation of salicylic acid. 

3. Mechanism of Action: Aspirin irreversibly inhibits COX-1 and COX-2, while 

paracetamol acts centrally on COX-3, explaining the stronger anti-inflammatory 

effects of aspirin. 

http://www.ijmra.us/
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4. Pharmacokinetics: Both drugs are rapidly absorbed and metabolized in the liver, but 

paracetamol’s toxic metabolite (NAPQI) poses a hepatotoxic risk, whereas aspirin’s 

salicylic acid derivative increases gastrointestinal risks. 

5. Clinical Applications: 

o Paracetamol is safer in children, pregnancy, and individuals with gastric 

conditions. 

o Aspirin provides additional benefits in cardiovascular disease prevention due 

to antiplatelet effects. 

6. Safety Concerns: Aspirin carries risks of gastric bleeding and Reye’s syndrome, while 

paracetamol overdose can cause acute liver failure. 

Suggestions: 

1. Safer Dosage Guidelines: Public education campaigns should emphasize safe dosage 

limits to prevent aspirin-related gastric issues and paracetamol-induced liver toxicity. 

2. Formulation Improvements: Development of buffered or coated aspirin formulations 

and combination therapies with protective agents may reduce adverse effects. 

3. Research into Derivatives: Structural modifications of both drugs could yield 

analogues with better therapeutic profiles and fewer side effects. 

4. Clinical Use Optimization: Physicians should tailor drug choice to patient groups—

aspirin for anti-inflammatory and cardioprotective needs, paracetamol for safer use in 

children and sensitive populations. 

5. Awareness Campaigns: Increased awareness about risks of self-medication and drug 

interactions is essential, given their widespread OTC availability. 

6. Future Scope: Encouraging interdisciplinary research between organic chemistry, 

pharmacology, and clinical medicine can lead to the discovery of next-generation 

analgesics. 

Conclusion: 

Paracetamol and aspirin, though chemically distinct, serve as foundational drugs in modern 

medicine. Their synthesis reflects elegant applications of organic chemistry, while their 

pharmacological profiles highlight the importance of molecular structure in drug action. 

Continued research into their mechanisms and derivatives may yield safer and more effective 

analgesics. 
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