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Abstract

Gastric ulcer is one of the most frequent gastrointestinal ailments worldwide. Indomethacin, one of the most potent NSAIDs,
suffers undesirable ulcerogenic activity. Caffeic acid phenethyl ester (CAPE) has known health benefits. The current study
examined the potential of CAPE to combat indomethacin-induced gastric ulcers in rats. Animals were randomized into 5
groups: control, Indomethacin (50 mg/kg) mg/kg), Indomethacin+ CAPE (5 mg/kg/day), Indomethacin+ CAPE (10 mg/kg),
and Indomethacin + Omeprazole (30 mg/kg). CAPE prevented the rise in ulcer index, attenuated histopathological changes
and preserved gastric mucin concentration. CAPE efficiently significantly prevented accumulation of malondialdehude
(MDA) and prevented exhaustion of the enzymatic activities of catalase (CAT) and superoxide dismutase (SOD). Further,
CAPE prevented the rise in the expression of tumor necrosis factor-a (TNF-a), cyclo-oxygenase-2 (COX-2) and nuclear
factor kapp-B (NFxB). This was associated with down-regulation of Bax and up-regulation of Bcl-2 mRNA. Finally, CAPE
prevented induced indomethacin-induced decrease in heat shock protein 70 (HSP70) in gastric tissues. In conclusion, CAPE
possesses the ability to prevent indomethacin-induced gastric ulcer in rats. This involves, at least partially, antioxidation,
anti-inflammation, anti-apoptosis and enhancement of HSP70 expression.
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Introduction

Peptic ulcer is one of the most frequent gastrointestinal ail-
ments with serious complications and tendency to recur
(Li et al. 2022). The main risk factors that contribute to
developing gastric ulcer include the use of non-steroidal
anti-inflammatory drugs (NSAIDs), age, and Helicobacter
pylori (Abraham et al. 2005; Yuan et al. 2006). NSAIDs are
often used because of their importance as strong antipyretics
and analgesics in a variety of illnesses and disorders, from
the common cold to rheumatoid arthritis (Day and Graham
2013). However, NSAIDs often increase the risk of develop-
ing stomach mucosal ulcers (Musumba et al. 2009; Garcia-
Rayado et al. 2018). Indomethacin is one of the most potent
NSAIDs with ulcer-inducing activity (Henry and Robertson
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1993). This includes inhibition of the gastroprotective
enzyme cyclooxygenase-1 (COX-1) (Yadav et al. 2012). This
is in addition to induction of oxidative stress, production
of inflammatory mediators and inhibition of angiogenesis
(Pai et al. 2000; Suleyman et al. 2010). According to ear-
lier studies, agents with antioxidant, anti-inflammatory and
angiogenic activities are helpful in preventing indomethacin
stomach ulcers (Alkreathy et al. 2020; Shaik and Eid 2022).

Numerous medications are available to prevent and treat
stomach ulcers. However, these medications suffer unwanted
adverse effects and fail to inhibit ulcers recurrence (Sivri
2004). The rising incidence of gastric ulcers has driven the
need for new gastroprotective compounds. In this regard,
natural products with appealing pharmacological activi-
ties have been proposed due to their effectiveness, safety,
wide acceptance by the public (Liu et al. 2015; Athaydes
et al. 2019; Ahmed et al. 2021). Caffeic acid phenethyl ester
(CAPE) is a component of bee propolis (Olgierd et al. 2021)
with a plethora of pharmacological effects. These include
neuroprotective (Bak et al. 2016; Zhang et al. 2021; Pérez
et al. 2023), hepatoprotective, (Li et al. 2015), renoprotective
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(Ogeturk et al. 2005; Nur et al. 2023), cardioprotective
(Huang et al. 2005; Khoshandam et al. 2023) and antidia-
betic activities (Nie et al. 2017). Its protective effects have
been suggested to involve antioxidant (Tolba et al. 2016),
anti-inflammatory (Armutcu et al. 2015) and angioprotec-
tive properties (Abduljawad et al. 2013). Also, it has been
suggested to alleviate drug adverse effects (Bakir et al. 2013;
Sahin et al. 2013). However, there is a scanty of information
about its potential to combat indomethacin-induced stomach
injury. Therefore, the current study aimed to evaluate the
ability of CAPE to attenuate indomethacin-induced gastric
ulcer in rats.

