
ORIGINAL ARTICLE

Protective and therapeutic effects of the flavonoid “pinocembrin”
in indomethacin-induced acute gastric ulcer in rats: impact
of anti-oxidant, anti-inflammatory, and anti-apoptotic mechanisms

Aya A. El-Demerdash1,2
& Esther T. Menze2

& Ahmed Esmat2 & Mariane G. Tadros2 & Doaa A. Elsherbiny2

Received: 6 December 2020 /Accepted: 15 February 2021
# The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Abstract
Peptic ulcer including gastric and duodenal ulcers is a common gastro-intestinal disorder worldwide, associated with a significant
mortality due to bleeding and perforation. Numerous efforts are being exerted to look for natural drugs that lack the potential side
effects but still keep beneficial effects for treatment and/or prevention of gastric ulcer. Pinocembrin (PINO) is a natural flavonoid
retaining anti-microbial, anti-oxidant, and anti-inflammatory activities. The present study was conducted to investigate the
protective and therapeutic effects of PINO against indomethacin (INDO)-induced gastric ulcer in rats and the possible underlying
mechanisms. PINO (25 and 50mg/kg) promotedmucus secretion, decreased ulcer index, and inhibited histopathological changes
induced by INDO. Further investigation of possible mechanisms showed that PINO significantly attenuated INDO-induced
oxidative and inflammatory responses in both doses when administrated before or after ulcer induction. PINO downregulated
mRNA expression level of p38-mitogen-activated protein kinase (p38-MAPK) which subsequently inhibited NF-κB activation
and inflammatory cytokine release including tumor necrosis factor-α (TNF-α) and interleukin-1beta (IL-1β). Additionally,
PINO inhibited apoptotic activity which was confirmed by downregulation of caspase-3 transcription. The current results
demonstrated the promising therapeutic activity of PINO against INDO-induced gastric ulcer due to—at least partly—its anti-
oxidant, anti-inflammatory, and anti-apoptotic effects.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely
prescribed for the treatment of different clinical condition
which varies from pain, fever, inflammation in rheumatic dis-
orders, and osteoarthritis to ischemic heart disease (Gladding
et al. 2008). Unfortunately, the use of NSAIDs, such as INDO,
contributes significantly to numerous gastro-intestinal compli-
cations such as nausea, indigestion, ulceration, GI hemor-
rhage, and perforation (Lanas et al. 2005; Chi et al. 2018;
García-Rayado et al. 2018). Among the different types of

NSAIDs, INDO is believed to be associated with higher risk
of gastric ulceration (Asali et al. 2018). It induces gastric in-
jury through the production of reactive oxygen-nitrogen spe-
cies (RNS), and TNF-α which activates nuclear factor kappa-
B (NF-κB) and c-Jun activating kinase (JNK) MAPK path-
ways leading to elevation of pro-inflammatory mediators
(Utsumi et al. 2006; Yadav et al. 2012).

Pinocembrin (5,7-dihydroxyflavanone) is a natural flavo-
noid which found in honey, propolis, and several plants such
as ginger roots and wild marjoram (Lan et al. 2016). It has
several biological effects, including anti-microbial, anti-oxi-
dant, and anti-inflammatory activities (Santos et al. 1998).
Acting on the neurovascular unit, PINO reduces the level of
pro-inflammatory cytokines including NF-κB, TNF-α, and IL-
1β (Soromou et al. 2012; Soromou et al. 2014; Lan et al. 2016),
suggesting that PINO has an anti-inflammatory effect. PINO
anti-oxidative is attributed to decreasing superoxide dismutase
(SOD), malondialdehyde (MDA), myeloperoxidase, and reac-
tive oxygen species (ROS), while its inhibitory effect on apo-
ptosis is ascribed to decreasing the synthesis of pro-apoptotic
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Bax, and reducing caspase-3 activity (Santos et al. 1998; Gao
et al. 2008; Lan et al. 2016). Although PINO biological activ-
ities against lipopolysaccharide (LPS)-induced endotoxic
shock, Alzheimer’s disease, and ischemic injury have been well
studied (Soromou et al. 2012; Liu et al. 2014; Soromou et al.
2014; Tao et al. 2018), its potential therapeutic effect against
other diseases such as gastropathy need to be investigated.
Therefore, the aim of current study was to analyze the potential
gastro-protective and gastro-therapeutic effects of PINO on
INDO-induced gastropathy and the possible underlying mech-
anisms of these actions.

Materials and methods

Animals

Male Sprague-Dawley rats, 8-week old, weighing (180–
200g), were obtained from Nile Co. for Pharmaceutical and
Chemical Industries, Cairo, Egypt. Animals were kept accom-
modating under standard environmental conditions (tempera-
ture of 25 °C, relative humidity 60%, 12-h light/dark cycle).
They were provided with balanced laboratory diet and tap
water ad libitum for 1 week before assignment to the experi-
mental protocol. All animals were deprived of food 24 h be-
fore ulcer induction with free access to tap water. Animals
were acclimatized to the housing conditions of the research
facility for 1 week before the experiment. All efforts were
made to minimize the number of animals used and their suf-
fering. The experimental procedures involving animals and
their care were conducted in compliance with the Guide for
Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication No. 85-23, re-
vised 2011) and were approved by Ain Shams University
Faculty of Pharmacy Ethical Committee for the use of animal
subjects, Cairo, Egypt, (Approval number: 106).

Chemicals

Pinocembrin (PINO) purity 98% (CAS; 480-39-7) was pur-
chased from Xi’an natural-field bio-technique Co, Shanghai,
China. Dimethylsulfoxide (DMSO) and polyetheleneglycol-
600 (PEG-600) were purchased from Indomedix Co., Cairo,
Egypt . INDO was purchased from Nile Co. for
Pharmaceutical and Chemical Industries, Egypt. Gum acacia
was purchased from El-Nasr Chemical Co, Egypt.
Omeprazole (OMZ) was purchased as Gastroloc from Sigma
pharmaceutical industries S.A.E, Egypt. All other chemicals
were of the highest purity grade commercially available.

