
INTRODUCTION

Analgesics are separated into two different groups
as narcotic and non-narcotic analgesics. Among
non-narcotic analgesics, non-steroidal antiinflam-
matory drugs (NSAIDs) are widely used. Tenoxi-
cam is a NSAID of the oxicam family, which has an-
tipyretic and anti-inflammatory effects. It strongly

inhibits the cyclooxygenase enzyme (1, 2). The eli-
mination of this drug is mainly in the liver, and this
process does not depend on age, gender or hepatic/
renal failure conditions. Tenoxicam has the longest
elimination half-life among NSAIDs (3–5). Several
NSAIDs have been associated with liver damage.
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Effect of tenoxicam on rat liver tissue
Tenoksikam›n s›çan karaci¤eri üzerine etkisi
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Amaç: Tenoksikam antipiretik ve antiinflamatuvar özelliklere
sahip non-steroidal antiinflamatuvar ilaçlar grubundand›r.
Bilindi¤i gibi non-steroidal antiinflamatuvar ilaçlarlar en çok
yan etkisini gastrointestinal sistem ve karaci¤er üzerinde gös-
termektedir. Bu çal›flmada tenoksikam›n karaci¤er üzerinde
olan zararl› etkilerini immunohistokimyasal ve biyokimyasal
yöntemler kullanarak belirlemeyi amaçlad›k. Yöntem: Bu ça-
l›flmada toplam 30 adet Wistar albino cinsi erkek s›çan kulla-
n›ld›. Hayvanlar eflit olarak ve rastgele üç gruba ayr›ld› ve
gruplar flu flekilde olufltu: Grup I (Kontrol), Grup II 10
mg/kg/gün IM tenoksikam verilen grup ve grup III 20 mg/kg
IM tenoksikam verilen grup. Çal›flma sonunda hayvanlar kesi-
lerek karaci¤er doku örneklerinin bir k›sm› histopatolojik ince-
leme için %10 nötral formalinde tespit edildi ve rutin takip yön-
temlerinden sonra hematoksilen-eozinle boyanarak incelendi.
Biyokimyasal inceleme için al›nan karaci¤er örnekleri fizyolo-
jik su ile y›kand›. Süpernatantlar› elde edilerek tiobarbiturik
asit reaktiv madde ve süperoksid dismutaz aktivitelerine bak›l-
d›. Bulgular: Tenoksikam verilen gruplar ile kontrol grubu
aras›nda belirgin yap›sal de¤ifliklikler görüldü. Deney grupla-
r›nda hepatik indüklenebilir nitrik oksit sentaz reseptör art›fl›
gözlendi. Ayr›ca hepatik superoksid dismutaz süperoksid dis-
mutaz ve malondialdehid seviyelerinde de kontrol grubu ile k›-
yasland›¤›nda yüksek de¤erler bulundu. Sonuç: Tenoksikama
ba¤l› karaci¤er hasar›nda, nitrik oksit belirli oranlarda lipid
peroksidasyonu engelleme yönünde etkin ancak yüksek dozlar-
da ise aksi yönde etki göstermektedir.

Anahtar kelimeler: Tenoksikam, indüklenebilir nitrik oksit sen-
taz, karaci¤er hasarlanmas›, superoksid dismutaz, malondial-
dehit

Background/aims: Tenoxicam is a non-steroidal antiinflam-
matory drug, which has antipyretic and antiinflammatory ef-
fects. Though it is known that the major side effect of non-ste-
roidal antiinflammatory drugs is on the gastrointestinal tract
and liver, there have been few studies regarding the effects of te-
noxicam. In this study, we aimed to investigate whether tenoxi-
cam has a deleterious effect on liver tissue using immunohistoc-
hemical staining and biochemical analysis. Methods: A total of
30 male Wistar albino rats were included in this study. Animals
were equally and randomly divided into three groups as fol-
lows: Group I (Controls), Group II (Injection with 10
mg/kg/day of tenoxicam) and Group III (Injection with 20
mg/kg/day of tenoxicam). At the end of the study, some liver
tissue samples were taken and kept in neutral formalin for his-
tological and immunohistochemical evaluation. Liver tissue
samples were embedded in paraffin blocks after routine tissue
preparation procedures, and were stained with hematoxylin-eo-
sin and immunohistochemical stain. Liver samples taken for bi-
ochemical analysis were washed with physiological saline. Thi-
obarbituric acid reactive substances and superoxide dismutase
activity were measured in the obtained supernatants. Results:
There were significant structural changes in liver tissues of the
tenoxicam-administered groups when compared with the con-
trols. We observed that hepatic (inducible nitric oxide synthase)
receptors were increased in the study groups. Furthermore, he-
patic superoxide dismutase and malondialdehyde levels were
prominently higher in the tenoxicam-administered groups when
compared to levels of the control group. Conclusions: Nitric
oxide may exert an antioxidative effect against lipid peroxidati-
on to one point at low levels; however, it may also have the op-
posite effect at higher levels in tenoxicam induced liver injury.