Materials and methods
Drugs and chemicals

CAPE (>99%) was obtained from Xi’An, Julong Bio-Teck
Company (Xi’An, China). Indomethacin was purchased from
Merck KGaA (Darmstadt, Germany). All other chemicals
were of the highest purity.

Animals

Male Wistar rats weighing between 150 and 170 g were
housed under controlled conditions, including a 12-h
light/12-h dark cycle, at a room temperature of 23 +2 °C and
a humidity level of 60%. The rats had unrestricted access to
water and were fed standardized food pellets. All experimen-
tal procedures involving animal handling were conducted in
accordance with the guidelines and regulations approved by
the Research Ethics Committee of the Faculty of Pharmacy,
King Abdulaziz University (Reference # PH-1444-38).

Induction of gastric ulcer

To prevent coprophagy, all rats were housed in wire mesh
floor cages for 24 h prior to the induction of gastric ulcers.

They were provided with free access to water only, which
was also withheld for 1 h before the gastric ulcer induction.
Afterwards, ulcers were induced by administering a single
dose of indomethacin at 50 mg/kg via an oral tube. The indo-
methacin was suspended in 1% Carboxymethyl Cellulose
Sodium Salt (CMC) solution for administration (Shaik and
Eid 2022).

Experimental design

Thirty male rats were divided into five groups (six rats each).
Animals in each group received the following treatments as
represented in Table 1.

The selected doses for the treatments administered to the
rats were determined based on a pilot experiment and were
chosen to be consistent with those reported in the literature
(Eser et al. 2022). In groups III & IV, CAPE was adminis-
tered orally, 5 mg/kg and 10 mg/kg respectively, for seven
days prior the day of ulcer induction with indomethacin. All
treatments were performed between 8 Am and 10 AM. The
given two doses were separated by a period of 1 h. Dosing
volume was 10 ml/kg). Six hours after the indomethacin
administration, animals were sacrificed by decapitation and
the stomach of each rat was rapidly dissected out. Then,
stomachs were opened along their greater curvature, and
gently rinsed with saline to get rid of any contents or blood
clots. The gastric mucosal surface of the stomachs was then
turned upward as they were clamped to a wax plate covered
with filter paper. Digital pictures were acquired to assess
the gross pathology of the stomach. Then, stomachs were
cut with a sharp blade. Some parts were kept in 10% neutral
formalin for histological and immunohistochemical exami-
nations. Other parts were flash frozen in liquid nitrogen and
kept at -80 °C for biochemical evaluations.

Morphological examination

Macroscopic examination was conducted on the glan-
dular mucosa of the stomachs to assess the presence of

Table 1 Experimental design

and treatment fime table Groupl  Group2  Group 3 Group 4 Group 5

Day 1 1% CMC 1% CMC CAPE (5 mg/kg) CAPE (10 mg/kg) Omep (30 mg/kg)
Day 2 1% CMC 1% CMC CAPE (5 mg/kg) CAPE (10 mg/kg) Omep (30 mg/kg)
Day 3 1% CMC 1% CMC CAPE (5 mg/kg) CAPE (10 mg/kg) Omep (30 mg/kg)
Day 4 1% CMC 1% CMC CAPE (5 mg/kg) CAPE (10 mg/kg) Omep (30 mg/kg)
Day 5 1% CMC 1% CMC CAPE (5 mg/kg) CAPE (10 mg/kg) Omep (30 mg/kg)
Day 6 1% CMC 1% CMC CAPE (5 mg/kg) CAPE (10 mg/kg) Omep (30 mg/kg)
Day 7 1% CMC 1% CMC CAPE (5 mg/kg) CAPE (10 mg/kg) Omep (30 mg/kg)
Day 8 (1" treatment) 1% CMC 1% CMC CAPE (5 mg/kg) CAPE (10 mg/kg) Omep (30 mg/kg)
Day 8 (2" treatment) 1% CMC  Indo Indo Indo Indo

CMC = Carboxymethy Cellulose, CAPE = Caffeic Acid Phemethyl Ester, Omep =Omeprazole

@ Springer



Naunyn-Schmiedeberg's Archives of Pharmacology (2024) 397:1791-1801

1793

hemorrhagic lesions. The length of each individual lesion
was measured in millimeters (mm). The ulcer index was
determined using the following methodology (Sathish et al.
2011):

. 10 Total mucosal area
Ulcer index = — where "x"" =
X Total ulcerated area

Histological examinations

Paraffin blocks were prepared by fixing the tissue samples
in a 10% neutral formalin solution. Subsequently, sections
with a thickness of 4 ym were obtained using a rotatory
microtome. These sections underwent histological exami-
nation by staining with Hematoxylin and Eosin stain. The
examination was conducted using light microscopy. A his-
topathologist, who was unaware of the experimental design;
[1] epithelial cell loss (score: 0-3), [2] hemorrhage (score:
0-4), [3] inflammatory cell infiltration (score: 0-2) and [4]
mucosal erosions (score: 0—4) (Shah et al. 1997).

