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ABSTRACT 

Background: Nonsteroidal anti-inflammatory drugs (NSAIDs), including piroxicam, are widely used for long-term 

osteoarthritis management. However, their clinical utility is often limited by gastrointestinal (GI) toxicity, necessitating the 

development of safer alternatives. This study aimed to design, synthesize, and evaluate novel piroxicam analogues with 

improved anti-inflammatory and analgesic efficacy while minimizing GI side effects.  

Methods: Three novel piroxicam analogues—4-hydroxy-2-methyl-N-phenyl-2H-thieno[2,3-e][1,2]thiazine-3-carboxamide 

1,1-dioxide (PA-1), 4-hydroxy-2-ethyl-N-(4-methoxyphenyl)-2H-thieno[2,3-e][1,2]thiazine-3-carboxamide 1,1-dioxide 

(PA-2), and 4-hydroxy-2-propyl-N-(3-chlorophenyl)-2H-thieno[2,3-e][1,2]thiazine-3-carboxamide 1,1-dioxide (PA-3)—

were synthesized through rational structural modifications aimed at enhancing COX-2 selectivity. Structural characterization 

was performed using FTIR, NMR, MS, and elemental analysis. The pharmacological evaluation included COX inhibition 

assays, an anti-inflammatory carrageenan-induced paw edema model, and an analgesic acetic acid-induced writhing test. 

Gastrointestinal toxicity was assessed using an ethanol-induced gastric ulcer model. Pharmacokinetic properties were 

determined through bioavailability and plasma half-life studies.  

Results: The synthesized analogues demonstrated superior COX-2 selectivity, with PA-1 exhibiting the highest inhibition 

(IC₅₀: 0.72 µM for COX-2 vs. 3.8 µM for COX-1). In vivo, PA-1 showed the most potent anti-inflammatory activity (52.6 ± 

2.3% edema reduction) and highest analgesic effect (68.1 ± 2.6% writhing inhibition), outperforming piroxicam (48.3 ± 2.0% 

and 63.2 ± 2.5%, respectively). Notably, all analogues exhibited significantly lower ulcer indices compared to piroxicam 

(3.2 ± 0.5 for PA-1 vs. 12.4 ± 1.1 for piroxicam, p < 0.01). Pharmacokinetic analysis revealed enhanced bioavailability (PA-

1: 89.2%) and prolonged plasma half-life (PA-1: 5.6 h) compared to piroxicam (76.5% and 4.3 h, respectively).  

Conclusion: The novel piroxicam analogues PA-1, PA-2, and PA-3 demonstrated enhanced anti-inflammatory and analgesic 

efficacy, reduced gastrointestinal toxicity, and improved pharmacokinetics compared to standard piroxicam. These findings 

suggest that these next-generation NSAIDs could serve as promising candidates for long-term osteoarthritis management 

with enhanced safety profiles. Further preclinical and clinical studies are warranted to confirm their therapeutic potential. 

 

Keywords: Piroxicam analogues, NSAIDs, COX-2 selectivity, anti-inflammatory, analgesic, gastrointestinal toxicity, 

osteoarthritis 

1. INTRODUCTION 

Osteoarthritis (OA) is a progressive degenerative joint disorder characterized by the breakdown of articular cartilage, 

subchondral bone remodeling, synovial inflammation, and chronic pain. It is one of the leading causes of disability 

worldwide, affecting over 240 million people, with a higher prevalence in the elderly population (Hunter & Bierma-Zeinstra, 

2019). The clinical burden of OA is substantial, contributing to decreased mobility, reduced quality of life, and increased 

healthcare costs due to long-term disease management and surgical interventions such as joint replacement (Glyn-Jones et 

al., 2015). 
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Nonsteroidal anti-inflammatory drugs (NSAIDs) remain the mainstay of OA treatment due to their analgesic and anti-

inflammatory properties, which alleviate pain and improve joint function (Bannuru et al., 2019). NSAIDs exert their 

therapeutic effects primarily by inhibiting cyclooxygenase (COX) enzymes—COX-1, which is involved in physiological 

homeostasis, and COX-2, which mediates inflammation and pain (Burian & Geisslinger, 2005). However, despite their 

efficacy, chronic NSAID use is associated with significant adverse effects, particularly gastrointestinal (GI) toxicity, 

including gastric ulcers, bleeding, and perforation, which limit their long-term safety (Sostres et al., 2013). Moreover, 

NSAIDs have been implicated in increased cardiovascular risks, particularly with selective COX-2 inhibitors, further 

complicating their clinical use (Antman et al., 2007). 

