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ABSTRACT

Objective: p-Coumaric acid is commonly found in edible plants in nature and is known to be an effective antioxidant. This study 
aimed to investigate the therapeutic effects of p-coumaric acid on ethanol-induced gastric ulcer model
Materials and Methods: After an 18-hour starvation period, the ulcer was induced in male Sprague-Dawley (250-300) rats by 
intragastric administration of 75% ethanol. An hour after ulcer induction, p-coumaric acid (250 mg/kg) suspended in 1 ml tween-80 
was administered intragastrically. The control and ulcer groups received 1 ml tween-80. One hour later, all rats were euthanized and 
stomach samples were collected for macroscopic examination, histological evaluation, and measurement of myeloperoxidase (MPO) 
activity, malondialdehyde (MDA), and glutathione (GSH) levels.
Results: Ethanol induction resulted in gastric epithelial and mucosal injury, increased MPO activity and MDA levels; and decreased 
GSH levels. Treatment with p-coumaric acid at a dose of 250 mg/kg markedly improved the gastric injury macroscopically, 
microscopically, and biochemically due to decreasing MPO activity and MDA levels while increasing GSH levels.
Conclusion: p-Coumaric acid markedly ameliorated the gastric epithelial and mucosal injury induced by ethanol. The therapeutic 
effects of p-coumaric acid could be due to its antioxidant properties and protective role against GSH depletion and neutrophil 
accumulation.
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1. INTRODUCTION

p-Coumaric acid is one of the three isomers of coumaric acid, 
which is a member of the hydroxycinnamic acid family. It is 
found in a variety of edible plants, vegetables, vinegar, wine, 
and barley grain in free or bound form. p-Coumaric acid and 
other phenolic acids are known to be powerful antioxidants 
[1]. Recent interest in phenolic acids stems from their potential 
capacity to diminish tissue damage caused by oxidative stress 
[2]. It has been discovered that pre-treatment of animals with 
p-coumaric acid is helpful in reducing cerebral ischemia 
reperfusion (IR) induced injuries, oxidative stress, size of 
infarction and neuronal vulnerability to death [3]. Moreover, 
it has been proposed that p-coumaric acid can block oxidative 
modification of low-density lipoprotein (LDL), which is a 
necessary step in atherosclerosis [4]. p-Coumaric acid also 
suppresses dyslipidemia, hepatosteatosis and oxidative stress in 
obese rats and has an adipogenic effect [5]. Recent investigations 

have also shown that p-coumaric acid has anti-cancer [6,7] and 
anti-inflammatory [8] effects. Recently, reduction in acid pro-
inflammatory cytokines [tumor necrosis factor-α, interleukin 
(IL)-1β, IL-6, and IL-17], and inflammatory enzymes (inducible 
nitric oxide and cyclooxygenase-2) by p-coumaric acid has been 
shown in arthritic rats [9]. Kilani-Jaziri S, et al., demonstrated 
that p-coumaric acid augments the killing activity of isolated 
natural killer cells and cytotoxic T cells, and possibly activates B 
cells along with enhanced humoral immunity [10].
Ulcer is defined as a disruption in the mucosa, which extends 
through the muscularis mucosae, and is surrounded by acute 
and chronic inflammation. Each year, peptic ulcer disease 
affects 4 million people around the world [11]. Although, the 
pathophysiology is not yet fully understood, it is accepted 
that peptic ulcer results from an imbalance between defensive 
mechanisms of the mucosa and other aggressive factors 
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[12]. Acid secretion, pepsin secretion, and parietal cells are 
among aggravating factors; whereas mucus secretion, mucosal 
regeneration, prostaglandins and gastric blood flow are examples 
of protective factors [13]. Some factors such as excessive 
alcohol consumption, H. pylori infection and prolonged non-
steroid anti-inflammatory drug treatment destroy the balance, 
which is easier in genetically predisposed individuals.Ingestion 
of excessive ethanol could induce gastric mucosal injury by 
stimulating mucosal epithelial cell apoptosis, inflammatory 
reaction and oxidative stress in gastric tissue [14]. Ethanol 
solubilizes the protective mucus via proteolytic and hydrolytic 
actions, and increases the concentration of hydrochloric acid 
and pepsin. It produces reactive oxygen species (ROS) that alter 
cell structure and function. These factors eventually damage 
the membrane and lead to ulceration [15]. Anti-oxidant agents 
are effective in peptic ulcer disease treatment due to their ROS 
scavenging and cytoprotective activities. No previous study has 
analyzed the anti-ulcer effects of p-coumaric acid at microscopic 
and biochemical levels, which makes this study unique in terms 
of revealing the underlying mechanisms.
Our aim was to determine the therapeutic effects of p-coumaric 
acid on ethanol-induced gastric ulcer models at macroscopic, 
microscopic and biochemical levels.