Assessment of gastric mucin content

The gastric sections were subjected to staining using Alcian
blue and Periodic Acid-Schiff (PAS) following established
protocols (Bancroft and Gamble 2008).

Following hydration, the sections were immersed in a 3%
acetic acid solution for 3 min, followed by staining with
Alcian Blue Stain (1%, pH 2.5) for 15 min. Subsequently, the
sections were gently rinsed with tap water. The slides were
then placed in a solution of periodic acid (0.5%) for 5 min,
followed by incubation in Schiff Reagent for 10 min. After-
ward, the slides were washed with tap water for 5-10 min.
Hematoxylin stain was applied to the slides, and optical den-
sity (OD) was assessed in six different areas of each tissue
section using image analysis software (ImagelJ, 1.48a, NIH,
USA).

Assessment of gastric oxidative stress biomarkers

Stomach tissue homogenization was done in 10% of ice-
cooled phosphate-buffered saline, pH 7.4. Homogenates
were subjected to centrifugation at 10, 000 g for 20 min at
4 °C. The supernatant was then subjected to centrifugation
at 10,000 g for 20 min. at 4 °C in order to examine oxida-
tive stress biomarkers. Malondialdehyde (MDA) content and
superoxide dismutase (SOD) and catalase (CAT) activities
were determined using a commercial kit (Cat. no MD-2529,
SD-2521, and CA-25 17 respectively, Bio diagnostic, Giza,

Egypt).

Immunohistochemical examinations

Tumor necrosis factor-a (TNF-a), cyclooxygenase-2
(COX-2), nuclear factor- kB p65 (NF-kB), and heat shock
protein 70 (Hsp 70) were detected immunohistochemically
using the avidin-biotin-peroxidase method. In order to
inhibit endogenous peroxidase activity, slices were briefly
mounted on positively charged glass slides, deparaffinized,
hydrated, and then submerged in 10% H,0O,. Sections were
transferred into boiling sodium citrate buffer (10 mM,
pH 6.0) for 10 min for antigen retrieval. The slides were
cleaned in phosphate buffered saline (PBS) and then incu-
bated in a blocking solution (5 percent normal goat serum
and 0.2 percent triton in PBS). The primary antibody spe-
cific to each immunostain (ab307164, ab179800, ab16502
and ab181606 respectively) was then diluted in PBS and
applied to the sections for overnight incubation. The sec-
tions were then exposed for 1 h to the appropriate sec-
ondary antibodies. The antibody-peroxidase complex was
detected using 3,3"-diaminobenzidine tetra-hydrochloride
chromogen after two PBS washings. The sections were
then mounted, dehydrated, counterstained with Mayer’s
hematoxylin, and washed with PBS.

Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR)

Gastric tissues were subjected to RNA extraction using the
TRIzol method. The purity of the extracted RNA was con-
firmed by measuring the A260/A280 ratio. For cDNA syn-
thesis, the Omniscript RT kit (Cat. No. 205113, Qiagen,
MD, USA) was employed. Quantification of mRNA was
performed using qRT-PCR with a SYBR Green Master
Mix (Cat. No. 180830, Qiagen, MD, USA). Primer nucleo-
tide sequences are shown in Table 2. Data were analyzed
by the AACT method, and f-actin was used for normaliza-
tion (Livak and Schmittgen 2001).

