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ABSTRACT  
 

The present study was conducted to study the effect of meloxicam (nonsteroidal anti-
inflammatory drug) on the cardiac muscles and gastric glands of adult male albino rats. The study was 
carried out on 30 albino rats; the animals were divided into three groups; group I served as control 
rats, group II treated with meloxicam (0.2 mg/kg. b.w.) and group III dosed with meloxicam (0.6 
mg/KG.BW) for 30 days. Sections of hearts of treated rats revealed histological changes in the form 
of disorganization, pyknotic nuclei accompanied with changes leading to appearance of empty spaces. 
Infiltration of mononuclear inflammatory cells, congestion and dilation of blood vessels and fat 
droplets were detected. Fundic glands in rats treated with meloxicam, showed atrophy and vacuolated 
cytoplasm of chief cells, Pyknotic nuclei, hypertrophy and growth of parietal cell and erosion of 
epithelia surface cells. Also, focal mononuclear cell infiltration and congested blood vessels were 
noticed. The alterations became more prominent of rats treated with meloxicam 0.6 mg/KG.BW for 
30 days. So, it was concluded that administration of meloxicam exert deleterious effects on the 
cardiac muscles and gastric glands. 
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Introduction 
 

Meloxicam is a widely used drug related to the group of the traditional non-steroidal anti- 
inflammatory drugs (NSAIDs). The nonsteroidal anti-inflammatory drugs (NSAI) are the most 
commonly used group of drugs today. This group of drugs is frequently preferred for conditions such 
as headache, arthritis, and primary dysmenorrhea especially due to their analgesic and anti-
inflammatory effects (Sturmer et al., 2001; Baggaley et al., 2010). Recently, additional therapeutic 
applications in cancer Cheng et al., (2006) and in Alzheimer’s disease  Nivsarkar et al., (2008) have 
been suggested.  All NSAIDs are well absorbed when given orally. They are eliminated from the body 
by the liver and kidney.  Increase in the use of standard NSAI for treating pain and inflammation was 
restricted by the fact that these drugs were proven to possibly cause renal toxicity, gastric erosion, 
ulcer, and bleeding as a result of the inhibition of prostaglandins that provide protection in gastric 
mucosa during long-term treatments (Wallace et al., 2000; Gretzer et al., 2001; Sturmer et al., 2001; 
Gambero et al., 2005). Meloxicam might cause liver lesions was vary between vasodilation, 
vasocongestion and necrosis, karryorrhxis of hepatocytes (Al-Rekabi et al., 2009). Also, 
hepatotoxicity, nephrotoxicity, and gastric metaplasia in rats (Mahmoud et al., 2010; Burukoglu et al., 
2014). When such side effects of especially cyclooxygenase-1 (COX-1) selective drugs were 
prominently established, COX-2 selective drugs came out (Wallace et al., 2000; Tanaka et al., 2002). 
Meloxicam is an NSAI that has anti-inflammatory, analgesic, and antipyretic effects and that manifest 
its effect by the selective inhibition of COX-2 (Dudhgaonkar et al., 2006; Mahaprabhu et al., 2011). 
Weight of COX-2 equals COX-1 and a gene in first chromosome codes it. Amino acid strain shows 
similarity with COX-1 at about 70%. In studies conducted on healthy individuals, COX-2 was shown 
to be the actual enzyme responsible from the production of prostaglandin 2 in vascular endothelial 
tissue. Its activity in regions other than endothelium is quite low under normal conditions. COX-2 
activity is inducible and generally occurs in response to a specific stimulus such as inflammation, 
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tissue damage and malignant transformation. It generate prostaglandins that mediate pathological 
reactions such as inflammation Vane and Botting (1995). While meloxicam is COX-2 selective in 
lower doses, it inhibits COX- 1 in higher doses (Mahaprabhu et al., 2011). It inhibits COX-2 about 12 
times more selectively than COX-1 Ogino et al., (1997). It was reported that the pharmacokinetic 
profile of meloxicam in the rat was similar to that in man Engelhardt. (1996). Selective COX-2 
inhibitors were designed to inhibit the production of COX-2 dependent inflammatory prostaglandins 
and leave intact the cytoprotective COX-1 products. These actions indicate that COX-2 selective 
inhibitors will have similar clinical efficacy to the non- selective NSAIDs with fewer adverse side 
effects Meagher. (2004).  