Key words: Tenoxicam, inducible nitric oxide synthase, hepa-
totoxicity, superoxide dismutase, malondialdehyde



The frequency of NSAIDs-related hepatic injuries
has differed in the French and Spanish databases
(6). Friis et al. (7) reported that the incidence of he-
patic injury due to sulindac was estimated to be 18-
fold higher than that due to ibuprofen. Although it
is well known that the side effects of NSAIDs are
prominently on the gastrointestinal system and li-
ver, there are few studies regarding the effects of
tenoxicam. Different researchers reported that te-
noxicam causes acute hepatitis (8, 9). Thus, it is not
clear whether tenoxicam leads to a structural chan-
ge in liver tissue. 

On the other hand, nitric oxide (NO) is a compo-
und with high oxidation capacity, which is produ-
ced from L-arginine amino acid via inducible NO
synthase (iNOS) enzyme in hepatocytes and other
connective tissue cells in the liver (10–17). There-
fore, it can be suggested that there is a positive
correlation between liver damage and increase in
NO levels. For this reason, lipid peroxidation and
iNOS enzyme expression are considered as robust
markers in determining the structural damage in
hepatic tissue (18–21). In this study, we aimed to
investigate whether tenoxicam has a deleterious
effect on liver tissue using immunohistochemical
staining and biochemical analysis methods.   

MATERIALS AND METHODS

Animals

A total of 30 male Wistar albino rats weighing
200±20 g were included in this study. Animals we-
re kept in individual plastic cages with bedding
under standard laboratory conditions and were gi-
ven rat food and tap water ad libitum. All animals
were maintained and used in accordance with the
Animal Welfare Act and the Guide for the Care
and Use of Laboratory Animals prepared by Sü-
leyman Demirel University.

Experimental Design

Rats were randomly and equally divided into thre-
e groups as follows: Group I (Controls, only saline
injection), Group II (Injection with 10 mg/kg/day of
intramuscular tenoxicam for 10 days) and Group
III (Injection with 20 mg/kg/day of intramuscular
tenoxicam for 10 days). While we did not find any
related literature for the dose used in Group II, we
referred to a study of a fracture model for dose de-
termination (22). 

At the end of the study, rats were sacrificed under
ketamine/xylazine anesthesia. Blood and liver tis-
sue samples were collected from all animals. Some

parts of the liver tissues were taken into phospha-
te buffered saline (PBS) solution for biochemical
analysis, whereas the remaining parts were kept
in neutral formalin for histological and immuno-
histochemical evaluation. Liver tissue samples
were embedded in paraffin blocks after routine tis-
sue preparation procedures, cut at 5 micrometers
with a microtome blade and stained with hema-
toxylin-eosin and immunohistochemical stain. Sli-
des were examined under Olympus BX-50 light
microscope. Tissues were evaluated according to
the semi-quantitative scoring method.    

Biochemical Analysis

For biochemical analyses, tissue samples of the
left livers were washed with physiological saline.
They were then homogenized for 5 minutes (min)
in a homogenizer (Ultra-Turrax T25, Germany)
with 50 mM cold phosphate buffer pH=7.4 in order
to collect 10% homogenate. These homogenates
were centrifuged at 6000 g for 10 min to obtain su-
pernatants. Thiobarbituric acid reactive substan-
ces (TBARS) and the activities of superoxide dis-
mutase (SOD) were determined in the superna-
tants (23). 

Superoxide dismutase was measured according to
the principle in which xanthine reacts with xant-
hine oxidase to generate super oxide radicals,
which react with 2-(4-iodophenyl)-3-(4-nitrophe-
nol)-5-phenyltetrazolium chloride (INT) to form a
red formazan dye. The SOD activity was then me-
asured by the degree of inhibition of this reaction
(24).

Thiobarbituric acid reactive substances were de-
termined by double heating method of Draper and
Hadley (25). The principle was based on the spec-
trophotometric measurement of the color occur-
ring during the reaction to TBA with malondial-
dehyde (MDA). For this purpose, 2.5 ml of 100 g/L
trichloroacetic acid (TCA) solution was added to
0.5 ml homogenate in a centrifuge tube and placed
in a boiling water bath for 15 min. After cooling
under tap water, the mixture was centrifuged at
1000 g for 10 min, and 2 ml of the supernatant was
added to 1 ml of 6.7 g/L TBA solution in a test tu-
be and placed in a boiling water bath for 15 min.
The solution was then cooled under the tap water
and its absorbance was measured at 532 nm. Con-
centration of TBARS was calculated by the absor-
bance coefficient of the MDA-TBA complex 1.56 x
105 cm-1 M-1 and expressed in nmol/g protein. 