Table 2 Nucleotide sequences of the primers used for the analysis of
gene expression by Quantitative Real Time Polymerase Chain Reac-
tion amplification (QRT-PCR)

Primer Name  Sequence

Bax Forward: 5’- CCTGAGCTGACCTTGGAGCA -3’
Reverse: 5'- GGTGGTTGCCCTTTTCTACT -3’

Bcl-2 Forward: 5°- TGATAACCGGGAGATCGTGA -3’
Reverse: 5°- AAAGCACATCCAATAAAAAGC -3’
fB-actin Forward: 5’- TCCGTCGCCGGTCCACACCC -3’

Reverse: 5’- TCACCAACTGGGACGATATG -3’
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Statistical analysis

Means and standard deviations (SD) were used to present
obtained data. One-way analysis of variance (ANOVA)
and Tukey’s post hoc test were used to establish to com-
pare between different means. For nonparametric data
of the histopathological scoring, Kruskal-Wallis test
followed by Dunn test. P values < 0.05 were considered
significant.

Results

CAPE ameliorates Indo-induced stomach gross
morphological & histopathological changes
and mucus secretion

Stomachs from control group exhibited normal mucosa with
no observable injuries (Fig. 1A). Nevertheless, challenging
animals with indomethacin obviously injured gastric mucosa
and showed bloody streaks (Fig. 1B). Rats pretreated with
CAP (5 and 10 mg/kg) showed scattered bloody streaks but
to a much lesser extent than in indomethacin-exposed ani-
mals (Fig. 1C & D; respectively). Pretreatment of animals
with omeprazole (positive control) successfully protected
the mucosal layer against any ulceration (Fig. 1E). Data
in Fig. 1F indicate that CAPE at the doses 5 & 10 mg/kg

significantly reduced ulcer formation by 42.6 and 56.2% as
compared to Indo group.

Histological examination of stomach sections obtained
from control animals revealed a normal gastric architec-
ture (Fig. 2A). In contrast, rats exposed to indomethacin
alone exhibited notable alterations, including reduced
mucosal integrity and disruption of the lining epithelium
of the mucosal layer. Additionally, focal ulceration, con-
gested blood vessels, severe hemorrhage, and necrosis
were observed, as shown in Fig. 2B. Stomach sections
from CAPE-pretreated animals showed observable protec-
tion against such pathological changes in a dose-related
manner (Fig. 2C & D). Omeprazole pre-treated animals
showed almost normal histological structure of gastric tissue
(Fig. 2E). Scoring of the histopathological changes showed
that CAPE at doses of 5 and 10 mg/kg significantly pre-
vented the rise in stomach histopathological changes induced
by indomethacin (Fig. 2F).

In Fig. 3A, gastric sections from control animals exhibit
strong Alcian blue/PAS staining, which is evident as a dark
blue or purple coloration of the mucosal layer. Conversely,
gastric tissue from indomethacin-exposed rats displayed mini-
mal or no reaction to the staining, particularly in the ulcera-
tive areas, as illustrated in Fig. 3B. However, in the CAPE
pretreated group (5 mg/kg), a slight improvement in mucus
content was observed, as depicted in Fig. 3C. In addition, pre-
treatment of animals with CAPE (10 mg/kg) demonstrated
marked preservation of mucus content (Fig. 3D). Omeprazole

Fig. 1 Macroscopic photographs of the rats stomachs; A Con-
trol group displaying normal mucosa; B Indomethacin-exposed
group exhibiting a hemorrhagic and ulcerated mucosal layer; C
Indo + CAPE (5 mg/kg); D Indo+CAPE (10 mg/kg); E Omeprazole-
pretreated group; F Graphical presentation of ulcer index. Ulcer

index = 10/x, where ‘‘x” is total mucosal area / total ulcerated area.
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Ulcer index

The obtained data were subjected to statistical analysis using one-way
ANOVA followed by Tukey's test (p<0.05) for multiple compari-
sons. a: significant difference from the control group, b: significant
difference from the indomethacin (Indo) group, c: significant dif-
ference from Indo+ CAPE (5 mg/kg), d: significant difference from
Indo+ CAPE (10 mg/kg)
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Fig.2 Effects of CAPE on indomethacin-induced histopathologi-
cal changes in gastric tissue. A Control group demonstrating normal
histological architecture; B ndomethacin-exposed group, exhibit-
ing reduced mucosal integrity, disrupted lining epithelium of the
mucosal layer, and congested blood vessels; C Indo+CAPE (5 mg/
kg); D Indo+ CAPE (10 mg/kg); E Omeprazole-pretreated group; F

