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BACKGROUND/AIMS
The aim of this study was to investigate the effects of Nigella sativa (NS) oil form on reducing the damage caused by indomethacin in the 
stomach and duodenum of rats owing to their antioxidant and anti-inflammatory properties. 

MATERIAL and METHODS
The rats were divided into 4 groups: group 1, saline-treated control group; group 2, NS-treated control group; group 3, saline-treated ulcer 
group and ulcers caused by indomethacin (30 mg/kg) and administration of physiological serum; group 4, NS-treated ulcer group, which 
is the group receiving NS oil after administration of indomethacin. At the end of the study, blood samples collected from animals were 
examined for tumor necrosis factor alpha (TNF-α), interleukin-1 beta (IL-1β), and glutathione (GSH), malondialdehyde (MDA) levels and 
myeloperoxidase (MPO),and Na+/K+-ATPase activities in gastric and intestinal tissue samples. 

RESULTS
Levels of TNF-α and IL-1β in serum and MDA and MPO values in tissue were found to be higher in the saline-treated ulcer group than in 
the saline-treated control group. In addition, tissue GSH and Na+/K+-ATPase levels were found to be lower. These values were found to 
be reversed when comparing NS-treated ulcer group to saline-treated ulcer group. Histopathological findings showed epithelial regen-
eration and improvement instead of dense tissue damage. 

CONCLUSION
The strong antioxidant and anti-inflammatory effects of NS against potential small intestine and gastric damage were shown using an 
experimental indomethacin-induced ulcer model in rats. Hence, our study suggests that NS used together with indomethacin can prevent 
gastrointestinal damage; thus, this agent can create a new clinical therapeutic principle.
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INTRODUCTION
For the treatment of fever, pain, and inflammation, non-steroidal anti-inflammatory drugs (NSAIDs) are broadly used; 
however, these drugs lead to severe damage of the gastrointestinal tract. In particular, indomethacin causes an increase 
in free oxygen radicals and inflammatory cytokine levels through neutrophil infiltration. There are many studies that show 
that antioxidant parameters decrease and oxidant parameters increase in damaged gastric tissue when treated by indo-
methacin. In the gastrointestinal tissue of indomethacin-treated animals, myeloperoxidase (MPO) and malondialdehyde 
(MDA) levels were increased, and antioxidant parameters such as glutathione (GSH) were decreased. Therefore, it is 
argued that indomethacin ulcers can be treated by increasing the antioxidant effect (1–3) Nigella sativa (NS), also known 
as black cumin seed, has been used for a long time as a traditional treatment method in India and in the Middle and Far 
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East subcontinent parts. This ancient spice has been used for 
centuries by Ayurvedic (i.e., traditional Hindu medicine), Greeks, 
and herbal medicine practitioners to treat many diseases such 
as bronchial asthma, infection, gastrointestinal problems, and 
hypertension (4, 5). The studies have demonstrated that NS ex-
tracts show a plurality of therapeutic effects, including antioxi-
dant, hepatoprotective, immunomodulatory, anti-inflammatory, 
and antitumor effects (6-8).

In our study, the anti-inflammatory and antioxidant properties 
of the 100% pure oil form of NS and its effect of decreasing the 
damage caused by indomethacin in the stomach and duode-
num are investigated. In particular, gastrointestinal system dam-
age induced by indomethacin restricts its therapeutic property, 
making it useful for certain symptoms. A similar study using NS 
has never been carried out previously, and this study could shed 
light on future experimental and clinical studies.

MATERIAL and METHODS

Animals and Experimental Conditions
Approval from the Ethical Committee (Marmara University Ani-
mal Care and Use Committee) was obtained before the current 
experimental period (Approval number: 26.2011.Mar; Approval 
date: 26/04/2011). The number of male and female rats that 
were used in this study was equal. The rats were kept at 12-hour 
light/dark cycles and at a constant temperature (21 ± 3°C) with 
50 ± 5% humidity. The rats were fed ad libitum with standard-
ized rat chow and water.

Animal Groups and Treatment
Each group consisted of 8 rats, randomly divided into 4 groups:

•	 Saline-treated control group: 0.1 mg/kg physiological saline 
solution was administered perorally.

•	 NS-treated control group: 10 ml/kg NS oil was given through 
gavage to rats.

•	 Saline-treated ulcer group: to induce ulcer, 30 mg/kg indo-
methacin and physiological saline solution were adminis-
tered by gavage to rats.

•	 NS-treated ulcer group: after administering 30 mg/kg indo-
methacin, 10 ml/kg NS was given by gavage.