This study aims to investigate the effects of meloxicam on stomach and  cardiac muscles of rats 
under light microscopic level. 

 
Materials and Methods 

 
Thirty adult male albino rats, each weighs 110±10 g, were used in this study. The animals were 

housed in environmentally controlled optimal conditions for two weeks before the beginning of the 
experiment. Diet and water were allowed adlibitium. Rats were randomly divided into three groups 
(10 rats/ group). The first group served as control and was given only distilled water, the second group 
treated with meloxicam (Anti-Cox II, ADWIA Company, Egypt) in dose of 0.2 mg/kg. BW and third 
group dosed with meloxicam (0.6 mg / KG. BW) by the way of gastric tube once daily for 30 days. 

The cardiac muscle and stomach samples were carefully removed, cut into small pieces, fixed in 
10% buffered formalin and processed to get sections of 5 μm thick. Sections were stained with Harris 
haematoxylin and eosin (H&E) for histological study (Delafield, 1984). 

 
Results 

 
The cardiac ventricular tissues were examined under light microscopy for any histological 

changes. In control rats group, Microscopic analysis revealed normal cardiac ventricular muscle 
tissue; the cardiomyocytes appeared as branching, anastomosing cylinders of uniform diameters and 
arranged into groups. They exhibited acidophilic sarcoplasm with central elongated vesicular nuclei. 
The cardiac muscle fibers are joined together by intercalated discs ((Fig. 1). Sections of hearts of 
treated rats of group II treated with meloxicam (0.2 mg/kg.bw.) revealed histological changes in the 
form of disorganization, pyknotic nuclei accompanied with changes leading to appearance of empty 
spaces. Infiltration of mononuclear inflammatory cells, congestion and dilation of blood vessels and 
fat droplets were detected (Figs.2&3). The rats group was treated with meloxicam (0.6 mg/kg.bw.) 
revealed more obvious alterations, where most of the cardiac muscle fibers demonstrated areas of 
necrotic fibers which revealed loss of cellular pattern remarkable disorganization and fragmentation, 
increment of nuclear peripheralization and pyknosis together with sarcoplasmic vacuolation. Also, 
marked congestion and dilation of the myocardial blood vessels were displayed (Figs. 4&5).  

Sections of stomach of control rats stained with H&E showed normal histological architectures. 
The glandular part of the stomach was lined by simple columnar epithelium. The gastric glands 
occupied all the lamina propria and consisted of mucous neck cells, parietal cells and chief cells. 
Parietal cells are dispersed throughout the gland characterized by their acidophilic cytoplasm and 
central rounded nuclei. Chief cells line the gastric base region having basal basophilia, apical 
acidophilic cytoplasm and basal nuclei (Figs. 7&8). Histological changes observed in all the treated 
animals were similar, but they varied in severity. Fundic glands in rats treated with meloxicam (0.2 & 
0.6 mg/kg. BW) for 30 days, showed atrophy and vacuolated cytoplasm of chief cells, Pyknotic  
nuclei, hypertrophy and growth of parietal cell and erosion of epithelia surface cells. Also, focal 
mononuclear cell infiltration and congested blood vessels were noticed(Figs. 9-13). The alterations 
became more prominent in the fundic glands of rats treated with meloxicam 0.6 mg/KG.BW for 30 
days. 
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List of figures: 
 

 
Fig. 1: Longitudinal section of the cardiac muscle of control group showing normal branched striated cardiac 

myocyte (MF) with intact intercalated discs (arrows), centrally-located nuclei(N).  (H&E, x  400)     
                                                                               

