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Abstract. In this study, we evaluated the anti-oxidant and anti-inflammatory effect of caftaric acid 
against ulcer produced by indomethacin in gastric mucosa. Female Sprague Dawley albino rats 
were divided into five groups: control (saline group, n = 8), negative control (indomethacin group, 
n = 8), positive control (omeprazole group, n = 8), low dose therapy (caftaric acid, n = 8), and high 
dose therapy (caftaric acid, n = 8). At the end of the experiment, all rats were sacrificed and gastric 
mucosa samples were removed for macroscopic and biochemical analysis. In our study, we detected 
that oxidant parameter values and cytokine levels increased in the negative control group, but to-
tal antioxidant status reduced, whereas, cytokine and oxidant parameter levels were significantly 
reduced due to low and high doses of caftaric acid administration. But another important point to 
note is that high dose caftaric acid therapy performed gastroprotective effect as omeprazole. In the 
macroscopic evaluation, there were reductions in ulcer sizes with a low and high dose of caftaric 
acid administration in contrast to the negative control group. As a result of our study, caftaric acid 
showed anti-oxidant and anti-inflammatory effects in indomethacin-induced gastric ulcer in rats.
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Introduction

Gastric or peptic ulcer is defined as tissue loss in the 
stomach and duodenal mucosa due to non-steroidal anti-
inflammatory drugs (NSAIDs) such as aspirin or indo-
methacin, acid secretion, alcohol consumption, smoking, 
stress, hereditary predisposition, cortisone derivative drugs 
and viruses (Liu et al. 2015). Also, it has been introduced 
that gastric or peptic ulcer is a  gastrointestinal disorder 
resulting from the disrupt of the balance between the 
protective and aggravating/damaging factors of the gas-
tric mucosa (Brzozowski et al. 2005). NSAIDs are usually 
preferred as anti-inflammatory, analgesic and antipyretic 
agents, but they also lead to gastrointestinal damage, which 
causes severe complications including perforation, gastric 
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or duodenal ulcers and haemorrhage (Teichert et al. 2014). 
Moreover, it was declared that reactive oxygen species 
(ROS) generation and consumption of endogenous pros-
taglandins via the inhibition of cyclooxygenase enzyme is 
effective on the enlargement of the gastric mucosal lesions 
caused by indomethacin (Simmons et al. 2004; Kim et al. 
2011). ROS are directly related to the inflammatory pro-
cess activation in the injured gastric or duodenal tissues 
(Suleyman et al. 2010).

The strategies for the protection against gastric or peptic 
mucosal injury induced by NSAIDs have been totally suc-
cessful as indicated in proton pump inhibitors (PPIs) (Wal-
lace 2013). Drugs such as PPIs, for ex. omeprazole and lan-
soprazole, are mostly used in ulcer treatment. These drugs 
inhibit the function of proton pumps (H+/K+ ATPase) in 
the stomach irreversibly and stop the release of gastric acid 
into the gastric lumen (Richardson et al. 1998). Thus, repair 
of the ulcer area is supported. Unfortunately, long-term use 
of these inhibitors for decrease in gastric acid secretion 
cause chronic side effects (Wallace et al. 2011). There have 
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been various studies about the side effects of PPIs-derived 
drugs. It has been reported that chronic use of PPIs in the 
postmenopausal period triggered bone fractures and bone 
dislocation (Gray et al. 2010). In addition, prolonged use of 
PPI-derived drugs is associated with numerous side effects 
such as increase in bacterial diarrhoea due to decreased 
gastric pH, thinning in the gastric mucosa, vitamin B12 
deficiency, hypomagnesaemia, and cardiac arrhythmias 
in non-cardiac patients depending on decrease in gastric 
secretion (Howden 2000; Yearsley et al. 2006; Cundy and 
Dissanayake 2008; Graham and Genta 2008; Niklasson et 
al. 2010). 

In the recent years, numerous scientific researches have 
been conducted on various therapeutic agents in treatment 
of gastric ulcer which are less toxic than the drugs used in the 
clinic such as omeprazole and lansoprazole (El-Komya and 
Mouafib 2016; Gomaa et al. 2018; Pineda-Pena et al. 2018). 
Caftaric acid is the ester form of caffeic acid. This compound 
presents in some foods and beverages. It is reported that 
caftaric acid has hyaluronidase inhibitory activity, antioxi-
dant and insulin secretion enhancing properties (Raso et al. 
2002; Barrett 2003).