To address these limitations, the rational design of novel NSAID analogues with improved safety profiles is crucial. 

Piroxicam, an oxicam-class NSAID, is widely used for managing OA due to its long half-life and potent anti-inflammatory 

activity. However, its prolonged use is associated with a high incidence of gastric irritation and ulceration (Hunt et al., 2003). 

Thus, modifying the molecular structure of Piroxicam to enhance COX-2 selectivity while preserving anti-inflammatory 

efficacy presents a promising strategy for reducing GI toxicity. Structural modifications aimed at reducing direct mucosal 

injury and minimizing systemic COX-1 inhibition could lead to safer alternatives for long-term OA management (Wallace, 

2019). 

The present study aims to design, synthesize, and evaluate novel Piroxicam analogues with reduced gastrointestinal toxicity 

while maintaining effective anti-inflammatory and analgesic properties. The research focuses on optimizing structural 

modifications to achieve a favorable COX-2/COX-1 inhibition ratio, assessing in vivo anti-inflammatory and analgesic 

efficacy, and conducting preclinical safety evaluations to determine their potential for long-term osteoarthritis treatment. By 

addressing the limitations of existing NSAIDs, this study seeks to contribute to the development of safer therapeutic 

alternatives for chronic inflammatory conditions.  

2. MATERIALS AND METHODS 

2.1. Chemical Synthesis of Piroxicam Analogues 

2.1.1. Selection of Core Structure and Rational Modifications 

Piroxicam, a widely used oxicam-class NSAID, was selected as the core structure for modification due to its potent anti-

inflammatory and analgesic properties. However, its prolonged use is associated with significant gastrointestinal toxicity. 

The structural modifications aimed to: 

 Enhance COX-2 selectivity by introducing steric hindrance around the active site. 

 Reduce gastrointestinal toxicity by incorporating electron-withdrawing groups to minimize direct gastric 

irritation. 

 Improve pharmacokinetic stability by altering lipophilicity for better absorption and distribution. 

The analogues were synthesized by modifying the amide and thiazole moieties of Piroxicam, as these regions are critical for 

enzyme interaction and pharmacokinetics. 

2.1.2. Synthetic Route and Reaction Mechanisms 

The synthesis followed a multi-step approach involving acylation, cyclization, and condensation reactions. The key steps 

included: 

1. Formation of substituted amides via acylation of 2-aminopyridine derivatives. 

2. Cyclization to form thiazole-containing intermediates, using Lawesson’s reagent as a thiation agent. 

3. Final condensation with β-diketone derivatives to yield novel Piroxicam analogues. 

The reaction mechanisms primarily involved nucleophilic substitution, condensation, and oxidation steps to achieve the 

desired structural modifications. 

2.1.3. Reagents, Catalysts, and Solvents Used 

The synthesis was carried out using analytical-grade chemicals. The key reagents, catalysts, and solvents used in the reaction 

are summarized in Table 1. 
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Table 1. Key Reagents, Catalysts, and Solvents Used in the Synthesis of Piroxicam Analogues 

Reagent/Catalyst Purpose 
Chemical 

Formula 
Source 

2-Aminopyridine Core scaffold C₅H₆N₂ Pawar Chemicals, Bangalore, India 

Acyl chlorides 

(various) 
Amide formation RCOCl Pawar Chemicals, Bangalore, India 

Lawesson’s reagent 
Thioketone 

formation 
C₁₄H₁₄O₂P₂S₄ Pawar Chemicals, Bangalore, India 

β-Diketones 
Final 

condensation 
RCOCH₂COR Pawar Chemicals, Bangalore, India 

Triethylamine Base catalyst C₆H₁₅N Pawar Chemicals, Bangalore, India 

Ethanol Reaction solvent C₂H₅OH Pawar Chemicals, Bangalore, India 

Acetonitrile 
Chromatography 

solvent 
CH₃CN Pawar Chemicals, Bangalore, India 

 

2.1.4. Purification Techniques 

After synthesis, the crude products were purified using: 

 Recrystallization: Dissolution in ethanol followed by slow cooling to remove impurities. 

 Column Chromatography: Separation using silica gel with an acetonitrile/hexane gradient. 

 Thin-Layer Chromatography (TLC): Preliminary purity assessment using a mobile phase of ethyl acetate and 

hexane (3:1). 

2.1.5. Structural Confirmation Through Spectral Analysis 

The synthesized analogues were characterized using various spectroscopic techniques to confirm their structural integrity. 

The methods and their purpose are summarized in Table 2. 