All treatments were given daily, at the same time of the day. 
After 6 hours of administration of indomethacin, all rats were 
killed. Two cc blood samples were collected from the vena cava. 

The stomach and duodenum tissue samples were removed and 
stored at -80°C until starting the current experimental proce-
dure.

Biochemical Analysis
Cytokine assay. To determine tumor necrosis factor alpha 
(TNF-a) (catalog number: KRC 3014, Biosource Europe SA, Niv-
elles, Belgium) and interleukin-1 beta (IL-1β) (catalog number: 
KRC0011, Biosource Europe SA, Nivelles, Belgium) levels from se-
rum, they were measured by rat specific enzyme-linked immu-
nosorbent assay (ELISA) kits according to manufacturer’s pro-
tocol. Intra-assay and inter-assay precision for TNF-a were 4.1% 
and 8.9%, respectively. Intra-assay and inter-assay precision for 
IL-1β were 7.5% and 9.3%, respectively.

The Assay of Glutathione (GSH) and Malondialdehyde (MDA) 
levels and Myeloperoxidase (MPO) and Na+/K+-ATPase ac-
tivities. In total, 20 mg of the duodenum and stomach tissues 
was obtained from each rat and then washed in cold phos-
phate-buffered saline for MDA, MPO, and GSH assay. To de-
termine MDA and GSH levels and MPO and Na+/K+-ATPase 
activities, commercially available assay kits were used (catalog 
number: ab11897, ab105136, ab138881, Abcam, Cambridge, UK; 
catalog number: MBS824 3226,MyBioSource, San Diego, USA, 
respectively).

Histopathological Analysis
Tissue sections with ulceration were evaluated under a light mi-
croscope (Olympus BX 51; Olympus, Shibuya, Tokyo). First, speci-
mens were fixed in 10% formalin and then embedded in paraffin 
wax. Second, a 5-μm thick section was taken from the speci-
mens. This was followed by hematoxylin and eosin staining.

Statistical Analysis
GraphPad software (Prism 3.0; GraphPad Software, San Diego, 
CA, USA) was used for statistical evaluation. All data were ex-
pressed as means ± standard error of the mean. GSH and MDA 
levels, MPO and Na+/K+-ATPase activities in both the stomach 
and duodenum tissues, and TNF-a and IL-1β levels in serum be-
tween the groups of data were compared pairwise using one-
way analysis of variance and Tukey’s test.

RESULTS

Biochemical Findings
TNF-a and IL-1β serum levels were significantly higher in the ul-
cer group than those in the saline-treated control group (p<.001), 
whereas in the NS-treated ulcer group, those levels were found 
to be decreased in the ulcer group compared with the levels in 
the saline-treated control group (p<.001) (Table 1).

MDA levels in the stomach and duodenum tissues were found 
to be significantly increased in the saline-treated ulcer group 
compared with the levels in the saline-treated control group 
(p<.01 and p<.001, respectively). Administering NS significantly 
reduced the increase in MDA levels in both tissues (p<.01 and 
p<.001, respectively) (Figures 1a and b).

In the saline-treated ulcer group, GSH levels of the stomach and 
duodenum tissues were found to be significantly lower than 
those in the saline-treated control group (p<.001 and p<.01, re-

Main Points:

•	 Indomethacin has a broad range of uses in rheumatic 
disorders such as rheumatoid arthritis, ankylosing spon-
dylitis and osteoarthritis, as well as tendonitis and trau-
matic synovitis, but its gastropathic side effects.

•	 Indomethacin causes an increase in free oxygen radicals 
and inflammatory cytokine levels through neutrophil in-
filtration.

•	 Nigella sativa oil exerted potent anti-inflammatory and 
anti-oxidative actions in the serum, tissue, and histolog-
ical sections of rats with indomethacin-induced gastric 
and intestinal mucosal damage.
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spectively). The decrease has been significantly prevented in 
the NS-treated ulcer group (p<.01) (Figure 1c and d).

The development of ulcers resulted in neutrophil infiltration, 
leading to a significant increase in the MPO activity in the 

gastric and duodenal tissues compared with the activity in 
saline-treated control group (p<.001). In addition, MPO activ-
ity was significantly reduced in the NS-treated ulcer group, 
which recovered the values close to those of the saline-treat-
ed control group (p<.001 and p<.01, respectively) (Figures 2a 
and b).

Na+/K+-ATPase activity in the stomach and duodenal tissues 
was found to be significantly lower in the saline-treated ulcer 
group than that in the saline-treated control group (p<.01 and 
p<.05, respectively). It was noticed that NS has a significant pro-
tective effect in the ulcer group (p<.05) (Figure 2c and d).