As a result of our literature reviews on Web of Science, it 
was not found any study about the effects of caftaric acid on 
gastric ulcer model induced by indomethacin. For this pur-
pose, our study was planned to evaluate anti-inflammatory 
and antioxidant effects of caftaric acid on protection against 
experimental gastric ulcer model induced by indomethacin. 

Material and Methods

Drugs and animals

Caftaric acid was obtained from Sigma Aldrich Chemical, 
USA. Thiopental sodium was purchased by (Pental So-
dium IV Flakon) Uruguay, İstanbul, Turkey. Omeprazole 
(Omeprol 20 mg) was obtained from Sandoz Ürünleri İlaç 
Gida Kimya ve Tohum San. A.Ş. Turkey and indomethacin 
(Endostatin 25 mg) was purchased from Nobel İlaç Sanayi, 
İstanbul, Turkey. 

This study was approved by Atatürk University Experi-
mental Animal Ethics Committee (Date: 27.04.2018/ Num-
ber: 104) and the experiments were conducted at Atatürk 
University Experimental Animals Research and Application 
Center (ATADEM). Within the scope of our study, forty fe-
male Sprague Dawley albino rats (220 ± 10 g) were housed in 
polypropylene cages under appropriate laboratory conditions 
such as humidity of 55%, 12-h light/dark cycle and average 
22°C degree temperature. All rats were fed with standard 
laboratory food and (provided tap) water. Rats had access to 
food and water ad libitum. However, all rats were fasted, with 
access only to clean water 24 h prior to the indomethacin 

induction and water access was prevented for 2 h before the 
indomethacin dosing. 

Experimental procedures and groups

All rats were weighed and divided into five groups to be 
randomized (8 rats in each group). Groups have been con-
structed as follows:

Control group: 1 ml of distilled water was applied orally 
gavage. 

Negative control group: 100 mg/kg of indomethacin 
was administered to animals by single gavage as previ-
ously described in some studies (Zheng et al. 2014; Wu et 
al. 2018). 6 hours after the indomethacin administration, 
the animals in all groups were sacrificed by applying the 
high dose of anaesthetic agent (thiopental sodium 50 mg/
kg) and the ulcerative gastric mucosa fields were excised. 
The samples were cleared of the gastric contents by wash-
ing in saline and photographed for macroscopic examina-
tion. Also, ulcer sizes were measured by millimetric paper. 
Then, tissue samples were maintained at –80°C until the 
biochemical analyzes. 

Positive control group: 30 mg/kg of omeprazole was 
administered by oral gavage 30 min before the indometha-
cin induction. Later, rats were sacrificed and gastric tissue 
samples were excised.

Low dose therapy group: 40 mg/kg of caftaric acid was 
administered by oral gavage 30 min before the indomethacin 
application. 

High dose therapy group: 80 mg of caftaric acid was ad-
ministered 30 min before the indomethacin application. The 
stomachs were removed, and the ulcer areas on the gastric 
surfaces were examined macroscopically.

Macroscopic examination of gastric tissue

To determine the gastric lesions, rat stomachs were macro-
scopically evaluated, and the number of ulcers with the areas 
were determined. The size of each ulcer area was measured 
using millimetric paper (Guidobono et al. 1997).

Analysis of biochemical parameters

Malondialdehyde (MDA) level in stomach tissue homoge-
nate was determined according to Ohkawa et al. (1979). 
Total antioxidant status (TAS) value was detected with the 
commercial kit (Rel Assay Diagnostics). Total oxidant status 
(TOS) measurement was applied with commercially avail-
able kit (Rel Assay Diagnostics). The ratio of TOS/TAS was 
accepted as the oxidative stress index (OSI). OSI value was 
calculated as follows: OSI = [(TOS, μmol H2O2 equivalent 
/l)/(TAS, mmol Trolox equivalent/l) × 10]. We used OSI as 
an another indicator of oxidative stress. TNF-α and IL-1β 
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were analysed with commercially available kit. The kits were 
purchased from Glory Science Co., Ltd (Zhejiang, People’s 
Republic of China). Myeloperoxidase (MPO) activity in 
gastric tissue samples was evaluated by using method of 
Bradley et al. (1982).