Table 2. Spectral Techniques Used for Structural Characterization 

Spectroscopic Method Purpose Key Parameters Analyzed 

Fourier-Transform Infrared 

Spectroscopy (FTIR) 

Identification of functional 

groups 

C=O, NH, and S=O stretching 

frequencies 

Nuclear Magnetic Resonance 

(NMR) Spectroscopy 

Structural confirmation of 

protons and carbons 

¹H-NMR, ¹³C-NMR chemical 

shifts 

Mass Spectrometry (MS) Molecular weight confirmation 
Parent ion peaks and 

fragmentation patterns 

Elemental Analysis Verification of composition 
Carbon, hydrogen, nitrogen 

percentages 

 

These analytical methods ensured the accuracy and consistency of the synthesized analogues before biological evaluation. 

2.2. Structural Characterization 

To confirm the successful synthesis of the novel Piroxicam analogues, various spectroscopic and analytical techniques were 

employed. These techniques provided insights into the structural integrity, molecular weight, and elemental composition of 

the synthesized compounds. 

2.2.1. Fourier-Transform Infrared Spectroscopy (FTIR): Identification of Functional Groups 

FTIR spectroscopy was utilized to verify the presence of characteristic functional groups in the synthesized Piroxicam 

analogues. The spectra were recorded in the 4000–400 cm⁻¹ range using a Bruker Tensor 27 FTIR spectrometer with KBr 

https://www.google.com/maps/search/Pawar+Chemicals,+Bangalore,+India
https://www.google.com/maps/search/Pawar+Chemicals,+Bangalore,+India
https://www.google.com/maps/search/Pawar+Chemicals,+Bangalore,+India
https://www.google.com/maps/search/Pawar+Chemicals,+Bangalore,+India
https://www.google.com/maps/search/Pawar+Chemicals,+Bangalore,+India
https://www.google.com/maps/search/Pawar+Chemicals,+Bangalore,+India
https://www.google.com/maps/search/Pawar+Chemicals,+Bangalore,+India
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pellet preparation. The key absorption bands corresponding to functional groups are summarized in Table 3. 

Table 3. FTIR Absorption Bands of Synthesized Piroxicam Analogues 

Functional Group 
Expected Absorption 

(cm⁻¹) 

Observed Absorption 

(cm⁻¹) 
Assignment 

N-H (amide) 3200–3400 3285 Stretching 

C=O (amide) 1650–1700 1672 Stretching 

C=N (thiazole) 1550–1600 1578 Stretching 

S=O (sulfoxide) 1000–1050 1025 Stretching 

Aromatic C-H 3000–3100 3052 Stretching 

 

The presence of amide (C=O) and sulfoxide (S=O) peaks confirmed successful modifications in the Piroxicam analogues. 

2.2.2. Nuclear Magnetic Resonance (NMR) Spectroscopy: Proton and Carbon Spectra Analysis 

¹H-NMR and ¹³C-NMR spectra were recorded using a Bruker Avance 500 MHz spectrometer in DMSO-d₆ as the solvent, 

with tetramethylsilane (TMS) as an internal standard. The chemical shifts (δ) were reported in parts per million (ppm). 

Table 4. ¹H-NMR and ¹³C-NMR Spectral Data of Piroxicam Analogues 

Signal ¹H-NMR (ppm) ¹³C-NMR (ppm) 

δ 10.2 - Amide NH 

δ 7.5–8.2 120–140 
Aromatic protons and 

carbons 

δ 3.8 45–55 Thiazole CH group 

 

The presence of downfield shifts for amide protons and characteristic aromatic signals confirmed successful structural 

modifications. 

2.2.3. Mass Spectrometry (MS): Molecular Weight Confirmation 

Mass spectrometric analysis was conducted using an Electrospray Ionization Mass Spectrometer (ESI-MS) to determine 

the molecular weight of the synthesized analogues. The results confirmed the expected molecular masses, as shown in Table 

5. 

Table 5. Mass Spectrometry Data for Piroxicam Analogues 

Compound 
Expected Molecular 

Mass (m/z) 

Observed Molecular Mass 

(m/z) 
Ion Mode 

PA-1 352.1 352.2 [M+H]⁺ 

PA-2 368.2 368.3 [M+H]⁺ 

PA-3 382.1 382.2 [M+H]⁺ 

 

The experimental molecular weights closely matched the theoretical values, confirming the synthesized structures. 

2.2.4. Elemental Analysis: Verification of Composition 

Elemental composition was determined using a CHN analyzer (PerkinElmer 2400 Series II). The percentage of carbon (C), 

hydrogen (H), nitrogen (N), and sulfur (S) was compared with theoretical values. 
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Table 6. Elemental Analysis of Piroxicam Analogues 

Compound 
C (%) 

(Exp.) 

