[Short title + Author Name - P&H title] 31 (2023) 101850

Contents lists available at ScienceDirect

Saudi Pharmaceutical Journal

journal homepage: www.sciencedirect.com

Check for

Mechanisms of anti-ulcer actions of Prangos pabularia (L.) in |t
ethanol-induced gastric ulcer in rats

Ahmed A.J. Jabbar® ", Ramzi A. Mothana ", Mahmood Ameen Abdulla®,
Fuad Othman Abdullah ¢, Khaled Abdul-Aziz Ahmed ', Rawaz Rizgar Hussen %,
Mohammed F. Hawwal °, Omer I. Fantoukh ", Sidgi Hasson "

@ Department of Medical Laboratory Technology, Erbil Technical Health and Medical College, Erbil Polytechnic University, Erbil 44001, Iraq
b Department of Pharmacognosy, College of Pharmacy, King Saud University, Riyadh 11451, Saudi Arabia

¢ Department of Medical Microbiology, College of Science, Cihan University-Erbil, Erbil, Kurdistan Region, Iraq

4 Department of Chemistry, College of Science, Salahaddin University-Erbil, Kurdistan Region, Erbil 44001, Iraq

€ Department of Pharmacognosy, Faculty of Pharmacy, Tishk International University, Erbil 44001, Iraq

f Department of Medical Laboratory Sciences, Faculty of Allied Medical Sciences, Al-Ahliyya Amman University, Amman 19328, Jordan

8 Department of Medical Laboratory Science, College of Science, Knowledge University, Kirkuk Road, Erbil 44001, Iraq

1 School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, Liverpool L3 3AF, UK

ARTICLE INFO ABSTRACT
Keywords: Peptic ulcer disease is the greatest digestive disorder that has increased incidence and recurrence rates across all
Prangos pabularia nations. Prangos pabularia (L.) has been well documented as a folkloric medicinal herb utilized for multiple

Stomach ulcer
Histology
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Acute toxicity

disease conditions including gastric ulcers. Hence, the target study was investigation the gastro-protection effects
of root extracts of Prangos pabularia (REPP) on ethanol-mediated stomach injury in rats. Sprague Dawley rats
were clustered in 5 cages: A and B, normal and ulcer control rats pre-ingested with 1 % carboxymethyl cellulose
(CMOQ)); C, reference rats had 20 mg/kg omeprazole; D and E, rats pre-supplemented with 250 and 500 mg/kg of
REPP, respectively. After one hour, group A was given orally 1 % CMC, and groups B-E were given 100 %
ethanol. The ulcer area, gastric acidity, and gastric wall mucus of all stomachs were determined. The gastric
tissue homogenates were examined for antioxidant and MDA contents. Moreover, the gastric tissues were
analyzed by histopathological and immunohistochemically assays. Acute toxicity results showed lack of any toxic
effects or histological changes in rats exposed to 2 and 5 g/kg of REPP ingestion. The ulcer controls had extensive
gastric mucosal damage with lower gastric juice and a reduced gastric pH. REPP treatment caused a significant
reduction of the ethanol-induced gastric lacerations represented by an upsurge in gastric mucus and gastric wall
glycoproteins (increased PAS), a decrease in the gastric acidity, leukocyte infiltration, positively modulated Bax
and HSP 70 proteins, consequently lowered ulcer areas. REPP supplementation positively modulated oxidative
stress (increased SOD, CAT, PGE2, and reduced MDA) and inflammatory cytokines (decreased serum TNF-q, IL-6,
and increased IL-10) levels. The outcomes could be scientific evidence to back-up the folkloric use of A. Judaica
as a medicinal remedy for oxidative stress-related disorders (gastric ulcer).