Histopathological Findings
Stomach. In the stomach, the morphology of neck cells and 
glandular cells seems to be regular in the saline-treated con-
trol group (Figure 3a), and cells in the NS-treated control group 
have similar morphology (Figure 3b). The saline-treated ulcer 
group showed severe epithelial desquamation and dilation of 
the neck region in cells (Figure 3c), whereas in the NS-treated 
ulcer group, these properties of cells had reduced (Figure 3d).

Duodenum. In the saline-treated control group, the duodenum 
showed a regular morphology in both epithelium and glands 

TABLE 1. Indomethacin-Induced Ulcer Model in Rats with Serum Levels of TNF-a and IL-1β in All Groups 

	 Control		  Ulcer

	 Saline-treated	 NS-treated	 Saline-treated	 NS-treated

TNF-α (pg/ml)	 7.93 ± 2.06	 9.13 ± 1.66 	 38.83 ± 7.94 ***	 13.57 ± 3.49 +++

IL-1β (pg/ml)	 11.07 ± 1.70	 12.89 ± 1.87 	 39.52 ± 3.15 ***	 16.22 ± 2.78 +++

***, P <.001 comparisons of ulcer group to saline group and +++, P <.001 comparisons of NS-treated ulcer group to ulcer group. 
NS: Nigella sativa; TNF-a: tumor necrosis factor alpha; IL-1β: Interleukin-1 beta

Figure 1. a-d. The representative graph showing indomethacin-in-
duced ulcer model in rats in all groups: (a) MDA levels in the stom-
ach, (b) MDA levels in the duodenum, (c) GSH levels in the stomach, 
and (d) GSH levels in the duodenum.
 **, P <.01 and ***, P <.001 comparisons of saline-treated control group; ++, P <.01 
and +++, P <.001 comparisons of saline-treated ulcer group.
NS: Nigella Sativa; MDA: Malondialdehyde; GSH: Glutathione

a

c

b

d

Figure 3. a-d. (a) Saline-treated control group: regular layout of 
the epithelial and neck cells (arrows) and the glandular portion (*), 
(b) NS-treated control group: similar to the saline-treated group in 
having regular neck cells (arrows) and a glandular portion (*), (c) 
Saline-treated ulcer group: severe desquamation of epithelial (ar-
rowheads) cells and dilation of the neck (arrows) and the glandular 
(*) region, (d) NS-treated ulcer group: reduced desquamation of 
epithelial cells (arrowheads) and dilation of the neck (arrows) and 
the glandular region (*)
Magnification of all pictures are × 200
NS, Nigella sativa

a

c

b

d

Figure 2. a-d. The representative graph showing indomethacin-in-
duced ulcer model in rats in all groups: (a) MPO activity in the stom-
ach, (b) MPO activity in the duodenum, (c) Na+/K+-ATPase activity 
in the stomach, and (d) Na+/K+-ATPase activity in the duodenum.
*, P <.05; **, P <.01 and ***, P <.001 comparisons of saline-treated control group; 
+, P <.05; ++, P <.01 and +++, P <.001 comparisons of saline-treated ulcer group.
NS: Nigella sativa; MPO: Myeloperoxidase

a

c

b

d
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(Figure 4a). In addition, a similar morphology was seen in the 
NS-treated control group (Figure 4b). The saline-treated ulcer 
group revealed severe desquamation of villar epithelial and 
glandular degeneration (Figure 4c), whereas regeneration 
was prominent in both villar and glandular morphologies in the 
NS-treated ulcer group (Figure 4d).

DISCUSSION
Indomethacin, a widely used NSAID, exerts adverse effects on 
the mucosal lining of the gastric and small intestinal wall. Gas-
trointestinal side effects of indomethacin have been linked to 
increased production of inflammatory cytokines and neutrophil 
infiltration, which leads to mucosal injury (9, 10).

Black cumin/seed, also known as NS, has traditionally been 
used as a remedy by various Middle and Far East folks (11, 13). 
Studies in rats have demonstrated that NS possesses some po-
tent pulmonary protective, anti-inflammatory, antinephropathic, 
and anticarcinogenic effects (14-16).