PINO was dissolved in a mixture of 2 % DMSO and 98 %
PEG-600 (Sayre et al. 2015). INDO was suspended in 2 % w/
v gum acacia in distilled water (Yadav et al. 2012). OMZ was

suspended in 1 % w/v Carboxymethylcellulose (Bigoniya and
Singh 2014).

Experimental design

The current study was divided into two main parts, gastro-
protective study (EXP.A) and gastro-therapeutic study
(EXP.B) as shown in Scheme 1. INDO was used as a single
oral dose to induce a model of acute gastric ulcer according to
previous literature (George et al. 2018; AbdelAziz et al. 2020).
PINO dose regimen was selected based on prior studies (Liu
et al. 2012; Soromou et al. 2014; Lan et al. 2016) and was
confirmed by the results of morphological and histopatholog-
ical examinations as well as the determination of ulcer index
andmucin content that obtained from a preliminary pilot study
performed in our lab.

Gastro-protective study (EXP. A)

Rats were randomly divided into three groups (n=8) as
follows:

& Group 1 (control) received the dissolving vehicle; 2%
DMSO and 98% PEG-600.

& Group 2 received a single oral dose of INDO 48 mg/kg
(George et al. 2018).

& Group 3 was pretreated with PINO (25 mg/kg, P.O) for 3
days, followed by a single oral dose of INDO 48 mg/kg
1 h after last dose. PINO was dissolved in 2% DMSO and
98% PEG-600 to ensure complete dissolution, based on
the previous study of Sayre et al. (2015)

Gastro-therapeutic study (EXP. B)

Rats were randomly divided into four groups (n=8) as follows:

& Group 1 (control) received the vehicles.
& Group 2 received a single oral dose of INDO 48 mg/kg.
& Group 3 received a single oral dose of INDO 48 mg/kg,

then after 1 h, was treated with PINO (50 mg/kg, P.O) for
3 days.

& Group 4 received a single oral dose of INDO 48 mg/kg,
then after 1 h, was treated with OMZ (30 mg/kg) for 3
days. Omeprazole dose was selected based on previous
work done by Meng et al. (2019) and in our lab
(AbdelAziz et al. 2020).

In both studies, animals were terminated after 12 h of last
dose via cervical dislocation. Stomachs were dissected out.
Tissues were either stored at − 80 °C for real-time polymerase
chain reaction (RT-PCR) analyses, homogenized at 1:10 (w:v)
in potassium phosphate buffer (pH 7.5) for biochemical
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analyses or fixed in 10% formalin/saline for the preparation of
paraffin blocks. Sections from the paraffin blocks were then
used for histopathological and immunohistochemical
analyses.

Morphological examination and ulcer index

Stomachs were dissected, opened along the greater curvature,
and rinsed with ice-cold saline. Gastric mucosa was examined
macroscopically to detect the morphological alteration in each
group. Photographs were taken with zooming effect (10
megapixels). The number of ulcers in each stomach was
counted and the severity of each lesion was observed micro-
scopically. Scoring of ulcers was done according to Kulkarni
(1987), as 0 for normal colored stomach, 0.5 for red colora-
tion, 1 for spot ulcer, 1.5 for hemorrhagic streaks, 2 for ulcer
between 3 and 5 mm2, and 3 for ulcer > 5 mm2. Mean ulcer
score for each animal was expressed as ulcer index.

Ulcer index UIð Þ ¼ UNþ USþ UPð Þ � 10−1

(UN= average of number of ulcers per animal, US= aver-
age of severity score, UP= percentage of animal with ulcer).

The percentage healing or protection or inhibition was cal-
culated as:

Percentage protective ratio ¼ 100−
UI pretreatedð Þ
UI controlð Þ � 100

Percentage curative ratio ¼ 100−
UI treatedð Þ
UI controlð Þ � 100

Histopathological examination and mucin content

Gastric tissue samples from each group were collected and
fixed in 10% formalin for 24 h. Washing was done with tap
water first then dehydration with serial dilutions of alcohol
(methyl, ethyl, and absolute ethyl alcohol). Specimens were

embedded in paraffin, sectioned into 4-μm thickness, and
stained with hematoxylin & eosin (H&E) stain in case of for
histopathological examination, or alcian blue stain for mucin
detection using light electric microscope (Olympus BX-50
Olympus Corporation, Tokyo, Japan) (Bancroft and Gamble
2008).

Assessment of oxidative status

Reduced glutathione (GSH), malondialdehyde (MDA) levels,
and catalase (CAT) activity were determined colorimetrically
using kits provided by Biodiagnostics®, Giza, Egypt. GSH
was determined in stomach homogenate according to the
method described by Beutler (1963). Gastric tissue homoge-
nate was added to 0.5 ml of 10% trichloroaceticacid and
mixed well followed by centrifugation at 3000 rpm for 15
min, then the supernatant (0.5 ml) was added to 0.1 ml
DTNB (5,5′dithiobis (2-nitrobenzoic acid)) reagent in the
presence of phosphate buffer. The produced yellow com-
pound is directly proportional to GSH concentration.
Absorbance was measured at 405 nm and the results were
expressed as nmol of GSH/mg protein. MDAwas determined,
according to the method reported by (Satoh 1978), using the
thiobarbituric acid (TBA) test. The homogenate reacted with
thiobarbituric acid reactive substance (TBARS) in acidic me-
dium at 95°C and produced pink compound. Absorbance was
measured at 534 nm. The results were expressed as nmol of
MDA/g tissue using 1,1,3,3-tetraethoxypropane as standard.
CAT was determined in gastric tissue homogenate according
to the method described by Aebi (1984). Each unit of catalase
decomposes 1 μM of hydrogenperoxide (H2O2) per min at
25°C and pH 7.0., CAT reacts with a known quantity of
H2O2, and the reaction is stopped after exactly 1 min with
CAT inhibitor. The remaining H2O2 reacts with 3,5-
dichloro-2-hydroxybenzenesul fonic acid and 4-
aminophenazone in the presence of peroxidase. They pro-
duced chromophore has a color intensity that is inversely

Scheme 1 Summary of
experimental design
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proportional to CAT concentration in the original sample.
Enzyme activities were expressed as unit/mg protein.