Statistical analysis of data

All results were presented as the mean ± standard error of the 
mean (SEM). Statistical significant differences were defined 
using one-way ANOVA with the Tukey HSD for multiple 
comparisons. The values of p  < 0.05 were considered as 
statistically significant.

Results 

Indomethacin application caused ulcer in gastric mucosa. 
Positive control group demonstrated a considerable decrease 
in the size of gastric ulcer areas compared with negative 
control group (p < 0.05). Low and high doses of caftaric acid 
administration significantly reduced the size of the gastric 
ulcer areas as in omeprazole group compared with nega-
tive control group p < 0.05). But in the high dose therapy 
group, there was further shrinkage in the size of ulcer areas 
macroscopically compared with low dose therapy group (see 
Fig. 1, 4). In negative control group, TOS and OSI values 
increased and TAS values decreased. TOS and OSI values 
decreased significantly in the groups with either omeprazole 
or low and high dose of caftaric acid compared with negative 
control group (p < 0.05) (Table 1). As demonstrated in Fig. 
2A and B, MDA level and MPO activity in negative control 
group indicated a significant increase compared with control 
group (p < 0.05). On the other hand, these oxidants reduced 
importantly in positive control, low and high dose therapy 
groups (p  < 0.05) compared with negative control group 
(p  < 0.05). The high dose administration of caftaric acid 
more reduced the MPO activity and MDA level than the low 

dose therapy group. In negative control group, due to indo-
methacin administration, TNF-a and IL-b levels increased 
compared with the other groups. Administration of either 

Figure 1. Gastroprotective effects of low (40 mg/kg) and high (80 mg/kg) dose of caftaric therapy (CA) on gastric ulcer induced by 
indomethacin (Ind). Ome, omeprazole.

Figure 2. The levels of malondialdehyde (MDA; A) and myeloper-
oxidase (MPO; B) in all groups. * p < 0.05 vs. Control group; # p < 
0.05 vs. Negative control group. For more abbreviations, see Fig. 1.
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anti-inflammatory effects against indomethacin-induced 
oxidative damage.

Discussion

Gastric ulcer is one of the most common medical topics 
among the all gastrointestinal disorders, globally affecting 
10% people and especially including developed countries 
with yearly prevalence in rates of 0.1–0.19% (Sung et al. 
2009). This problem results in chronic pain, loss of ap-
petite, weight, and work power. The disease may lead to 
upper gastrointestinal hemorrhage and perforation which 
have high mortality and morbidity rates (Khushtar et al. 
2009; Golbabapour et al. 2013). There are many etiologic 
causes of gastric ulcer. Various factors such as burns, stress, 
sepsis, hemorrhagic shock, alcohol consumption, smoking, 
trauma, non- steroidal drugs, pulmonary and liver diseases 
have been shown to play a role in gastric ulcerogenesis (Di 
2000; Brzozowski et al. 2005; Suleyman et al. 2009). Indo-
methacin, a member of-of NSAIDs, has anti-inflammatory, 
antipyretic, and analgesic properties and leads to serious 
side effects such as erosion, ulcerative lesions and petechial 
haemorrhage in stomach. In addition, the progression 
and development of gastric mucosal lesions induced by 
indomethacin occurs primarily through the formation of 
oxygen free radicals (Teichert et al. 2014). The increase in 
ROS generation plays an important role in pathogenesis 
of a  large number of inflammatory diseases such as ab-
dominal pathologies, peptic ulcers (Saranya and Geetha 
2011). Moreover, ROS generation and lipid peroxidation 
play a key role in the improvement of the gastric mucosal 
damage caused by indomethacin (Kim et al. 2011). Under 
normal conditions, ROS are cleared and neutralized by 
the endogenous antioxidant cellular system such as glu-
tathione (GSH), catalase (CAT) and superoxide dismutase 
(SOD) (Halliwell and Gutteridge 1990). However, when 
ROS production is excessively increased and the cellular 
antioxidant defence system is inadequate to remove these 
produced oxidants, oxidative stress occurs. As a result of 

Table 1. TAS, TOS and OSI values of all experimental groups were presented as mean ± SEM

Group TAC
(mmol/mg protein)

TOS
(μmol/mg protein) OSI (TAC/TOS*10)