The aim of this study was to investigate the efficacy of the oil 
form of NS in the prevention of indomethacin-induced gastric 
mucosal injury in a rat model. This study will provide valuable 
insight into the antioxidant and anti-inflammatory effects of 
the oil form of NS in small intestinal and gastric indometha-
cin-induced mucosal damage. A gastrointestinal inflammato-
ry response caused by NSAIDs may use TNF-α and IL-1β as the 
principal signal molecules. Recent studies show that indometh-
acin-induced ulcer injury in rats is characterized by neutrophil 
accumulation and increased gastrointestinal circulatory levels 
of IL-1β and TNF-α (17-19). We have determined that the levels 
of TNF-a and IL-1β in the serum were higher in the ulcer group 
than those in the saline group. However, administering NS to 
the ulcer group significantly reduced the levels of TNF-a and 
IL-1β, and the levels became similar to those of the saline group 
values.

The detrimental effects of free oxygen radicals are eliminated 
by some natural defense mechanisms, including GSH. Previous 
studies have shown that indomethacin decreases GSH lev-
els in gastrointestinal tissues (20, 21). According to Ersahin et 
al. (22), NS oil potent free radical scavenging properties acted 
against reactive hydroxyl, peroxyl, and superoxide radicals to 
counteract lipid peroxidation of the brain tissue caused by a 
subarachnoid hemorrhage in rats. This effect was carried out 
by the preservation of the level of the antioxidant GSH (22). We 
revealed a significant reduction in GSH levels in the stomach 
and duodenal tissues in the ulcer group compared with those 
in the saline group. In addition, it has been found that NS could 
avert this reduction to a significant degree. These compounds 
lead to the denaturation of intracellular enzymes and proteins, 
worsening tissue injury. Thus, it has been proposed that lipid 
peroxidation can be accurately reflected by MDA levels (23). In 
this study, significantly higher MDA levels in the stomach and 
duodenal tissues were found in the indomethacin-induced ul-
cer group than those in the saline group. On the other hand, NS 
treatment reduced MDA levels significantly. Normal neutrophil 
functions depend on MPO, which is produced by hydrochloric 
acid as a product of neutrophil oxidation. MPO levels are in-
creased by neutrophils stimulation caused by various stimuli 
such as indomethacin (23). Yıldız et al. (24) showed that isch-
emia-reperfusion injury induced in rat liver created enhanced 
lipid peroxidation and inflammatory response. As a result, this 
leads to increased MPO levels, which were then reduced by 
the administration of NS (24). We found out that the indometh-
acin-induced ulcer group had significantly higher MPO levels 
in gastric and duodenal tissues than the control group, and this 
effect was significantly reversed by NS.

Na+/K+-ATPase is a vital enzyme for cellular functions that 
acts by maintaining membrane potential and cellular osmotic 
balance. Its function is sensitive and profoundly impaired by 
free radicals and reactive oxygen species for the transport 
of proteins. The red blood cell membrane is exposed to lipid 
peroxidation by the action of oxidative stress, culminating in 
alterations in membrane lipid content. This gives rise to re-
duced membrane fluidity and Na+/K+-ATPase activity in the 
red blood cell membrane (25, 26). According to our results, the 
ulcer group had a significantly lower Na+/K+-ATPase activity 
in the gastric and duodenal tissues than in the control group, 
and this effect was largely eliminated by NS. It has been 
shown that the inflammatory and histopathological analyses 
revealed a wide-scale indomethacin-induced gastric tissue 
injury involving gastric epithelial cells and glandular cells, 
which included mainly vacuolization and was relieved in the 
form of epithelial regeneration and improvement after NS 
administration.

Our results suggest that NS oil exerted potent anti-inflammato-
ry and antioxidative actions in the serum, tissue, and histological 
sections of rats with indomethacin-induced gastric and intesti-
nal mucosal damage.

Indomethacin has a broad range of uses in rheumatic disorders 
such as rheumatoid arthritis, ankylosing spondylitis, and osteo-
arthritis, as well as tendonitis and traumatic synovitis. Unfortu-
nately, its gastropathy side effects may preclude its use in these 
disorders. NS offers hope in this regard and may be used in con-

Figure 4. a-d. (a) Saline-treated control group: regular morphology 
with epithelium (arrows) and glands (*), (b) NS-treated control 
group: the epithelium (arrows) and the gland (*), (c) Saline-treated 
ulcer group: severe villar degeneration (arrows) and the gland (*), 
(d) NS-treated ulcer group: re-epithelization of the villi structure 
(arrows) and the gland (*).
Magnification of all pictures are × 200
NS, Nigella sativa

a

c

b

d
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junction with indomethacin to overcome its detrimental gastric 
side effects. Our study is the first to explore this possibility, and 
further studies are needed to clarify this issue.
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