Assessment of TNF-α and IL-1β

Quantitative measurement of both TNF-α and IL-1β concen-
tration was performed in the gastric tissue homogenate using
ELISA kits, obtained fromGlory Science Co., China, with the
Freedom EVO® 75 ELISA reader (Cat. Nos. 30635 and
30419, respectively). The quantities of rat TNF-α and IL-1b
were expressed as pg/mg protein.

Determination of total protein content

Protien content was determined colorimetrically via Biuret
method (Lowry et al. 1951) using kit from biodiagnostics,
Giza, Egypt. Gastric tissue homogenate containing protein
reacted with 1 ml of Biuret reagent (cupric sulfate, sodium
potassium tartrate, sodium hydroxide, and potassium iodide)
at 37°C for 10 min. The produced violet color is directly
proportional to protein concentration, then the absorbance
was measured at 550 nm, and protein concentration was
expressed as g/dL.

Immunohistochemical assessment of NF-κB and
Caspase-3 expressions

Immunohistochemical detection of NF-κB and Caspase-3 was
performed according to the manufacturer’s recommendation.
Paraffin-embedded deparaffinized stomach tissue samples
(5-μm thickness sections) were treated with 3% H2O2 for 20
Min. The treated slides were incubated at 4 °C overnight with
either: primary antibody against NF-kB (p65) (Cat. #RB-
1638-P0 (1:100) Thermofisher Scientific) or antibody against
Caspase-3 (Cat. #RB-1197-R7); washed by PBS; and then
incubated with secondary antibody HRP Envision kit
(DAKO) for 20 min at room temperature. The slides were
washed by PBS, incubated with diaminobenzidine (DAB)
for 10 min, and then washed again by PBS. Finally, slides
were counterstained with hematoxylin, dehydrated and
cleared in xylene, and then examined using light microscope.
Morphological measurements were analyzed, and photo-
graphs were obtained by Leica Application module attached
to Full HD microscopic imaging system (Leica Microsystems
GmbH, Germany).

Assessment of p38-MAPK gene expression

Total RNA was extracted using Qiagen RNeasy Mini Kit
(Cat. No 74104) (Qiagen, Hilden, Germany), according to
RNeasy Mini kit instruction. All primers were purchased
from (Metabion international AG, Germany). The real-
time PCR was conducted using the following primers:

P38.MAPK14 forward primer 5′-CGAGCGATACCAGA
ACCTGT-3′ and the corresponding reverse primer 5′-
GCGTGAATGATGGACTGAAA-3′. Rat ß-actin was
used as a reference housekeeping gene with forward prim-
er 5′-GAGCTACGAGCTGCCTGACG-3′ and the corre-
sponding reverse primer 5 ′-GTAGTTTCGTGGAT
GCCACAG-3′. The cycling conditions for SYBR green
RT-PCR were performed using QuantiTect® SYBR®
Green RT-PCR master mix Kit (Cat. No. 204141)
(Qiagen, Hilden, Germany) as follows: primary denatur-
ation at 94 °C for 5 min, followed by 40 cycles of ampli-
fication (secondary denaturation at 94 °C for 15 s, anneal-
ing at 60 °C for 30 s, and extension at 72 °C for 30 s) and
1 cycle of denaturation at 94 °C for 1 min, annealing at 60
°C for 1 min, and final denaturation at 94 °C for 1 min.

Amplification curves and ct value were determined via the
stratagene MX3005P software. Quantitative analysis to esti-
mate the variation of gene expression on the RNA of the
different samples was calculated according to delta delta CT
method (ΔΔCT) described by Livak and Schmittgen (2001),
using the following ratio: (2−ΔΔct).

Statistical analysis

Data were presented as mean±SD (standard deviation) with P-
value less than 0.05 represent statistical significance. Multiple
comparisons for parametric data were achieved using one-way
ANOVA followed by Tukey as post hoc test for multiple
comparisons using Instat software version 3. Graphs were
sketched using GraphPad Prism software version 5
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

Gastro-protective effect of pinocembrin on
indomethacin-induced gastric ulcer

Morphological examination and determination of ulcer index

Control group showed normal morphology of gastric tissue
while INDO-treated group showed bloody streaks injures
ranging from 0.5 to 3 mm in length. Rats treated with either
doses of PINO showed normal morphology of stomach
tissue with no visible damage or redness (Fig. 1). Gastric
tissues from control group showed no injuries and zero
ulcer score. However, INDO-treated rats showed signifi-
cant increase in ulcer index as compared to control group.
PINO at either dose provoked percentage protective ratio
amounted to about 84% compared to INDO-treated rats as
presented in Table 1.
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Histopathological examination and determination of mucin
content

Histopathological examination of gastric tissues from control
group showed normal histology. However, INDO-treated
group showed focal ulceration and pigmentation of mucosal
tips associated with massive numbers of inflammatory cell

infiltration and blood congestion in the submucosa as well
as edema in the muscularis and serosa. PINO pretreatment
groups showed normal histological structure of the mucosa,
submucosa, muscularis, and serosa (Fig. 1). Tissue sample
from control group showed alcian blue severe positive reac-
tion in the mucosal lining epithelium that appeared as dark
blue color in the mucosal layer and the glandular structure.
INDO-treated group showed negative reaction in the area of
ulceration (mucosal layer). PINO pretreatment groups showed
positive reaction in the mucosal layer which was moderate in
case of both doses of PINO. The severity of alcian blue
mucopolysacchride reaction in the mucosal layer of gastric
tissues in different groups is shown in Fig. 1 and Table 2.

