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Abstract 

The aim of this study was to compare the effects of three non-steroidal anti-
inflammatory drugs (NSAIDs) belonging to the oxicam class: piroxicam and tenoxicam, as 
nonselective inhibitors of cyclooxygenase (COX), and meloxicam, a selective COX-2 
inhibitor, on superoxide dismutase (SOD) activity in patients with knee osteoarthritis. 
Thirty adult patients clinically and radiographically diagnosed with knee osteoarthritis 
previously untreated were enrolled and divided in three groups. The serum levels of SOD 
were assessed at baseline and after 20 days of treatment with: piroxicam at a dose of 20 mg 
p.o. daily, tenoxicam at a dose of 20 mg p.o. daily, and meloxicam 15 mg p.o. daily. 
Piroxicam treated group had a significant increase in SOD activity (p = 0.04), meloxicam 
treated group had no significant change in SOD activity (p = 0.11), whereas tenoxicam 
treated group had unchanged SOD activity (p = 0.85). The study of the effects of 20 days 
treatment with NSAIDs belonging to oxicam group in patients with knee osteoarthritis 
revealed that piroxicam significantly increase SOD activity. 

 
Rezumat 

Scopul acestui studiu a fost compararea efectelor a trei medicamente 
antiinflamatoare nesteroidiene din clasa oxicamilor – piroxicamul şi tenoxicamul ca 
inhibitori neselectivi ai COX şi meloxicamul, un inhibitor selectiv al COX-2 – asupra 
activităţii serice a enzimei superoxid dismutază (SOD) la pacienţi cu gonartroză. În studiu 
au fost incluşi treizeci de pacienţi adulţi, împărţiţi în trei loturi, diagnosticaţi clinic şi 
radiografic cu gonartroză, dar care nu au mai fost trataţi în prealabil pentru gonartroză. 
Nivelul seric al SOD a fost determinat la începutul şi după 20 de zile de tratament cu 
piroxicam în doze de 20 mg p.o. zilnic, tenoxicam în doze de 20 mg p.o. zilnic, respectiv cu 
meloxicam în doze de 15 mg p.o. zilnic. În cazul lotului tratat cu piroxicam s-a constatat o 
creştere semnificativă statistic a activităţii SOD (p = 0.04), în timp ce la lotul tratat cu 
meloxicam nu au existat modificări semnificative (p = 0.11), iar în cazul lotului tratat cu 
tenoxicam activitatea SOD nu s-a modificat (p = 0.85). Studiul tratamentului timp de 20 de 
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zile cu oxicami la pacienţi cu gonartroză a arătat că piroxicamul determină creşterea 
semnificativă a activităţii SOD. 
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Introduction 

Osteoarthritis (OA) is a heterogeneous group of diseases causing 
joint manifestations, characterized by degeneration and loss of articular 
cartilage and changes in subchondral bone and periarticular structures [3]. 
Reactive oxygen and nitrogen species (ROS/RNS) are playing important 
roles in the pathogenesis of osteoarthritis, a higher level of oxidative stress 
being observed in OA patients compared with healthy patients [6]. 
Oxidative stress is implicated in cartilage destruction in OA [16]. Indirectly, 
oxidative stress is involved in OA pathogenesis by activation of 
collagenases and up-regulation of genes encoding enzymes implicated in 
matrix degradation and cytokines production [9, 16]. 

According with OARSI (Osteoarthritis Research Society 
International) recommendations, cyclooxygenase (COX) non-selective and 
selective oral antiinflammatory drugs are included among pharmacological 
treatment modalities for OA [15]. NSAIDs influence prostaglandin (PG) 
synthesis through inhibition of COX enzyme. There are two COX isoforms 
that have been well-characterized: COX-1 and COX-2. In osteoarthritis, 
NSAIDs act through inhibition of PG synthesis by blocking COX activity, 
but part of their action may be related to other mechanisms, such as: 
reduction of superoxide and free radical generation [1], prevention of 
synthesis and release of free radicals and degradative enzymes of synovial 
macrophages and polymorphonuclear leukocytes, influencing the mobility, 
chemotaxis and aggregation of neutrophils and macrophages, but also direct 
neutralization of free radicals [12]. 

There are studies that suggest a possible link between oxidative 
stress and inflammation-mediated induction of COX. Free radicals are 
generated in PG synthesis therefore PG synthesis inhibitors reduce their 
production [1]. NSAIDs affect ROS formation, some attenuate whereas 
others enhance oxidative stress. 

According to these considerations numerous studies have been 
conducted and they have shown the ability of NSAIDs to interfere with 
oxidative stress in various diseases. 

Oxicams represent a NSAIDs class of compounds comprising enolic 
acid structure and can act as nonselective COX inhibitors (piroxicam, 
tenoxicam, lornoxicam) and as COX-2 selective inhibitors (meloxicam). 
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Superoxide dismutase (SOD), glutathione peroxidase, and catalase 
neutralize ROS, being considered as antioxidant enzymes [11]. Superoxide 
dismutase is the enzyme that catalyzes the conversion of superoxide anion 
radicals (O2

•−) to hydrogen peroxide and molecular oxygen, functioning as a 
controller of cellular ROS levels [8]. 

Our aim was to compare the in vivo effect of piroxicam and 
tenoxicam, as nonselective COX inhibitors, to meloxicam, a selective COX-
2 inhibitor, on SOD activity. 