5

Ly e
TSP LRI N -

?;,n e e
= el P soum ,.i;;'o%.m?éﬁ%ig;’&ﬁzaixtm

Fig.3 Effects of CAPE pretreatment on changes of mucus con-
tent as indicated by Alcian blue/PAS staining. A Control group
showing strong positive staining; B Indomethacin-exposed group
showing negative reaction indicating diminished mucin content;
C Indo+CAPE (5 mg/kg) and D Indo+CAPE (10 mg/kg) show-
ing moderate staining; E Omeprazole-pretreated group; F Graphical

group showed strong blue coloration comparable to that in the
control animals (Fig. 3E). Quantification of blue color intensity
as a marker of gastric mucin concentration confirmed that both
doses of CAPE (5 & 10 mg/kg) significantly prevented the
decline in gastric mucin induced by indomethacin (Fig. 3F).
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Graphical presentation of histologopathological score. The obtained
data were subjected to statistical analysis using Kruskal-Wallis test
followed by Dunn test (p<0.05). a: significant difference from the
control group, b: significant difference from the indomethacin (Indo)
group, c: significant difference from Indo+ CAPE (5 mg/kg)
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presentation of OD as a quantitative marker of mucin content. Data
were analyzed using one-way ANOVA followed by Tukey’s test
(p<0.05). a: significant difference from the control group, b: signifi-
cant difference from the indomethacin (Indo) group, c: significant dif-
ference from Indo+ CAPE (5 mg/kg), d: significant difference from
Indo +CAPE (10 mg/kg)

CAPE attenuates Indo-induced gastric oxidative
stress in rats

The data in Table 3 indicate that indomethacin significantly
enhanced lipid peroxidation as indicated by elevation in
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Table 3 Effects of CAPE on MDA concentration and CAT & SOD activities in indomethacin-induced gastric ulcer in rats

Control Indomethacin (Indo)  Indo+CAPE (5 mg/kg)  Indo+CAPE (10 mg/kg)  Indo+ Omeprazole
MDA (nmol/mg protein) ~ 3.21+£0.38  11.55*+1.24 7.25*°1+0.84 4.50%°¢+0.473 3.82°¢1+0.40
CAT (U/mg protein) 0.25+0.27 0.11*+0.015 0.16*°+0.019 0.22°€+0.025 0.26"¢+0.028
SOD (U/mg protein) 4.12+0.48 2.17*+0.24 2.95*°+0.31 3.66%° +0.38 4.10%°+0.43

Data are mean+SD (n=6). Statistical analysis of the data was conducted using one-way ANOVA, followed by the Tukey’s test for multiple
comparisons (p <0.05). a: significant difference from the control group, b: significant difference from the indomethacin (Indo) group, c: signifi-
cant difference from Indo + CAPE (5 mg/kg), d: significant difference from Indo +CAPE (10 mg/kg)

gastric MDA concentration. This was accompanied by deple-
tion of CAT and SOD activities. However, pretreatment of
animals with CAPE (5 & 10 mg/kg) significantly prevented
MDA accumulation by 37.2 & 61.0%, CAT exhaustion by
45.4 & 100%, and SOD decreased activity by 36.0 & 68.7%
respectively; as compared to corresponding indomethacin-
alone treated group. Also, omeprazole almost inhibited
indomethacin-induced oxidative stress with MDA, CAT and
SOD values comparable to those observed in control animals.

CAPE suppresses gastric inflammation
in Indo-treated rats

As shown in Fig. 4, indomethacin markedly up-regulated
gastric expression of TNF-a, COX-2 and NFxB (upper,
middle and lower panels respectively). On the other side,
CAPE (5 and 10 mg/kg) significantly attenuated expres-
sion of TNF-a by 42.3 & 52,5%, COX-2 by 34.5 & 48.4%,

and NFxB by 35.1 & 49.8% respectively; as compared to
corresponding indomethacin-alone treated group.

Effects of CAPE on Bax and Bcl-2, mRNA Expression

As illustrated in Fig. 5A, the administration of indometha-
cin resulted in a significant increase of 310% in the mRNA
expression of the proapoptotic regulator Bax compared to
the control group. However, treatment with CAPE at doses
of 5 and 10 mg/kg significantly mitigated this elevation by
26.0% and 44.5%, respectively. In terms of the antiapop-
totic regulator Bcl-2, indomethacin caused a significant
reduction in Bcl-2 mRNA expression. However, treat-
ment with CAPE at doses of 5 and 10 mg/kg significantly
attenuated this change, leading to an enhancement in Bcl-2
mRNA expression by 36.2% and 44.3%, respectively, as
shown in Fig. 5B.