An autoanalyzer, Olympus AU640 (Japan), was
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used to determine the activities of SOD and glu-
tathione peroxidase (GSH-Px), and a spectropho-
tometer, Shimadzu UV-1202V (Japan), was used
to estimate the other parameters.

Histological Evaluation

Stained slides were read by a scientist blinded to
the study groups and graded according to a modi-
fied scoring system developed by Abdel-Wahhab et
al. (26). Liver specimens were stained with hema-
toxylin and eosin and evaluated by four observers.
Liver injury was graded from (-), no damage, to
(+++), severe damage, in nine categories: granular
degeneration of hepatocytes, vascular congestion,
perivascular mononuclear cell infiltrations, cell
group necrosis, pyknotic nucleus, mononuclear
cell infiltrations in parenchyma, mononuclear cell
infiltrations in portal tracks, hemorrhage, and the
proliferations of bile ducts.

Immunohistochemical Evaluation

Liver specimens were obtained and placed in 10%
neutral buffered formalin for 24 hour (h). Liver
sections were cut at 4 microns and placed on speci-
al lysine lams and were kept at room temperature
overnight for desiccation. Primary iNOS antibody
(epitope-specific rabbit antibody, Labvision Fre-
mont, CA, USA), diluted 1: 50 in PBS, was added
and incubated for 1 h at room temperature and
washed with PBS. Slides were read by four scien-
tists blinded to the study groups and graded from
one negative (-) to three positives (+++). Slides we-
re evaluated as described previously (22, 27).

Statistical Analysis 

SPSS 15.0 software was used for statistical analy-
sis. All results were expressed as means ± SD. To
determine the effect of treatment, data were
analyzed using chi-square, Kruskal-Wallis and
Mann-Whitney U tests. P values less than 0.05
were considered significant. 

RESULTS

Biochemical Results

Mean SOD and MDA values of the groups are gi-
ven in Table 1.

Hepatic SOD levels of the control group were sig-
nificantly lower when compared with the tenoxi-
cam-administered groups (p<0.05), but there was
no significant difference between Groups II and II-
I (p>0.05) (Figure 1). 

Hepatic MDA levels of the control group were sig-
nificantly lower when compared with the tenoxi-
cam-administered groups (p<0.05), but there was
no significant difference between Groups II and II-
I (p>0.05) (Figure 2). 

KARATOPUK et al.148

Groups MDA SOD

Control (I) 311.1 ± 66.7 418.4 ± 49.9
10 mg/kg group (II) 386.3 ± 91.9 506.4 ± 41.7
20 mg/kg group (III) 524 ± 63.4 541 ± 57.6

Table 1. Mean SOD and MDA values according to gro-
ups

FFiigguurree  11.. SOD enzyme activity levels in liver tissue samples of
Groups I and II. The difference between Groups I and III was
statistically significant (p<0.005), but there was no significant
difference between Groups II and III (p>0.005).

FFiigguurree  22.. The levels of MDA (TBARS=MDA) in liver tissues.
The difference between The difference between Groups I and III
was statistically significant (p<0.005), but there was no signifi-
cant difference between Groups II and III (p>0.005).



Histopathological Results

In histopathological evaluation of the liver tissue
samples, there was no significant change in Group
I (Figure 3). In Group II, there were granular de-
generations in hepatocytes, necrotic cell groups,
cells with pyknotic nuclei, and mononuclear cell
infiltrations in perivascular and portal triad are-
as, and these changes were statistically signifi-
cant when compared with the controls (p<0.05)
(Figure 4). In liver tissue samples of Group III, it
was observed that there were structural changes
similar to those of Group II, except that there was

a greater increment in mononuclear cell infiltrati-
on, bile duct proliferation and necrotic cell amo-
unt, and this increase was statistically significant
when compared with Group II (p<0.05) (Figure 5).