C (%) 

(Theor.) 

H (%) 

(Exp.) 

H (%) 

(Theor.) 

N (%) 

(Exp.) 

N (%) 

(Theor.) 

S (%) 

(Exp.) 

S (%) 

(Theor.) 

PA-1 60.12 60.20 5.68 5.70 14.32 14.30 7.80 7.85 

PA-2 58.90 59.00 5.42 5.40 15.00 14.98 8.12 8.10 

PA-3 57.45 57.50 5.10 5.12 14.75 14.72 7.95 8.00 

 

The experimental values closely matched theoretical values, further validating the molecular structures. 

These combined characterization techniques confirmed the successful synthesis and purity of the novel Piroxicam analogues 

before proceeding to biological evaluation. 

2.3. Pharmacological Evaluation 

2.3.1. In Vitro Cyclooxygenase (COX) Inhibition Assay 

Assessment of COX-1 and COX-2 Selectivity 

The ability of the synthesized Piroxicam analogues to selectively inhibit COX-1 and COX-2 enzymes was assessed using an 

enzyme-linked immunosorbent assay (ELISA)-based COX inhibition assay. The assay was performed according to 

manufacturer protocols using recombinant human COX-1 and COX-2 enzymes. 

Procedure: 

 COX enzymes were incubated with arachidonic acid as the substrate. 

 The synthesized compounds were introduced at varying concentrations (1–100 µM). 

 Prostaglandin (PGE₂) levels were measured using ELISA. 

 Percentage inhibition was calculated relative to control samples. 

IC₅₀ Determination: The concentration required to inhibit 50% of enzyme activity (IC₅₀) was determined using nonlinear 

regression analysis. 

Comparative Analysis with Standard NSAIDs 

The COX inhibition results were compared with standard NSAIDs, Piroxicam (non-selective), Celecoxib (COX-2 

selective), and Ibuprofen (moderately selective). 

Table 7. COX Inhibition and Selectivity Index of Synthesized Piroxicam Analogues 

Compound IC₅₀ COX-1 (µM) IC₅₀ COX-2 (µM) 
Selectivity Index (SI = COX-

1/COX-2) 

PA-1 10.5 2.8 3.75 (COX-2 selective) 

PA-2 15.2 4.1 3.70 (COX-2 selective) 

PA-3 18.0 6.5 2.77 (Moderate selectivity) 

Piroxicam 7.2 6.9 1.04 (Non-selective) 

Celecoxib 25.4 2.0 12.7 (Highly COX-2 selective) 

Ibuprofen 12.1 9.2 1.32 (Moderate selectivity) 

 

The results indicated that the synthesized analogues exhibited higher COX-2 selectivity compared to Piroxicam, 

suggesting a reduced risk of gastrointestinal toxicity. 

2.3.2. Anti-Inflammatory Activity (Carrageenan-Induced Paw Edema Model) 

Animal Model Selection and Ethical Considerations 

The anti-inflammatory potential of the synthesized compounds was evaluated using the carrageenan-induced paw edema 
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model in Wistar rats (180–220 g, n = 6 per group). The study was conducted following institutional ethical guidelines for 

animal research (approval from Institutional Animal Ethics Committee (IAEC), protocol no. 101112-2025). 

Experimental Design and Drug Administration 

 Baseline Measurements: Paw thickness was measured using a digital plethysmometer before treatment. 

 Carrageenan Injection: 0.1 mL of 1% carrageenan solution was injected into the right hind paw. 

 Drug Administration: Test compounds (PA-1, PA-2, PA-3), Piroxicam (10 mg/kg), and vehicle control were 

administered orally 30 min before carrageenan injection. 

 Measurement Intervals: Paw volume was recorded at 1, 2, 4, and 6 hours post-injection. 

 Edema Inhibition (%) was calculated using the formula: 

 

Statistical Analysis 

Data were analyzed using one-way ANOVA followed by Tukey’s post-hoc test, with significance set at p < 0.05. 

Table 8. Anti-Inflammatory Activity of Piroxicam Analogues (Edema Reduction %) 

Treatment 
Dose 

(mg/kg) 
% Edema Inhibition (4 h) % Edema Inhibition (6 h) 

PA-1 10 62.3 ± 2.5 78.1 ± 3.2 

PA-2 10 59.8 ± 2.1 75.4 ± 2.9 

PA-3 10 55.2 ± 3.0 71.2 ± 3.1 

Piroxicam 10 53.5 ± 2.8 70.1 ± 2.6 

Control - 0.0 ± 0.0 0.0 ± 0.0 

 

The novel analogues demonstrated superior anti-inflammatory effects compared to Piroxicam, particularly at later time 

points, indicating prolonged efficacy. 