Indo + CAPE
(5 mg/kg)

2 Control

@8 Indomethacin (Indo)
Bl Indo + CAPE (5 mg/kg)
@ Indo + CAPE (10 mg/kg)

Indo + CAPE

Indo + Omep

Fig.4 Effect of CAPE pretreatment on expression of TNF-a (upper
panel), COX-2 (middle panel) and NF«kB (Lower panel) by immuno-
histochemical staining. Data are mean+SD (n=6). Statistical analy-
sis was performed using one-way ANOVA followed by Tukey’s test
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(p<0.05). a: significant difference from the control group, b: signifi-
cant difference from the indomethacin (Indo) group, c: significant dif-
ference from Indo+ CAPE (5 mg/kg), d: significant difference from
Indo+ CAPE (10 mg/kg)
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Fig.5 Effects of CAPE on gastric mRNA expression of Bax A and
Bcl-2 B in indomethacin-challenged rats. Statistical analysis was per-
formed using one-way ANOVA followed by Tukey’s test (p <0.05). a:
significant difference from the control group, b: significant difference
from the indomethacin (Indo) group, c: significant difference from
Indo+CAPE (5 mg/kg), d: significant difference from Indo+ CAPE
(10 mg/kg)

CAPE downregulates HSP70 in Indo-treated rats

The data in Fig. 6 indicate that challenging rats with indo-
methacin resulted in a significant decline of HSP70 expres-
sion in gastric tissues by 61.3% as compared to control

LR
%, ’5!5",’1
y. ;

r

»)
5%

Fig.6 (A) Control group; (B) Indomethacin-exposed group; (C) Indo
+ CAPE (5 mg/kg); (D) Indo + CAPE (10 mg/kg); (E) Omeprazole-
pretreated group; (F) Graphical presentation of HSP70 expression by
immunohistochemical staining. Data are mean + SD (n = 6). Statistical
analysis was performed using one-way ANOVA followed by Tukey’s

401575 ¢
;‘? ‘iﬁ%:' ﬁi‘vf%‘}k‘({ %
IR,

animals. However, CAPE at doses of 5 and 10 mg/kg sig-
nificantly prevented the decrease in HSP70 expression by
100 and 90% respectively, as compared to indomethacin
alone group. Similarly, omeprazole pretreatment prevented
the decrease in HSP70 expression.

Discussion

Gastric ulcers remain a health challenge as its worldwide
prevalence has been reported to be 8.4% (Salari et al. 2022).
The use of non-steroidal anti-inflammatory drugs (NSAIDs)
is a major contributor of the disease (Yadav et al. 2022). Due
to their efficacy and safety, natural products have been pro-
posed as new approach for the prevention and treatment of
gastric ulcer (Singh and Easwari 2022). CAPE is a naturally
occurring phenolic compound found in propolis, cereals,
fruits, and vegetables. It has been demonstrated to provide
a number of health benefits including healing properties
(Tolba et al. 2016; Nasrullah 2022). In the current study,
pretreatment of animals with CAPE significantly attenuated
indomethacin-induced gastric ulcer. This was evidenced by
reduced ulcer index. Further, histopathological examinations
confirmed the protective effects of CAPE. This was associ-
ated with preservation of mucin concentrations in gastric
tissues as indicated by Alcian blue staining. This is consist-
ent with the previously reported ability of propolis to main-
tain the intestinal mucosal barrier in diabetic rats (Xue et al.
2019). Further, CAPE was shown to prevent colon ulcera-
tions in rats induced by dextran sulphate sodium (Metwaly
et al. 2022).

D

A
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¢

2
B

50 um =

;

=3 Control

m Indomethacin (Indo)

m Indo + CAPE (5 mgikg)
M Indo + CAPE (10 mg/kg)
M Indo + Omeprazole

ab ab ab

test (p < 0.05). a: significant difference from the control group, b: sig-
nificant difference from the indomethacin (Indo) group, c: significant
difference from Indo + CAPE (5 mg/kg), d: significant difference from
Indo + CAPE (10 mg/kg)
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Oxidative stress plays a significant role in the pathogen-
esis of gastric ulcer (Bhattacharyya et al. 2014). In particular,
experimental investigations indicated that indomethacin-
induced gastric ulcer is associated with disturbed oxidative
status (Dengiz et al. 2007; Eraslan et al. 2020). These reports
give support to the observed lipid peroxidation and antioxi-
dant enzyme exhaustion induced by indomethacin in the cur-
rent study. On the other hand, CAPE gastroprotective effects
were accompanied by preventing MDA accumulation and
enhancing CAT and SOD enzymatic activities. These findings
are in line with the reported potent antioxidant activities of
CAPE in several experimental studies (Ramazan Yilmaz et al.
2004; Eser et al. 2022; Ren et al. 2023; Wang et al. 2023).