Immunohistochemical Results

We observed very slight staining in perivascular
and parenchymal regions of the liver tissue samp-
les of Group I, scored as one negative / positive (- /
+) (Figure 6). Staining degree was scored as (+) in
Group II (Figure 7) and (++) in Group III in the sa-
me areas (Figure 8). There was a statistically sig-
nificant difference between the controls and study
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FFiigguurree  66.. Control group liver tissues cental vein, mainly painted
one positive areas are selected (İNOS immun staining, x240)

FFiigguurree  33.. Group I (saline  solution): Hepatocytes (thick arrow),
sinusoids (thin arrow) and  central vein (asterix) in normal
apperance (Hematoxylin-Eosin) (A: x240)

FFiigguurree  55.. Group III (20 mg/kg tenoxicam): Vascular congestion
(thick arrow), mononuclear cell infiltration (thin arrow)
(Hematoxylin-Eosin) (A: x120).

FFiigguurree  44.. Group II (10 mg/kg tenoxicam): Picnotic nucleus in
hepatocytes (thin arrow),  proliferation on bile duct ( thin arrow)
(Hematoxylin-Eosin) (A: x240)



groups (p<0.05). There was a positive correlation
between the staining grade and administered te-
noxicam dose. 

DISCUSSION

Several researchers reported that tenoxicam may
lead to liver damage. However, this condition defi-
nitely has not been shown. In this study, we aimed
to investigate whether tenoxicam has such a dose-
dependent effect on the liver tissue. We observed
some dose-dependent structural changes like gra-
nular degeneration in hepatocytes, pyknotic nucle-

us, proliferation in bile duct, sinusoidal dilatation,
vascular congestion, and mononuclear cell infiltra-
tions in perivascular and portal areas. These fin-
dings are hepatitis. Our findings are supported by
different researchers (8,9). It is not possible to de-
termine the mechanism of injury with histopatho-
logy; immunohistochemical staining results are
necessary. In our study, we observed that liver tis-
sues of the control group were only slightly stained
with immunohistochemical staining, whereas the-
re was a graded dose-dependent increase in stai-
ning of the liver tissues from the study groups (27). 

In other previous studies regarding liver ischemia
/ reperfusion and cirrhosis models, it has been re-
ported that the intensity of iNOS enzyme receptor
expression was increased (28, 29).  Zhu et al. (30)
found that there was an increase in iNOS expres-
sion levels in CCl4-induced acute liver damage
and NO has a decreased lipid peroxidation level.
Do¤ru-Abbaso¤lu et al. (31) suggested that MDA-
induced tissue damage was ameliorated via inhi-
bition of iNOS expression. It has been indicated
that iNOS was expressed in hepatocytes and inf-
lammatory cells during the early stages of cirrho-
sis (27, 32).  

Inducible nitric oxide synthase (iNOS) expression
was also shown to be present in healthy individu-
als; however, the amount of expression increases
under certain conditions such as cirrhosis (33, 34).
The high levels of hepatic NO are related with he-
patotoxicity (35). It has been reported that iNOS
expression levels were higher in ethanol-induced
chronic liver damage, suggesting a marker role for
iNOS in destructive conditions (36). In this case,
NO is normally produced in liver tissue, but it in-
creases under pathological conditions (37, 38). In
our view, this increase shows the hepatotoxicity.
Hepatotoxicity is linked to lipid peroxidation. Se-
veral researchers reported that NO enhanced the
lipid peroxidation levels (39-41). Lipid peroxidati-
on damage in the cell creates while such as SOD
and MDA antioxidant systems is engaged. MDA
and SOD attempt to prevent lipid peroxidation. It
is known that the MDA level does not change or
slightly increases and that SOD levels increase in
the acute phase. Özgöçmen et al. (42) reported
that there was no statistically significant change
in MDA levels of the group given tenoxicam for fo-
ur weeks when compared with the controls. In
another study, it was found that tenoxicam, which
was intraperitoneally administered to patients
with peritonitis at a dose of 0.5 mg/kg, had no ef-
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FFiigguurree  77.. 10 mg/kg tenoxicam group Tissues  cental vein, main-
ly painted two positive areas are selected (İNOS immun staining,
x240)

FFiigguurree  88.. 20 mg/kg tenoxicam group mainly painted three posi-
tive areas are selected (İNOS immun staining, (İNOS immun
Staining, x400)



fect on MDA levels (43). In our study, we found
that increment in SOD levels has an antioxidant
effect; however, it was not enough to interfere
with lipid peroxidation. That may be because we
used higher doses of tenoxicam compared to those
of the previous studies. 

In conclusion, we have identified that tenoxicam is
hepatotoxic, especially at a dose of 20 mg/kg. Do-

se-dependent increase in the intensity of immune
staining may indicate an increase in NO levels in
parallel to iNOS receptor distribution. We have
concluded that NO may exert an antioxidative ef-
fect against lipid peroxidation to one point at low
levels; however, it has the opposite effect at higher
levels, and this evidence is also in accordance with
the previous studies.
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