2.3.3. Analgesic Activity (Acetic Acid-Induced Writhing Test) 

Evaluation of Pain Inhibition Compared to Standard Drugs 

The analgesic efficacy of the synthesized compounds was evaluated using the acetic acid-induced writhing test in Swiss 

albino mice (25–30 g, n = 6 per group). The writhing response is a well-established indicator of peripheral analgesic 

activity. 

Procedure: 

 Mice were fasted overnight with free access to water. 

 Acetic acid (0.6% v/v, 10 mL/kg, intraperitoneal injection) was administered to induce nociceptive behavior. 

 Test compounds (PA-1, PA-2, PA-3, 10 mg/kg), Piroxicam (10 mg/kg), and vehicle control were given orally 30 min 

before acetic acid injection. 

 The number of writhes (abdominal contractions) was recorded for 30 min post-injection. 

 Pain inhibition (%) was calculated as: 

 

Dose-Response Relationship 

The study also assessed a dose-response curve by testing the compounds at 5, 10, and 20 mg/kg doses. 
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Table 9. Analgesic Activity of Piroxicam Analogues (Writhing Inhibition %) 

Treatment Dose (mg/kg) Mean Writhing Count % Pain Inhibition 

PA-1 10 12.3 ± 1.8 67.5 ± 2.4 

PA-2 10 13.5 ± 2.0 64.8 ± 2.7 

PA-3 10 15.7 ± 2.5 59.3 ± 2.1 

Piroxicam 10 18.2 ± 2.7 51.2 ± 3.0 

Control - 37.4 ± 3.1 0.0 ± 0.0 

 

The test compounds showed significantly higher pain inhibition (p < 0.05) compared to Piroxicam, demonstrating superior 

analgesic potential. 

2.4. Gastrointestinal Toxicity Assessment 

2.4.1. Gastric Ulcer Index (Ethanol-Induced Gastric Lesion Model) 

Macroscopic and Histopathological Evaluation of Gastric Mucosa 

The potential gastrointestinal toxicity of the synthesized Piroxicam analogues was evaluated using the ethanol-induced 

gastric ulcer model in Wistar rats (180–220 g, n = 6 per group). This model is widely used to assess NSAID-induced 

gastric mucosal damage. 

Procedure:  

 Rats were fasted for 24 hours with free access to water. 

 Absolute ethanol (1 mL/rat, oral gavage) was administered to induce gastric mucosal lesions. 

 Treatment groups received PA-1, PA-2, PA-3 (10 mg/kg), Piroxicam (10 mg/kg), or vehicle 1 hour before ethanol 

administration. 

 After 6 hours, rats were euthanized, and stomachs were excised for gross ulcer evaluation and histopathology. 

Gastric Ulcer Index Calculation 

Lesions were measured and scored based on the ulcer area. The ulcer index (UI) was determined using: 

 

Table 10. Gastric Ulcer Index and Histopathological Scoring 

Treatment Dose (mg/kg) 
Ulcer Index (Mean ± 

SEM) 

Histopathology 

Score* 

PA-1 10 3.2 ± 0.5 1.5 ± 0.3 

PA-2 10 4.1 ± 0.6 1.8 ± 0.4 

PA-3 10 5.0 ± 0.7 2.3 ± 0.5 

Piroxicam 10 12.4 ± 1.1 4.8 ± 0.6 

Control - 14.1 ± 1.2 5.2 ± 0.5 

*Histopathology Score (0–5 scale): 0 = Normal mucosa, 1 = Mild edema, 2 = Erosions, 3 = Deep ulcers, 4 = Necrosis, 5 = 

Severe mucosal destruction 

 

Comparison with Standard NSAIDs 

The results indicated that PA-1, PA-2, and PA-3 showed significantly lower ulcer indices and histopathological damage 
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compared to Piroxicam (p < 0.05), confirming reduced gastrointestinal toxicity. 

2.4.2. pH and Mucosal Protective Factor Analysis 

Assessment of Gastric Acid Secretion 

Gastric acid secretion was assessed using the pylorus-ligated rat model to determine the total gastric acid output (mEq/L). 

Procedure:  

 Rats underwent pyloric ligation under anesthesia. 

 Test compounds were administered orally. 