 
Materials and Methods 

Patients and sample collection 
30 patients with knee osteoarthritis were recruited voluntarily from 

the Medical Clinic No. 1, Emergency County Clinical Hospital No.1 
Craiova after each of them signed an informed consent. The study was 
conducted in accordance with the WMA Declaration of Helsinki – Ethical 
Principles for Medical Research Involving Human Subjects being approved by 
the Ethical Commission of the University of Medicine and Pharmacy of 
Craiova. 

Distribution of patients in groups was made according to well 
defined inclusion and exclusion criteria. The first group of 10 patients was 
treated with piroxicam, 20 mg po daily; the second group of 10 patients with 
tenoxicam, 20 mg po daily and the rest with meloxicam, 15 mg po daily. 
Blood SOD activity was assessed at baseline and after 20 days of treatment. 
Venous blood samples were collected à jeun, processed for erythrocyte 
hemolysis and then used for the measurement of SOD activity. 

Determination of superoxid dismutase activity 
SOD activity in erythrocytes lysate was measured using a 

commercial kit (Randox Laboratories) based on the generation of superoxide 
radical through the oxidation of xanthine by xanthine oxidase and its reaction 
with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride (INT) 
to form a red formazan dye. The degree of inhibition of this reaction 
represent SOD activity that was converted to SOD units/ml of whole blood 
and reported to the normal ranges mentioned for this method (164 – 240 U/mL). 

Statistical analysis 
For the statistical analysis was used Statistics Package for Social 

Sciences (SPSS) and results were expressed as mean ± SD (standard 
deviation). Differences between the three groups at baseline were assessed 
by independent sample t test. Changes observed before and after treatment 
were assessed by the paired sample t test. A p-value of <0.05 was 
considered statistically significant. 
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Results and Discussion 

All patients completed the study.SOD activity determined at baseline 
in the groups treated with piroxicam and meloxicam showed no significant 
differences when compared with each other. In tenoxicam treated group, 
initial SOD activity was slightly higher than in the other two groups (Table I). 
The variations of SOD activity for each patient at baseline and at the end of 
treatment with oxicams are presented in Figure 1. 

In patients treated with piroxicam and meloxicam an increase of 
SOD activity was observed, whereas in patients treated with tenoxicam has 
been a slight decrease of SOD activity (Figure 2).  

Results showed that SOD activity increased significantly only in 
piroxicam treated group (p=0.04) and had no significant variations in tenoxicam 
and meloxicam treated groups (p=0.85 and p=0.11, respectively) (Table I). 

Table I 
Superoxid dismutase (SOD) activity in the groups of study 

 Oxicam-
treated group 

Patients’ age 
(mean±SD) 

Baseline SOD activity 
(U/ml) (mean ±SD) 

Final SOD activity 
(U/ml) (mean ±SD) p value 

Piroxicam 52.8±4.23 150.15±25.79 172.68±20.24 0.04 
Tenoxicam 54.2±2.15 169.05±33.19 167.12±19.92 0.85 
Meloxicam 61±10.02 153.15±21.82 166.22±27.75 0.11 

p values represent baseline versus final mesurements in each group (paired t test) 
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Figure 1 
Variation of superoxide dismutase (SOD) activity for each patient from the three 

groups treated with oxicams 
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Figure 2 

Variation of SOD activity in all the groups treated with oxicams  
(p<0.05 for piroxicam treated group) 

 
ROS scavenging activity of tenoxicam was tested in vitro in many 

types of non-cellular systems. Tenoxicam was proved to be a good 
scavenger of hydroxyl and superoxide radicals in vitro [4]. Ozgocmen et al. 
have determined that tenoxicam could have antioxidant effects, and 
tenoxicam and celecoxib may decrease serum nitrite [7]. Van Antwerpen 
and Neve studied ROS scavenging activity of piroxicam, tenoxicam, 
lornoxicam, meloxicam, nimesulide and ibuprofen in vitro and found that 
piroxicam has a higher antioxidant activity than tenoxicam, ibuprofen and 
nimesulide [14]. It is known that oxidative stress can induce cell death by 
apoptosis and SOD plays an important role in preventing apoptosis [5]. 

Regan et al. reported a significant decrease in SOD activity in 
patients with osteoarthritis [10]. 

Cimen et al. investigated the in vivo effect of celecoxib, ibuprofen 
and tenoxicam on free radicals metabolism in erythrocytes from patients 
with osteoarthritis and found a similar influence on SOD and antioxidant 
potential of these NSAIDs, despite the different mechanism of COX 
inhibition [2]. 

Tuzun et al. reported that tiaprofenic acid and flurbiprofen 
significantly increase SOD activity in plasma [13], while Ozgocmen et al. 
showed that tenoxicam and celecoxib causes an insignificant increase of 
SOD activity in patients with osteoarthritis [7]. 

Our findings – a significant influence of piroxicam (a nonselective 
COX inhibitor) on SOD activity, but an insignificant effect of tenoxicam 
(also a nonselective COX inhibitor) and of meloxicam (a selective COX-2 
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inhibitor) – are contradictory, sugesting that the effect on SOD activity is 
not based on COX inhibition. 

 
Conclusions 

Increased SOD activity was statistically significant in piroxicam 
treated group, while tenoxicam and meloxicam did not alter significantly the 
activity of this enzyme. 

Although during prostaglandin synthesis from arachidonic acid 
under the COX action are generated free radicals, COX inhibition alone 
does not seem to fully explain the effects demonstrated by oxicams in this 
study, supporting the hypothesis of an additional mechanism on SOD 
activity, independent of COX inhibition. Thus, further studies are required 
to asses the effect of oxicams on oxidative stress in OA patients, which 
could provide new therapeutic approaches for OA treatment. 
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