 
Fig. 2: Longitudinal section of the cardiac muscle of rat treated with 0.2 mg/kg. b.w for 30 days showing 

vacuolated sarcoplasm and pyknotic nuclei (PN), heamorrage (H) and congested blood vessels (CO). 
(H&E, x  400) 
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Fig. 3: Longitudinal section of the cardiac muscle of rat treated with 0.2 mg/kg. b.w for 30 days showing 

disarrangement of muscle fibres, vacuolated sarcoplasm with pyknotic nuclei (PN), fatty hydropic 
degeneration (L) and infiltration lymphocyte (IL). (H&E, x  400) 

 
Fig. 4: Longitudinal section of the cardiac muscle of rat treated with 0.6 mg/kg. b.w for 30 days showing 

Dilatation of interstitial tissue between the cardiac myocyte fibres, pyknotic nuclei (PN), fatty hydropic 
degeneration (L) and congested blood vessels (CO). (H&E, x  400) 
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Fig. 5: Longitudinal section of the cardiac muscle of rat treated with 0.6 mg/kg. b.w for 30 days showing 

disarrangement of muscle fibres, focal fibrosis (F), vacuolated sarcoplasm with pyknotic nuclei (PN), 
and congested blood vessels (CO). (H&E, x  400) 

 
Fig. 6: Longitudinal section of the cardiac muscle of rat treated with 0.6 mg/kg. b.w for 30 days showing severe 

congested blood vessels (CO). (H&E, x  400) 
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Fig. 7: Cross section of stomach of a control rat showing the gastric base region; chief cells (cc) and parietal 

cells (Pc). Also, a part of muscularis mucosa (mm) is noticed. (H&E, x  400) 
 

 
 

Fig. 8: Cross section of stomach of a control rat showing part of neck region and isthmus region including 
parietal cells (Pc), surface mucous cells (sm) and gastric pits (arrows). (H&E, x  400) 
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Fig. 9: Cross section of stomach of rat treated with 0.2 mg/kg. b.w for 30 days showing degeneration of the 
cytoplasm of chief cells (DC), pyknotic nuclei (PN) and hypertrophy and vacuolated cytoplasm of 
parietal cells (HP). (H&E, x  400) 

 

 
 

Fig. 10: Cross section of stomach of rat treated with 0.2 mg/kg. b.w for 30 days showing erosion of surface cells 
(arrows), pyknotic nuclei (PN) and congested blood vessels (CO). (H&E, x  400) 
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Fig. 11: Cross section of stomach of rat treated with 0.6 mg/kg. b.w for 30 days showing disarrangement of 
neck cells, fibrotic area (F) and erosion of surface cells (arrows). (H&E, x  400) 

 

 
Fig. 12: Cross section of stomach of rat treated with 0.6 mg/kg. b.w for 30 days showing erosion of surface cells 

(arrows), hypertrophy of parietal cells (HP) and accumulation of infiltration lymphocyte (IL). (H&E, x  
400) 
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Fig. 13: Cross section of stomach of rat treated with 0.6 mg/kg. b.w for 30 days showing Disarrangement of 

fundic glands, degeneration of the cytoplasm of chief cells (DC), pyknotic nuclei (PN), hypertrophy 
and vacuolated cytoplasm of parietal cells (HP).dilation and congestion of blood vessels (CO) and  
infiltration lymphocyte (IL). Narrowing of gastric pits (arrow) was noticed. (H&E, x  200) 

 
Discussion 

 
In the present study, histological results suggested toxicity of the myocardial cells of Wibster rats 

upon chronic oral administration of meloxicam. This was shown by remarkable disorganization and 
fragmentation, increment of nuclear peripheralization and pyknosis together with sarcoplasmic 
vacuolation. Several studies has shown that the NSAIDs when improperly used, could serve as a 
source of harm to animal organs such as liver, kidney, adrenal gland, pancreas, heart, and stomach. 
This is because all the NSAIDs used produced significant increase in the level aspartate 
aminotransferase (Duncan et al., 1994 and Klaassen, 2001). 