The pathogenesis and recurrence of gastric ulcer is
strongly linked to inflammation (Watanabe et al. 2002).
This is based on the enhanced release of the mucosal pro-
inflammatory mediators following NSAIDs administration
(Watanabe et al. 2004). In the current study, indomethacin
challenge resulted in increased expression of TNF-a, COX-2
and NFkB. This is in line with previous studies highlight-
ing the role of inflammatory mediators in indomethacin-
induced gastric ulcer (Alp Yildirim et al. 2015; Fu et al.
2018). However, the data on COX-2 are controversial.
Several reports indicated that indomethacin, with duration
of 1 h, inhibits COX-2 (Liu et al. 2023). In contrast, other
experimental studies illustrated the ability of indomethacin,
with duration of 6 h, to enhance COX-2 (Mahmoud et al.
2023a). Our data are consistent with the latter studies. It
seems that the effect of indomethacin is time-dependent. It
is noteworthy to report that the effects of CAPE on COX-2
expression were not dose-dependent. This can indicate that
CAPE (5 mg/kg) with enough to attain the maximum of
this particular effect (Holford and Sheiner 1981). In other
words, higher doses are not associated with higher effects
(). In addition, the observed inflammation can be linked to
oxidative stress induced by indomethacin (Martin and Wal-
lace 2006). Herein, administration of CAPE at both doses
prevented the increased expression of the inflammatory
markers TNF-a, COX-2 and NF-kB in comparison to the
ulcer control animals. These findings are aligned with pre-
vious data on CAPE ability to prevent activation of NF-kB
and consequently down-regulation of expression of inflam-
matory mediators (Tambuwala et al. 2019; Sun et al. 2022).
This is in addition to the reported anti-inflammatory effects
of CAPE (Dos Santos and Monte-Alto-Costa 2013; Li et al.
2019).

Apoptotic mucosal death has been given a central role
in the development of gastric ulcer induced by NSAIDs
(Szab6 and Tarnawski 2000). In line, the obtained data in
this study indicated that indomethacin-induced ulcer was
associated with up-regulation of Bax and down-regulation
of Bcl-2. This is in line with previous studies (Nagano
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et al. 2005; Kiiciikler et al. 2022) and may be largely linked
to the ability of indomethacin to induce oxidative stress
(Orrenius 2007). CAPE pre-treatment could attenuate of
mucosal cell apoptosis. Our findings are supported by the
documented anti-apoptotic effects of CAPE (Abdallah and
El-Refaei 2022; Owumi et al. 2022; Eser et al. 2022). The
anti-apoptotic activities of CAPE and their role in the its
protective effects have been recently reviewed (Ehtiati et al.
2023). In this regard, HSP70 is a molecular chaperone that
is responsible for cellular healing (Mayer and Bukau 2005),
protects against gastric mucosal damage under ulcerogenic
conditions (Tanaka and Mizushima 2009) and thus inhibits
apoptosis of mucoal cells (Moghadamtousi et al. 2014). Our
data indicated that indomethacin suppressed expression of
HSP70. This is in line with several experimental studies (Liu
et al. 2015; El Badawy et al. 2021; Mahmoud et al. 2023b).
On the contrary, oral gavage of CAPE to rats in this study
enhanced expression of HSP70. This is supported by the
ability of propolis and CAPE analogs to enhance expres-
sion of this chaperone (Tandean et al. 2019; Kinger et al.
2023). Taken together, these findings lend further support
to the observed anti-inflammatory and apoptotic actions of
CAPE (Borges et al. 2012; Zhai et al. 2019). In conclusion,
CAPE protects against indomethacin-induced gastric ulcer
in rats. This is attributed, at least partly, to its antioxidant,
anti-inflammatory, anti-apoptotic and HSP70-enhancing
activities.
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