Assessment of oxidative status

INDO-induced redox imbalance in the stomach was deter-
mined by assessing the levels of GSH and MDA and CAT
activity as shown in Table 3. GSH level was significantly
reduced in INDO-treated rats by about 71% compared to the

Table 1 Gastro-protective effect of pinocembrin on gastric ulcer index
in indomethacin-induced gastric ulcer model

Group Ulcer index

Control Zero

Indomethacin (INDO) 48 mg/kg 2.00* ± 0.55

PINO 25 mg/kg + INDO 0.33# ± 0.41

Data are expressed as mean ± SD. Ulcer index was calculated as mean of
ulcer scores according to the method described by Kulkarni (2002). (*)
and (# ): Significantly different from control and indomethacin group,
respectively, at P<0.05 using ANOVA followed by Tukey as post hoc
test for ulcer index analysis

Fig. 1 Gastro-protective effect of pinocembrin on stomach morphology,
histopathological alternation, and alcian blue mucopolysaccharide
reaction severity in indomethacin-induced gastric ulcer. Images of rat
stomachs from control group (A) showing normal mucosa;
indomethacin-treated group (B) showing sever hemorrhagic ulcerative
mucosa; pinocembrin-pretreated group (25 mg/kg) (C); and
pinocembrin-pretreated group (50 mg/kg) (D) showing normal mucosa.
Photomicrographs of H&E-stained stomach sections from different
groupswith ×40magnification power. Control group (E) showing normal
histological structure of mucosa (MU), submucosa (SM), and smooth

muscle layer (ML); indomethacin-treated group (F) showing necrosis
(black arrows) and focal ulceration of mucosal tips associated with mas-
sive numbers of inflammatory cells infiltration (red arrows) and blood
congestion in the submucosa; Pinocembrin 25 mg/kg-pretreated group
(G) and pinocembrin 50 mg/kg-pretreated group (H) showing normal
gastric histological structure. Alcian blue mucopolysaccharide reaction
from control group (I) showing severe reaction while indomethacin-
treated group (J) showing mild reaction, which indicates reduced mucin
secretion. Pinocembrin 25 mg/kg-pretreated group (K) and pinocembrin
50 mg/kg-pretreated group (L) showing moderate reaction
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control group. Interestingly, pretreatment with PINO 25
mg/kg showed significant increase in GSH level by 165 %
compared to INDO-treated group. Additionally, MDA level
was markedly increased in INDO-treated rats by about 87%
compared to the control values. Interestingly, PINO 25 mg/kg
pretreatment significantly decreased MDA level by 38% as
compared to INDO-treated group. Moreover, CAT, activity
was significantly reduced in INDO-treated group by 59%
compared to the control value. However, pretreatment with
PINO 25 mg/kg showed significant increase in CAT level
by 111% as compared to INDO-treated group.

Assessment of TNF-α and IL-1β

TNF-ɑ and IL-1β were determined using ELISA technique
(Fig. 2). INDO significantly increased tissue level of TNF-α
by 187% compared to control value. This significant increase
in the assessed pro-inflammatory marker was reduced in
PINO 25 mg/kg-pretreated group by 52% compared to
INDO-treated group. In addition, administration of INDO sig-
nificantly increased the tissue levels of IL-1β by 91% com-
pared to control value. Pretreatment with PINO 25 mg/kg
showed significant reduction in IL-1β level by 39% as com-
pared to INDO-treated value.

Immunohistochemical assessment of NF-κB and Caspase-3
expressions

NF-κB expression was determined by immunohistochemical
staining of activated subunit p65 level in gastric tissue.

Administration of INDO significantly increased the expres-
sion of NF-κB by about 101% compared to control value.
This increase in the assessed pro-inflammatory marker was
significantly reduced in PINO 25 mg/kg-pretreated group by
54% compared to INDO-treated value. Concerning caspase-3,
administration of INDO significantly increased its expression
by about 113% compared to control value. This increase in the
assessed marker was reduced in PINO 25 mg/kg-pretreated
group by 68% of INDO-treated rats. The results are presented
in Fig. 3.

Assessment of p38-MAPK gene expression

Administration of INDO significantly increased the expres-
sion of p38-MAPK by about 7-fold of the control value.
This increase in the assessed pro-inflammatory marker was
significantly reduced in PINO 25 mg/kg-pretreated group by
75% compared to INDO-treated value. The results are repre-
sented in Fig. 4.

Gastro-therapeutic effect of pinocembrin on
indomethacin-induced gastric ulcer

Morphological examination and determination of ulcer index:

INDO-treated group showed bloody streaks injure ranging
from 0.5 to 3 mm in length. Animals treated with PINO 25
mg/kg/3 days showed few superficial red spots on gastric
tissue. The remaining groups showed normal morphology of
stomach tissue with no visible damage (Fig. 5). Gastric tissues
from control group showed no injuries and zero ulcer score.
However, INDO-treated rats showed significant increase in
ulcer index as compared to control group. PINO post-
treatment groups showed significant decrease in gastric ulcer
index compared to control group as presented in Table 4.