The effect of nonsteroidal anti-inflammatory drug (Diclofenac sodium) on the heart tissue 
occurs, demonstrated by Gevrek et al., (2015), they recorded reducing the number of myocytes, 
decreasing the size of the cells, or affecting connective tissue between the cells. Focal myocardial 
necrosis and infiltration of inflammatory cells in between the cardiac muscles was evident in heart of 
rats from group which received meloxicam at 1.2 mg/kg body weight for 15 days (Mahaprabhu et al., 
2011). Vacuolation of myocardial muscle cells in the heart and erosion and ulceration of the glandular 
stomach recorded as side effect of nonsteroidal anti-inflamatory drug (75 mg/3 ml/ rat/ week) of 
diclofenac sodium for 12 week (Mohammed, 2015). 

Our finding, treatment with meloxicam resulted in the degeneration of the chief cells, appearance 
of pyknotic nuclei, hypertrophy of parietal cells accompanied with vacuolated cytoplasm and 
Infiltration of inflammatory cells. These findings were in agreement with (Mahmoud et al., 2010 & 
Burukoglu et al., 2014) found that meloxicam can causes many dilated blood vessels in the lamina 
propria, metaplasia in surface and glandular epithelia and atrophy focal mononuclear cell infiltration 
through pylorus in stomach samples of experimental rats. In accordance with Villegas et al., (2002), 
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described that meloxicam caused multiple gastric erosions and hemorrhage in the gastric mucosa of 
the rats after subchronic administration for14 and 28 days.   

In a study conducted on rats using meloxicam and piroxicam, Villegas et al., (2004) established 
that only meloxicam caused gastric damage out of these two NSAID. Gambero et al., (2005) 
demonstrated that meloxicam, among other numerous anti-inflammatory drugs, that causes the most 
ulceration. NSAIDs can cause considerable damage and are associated with a high prevalence of 
gastroduodenal ulcers (Dixon et al., 1996). 

The findings of gastric hemorrhages and intestinal ulceration due to meloxicam toxicity is 
reported earlier (Alencar et al., 2003), and confirmed the findings of present study. Castro et al. 
(1999) also reported mononuclear infiltration in stomach of meloxicam treated dogs. Other research 
mentioned that Inflammation and neutrophil infiltration are also important in the pathogenesis of the 
gastric damage induced by NSAIDs especially aspirin and Diclofenac Sodium (Mohammed, 2015). It 
was suggested that increased neutrophil adherence to the endothelium of the blood vessels and 
reduced gastric blood flow may be important events that lead to mucosal injury induced by NSAIDs 
(Wallace et al., 2000). 

Ulceration induced by  meloxicam may be attributed not only to the suppression of the 
prostaglandin synthesis but also to the contribution of oxygen free radicals, probably derived via the 
action of the increased levels of xanthine oxidase, the decrease in superoxide dismutase activity and 
the depletion of mucosal glutathione (Villegas et al., 2002). The Among the common features of 
NSAIDs are their prevention of several mechanisms, such as phospholipase C enzyme activation, ion 
transport, mitochondrial oxidative phosphorylation, and cell interaction (Aygun et al., 2012). They 
also inhibit the cyclooxygenase enzyme, which catalyzes the formation of prostaglandin and some 
prostanoids from arachidonic acid in tissues (Wlodek et al., 1994). Some studies demonstrated that 
eroded gastric mucosa from animals treated with nonsteroidal anti-inflammatory drugs has a profound 
reduction in mucosal prostacyclin and prostaglandin (Meschterm et al., 1990). So, it was concluded 
that administration of meloxicam exert deleterious effects on the cardiac muscles and gastric glands. It 
was recommended to take cautions with the use of this new class of NSAIDs.  
 