Control 4.65 ± 0.25 17.54 ± 0.42 67.24 ± 2.84
Negative control (Ind 100 mg/kg) 2.25 ± 0.20* 32.71 ± 1.11* 103.86 ± 6.41*
Positive control (Ome 30 mg/kg) 4.69 ± 0.28# 16.86 ± 0.58# 66.78 ± 1.55#

Low dose theraphy (CA 40 mg/kg) 3.82 ± 0.21# 19.63 ± 0.45#,$ 70.85 ± 2.02#

High dose theraphy (CA 80 mg/kg) 4.55 ± 0.23# 17.09 ± 0.42# 67.71 ± 2.02#

* p < 0.05 vs. Control group; # p < 0.05 vs. Negative control group; $ p < 0.05 vs. Positive control group. TAC, total antioxidant status; 
TOC, total oxidant status; OSI, oxidative stress index; Ind, indomethacin; Ome, omeprazol; CA, caftaric acid.

Figure 3. The levels of TNF-α (A) and IL-1β (B) in all groups. 
* p < 0.05 vs. Control group; # p < 0.05 vs. Negative control group. 
For abbreviations, see Fig. 1.

omeprazole or low and high dose of caftaric acid decreased 
TNF-α and IL-1β levels significantly compared with negative 
control group (Fig. 3A, B; p < 0.05). These findings show that 
low and high doses of caftaric acid have an antioxidant and 



179Caftaric acid on gastric ulcer induced by indomethacin

oxidative stress, lipid peroxidation starts due to the attack 
of free radicals on cellular lipids. One of the end products of 
lipid peroxidation is MDA (Halliwell and Gutteridge 1990). 
Nearly all of the studies about indomethacin-induced ulcer 
show an increase in MPO or MDA level in the gastric tis-
sues due to indomethacin-application (Naito et al. 1998; 
Miura et al. 2002; Thong-Ngam et al. 2012). It is also aimed 
to reduce MDA levels triggered by indomethacin-induced 
gastric damage using a large number of antioxidant agents 
(Kim et al. 2011; Khushtar et al. 2016; Gomaa et al. 2018). 
Koriem and Salman declared that caftaric acid protects 
the liver by increasing antioxidant enzymes and reducing 
MDA level against methamphetamine-induced oxidative 
stress (Koriem and Soliman 2014). Khushtar and colleagues 
evaluated antioxidant levels such as SOD, GSH and CAT 
and reported that these antioxidant enzyme activities 
were markedly reduced in indomethacin-treated group 
(Khushtar et al. 2009). Again, Gomaa et al. showed that 
TAS value significantly diminished in gastric ulcerated tis-
sues induced by indomethacin (Gomaa et al. 2018). These 
findings are supported by our study results that MDA level, 
TOS and OSI values increased but TAS value decreased 
in negative control group by single gavage indomethacin 
administration compared with control group. In contrast, 
low and high dose of caftaric acid therapy reduced MDA 
level, TOS, OSI values and increased TAS value compared 
with negative control group. So, caftaric acid attenuated 
the lipid peroxidation process and supported the anti-
oxidant defence in experimental animals. TNF-α is one of 
the pro-inflammatory cytokines and a key determiner of 
NSAID-induced peptic/ gastric ulcer. Mostly, an increasing 
in the level of TNF-α is regarded as a detrimental index 
for the gastrointestinal system (Fukumoto et al. 2011). 

IL-1β is defined as an another pro-inflammatory cytokine 
produced by activated macrophages and often considered 
as a distinguishing feature of inflammatory gene cascades 
(Weber et al. 2010). It has also been shown that TNF-a 
level is markedly elevated in indomethacin-induced gas-
tric ulcer (Wu et al. 2018). In our study, high levels of the 
TNF-α and IL-1β were found in the ulcer tissues after the 
indomethacin application, but these values were low by the 
high and low dose of caftaric acid therapy compared with 
negative control group. 

Conclusion

In the light of the findings acquired by our study, it can say 
that both low and high dose of caftaric acid administration 
attenuated the gastric ulcer and supported the recovery. It 
can also think that caftaric acid may be performed anti-
inflammatory and antioxidant effects by decreasing oxidant 
parameter levels, increasing the antioxidant capacity and 
reducing pro-inflammatory cytokine levels.
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