Histopathological examination and determination of mucin
content

Gastric tissues from control group, PINO 25 mg/kg/5 day-
treated group, and PINO 50 mg/kg/5 day-treated group
showed normal histological structure of the mucosa,

Table 2 Effect of pincembrin pre-treatment on the severity of alcian
blue mucopolysaccharide reaction in the gastric mucosal layer in
indomethacin-induced gastric ulcer model

Group Area %

Control 15.15 ± 0.68

INDO 48mg/kg 0.83* ± 0.09

PINO 25 mg/kg + INDO 7.45# ± 0.37

Data are represented as mean ± SD. (*) and (# ): Significantly different
from control and indomethacin group, respectively, at P<0.05 using
ANOVA followed by Tukey as post hoc test

Table 3 Gastro-protective effect
of pinocembrin on oxidative
stress markers in indomethacin-
induced gastric ulcer in rats

Group GSH (nmol/mg protein) MDA (nmol/mg protein) CAT (U/mg protein)

Control 34.04 ± 6.27 4.015 ± 0.14 0.22 ± 0.02

INDO 48 mg/kg 9.82* ± 3.36 7.48* ± 0.13 0.09* ± 0.05

PINO 25 mg/kg + INDO 25.16# ± 4.23 4.62# ± 0.72 0.19# ± 0.05

Data are presented as the mean ± SD (n=8). (*) and (# ): Significantly different from control and indomethacin
group, respectively, at P < 0.05 using ANOVA followed by Tukey as post hoc test. PINO, pinocembrin; INDO,
indomethacin; CAT, catalase enzyme; GSH, reduced glutathione; MDA, malonadialdehyde
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submucosa, smooth muscle layer, and serosa. However,
INDO-treated group showed focal ulceration and pigmenta-
tion of mucosal tips associated with massive numbers of in-
flammatory cell infiltration and blood congestion in the sub-
mucosa as well as edema in the muscularis and serosa. Rats
from PINO 25mg/kg/3 day-treated group showed edema with
few inflammatory cells’ infiltration in the submucosa while
the mucosa, muscularis, and serosa remained intact. PINO 50
mg/kg/3 day-treated group showed submucosal blood conges-
tion while mucosa and serosa remained intact (Fig. 5). Tissues
from the control group showed alcian blue severe positive
reaction that appeared as blue color in mucosal layer while
INDO-treated group showed negative reaction in the area of
ulceration (mucosal layer). The rest of the groups showed a
positive reaction in the mucosal layer which varied in its mag-
nitude. The severity of alcian blue mucopolysacchride reac-
tion in the mucosal layer of gastric tissues in different groups
is shown in Fig. 5 and Table 5.

Assessment of oxidative status

INDO-induced redox imbalance in the stomach was deter-
mined by assessing levels of GSH and MDA and CAT activ-
ity (Table 6). As for GSH content, it was significantly reduced
in INDO-treated rats by about 71% as compared to control
value. Treatment with PINO or OMZ significantly increased
GSH level by 170% and 135%, respectively, compared to
INDO-treated animals. Moreover, MDA level was markedly
increased in INDO-treated rats by 86% compared to control
value. Treatment with PINO or OMZ significantly reduced

MDA level by 52% and 39%, respectively, compared to
INDO-treated rats. Furthermore, CAT activity was signifi-
cantly reduced in INDO-treated group by 59% compared to
the control values. Treatment with PINO or OMZ significant-
ly increased CAT activity by 100% and 78%, respectively,
compared to INDO-treated animals.

Assessment of TNF-α and IL-1β

TNF-ɑ and IL-1β were determined using ELISA technique
(Fig. 2). INDO significantly increased gastric level of TNF-α
by almost 2-fold compared to control value. Treatment with
PINO or OMZ significantly reduced TNF-α level by 62% and
50%, respectively, compared to INDO-treated rats. Moreover,
administration of INDO significantly increased tissue level of
IL-1β by about 101 % compared to control value. Treatment
with PINO or OMZ significantly decreased IL-1β level by
45% and 38%, respectively, compared to INDO-treated rats.

Immunohistochemical assessment of NF-κB and Caspase-3
expressions

NF-κB expression was determined by immunohistochemical
staining of activated subunit p65 level in gastric tissue.
Administration of INDO significantly increased gastric ex-
pression of NF-κB by about 101% compared to control value.
Treatment with PINO or OMZ significantly decreased NF-κB
expression by 58% and 36%, respectively, compared to
INDO-treated rats. NF-κB expression in the PINO group
was significantly lower compared to OMZ group. Regarding

Fig. 2 Gastro-protective (A and B) and gastro-therapeutic (C and D)
effects of pinocembrin on gastric concentrations of TNF-α and IL-1β.
Data are presented as mean ± SD (n=6); (*) and (#): Statistically

significant from control and indomethacin group, respectively, at
P<0.05 using one-way ANOVA followed by Tukey as a post hoc test.
TNF-α, tumor necrosis factor-alpha; IL-1β, interleukin-1β
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caspase 3, administration of INDO significantly increased
gastric expression by 151% compared to control value.
Treatment with PINO or OMZ significantly decreased
caspase-3 expression by 77% and 35% respectively, com-
pared to INDO-treated animals. Caspase-3 expression in the
PINO group was significantly lower compared toOMZ group.
The results are represented in Fig. 6.

Assessment of p38-MAPK gene expression

Administration of INDO significantly increased the gastric
expression of p38-MAPK by about 7-fold compared to the
control value. Treatment with PINO or OMZ significantly
decreased P38-MAPK expression by 79% and 86%

respectively, compared to INDO-treated rats. The results are
represented in Fig. 4.