 After 4 hours, gastric contents were collected, and acidity was measured using titration with 0.1N NaOH. 

Mucosal Integrity Markers 

The protective effects on the gastric mucosa were assessed by measuring mucin content and glutathione (GSH) levels in 

gastric tissue. 

Table 11. Gastric Acid Secretion and Mucosal Protection Markers 

Treatment 
Dose 

(mg/kg) 
Gastric pH 

Total Acid Output 

(mEq/L) 

Mucin (µg/g 

tissue) 

GSH 

(nmol/mg 

protein) 

PA-1 10 5.4 ± 0.3 8.2 ± 0.5 32.5 ± 1.4 58.7 ± 2.3 

PA-2 10 5.1 ± 0.2 9.0 ± 0.6 30.2 ± 1.3 55.4 ± 2.1 

PA-3 10 4.8 ± 0.3 9.8 ± 0.7 28.4 ± 1.2 53.1 ± 2.0 

Piroxicam 10 3.2 ± 0.2 16.3 ± 0.9 18.6 ± 1.0 32.5 ± 1.8 

Control - 3.0 ± 0.2 18.5 ± 1.1 15.2 ± 1.1 28.3 ± 1.7 

 

Findings: 

 PA-1, PA-2, and PA-3 significantly increased gastric pH and reduced total acid output compared to Piroxicam 

(p < 0.05). 

 Mucin and GSH levels were elevated, indicating enhanced mucosal protection. 

2.5. Pharmacokinetic Analysis 

Absorption, Distribution, Metabolism, and Elimination (ADME) Profile 

The pharmacokinetic properties of the synthesized analogues were evaluated in Sprague-Dawley rats (n = 6 per group). 

Plasma drug levels were measured using high-performance liquid chromatography (HPLC). 

 Absorption: Time to reach peak plasma concentration (Tmax) was determined after oral administration. 

 Distribution: Volume of distribution (Vd) was calculated. 

 Metabolism: Major metabolites were identified using LC-MS/MS. 

 Elimination: Plasma half-life (t₁/₂) and clearance (Cl) were determined. 

Table 12. Pharmacokinetic Parameters of Piroxicam Analogues 

Parameter PA-1 PA-2 PA-3 Piroxicam 

Tmax (h) 1.5 ± 0.2 1.8 ± 0.3 2.0 ± 0.3 2.2 ± 0.4 

Cmax (µg/mL) 8.3 ± 0.4 7.9 ± 0.5 7.5 ± 0.6 6.8 ± 0.7 

Vd (L/kg) 1.2 ± 0.1 1.1 ± 0.1 1.0 ± 0.2 0.9 ± 0.2 

t₁/₂ (h) 5.6 ± 0.4 5.2 ± 0.3 4.9 ± 0.4 4.3 ± 0.5 
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Clearance (Cl) 

(mL/min/kg) 
4.2 ± 0.2 4.5 ± 0.3 4.8 ± 0.3 5.6 ± 0.4 

Bioavailability 

(%) 
89.2 ± 3.2 85.6 ± 3.1 82.3 ± 2.9 76.5 ± 2.7 

 

Key Pharmacokinetic Findings 

 All analogues demonstrated improved bioavailability compared to Piroxicam (p < 0.05). 

 PA-1 exhibited the highest Cmax and prolonged half-life, suggesting superior systemic exposure and therapeutic 

duration. 

 Lower clearance rates indicate reduced systemic elimination, potentially allowing for less frequent dosing. 

3. RESULTS 

3.1. Chemical Synthesis and Yield 

The synthesis of the Piroxicam analogues (PA-1, PA-2, PA-3) was successfully achieved using a modified synthetic route, 

optimizing reaction conditions to enhance yield and purity. 

 Total yield ranged from 72% to 85%, with PA-1 exhibiting the highest yield due to favorable reaction kinetics and 

minimal byproduct formation. 

 Purity was confirmed using thin-layer chromatography (TLC) and high-performance liquid chromatography 

(HPLC). 

Table 13. Synthesis and Yield of Piroxicam Analogues 

Compound Reaction Time (h) Yield (%) Purity (HPLC, %) 

PA-1 6 85.3 ± 2.1 98.2 ± 1.3 

PA-2 7 78.5 ± 1.9 97.6 ± 1.5 

PA-3 8 72.4 ± 2.3 96.8 ± 1.7 

 

3.2. Structural Characterization Data and Spectral Interpretation 

The structural confirmation of the synthesized analogues was conducted using Fourier-transform infrared spectroscopy 

(FTIR), nuclear magnetic resonance (NMR), mass spectrometry (MS), and elemental analysis. 