Abbreviations: ALT, Alanine tranferase; AOM, Azoxymethane; Bax, Bcl-2-associated X protein; CAT, catalayse; FU, fluorouracil; GCLC, glutamate-cysteine ligase
catalytic; GPx, Glutathioneperoxidase; H and E, Haematoxylin and Eosin; HO-1, Heme Oxygenase-1; HSP 70, Heat Shock Protein; IBD, Irritable bowel disease; IL-10,
Interleukine-10; MDA, Malondialdehyde; NF-kB, Nuclear factor kappa-light-chain-enhancer of activated B cells (; NQO1, (NAD(P)H Quinone Dehydrogenase 1);
OECD, Organization for Economic Co-operation and Development; SOD, Superoxide dismutase; TNF-a, Tumour necrosis factor o.
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1. Introduction

Gastric ulcers are abundant gastrointestinal disorders that occur in
nearly 10 % of the world population (Salari et al., 2022). Scientists have
named PUD as the plague of the 19th and early 20th century due to its
increased occurrence across the globe as a result of poor sanitation and
overcrowding (Malfertheiner and Schulz, 2020). Stomach ulceration
incidents are majorly due to disturbances in the mechanical balance
between the constructive and destructive factors of gastric digestion.
The defensive factors comprise gastric mucin and prostaglandin secre-
tion, and blood flow, while destructive factors include gastric acid,
pepsin secretion, and H. pylori. The gastric tissue damage in any layer
can create serious physiological damage, resulting in a cascade of events
including increased gastric acid secretion, releasing more reactive oxy-
gen species, nitric oxide synthase, and generating lipid peroxidation.
Gastric ulcers can also be an outcome of alcohol overuse, pathogenic
infection, Non-steroidal anti-inflammatory drugs, refluxed bile salts, and
stress (Woolf A and Rehman, 2023). Although the exact physiological
mechanism of gastric ulcer is yet to be fully understood, the latest out-
comes revealed many interacting factors associated with the severity
and during of this disease, including genetics, the host immune system,
and the environment (Gilani et al., 2022). Ethanol is the most commonly
used alcohol to produce gastric ulcers in rats. Absolute ethanol oral
delivery can create cell necrosis and vascular injury, consequently
leading to ulceration and gastric lesions. The gastric damage of ethanol
could be correlated with the increased production of hydroperoxy free
radicals and superoxide anions, causing more lipid peroxidation and
oxidative stress in the gastric tissues (Beiranvand, 2022).

The pharmaceutical industry has provided numerous chemical syn-
thetics for treating gastric ulcers validated by the U.S. Food and Drug
Administration (Das et al., 2018). Western medicinal protocol relies on
triple treatment (proton pump inhibitor plus 2 antibiotics) to manage
this disease. The therapeutic principle is to provide a defensive layer that
covers the gastric mucosa and lowers gastric acid secretion. In the
clinical management of gastric ulcers, lowering gastric acidity is one of
the targets for designing stomach therapeutics (J. Huang et al., 2022).
Omeprazole is the most well-known chemical synthetic that has been
widely as a proton pump inhibitor in clinical practice regardless of its
unsatisfactory and insufficient effects (Kangwan et al., 2014; Matuszc-
zyk et al., 2021). Despite its therapeutic potential in ameliorating
symptoms of gastric ulcers, which is reduction of acid secretion,
omeprazole has been linked with numerous side effects Back, leg, or
stomach pain (bleeding or crusting, blister, cloudy urine, burning and
painful urination, and sores on the lips (Hamzeloo-Moghadam et al.,
2021). Therefore, searching for better and safer alternatives as thera-
peutic agents for gastric ulcers become a major scientific mission in
recent years (Al Batran et al., 2013; Jabbar, 2022; A. A. Jabbar,
Abdullah, Abdoulrahman, et al., 2022; A.A.J. Jabbar et al., 2023).