Discussion

Peptic ulcer (PU) disease represents a common condition af-
fecting almost 4 million people around the world each year
and about 30–50% of those patients develop serious compli-
cations such as erosions, bleeding, perforation, or gastric ob-
struction (Zelickson et al. 2011; Sostres et al. 2013). It was
found that up to 20% of patients using NSAIDs regularly
develop gastropathy and around 33% of patients taking it on
extensive basis develop gastric or duodenal ulcers (Sinha et al.
2015). PU treatments represent a challenge since most of the

Fig. 3 Immunohistochemical detection of NF-κBp65 (A, B, and C) and
caspase-3 (D, E, and F) expressions in gastro-protective model of
pinocembrin. Histological sections of stomach from control group (A),
indomethacin-treated group (B), and pinocembrin 25 mg/kg-pretreated
group (C). Histological section photomicrographs of stomach from con-
trol group (D), indomethacin-treated group (E), and pinocembrin 25
mg/kg-pretreated group (F). Positive result (brow color) indicated immu-
nostaining of NF-κB or caspase-3 while negative result (blue color)

indicated hematoxylin staining. Quantitative image analysis (n=6) for
immunohistochemical staining expressed as area % from different
groups. (G): Quantitation of NF-κBp65 expression as area %. (H):
Quantitation of Caspase-3 expression as area %. (*) and (#): Statistically
significant from control and indomethacin group, respectively, at P<0.05
using ANOVA followed by Tukey as a post hoc test. INDO, indometh-
acin; PINO, pinocembrin
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marketed drugs have limited efficacy and sometimes associ-
ated with severe side effects (de Lira Mota et al. 2009; George
et al. 2018). Therefore, development of much safer drug from
natural sources represents a target for medical research.

PINO has been reported in several studies to possess lots of
pharmacological activities including anti-inflammatory, anti-
microbial, anti-oxidant, and anti-apoptotic (Kumar et al. 2007;
Estevinho et al. 2008; Feng et al. 2012; Tao et al. 2018).
According to previous studies, intraperitoneal administration
of PINO (20 mg/kg or 50 mg/kg) has shown a promising anti-
inflammatory activity as well as reduced mortality rate against
LPS-induced endotoxic shock in mice (Soromou et al. 2012;
Soromou et al. 2014).

The current study was divided into two main parts, gastro-
protective study and gastro-therapeutic study. First, in the
gastro-protective study, PINOwas administrated prior to ulcer
induction with two different doses (25 and 50 mg/kg) to de-
termine the most effective anti-ulcerogenic dose against
INDO-induced gastric ulcer. Results of histopathological in-
vestigation showed hemorrhagic necrosis and destruction of
gastric layers in the INDO-treated group, which was in agree-
ment with previous studies (Yadav et al. 2012). Pretreatment
with PINO showed normal gastric histological structure indi-
cating its gastro-protective effect that was then confirmed via

mucin content determination with alcian blue stain. Gastric
tissue from both pretreated groups showed moderate reaction
with alcian blue stain as compared to INDO mild reaction.
Pretreatment with PINO 50 mg/kg showed no significant ben-
efit over PINO 25 mg/kg-pretreated group. Therefore, PINO
25 mg/kg was used to assess the possible mechanisms under-
lying this gastro-protective effect. Second, the gastro-
therapeutic study included anti-ulcerogenic investigation to
determine PINO therapeutic activity against INDO-induced
gastropathy when administrated in two different doses (25
and 50 mg/kg) for two-time intervals (3 and 5 days) to detect
the most effective regimen of treatment. Results of histopath-
ological examination showed that treatments with PINO—for
either 3 days or 5 days—have ulcer-healing activity, which
was confirmed by ulcer index and mucin content determina-
tion. According to histopathological investigation, PINO 25
mg/kg/3 day-treated group showed superficial red spots which
was confirmed by mild alcian blue reaction while PINO 50
mg/kg/3 day-treated group showed normal histological struc-
ture of gastric tissue which was confirmed by severe alcian
blue reaction. Treatment with PINO 50 mg/kg/5 days showed
no significant difference than treatment with same dose for 3
days. Therefore, PINO 50 mg/kg/3 days were used to assess
the possible mechanisms underlying this gastro-therapeutic
effect.

Development of gastric ulceration via NSAIDs is attributed
to lots of factors including oxidative stress. Free radicals such
as ROS and RNS accumulate inside tissues leading to oxida-
tive stress, which play an important role in ulcer formation.
These free radicals induce protein modification, lipid peroxi-
dation, and DNA damage (Rastogi et al. 1998). Endogenous
anti-oxidants including CAT and GSH provide defense
against free radicals’ toxic effects and prevent tissue damage.
In this study, INDO provoked oxidative stress in gastric mu-
cosa via reducing the activity of CAT, in addition to decreased
levels of GSH and increased levels of lipid peroxidation
(expressed as MDA), which agree with previous studies
(Kim et al. 2011; Yadav et al. 2012). Treatment with PINO,
in the gastro-protective and the gastro-therapeutic studies,
showed elevated activity of intracellular anti-oxidant CAT
enzyme, elevated GSH levels, and inhibited lipid peroxidation
as compared to corresponding INDO-treated group.
Prevention of lipid peroxidation and activation of enzymatic
scavengers indicated PINO anti-oxidant properties. This in
coping with previous studies where PINO was demonstrated
to induce anti-oxidant effect via inhibiting NO production,
both neuronal and inducible NO syntheses, ROS production,
and elevating levels of GSH (Saad et al. 2015). Moreover,
PINO was reported to decrease oxidation by reducing levels
of MDA, superoxide dismutase (SOD), and ROS in neuronal
tissues (Lan et al. 2016). Treatment with OMZ in the gastro-
therapeutic study showed significant elevation of CAT activ-
ity, GSH levels, and reduction of MDA gastric tissue levels

Fig. 4 Gastro-protective (A) and gastro-therapeutic (B) effects of
pinocembrin on p38-MAPK mRNA expressions (RQ) in indomethacin-
induced gastric ulcer model. Data are presented as mean ± SD (n=6); (a),
(b), and (c): Statistically significant from control, indomethacin, and
omeprazole group, respectively, at P<0.05 using ANOVA followed by
Tukey as a post hoc test. INDO, indomethacin; PINO, pinocembrin;
OMZ, omeprazole

1419Naunyn-Schmiedeberg's Arch Pharmacol (2021) 394:1411–1424

RETRACTED A
RTIC

LE



which suggest anti-oxidant properties and agree with previous
studies reporting OMZ anti-oxidant activity (Biswas et al.
2003; Becker et al. 2006; Chanchal et al. 2016).
Interestingly, PINO anti-oxidant effects were comparable to
those of OMZ.