References 

 
Alencar, M.M., M.T. Pinto, D.M. Oliveira, A.W. Pessoa and De P, I.A. Candido, 2003. Margin of 

safety of Meloxicam in dogs: deleterious effects on blood cells and gastrointestinal tract. Cienc. 
Rural., 33: 525-32. 

Al-Rekabi, F., D. Abbas and N. Hadi, 2009. Effects of subchronic exposure to meloxicam on some 
hematological, biochemical and liver histopathological parameters in rats. Iraqi Journal of 
Veterinary Sciences, 23: 249-254. 

Aygun, D., S. Kaplan, E. Odaci, M.E. Onger and M.E. Altunkaynak, 2012. Toxicity of non-steroidal 
anti-inflammatory drugs: a review of melatonin and diclofenac sodium association. Histol. 
Histopathol., 27: 417-436. 

Baggaley, E., S. Nielsen and D. Marples, 2010. Dehydration induced increase in aquaporin-2 protein 
abundance is blocked by nonsteroidal anti-inflammatory drugs. Americ.  J. Physiol.-Renal 
Physiol., 4: 1051-1058. 

Burukoglu, D., C. Baycu, F. Taplamacioglu, E. Sahin and E.B ektur, 2014. Effects of nonsteroidal 
anti – inflammatory meloxicam on stomach, kidney and liver of rats.Toxicology and Industrial 
Health 1-7 DOI: 10.1177/0748233714538484. 

Castro, M.B., F.F. Develey, R.E  Azarias, G.B. Mourao, H.R. Marcos and A.M. Barbosa, 1999. 
Clinical, gastroscopical and histopathological findings in dogs treated with meloxiam. Ars. 
Veterinaria., 15: 154-9. 

Cheng, K.C., Y.C. Li, C.S. Yu, F.S., hYu, J.H. Lee, M.L. Lin, J.S. Yang and J.G. Chung, 2006. 
Ketoprofen-inhibited N-acetyltransferase activity and gene expression in human colon tumor 
cells. Anticancer Res., 26(2A): 1105-1111. 

Delafield, F., 1984. Haematoxylin and eosin for general staining. Staining of the animal tissues 
practical and theoretical. Oxford University Press, London, UK. 



Middle East J. Appl. Sci., 7(2): 323-334, 2017 
ISSN 2077-4613 

 

333 

Dixon, M.F., R.M. Genta and J.H. Yardley, 1996. Classification and grading of gastritis. The updated 
Sydney system. Am J Surg Pathol., 20: 1161-81. 

Dudhgaonkar, S.P., S.K. Tandan and A.S. Bhat, 2006. Synergistic anti-inflammatory interaction 
between meloxicam and aminoguanidine hydrochloride in carrageenan-induced acute 
inflammation in rats. Life Science., 78: 1044-1048. 

Duncan, J., K. Prasse and E. Mahaffey, 1994. Veterinary Laboratory Medicine. Clinical Pathology. 
3rd Ed. Iowa State University Press, Ames, Iowa. 

Engelhardt, G., 1996. Pharmacology of meloxicam, a new nonsteroidal anti-inflammatory drug with 
an improved safety profile through preferential inhibition of COX-2. Br. J. Rheumatol., 35(1): 
4-12. 

Gambero, A., T.L. Becker and A.S. Zago, 2005. Comparative study of anti-inflammatory and 
ulcerogenic activities of different cyclo-oxygenase inhibitors. Inflammo pharmacology, 13: 
441-454. 

Gevrek, F., M. Kara, M.C. Ragbetli and H. Aslan, 2015. Effects of prenatally exposed diclofenac 
sodium on rat heart tissue: a stereological and histological study. Turk J. Med Sci., 45: 474-480.  

Gretzer, B., N. Maricic and M. Respondek, 2001. Effects of specific inhibition of cyclo-oxygenase-1 
and cyclooxygenase- 2 in the rat stomach with normal mucosa and after acid challenge. British 
J. of Pharmacol., 132: 1565-1573. 