2. MATERIAL and METHODS

Animals

Sprague-Dawley rats were provided by the Acibadem Mehmet 
Ali Aydinlar University (ACU) Animal Center. Male rats (300–
350 g; n = 7–8 per group) were housed at a constant temperature 
(22 ± 1 ºC) at a humidity of 65-70% with 12 h light/dark cycles. 
Rats were fed standard pellet chow and water ad libitum. All 
protocols were approved by ACU Local Ethics Committee for 
Animal Experiments (ACU-HADYEK 2017/2).

Induction of ulcer and treatment protocol

Following 18-h starvation, rats were divided into 4 groups. 
Rats were given 75% ethanol (ulcer and ulcer + p-coumaric 
acid groups) or saline (control and p-coumaric acid groups) 
by oral gavage under light isoflurane anesthesia. One hour 
before ethanol or saline administration, rats were treated with 
either 1 ml 10% tween-80 (ulcer and control groups) as vehicle 
or p-coumaric acid (Sigma-Aldrich C9008, Merck, Germany; 
250 mg/kg; suspended in 10% tween-80) (p-coumaric acid and 
ulcer + p-coumaric acid groups) per oral (Table I). Barros, et al., 
showed that the dose of 250 mg/kg of p-coumaric acid reduced 
the macroscopic lesion index most compared to other doses 
[16]. Therefore, the dose of 250 mg/kg p-coumaric acid was 
used for treatment in the study. One hour after ulcer induction, 
all rats were euthanized by cutting the aorta and removing the 
heart under deep isoflurane anesthesia. Stomach samples were 
collected for macroscopic examination, histological evaluation, 
microscopic scoring and biochemical analyses. For histological 
evaluation the stomach samples were examined under light 
microscopy and for biochemical analyses tissue-associated 

myeloperoxidase (MPO) activity as the indicator of neutrophil 
infiltration, malondialdehyde (MDA) which is the end-product 
of lipid peroxidation and endogen antioxidant glutathione 
(GSH) levels were measured.

Table I. Experimental protocol
10:00 11:00 12:00

Control Tween-80 Saline Euthanasia
p-coumaric acid p-coumaric acid 250 mg/kg Saline Euthanasia
Ulcer Tween-80 Ethanol Euthanasia
Ulcer + p-coumaric 
acid p-coumaric acid 250 mg/kg Ethanol Euthanasia

Macroscopic scoring

Macroscopic scoring was performed by an observer who was 
blind to the study using a semi-quantitative scale of 0 to 3. A 
score of 0 indicated a normal mucosa. A score of 1 indicated 
that there were a total number of 1 to 4 small petechiae observed 
on the stomach. A score of 2 indicated 5 or more petechiae or 
hemorrhagic streaks up to 4 millimeters in length. A score of 
3 indicated erosions longer than 5 millimeters, or confluent 
hemorrhages [17].

Histological evaluation and microscopic scoring

For light microscopic examination, stomach samples were 
placed in 10% formalin solution, dehydrated through ascending 
alcohol series (70%, 90%, 96% and 100%), cleared in xylene and 
embedded in paraffin. For each animal, four randomly taken 
tissue sections (5 μm) were stained with hematoxylin and eosin 
(H&E). The slides were examined under a AxioCam MRc5 
photomicroscope (Zeiss, Germany). The photos of the samples 
were taken via the camera of the photomicroscope itself. The 
criteria for scoring were epithelial desquamation, mucosal 
hemorrhage, glandular damage and eosinophilic infiltration. 
Each specimen was scored using a scale ranging from 0 to 3 
(0: none, 1: mild, 2: moderate, and 3: severe) for each criterion. 
The total score was 12. Histologic examination and scoring 
were performed by an observer (S.A.) who was unaware of the 
treatment groups [18].