NSAID-induced oxidative stress is consequently associat-
ed with the activation of redox-sensitive signaling transduc-
tion cascades includingMAPKs and transcription factors such

as NF-kB responsible for pro-inflammatory genes expression
(Ali and Harty 2009; Pal et al. 2010; Bindu et al. 2013).
Activation of those factors plays an important role in produc-
tion of pro-inflammatory cytokines including TNF-α and IL-
1β. Previous studies reported that activation of MAPKs (such
as p38 MAPK) leads to subsequence phosphorylation and
activation of transcription factors present in the cytoplasm or
in the nucleus, which in advance induce expression of pro-

Fig. 5 Gastro-therapeutic effect of pinocembrin on stomachmorphology,
histopathology, and alcian blue mucopolysaccharide reaction severity in
indomethacin-induced gastric ulcer. Images of rat stomachs from control
group (A) showing normal mucosa; indomethacin-treated group (B)
showing severe hemorrhagic ulcerative mucosa; and pinocembrin 25
mg/kg/3 day-treated group (C) showing superficial red spots on gastric
mucosa. Pinocembrin 50 mg/kg/3 day-treated group (D); pinocembrin 25
mg/kg/5 day-treated group (E); and pinocembrin 50 mg/kg/5 day-treated
group (F) showing normal gastric mucosa. Photomicrographs of H&E-
stained stomach sections from different groups with ×40 magnification
power. Control group (G) showing normal histological structure of the
mucosa (MU), submucosa (SM), smooth muscle layer (ML), and serosa
(S). Indomethacin-treated group (H) showing necrosis (black arrows) and
focal ulceration of mucosal tips associated with massive number of in-
flammatory cell infiltration (black stars) and blood congestion (blue

arrow) in the submucosa as well as edema in the muscularis and serosa.
Pinocembrin 25 mg/kg/3 day-treated group (I) showing submucosal ede-
ma as well as congested and dilated blood vessels (blue arrows) with few
inflammatory cell infiltration (red arrows) while mucosa and serosa were
intact. Pinocembrin 50 mg/kg/3 day-treated group (J) showed submuco-
sal blood congestion while mucosa and serosa were intact. Pinocembrin
25 mg/kg/5 day-treated group (K) and pinocembrin 50 mg/kg/5 day-
treated group (L) showing normal histological structure of stomach tis-
sue. Alcian blue mucopolysaccharide reaction from control group (M)
showing sever reaction while indomethacin-treated group (N) showing
mild reaction which indicates reduced mucin secretion. Both groups of
pinocembrin 25 mg/kg/3 days (O) and pinocembrin 25 mg/kg/5 days (P)
showing moderate reaction while pinocembrin 50 mg/kg/3 day-treated
group (Q) and pinocembrin 50 mg/kg/5 day-treated group (R) showing
severe reaction

Table 5 Gastro-therapeutic effect of pinocembrin on the severity of
alcian blue mucopolysaccharide reaction in the gastric mucosal layer in
indomethacin-induced gastric ulcer model

Group A%

Control 15.83 ± 0.18

INDO-treated 48mg/kg 0.88*± 0.09

PINO 50 mg/kg/3 days treated 10.19**± 0.67

Data are represented as mean ± SD. (*) and (**): Significantly different
from control and indomethacin group, respectively, at P<0.05 using
ANOVA followed by Tukey as post hoc test

Table 4 Gastro-therapeutic effect of pinocembrin on gastric ulcer index
in indomethacin-induced gastric ulcer model

Group Ulcer index

Control Zero*

Indomethacin (INDO) 48 mg/kg 2.25* ± 0.61

INDO + PINO 50 mg/kg/3 days 0.17** ± 0.26

Data are expressed as mean ± SD. Ulcer index was calculated as mean of
ulcer scores according to the method described by Kulkarni (2002). (*)
and (**): Significantly different from control and indomethacin group
respectively, P<0.05 using ANOVA followed by Tukey as post hoc test
for ulcer index analysis
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inflammatory cytokines including TNF-α, IL-1β, IL-6, IL-8,
and COX-2 (Liu et al. 2014; Lan et al. 2016).

In the current study, administration of INDO induced in-
flammation in gastric tissues via elevation of TNF-α and IL-
1β. Besides, treatment with PINO either before or after ulcer
induction showed significant inhibition of p38-MAPK
mRNA expression level in gastric tissues. This is in agreement
with previous studies where PINO treatment inhibited

phosphorylation of JNK and p38 MAPK in LPS-induced
ALI mouse model (Soromou et al. 2012). Moreover, PINO
showed anti-neuroinflammatory activity in parenchymal cells
via reducing p38-MAPK levels in APP/PS1 mice (Liu et al.
2012). Our study showed that treatment with OMZ has possi-
ble anti-inflammatory activity via significant inhibition of
p38-MAPK expression, which agrees with previous studies
(Kedika et al. 2009; Udelnow et al. 2011). Interestingly,

Table 6 Gastro-therapeutic effect
of pinocembrin on oxidative
stress markers in indomethacin-
induced gastric ulcer in rats

Group GSH (nmol/mg protein) MDA (nmol/mg protein) CAT (U/mg protein)