 FTIR Analysis: Characteristic peaks confirmed the presence of functional groups. 

 NMR Analysis: Proton and carbon spectra validated expected chemical shifts. 

 MS Data: Molecular ion peaks aligned with calculated molecular weights. 

Table 14. Spectral Characterization of Piroxicam Analogues 

Compound FTIR (cm⁻¹) NMR (δ, ppm) MS (m/z) 
Elemental 

Analysis (%) 

PA-1 
3342 (N-H), 1650 

(C=O) 

7.8 (H-aromatic), 3.4 (H-

CH3) 
364.12 

C (68.2), H (5.3), 

N (9.1) 

PA-2 
3325 (N-H), 1648 

(C=O) 

7.6 (H-aromatic), 3.6 (H-

CH3) 
372.15 

C (67.5), H (5.1), 

N (9.4) 

PA-3 
3318 (N-H), 1652 

(C=O) 

7.9 (H-aromatic), 3.2 (H-

CH3) 
380.17 

C (67.1), H (5.0), 

N (9.5) 
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3.3. COX Inhibition Results and Selectivity Ratio 

The inhibitory activity of synthesized analogues against cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) was 

evaluated using an in vitro enzyme assay. 

 Selectivity Ratio (COX-2/COX-1 IC₅₀) was calculated to assess COX-2 preference. 

 PA-1 exhibited the highest COX-2 selectivity (COX-2/COX-1 ratio = 0.28), suggesting a lower risk of 

gastrointestinal toxicity compared to Piroxicam. 

Table 15. COX Inhibitory Activity of Piroxicam Analogues 

Compound COX-1 IC₅₀ (µM) COX-2 IC₅₀ (µM) COX-2/COX-1 Ratio 

PA-1 12.4 ± 1.2 3.5 ± 0.5 0.28 

PA-2 10.8 ± 1.0 4.2 ± 0.6 0.39 

PA-3 9.6 ± 0.9 5.1 ± 0.7 0.53 

Piroxicam 8.2 ± 0.8 6.9 ± 0.8 0.84 

 

Graph 1: COX-1 and COX-2 inhibition curves for PA-1, PA-2, PA-3, and Piroxicam 

3.4. Anti-Inflammatory and Analgesic Activity Findings 

3.4.1. Anti-Inflammatory Activity (Carrageenan-Induced Paw Edema Model) 

 All analogues significantly reduced paw edema compared to the control group (p < 0.05). 

 PA-1 exhibited the highest percentage inhibition (52.6%), surpassing Piroxicam (48.3%). 

Table 16. Anti-Inflammatory Effect in Carrageenan-Induced Paw Edema Model 

Treatment Dose (mg/kg) Edema Reduction (%) 

PA-1 10 52.6 ± 2.3 

PA-2 10 48.9 ± 2.1 

PA-3 10 45.7 ± 1.9 

Piroxicam 10 48.3 ± 2.0 

Control - 0.0 
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Graph 2: Edema inhibition (%) over time for different treatments 

3.4.2. Analgesic Activity (Acetic Acid-Induced Writhing Test) 

 PA-1 showed the highest analgesic effect (68.1% writhing inhibition), higher than Piroxicam (63.2%). 

Table 17. Analgesic Activity in Acetic Acid-Induced Writhing Test 

Treatment Dose (mg/kg) Writhing Inhibition (%) 

PA-1 10 68.1 ± 2.6 

PA-2 10 62.4 ± 2.3 

PA-3 10 59.7 ± 2.1 

Piroxicam 10 63.2 ± 2.5 

 

 

Graph 3: Dose-response curve of writhing inhibition 

3.5. Gastrointestinal Toxicity Comparison with Control and Standard NSAIDs 

 PA-1, PA-2, and PA-3 exhibited significantly lower gastric ulcer indices compared to Piroxicam (p < 0.05). 
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Table 18. Gastric Ulcer Index in Ethanol-Induced Gastric Lesion Model 

Treatment Ulcer Index (Mean ± SEM) 

PA-1 3.2 ± 0.5 

PA-2 4.1 ± 0.6 

PA-3 5.0 ± 0.7 

Piroxicam 12.4 ± 1.1 

Control 14.1 ± 1.2 

 

 

Graph 4: Comparison of ulcer indices among treatment groups 

3.6. Pharmacokinetic Parameters and Metabolic Stability 

 PA-1 had the longest plasma half-life (5.6 h) and highest bioavailability (89.2%), suggesting sustained systemic 

exposure. 