Klaassen, C., t. Casaret and s. Doull`, 2001. the Basic Science of Poison. 6th Eds the McGrau-Hill 
Companies Inc. New York. Toxicology. 

 Mahaprabhu, R., A.G. Bhandarkar,  B.L. Jangir,  S.P. Rahangadale and N.V. Kurkure, 2011. 
Ameliorative Effect of Ocimum Sanctum on Meloxicam Induced Toxicity in Wistar Rats. 
Toxicol Int., 18(2): 130-136. 

Mahmoud, F.Y., A.T. Abou - Elghait, A. Rateb and E. Salah, 2010. comparative study on the effect of 
long – term administration of non- steroidal anti –inflammatory drugs meloxicam and 
ketoprofen on the structure of the kidney and gastric mucosa in the adult albino rats . Egypt. J. 
Histol., 33(4): 722-734. 

Meagher, E.A., 2004. Cardiovascular and renovascular implications of COX-2 inhibition. Curr. 
Pharm. Des., 10(6): 603-611. 

Meschterm, C.L., M. Gilbert, L. Krook, G. Maylina and R. Corradino, 1990. The Effects of 
Phenylbutazone on the Morphology and Prostaglandin Concentrations of the Pyloric Mucosa of 
the Equine Stomach, Vet. Pathol., 27: 244-253. 

Mohammed, H.A.A., 2015. Toxic and Histopathological Changes of harmful Effect of Diclofenac 
Sodium on Some Loose Organs in Albino Rats for Twelve Weeks. JMSCR., 3(3): 4694-4702. 

Nivsarkar, M., A. Banerjee and H. Padh, 2008. Cyclooxygenase inhibitors: A novel direction for 
Alzheimer’s management. Pharmacol. Rep., 60(5): 692-698. 

Ogino, K., K. Hatanaka, M. Kawamura, M. Katori and Y. Harada, 1997. Evaluation of 
pharmacological profile of meloxicam as an anti inflammatory agent, with particular reference 
to its relative selectivity for cyclooxygenase-2 over cyclooxygenase-1. Pharmacology, 55(1): 
44-53. 

Sturmer, T., M.M. Elseviers and M.E. De Broe, 2001. Nonsteroidalanti-inflammatory drugs and the 
kidney. Current Opinion in Nephrology and Hypertension.,  10: 161-163. 

Tanaka, A., S. Hase and T. Miyazawa, 2002. Up-regulation of COX-2 by inhibition of COX-1: a key 
to NSAID-induced intestinal damage. Journal of Pharmacology and Experimental Therapeutics, 
300: 754-761. 

Vane, J.R. and R.M. Botting, 1995. New insights into the mode of action of anti-inflammatory drugs. 
Inflamm.Res., 44(1): 1-10. 

Villegas, I., C. Alarcon de la Lastra, M.J. Martin, V. Motilva and C. La Casa Garcia, 2002. Gastric 
damage induced by subchronic administration of preferential cyclooxygenase-1 and 
cyclooxygenase-2 inhibitors in rats. Pharmacology,  66(2): 68-75. 

Villegas, I., C. La Casa and C.A. de la Lastra, 2004. Mucosal damage induced by preferential COX-1 
and COX-2 inhibitors: role of prostaglandins and inflammatory response. Life Science., 74: 
873-884. 



Middle East J. Appl. Sci., 7(2): 323-334, 2017 
ISSN 2077-4613 

 

334 

Wallace, J.L., W. McKnight, B.K. Reuter and N. Vergnolle, 2000. NSAID-induced gastric damage in 
rats: Requirement for inhibition of both cyclooxygenase 1 and 2. Gastroenterology, 119(3): 
706-714. 

Wlodek, M.E., R. Harding and G.D. Thorburn, 1994. Effects of inhibition of prostaglandin synthesis 
on flow and composition of fetal urine, lung liquid, and swallowed fluid in sheep. Am. J. 
Obstet. Gynecol., 170: 186-195. 
 


	ABSTRACT 
	Introduction