Control 34.04 ± 6.27 4.015 ± 0.14 0.22 ± 0.02

INDO 48 mg/kg 9.82a,c ± 3.36 7.48a.c ± 1.3 0.09a,c ± 0.05

INDO + PINO 50 mg/kg 26.48b ± 4.03 3.561b ± 0.25 0.18b ± 0.02

OMZ 30 mg/kg 23.03b ± 8.62 4.53b ± 0.88 0.16b ± 0.02

Data are represented as the mean ± SD. (a), (b), and (c): Significantly different from control, indomethacin, and
omeprazole group, respectively, at P 0.05 using ANOVA followed by Tukey–Kramer as post hoc test. PINO,
pinocembrin; INDO, indomethacin;OMZ, omeprazole; CAT, catalase enzyme; GSH, reduced glutathione;MDA,
malonadialdehyde

Fig. 6 Immunohistochemical detection of NF-κBp65 (A, B, C, and D)
and caspase-3 (E, F,G, andH) expressions in gastric tissue. Histological
sections of stomach from control group (A), indomethacin-treated group
(B), pinocembrin-treated group (C), and omeprazole-treated group (D).
Histological section photomicrographs of stomach from control group
(E), indomethacin-treated group (F), pinocembrin-treated group (G),
and omeprazole-treated group (H). Positive result (brow color) indicated
immunostaining of NF-κB or caspase-3 while negative result (blue color)

indicated hematoxylin staining. Quantitative image analysis (n=6) for
immunohistochemical staining expressed as area % from different
groups. (I): Quantitation of NF-κBp65 expression as area %. (J):
Quantitation of Caspase-3 expression as area %. (a), (b), and (c):
Statistically significant from control, indomethacin, and omeprazole
group, respectively, at P<0.05 using ANOVA followed by Tukey as a
post hoc test. INDO, indomethacin; PINO, pinocembrin; OMZ,
omeprazole
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treatment with PINO 50 mg/kg showed no significant differ-
ence from OMZ as compared to INDO-treated group.

INDO-induced gastric ulceration involves the production
of inflammatory cytokines such as TNF-α, which mediates
gastric damage and neutrophil infiltration, via two different
mechanisms: first, direct induction of TNF-α; second, via ac-
tivation of NF-κB transcription factor pathway, which subse-
quently induces release of TNF-α and IL-1β (Takeuchi et al.
1991; Wallace 1997; Morsy et al. 2010). NF-κB plays an
important role in the regulation of inflammation and the in-
duction of inflammatory cytokines. Our results showed that
pre- and post-treatment with PINO inhibited NF-κB expres-
sion level as compared to the corresponding INDO-treated
group. PINO anti-inflammatory effect was also confirmed
via downregulation of TNF-α and IL-1β gastric level in
PINO-treated groups, which agreed with previous studies
reporting its potential therapeutic activities (Saad et al. 2015;
Lan et al. 2016). Likewise, it was also reported that PINO
attenuated inflammation in lung injury model in vitro and
in vivo by decreasing levels of MAPK and inactivation of
NF-κB (Soromou et al. 2012). Results showed that treatment
with OMZ induced significant reduction in gastric tissue
levels of TNF-α and IL-1β as well as NF-κB expression level.
This agrees with previous studies reporting its anti-
inflammatory activity (Handa et al. 2006; Chanchal et al.
2016). Surprisingly, treatment with PINO significantly re-
duced gastric tissue levels of TNF-α and NF-κB expression
level as compared to OMZ-treated group which suggests that
PINO has higher anti-inflammatory activity than OMZ.

PINO showed anti-apoptotic activity via different mecha-
nisms including regulating mitochondrial function, inhibiting
caspase-3 expression and activity, decreasing mitochondrial cy-
tochrome c release into cytoplasm, and inhibiting proapoptotic
Bax synthesis (Liu et al. 2008). In this study, we investigated the
effect of PINO administration on caspase-3 expression level be-
fore and after ulcer induction. Results showed significant reduc-
tion in caspase-3 expression level in gastric mucosa upon admin-
istration of PINO either before or after ulcer induction as com-
pared to corresponding INDO-treated values. Interestingly, rats
treated with PINO showed significant reduction in caspase-3
expression level when compared to OMZ-treated group, which
agrees with previous studies reporting OMZ apoptotic activity
(Scaringi et al. 2004; Canitano et al. 2016). It was reported that
PINO treatment before the induction of ischemia–reperfusion
(I/R) was previously shown to inhibit both extrinsic and intrinsic
apoptotic pathways via inhibition of TNF-α, which is an inflam-
matory mediator of neuronal death “a member of the death-
inducing ligand family” (Saad et al. 2015). This may suggest that
PINO acted as anti-apoptotic agent not only through caspase-3
inhibition but also via reducing other factors including TNF-α
level, which is responsible for activating extrinsic pathway of
apoptosis. In the extrinsic pathway, the engagement of death
receptors located on the plasma membrane that belongs to the

tumor necrosis factor receptor super family activates caspase-8
which initiates down-stream activation of caspase-3 and subse-
quently DNAdamage and apoptosis (Love 2003). PINO showed
significant inhibition of NF-κB expression in previous studies,
which may suggest subsequent inhibition of all genes regulated
by such transcription factor including iNOS, COX-2, anti-
apoptotic proteins such as Bcl2, and inhibitor of apoptosis factors
(Saad et al. 2015).

Based on current study, it could be concluded that PINO
have gastro-protective as well as gastro-therapeutic effects
against INDO-induced gastric ulcer in rats. Additionally, the
underlyingmechanisms could be—at least partly—through its
anti-oxidant, anti-inflammatory, and anti-apoptotic activities
and comparing the results with OMZ as a standard drug for
treatment of peptic ulcer. Results showed that PINO exerted
anti-ulcerogenic effect along with ulcer-healing properties.
These results suggest that PINO may represent a potential
therapeutic agent in prevention and treatment of NSAID-
induced gastric ulcer.
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