Measurement of MDA and GSH levels

Stomach samples were homogenized in 10 volumes of ice-cold 
10% trichloroacetic acid and centrifuged at 3000 rpm for 15 
min at 4 ºC and then removed supernatants were re-centrifuged 
at 9000 rpm at 4 ºC for 8 min. In order to detect MDA levels, 
the samples combined with thiobarbituric acid boiled for 15 
minutes. Lipid peroxide levels were expressed in terms of MDA 
equivalents as nmol MDA per g tissue [19]. GSH was determined 
by a spectrophotometric method which is the modification of 
Ellman procedure [20]. Briefly, removed supernatant was added 
to a mixture composed of 2 ml of 0.3 mol/l Na2HPO4-2H2O 
solution and 0.2 ml dithiobis-nitrobenzoate solution (0.4 mg/
ml in 1% sodium citrate). Immediately, the absorbance of the 
mixture was measured at 412 nm. GSH levels were calculated 
using an extinction coefficient of 1.36 x 104M/cm. Results are 
expressed in micromoles GSH per gram tissue.
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Measurement of MPO activity

Myeloperoxidase activity, an indicator of neutrophil 
accumulation, was assessed by measuring the H2O2-dependent 
oxidation of o-dianisidine 2HCl. One unit of enzyme activity 
was defined as the amount of MPO present that causes a 
change in absorbance of 1.0 unit min–1 at 460 nm and 37 ºC and 
expressed in units per g tissue [21]. Gastric tissue samples were 
homogenized for a minute in a solution containing potassium 
phosphate buffer (K2HPO4) and hexadecyltrimethylammonium 
bromide (HETAB). They were centrifuged at 12000 rpm at 
4 ºC for 10 minutes and the supernatants were discarded. 
Then, pellets were mixed with a solution of K2HPO4, HETAB 
and Ethylenediaminetetraacetic acid (EDTA) with re-
homogenization for 15 seconds. Finally, oxidation reaction of 
o-Dianisidine in the presence of H2O2 was conducted with the 
mixture and MPO activity was measured spectrophotometrically 
according to the reaction. MPO activity was expressed as U/g 
tissue.

Statistical Analysis

All data expressed as means ± S.E. parameters were compared 
using two-way analysis of variance (ANOVA) followed by 
Tukey-Kramer multiple comparison tests. Values of p<0.05 were 
regarded as significant. Calculations were done using the InStat 
statistical analysis package (GraphPad Software, San Diego, CA, 
USA).

3. RESULTS

Macroscopic and microscopic lesion scores

When compared with the vehicle-treated control group, the 
ethanol-induced ulcer group had significantly high macroscopic 
(p<0.001) and microscopic (p<0.001) lesion scores (Fig.1). 
When compared with the untreated ethanol-induced ulcer 
group, the ulcer group treated with p-coumaric acid had 
significantly reduced macroscopic (2.55±0.20 and 1.4±0.4; 
respectively) (p<0.05) and microscopic (10.33±0.62 and 
3.17±0.6; respectively) (p<0.001) lesion scores (Fig.1). In terms 
of macroscopic scoring, the ulcer group had severe hemorrhage 
and a lot of petechiae. Treatment with p-coumaric acid decreased 
the gastric lesions observed macroscopically and reduced the 
macroscopic lesion score significantly when compared with the 
untreated ulcer group. The ulcer-free group treated only with 
p-coumaric acid (0.17±0.02) had a similar macroscopic lesion 
score with the control (Fig.1A). In microscopic examination 
p-coumaric acid treatment also decreased the microscopic 
scores compared with ulcer group given vehicle. Unexpectedly, 
only p-coumaric acid given rats (4.33±0.33) had slightly higher 
microscopic score than control group (Fig.1B). This might be 
driven from slight inflammatory cell infiltration due to the effect 
of p-coumaric acid that increases blood flow.
In terms of histological evaluation, the control group had 
regular gastric mucosa with surface epithelium and glandular 
epithelium. In the ulcer group, there was severe damage of surface 

epithelium and glandular epithelium with hemorrhagic regions 
and desquamated cells. The ulcer-free group treated with only 
p-coumaric acid had slight degeneration of gastric epithelium 
and moderate inflammatory cell infiltration. The ulcer group 
treated with p-coumaric acid showed minor damage at surface 
epithelium and gastric glands, and eosinophilic infiltration was 
reduced significantly (Fig. 2).