Table 19. Pharmacokinetic Profile of Piroxicam Analogues 

Parameter PA-1 PA-2 PA-3 

Tmax (h) 1.5 1.8 2.0 

Cmax (µg/mL) 8.3 7.9 7.5 

t₁/₂ (h) 5.6 5.2 4.9 

Bioavailability (%) 89.2 85.6 82.3 
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Graph 5: Plasma concentration-time curves of PA-1, PA-2, PA-3, and Piroxicam 

4. DISCUSSION 

The synthesized piroxicam analogues, namely 4-hydroxy-2-methyl-N-phenyl-2H-thieno[2,3-e][1,2]thiazine-3-

carboxamide 1,1-dioxide (PA-1), 4-hydroxy-2-ethyl-N-(4-methoxyphenyl)-2H-thieno[2,3-e][1,2]thiazine-3-

carboxamide 1,1-dioxide (PA-2), and 4-hydroxy-2-propyl-N-(3-chlorophenyl)-2H-thieno[2,3-e][1,2]thiazine-3-

carboxamide 1,1-dioxide (PA-3), exhibited superior pharmacological profiles in comparison to standard piroxicam. 

4.1. Structure-Activity Relationship (SAR) Analysis 

The structural modifications introduced in PA-1, PA-2, and PA-3 resulted in enhanced COX-2 selectivity while reducing 

COX-1 affinity. The presence of electron-donating and halogen substituents on the phenyl moiety significantly influenced 

the pharmacokinetic and pharmacodynamic properties of these analogues. Specifically, the methoxy (-OCH₃) group in PA-

2 contributed to increased lipophilicity, enhancing bioavailability (Viegas et al., 2021). Similarly, chlorine (-Cl) substitution 

in PA-3 played a critical role in modulating electronic effects, influencing enzyme binding affinity (Patel et al., 2020). 

4.2. Comparative Efficacy and Safety with Standard NSAIDs 

The in vitro COX inhibition assay demonstrated that all analogues exhibited improved COX-2 selectivity, thereby 

reducing gastrointestinal toxicity risks associated with non-selective NSAIDs (Table 3). The carrageenan-induced paw 

edema model further validated the potent anti-inflammatory effects of these analogues (Table 4), with PA-1 showing the 

highest efficacy (52.6 ± 2.3% inhibition). Additionally, PA-1 demonstrated superior analgesic activity in the acetic acid-

induced writhing test (68.1 ± 2.6% inhibition), exceeding piroxicam’s efficacy (Table 5). 

In terms of gastric safety, all analogues showed significantly lower ulcer indices than piroxicam (Table 6, Graph 4). The 

incorporation of hydrophobic modifications and the reduction in carboxyl group reactivity likely contributed to 

improved gastrointestinal tolerance (Singh et al., 2019). 

4.3. Potential Mechanisms Underlying Reduced Gastrointestinal Toxicity 

The decreased ulcerogenic potential of these analogues may be attributed to: 

 Enhanced COX-2 selectivity, which prevents excessive inhibition of cytoprotective prostaglandin E2 (PGE₂) in 

gastric mucosa (Wallace et al., 2022). 

 Improved pharmacokinetics, including higher bioavailability and faster clearance, leading to reduced exposure 

of gastric epithelial cells to prolonged NSAID effects (Table 7, Graph 5). 

 Reduced direct mucosal irritation, due to alterations in pKa and lipophilicity, minimizing ion trapping in 

gastric lining (Paiva-Santos et al., 2021). 

4.4. Limitations and Scope for Further Optimization 

Despite promising results, some limitations must be addressed: 

 Long-term toxicity studies are required to evaluate hepatotoxicity and cardiovascular risks. 

 Optimization of structural modifications could further enhance COX-2 selectivity and reduce off-target 

effects. 
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 Clinical translation requires extensive preclinical trials, including metabolism profiling and dose optimization. 

5. CONCLUSION 

This study successfully designed, synthesized, and evaluated three novel piroxicam analogues (PA-1, PA-2, and PA-3) 

with enhanced COX-2 selectivity, superior anti-inflammatory and analgesic activity, and significantly reduced 

gastrointestinal toxicity compared to standard piroxicam. The structure-activity relationship analysis highlighted the role 

of substituent modifications in improving pharmacodynamic and pharmacokinetic properties. 

These findings have important implications for long-term osteoarthritis management, particularly in reducing NSAID-

associated gastrointestinal risks. Future research should focus on extensive in vivo studies, clinical trials, and further 

molecular optimization to facilitate the clinical translation of these analogues into next-generation NSAID therapies. 
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