Fig 1. Macroscopic (A) and microscopic (B) lesion scores in control, 
coumaric acid (CA), ulcer and ulcer + coumaric acid (ulcer + CA) groups. 
*** p<0.001 compared with control group. + p<0.05, +++ p<0.001 
compared with ulcer group. The results are expressed as the mean ± S.E.M.

Fig 2. Histological analysis of the tissue samples by hematoxylin and 
eosin staining (A-D). (A) Regular gastric mucosa with surface epithelium 
and glandular epithelium in the control group. (B) Slight degeneration of 
gastric epithelium (→) and moderate inflammatory cell infiltration (►) in 
the coumaric acid group. (C) Severe damage of surface epithelium (→) and 
glandular epithelium (►) with hemorrhagic regions (*) and desquamated 
cells in the ulcer group. (D) Minor damage at surface epithelium (→) and 
gastric glands (►) in the ulcer combined with coumaric acid treatment 
group. H&E staining, scale bars: 50 µm (x20), inset: 20 µm (x40).

MDA and GSH levels
As expected, the ulcer group was characterized by a significant 
increase in gastric MDA level along with a concomitant 
decrease in GSH content. Increase in MDA (13.07±0.88) 
with ethanol administration considering the control group 
(6.99±0.97) (p<0.001) decreased significantly with p-coumaric 
acid treatment (8.85±0.43) (p<0.01) (Fig.3A). The endogenous 
antioxidant GSH was lower in the ulcer group (1.06±0.06) 
compared to the control (1.89±0.09) (p<0.05) and treatment with 
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p-coumaric acid (2.01±0.28) prevented gastric GSH depletion 
(p<0.05) (Fig.3B). Only p-coumaric acid administration had 
similar values with control group for both MDA and GSH 
measurement (9.32±0.73 and 1.68±0.18; respectively).

Fig 3. (A) Malondialdehyde (MDA) levels, (B) Glutathione (GSH) levels, 
(C) Myeloperoxidase (MPO) activity in control, coumaric acid (CA), ulcer 
and ulcer + coumaric acid (ulcer + CA) groups determined by procedures 
explained above. *p<0.05, **p<0.01, ***p<0.001 compared to the control 
group. + p<0.05, ++ p<0.01 compared to the ulcer group. The results are 
expressed as the mean ± S.E.M.

MPO activity

Ethanol administration resulted in an increase in MPO activity 
in the ulcer group (64.22±8.57) compared with control group 
(26.69±4.55) (p<0.01). Elevated MPO activity was reduced 
by the p-coumaric acid treatment (27.7±3.8) significantly 
(p<0.01) (Fig.3C). p-Coumaric acid treatment without ethanol 
administration (39.16±7.2) increased MPO activity slightly; 
however there was no significant difference with control group.

4. DISCUSSION

Peptic ulcer is a disease characterized by an imbalance between 
the factors that damages the mucosa and those for its protection, 
resulting in a lesion of the lining of the upper digestive tract. 
When the gastric mucosa is exposed to noxious agents such as 
alcohol, the extent of gastric damage depends upon the balance 
between the factors [22]. p-Coumaric acid is widely distributed 
in plants and mushrooms, and shows various biological activities 
as anti-oxidant, anti-tumorogenesis and anti-inflammatory 
effects [23].The results of the study demonstrate that p-coumaric 
acid treatment markedly improved the ethanol induced gastric 
injury, as confirmed by histological evaluation and biochemical 
assays as a measure of the extent of the inflammatory response. 
The extent of injury was significantly reduced by p-coumaric 
acid treatment as assessed by macroscopic and microscopic 
scores. MPO activity as a marker of recruitment of neutrophils 
was suppressed in p-coumaric acid treated group. Moreover, 

p-coumaric acid treatment reduced MDA content increased 
by ethanol administration and gastric GSH levels, which 
were depleted in ethanol consumed rats, were preserved with 
p-coumaric acid treatment.
p-Coumaric acid is a hydroxycinnamic acid derivative that 
was found to be an effective antioxidant in different in vitro 
assays including superoxide anion radical scavenging, hydrogen 
peroxide scavenging and metal chelating activities [24]. As 
shown before, 250 mg/kg p-coumaric acid diminished the lesion 
index, the total area of the lesion and the percentage of lesion in 
ulcer induced rats. However, anti-ulcer activity of p-coumaric 
acid at the microscopic level and the biochemical parameters 
related to inflammation were investigated for the first time in the 
present study. The current study revealed that p-coumaric acid 
decreased macroscopic and microscopic scores and histological 
results demonstrated that the ingestion of p-coumaric acid 
ameliorated the gastric injury induced by ethanol.
Ethanol-induced gastric injury is a key experimental model 
commonly utilized for preclinical assessment of agents with 
potential anti-ulcer activity since ethanol has been regarded 
as a leading cause of gastric ulcer in humans [25]. The effect 
of ethanol on gastric mucosa is a complicated process and it is 
associated with multiple pathologies. Ethanol has the tendency to 
create ulcers via oxidative pathways, which lead to solubilization 
of protective mucus, increase in hydrochloric acid (HCl) and 
pepsin concentrations and cell apoptosis in gastric tissue. The 
result of one of these oxidative pathways is the production of 
ROS, which play a major role in the ulcer mechanism. ROS 
decrease the pH levels in stomach and speed up the oxidation 
process, therefore causing ulceration in the mucosa [26].
There are several potential sources of ROS production by the 
inflamed tissues. These may include the epithelial cells, the 
microvascular endothelium or the inflammatory cells. As the 
inflammatory cells, activated neutrophils can induce tissue 
injury via the release of various toxic metabolites, including 
ROS and proteases [27]. Neutrophil infiltration to injured 
gastric mucosa can be indicated by MPO activity. MPO, found 
in lysosomes of neutrophils, monocytes and macrophages, is 
one of the enzymes responsible for catalyzing ROS generation 
[28]. As shown before, these harmful actions can be blocked 
by antioxidant substances which scavenge the free radicals and 
detoxify the organism [29]. In the present study, increased MPO 
levels with ethanol administration were depressed with the 
p-coumaric acid treatment. This decline in the MPO activity 
which represents the protective effects of p-coumaric acid 
against neutrophil accumulation in gastric tissue was shown for 
the first time in this study in the literature.
Meanwhile, ROS generated by activated leukocytes trigger 
mucosal damage via lipid peroxidation and via depletion of 
the antioxidant defenses such as reduced GSH. Highly reactive 
compound, MDA, produced by peroxidation of lipids also 
increases during formation of ethanol induced ulcers [30]. In 
the study increased MDA levels because of ethanol ingestion 
were reduced by p-coumaric acid treatment. On behalf of its 
antioxidant effects, p-coumaric acid decreased MDA levels, 
possibly via its scavenging effect [31].
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Glutathione levels were preserved in the p-coumaric acid 
treated ulcer group. This suggests that the protective effects 
of p-coumaric acid include prevention of the depletion of 
GSH, which is an endogen antioxidant. GSH content in gastric 
tissue reveals anti-oxidant capacity and it is used as marker for 
tissue injury and oxidative stress. In the present study depleted 
gastric GSH with the ethanol administration was preserved by 
p-coumaric acid. Due to its reducing properties, GSH protects 
the cells against injuries promoted by free radicals, radiation, 
ultraviolet light, besides removing products of lipid peroxidation 
[32].
As a result, our study showed the beneficial and anti-ulcer effect 
of p-coumaric acid against ethanol induced gastric damage. The 
healing effects of p-coumaric acid could be due to its preventive 
effect of neutrophil accumulation, lipid peroxidation and GSH 
depletion. On the basis of our findings, it could be suggested that 
p-coumaric acid can be a therapeutic choice for gastric ulcer.
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