Traditional herbal medicine comprises major therapeutic solutions
for numerous health issues including gastrointestinal diseases and
gastric ulcers. Plants and their active ingredients have served as major
natural resources for curing human illness in many countries for thou-
sands of years (Ahmed, 2017; A.A. Jabbar, Abdullah, Hassan, et al.,
2022; Ullah et al., 2014). Scientists have found that the therapeutic ef-
ficacy of folkloric Chinese herbal medicine was higher compared to
omeprazole in a 6 follow-up procedure for gastric ulcer patients without
any recurrence records in cases ingested herbal medicines (Ling, 2018).
Moreover, combination therapy of herbal medicine and omeprazole
exhibited more therapeutic potential (effective rate and hemostasis
time) than omeprazole alone for gastric ulcers (Xie et al., 2021). Natural
products can have an inhibitory effect on the various inflammatory
processes associated with gastric ulcer initiation; however, their utili-
zation as pharmaceutically active agents has been continuously modi-
fied to reach optimum therapeutic action (A.A. Jabbar, Abdullah,
Abdulrahman, et al., 2022; Sidahmed et al., 2015). Chemical contents
(terpenoids, alkaloids, and phenols) of herbal medicines are considered
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major contributors associated with their antioxidant potentials
(increasing CAT, SOD, and PGE2 and decreasing lipid MDA levels)
thereby avoiding oxidative stress, a crucial inflammatory mediator of
the gastric ulcer (A.A.Jabbar, 2021, 2022; Salama et al., 2016).

Prangos species (Apiaceae family) is a well-documented plant uti-
lized as spices and herbal medicine in Asia, especially in Iran, Turkey,
and Iraq. Different plant parts and the isolated essential oil of Prango
species are ingested as internal therapy and applied externally for
various health purposes as well. The therapeutic potentials of these
plants mainly include the amelioration of gastrointestinal disorders, but
various other medicinal effects have been reported (Mottaghipisheh
et al., 2020). Ethnobotanical records show that the extracts of P. pabu-
laria roots have been utilized as curative agents for gastric problems and
as stimulants by the people living in Hakary, Turkey (Kaval et al., 2014).
Moreover, the Tajikistanian people have considered the fresh roots and
fruits of P. pabularia (local names: Yugan) as medicinal agents for
managing vitiligo because of its tonic action (Numonov et al., 2018). In
Indian folkloric remedies, the roots and fruits of P. pabularia (local
names: Komal, Kurangas) are ingested for their putative action as
laxative, liver tonic, stimulant, diuretic, and carminative. Infusion from
the roots is ingested to manage flatulence, and indigestion and treat
menstrual cycle irregularities (Staff, 2014).

In recent years, researchers revealed numerous biological potentials
of P. pabularia including, antimicrobial and cytokine inhibition (Tada
et al.,, 2002), antioxidant (Kogure et al., 2004), antifungal (Banday,
2018), antibacterial (Banday et al., 2022), and antiproliferative actions
(Zahri and Razavi, 2016). The essential oils of P. pabularia showed
noticeable free radical quenching action and anti-diabetic, neuro-
protective, and lipid-lowering (anti-obesity) actions (Bahadori et al.,
2017). It is believed that the biological actions of P. pabularia are due to
their phytochemical contents, phenolic, flavonoids, coumarins, terpe-
noids, and glycosides (Bahadori et al., 2017; Numonov et al., 2018; Tada
et al., 2002). Roots of P. pabularia show significant enzymatic inhibition
of PTP-1B (anti-diabetic action) based on molecular docking, which was
linked with its phytochemical (coumarine) contents, namely 5-pentylcy-
clohexa-1,3-diene, menthone, 1-tridecyne, and osthole (Numonov et al.,
2019). Moreover, root extracts of P. pabularia were reported as aphro-
disiac agents because of their strong relaxation effect on mouse corpus
cavernosum and they were correlated with its chemical potentials
((+)-Oxypeucedanin) in the modulation of the NO and H2S formation
(Sevin et al., 2022).

Although several in vitro and in vivo studies highlighted the biological
and therapeutic potentials of P. pabularia roots (Numonov et al., 2019;
Staff, 2014; Zahri and Razavi, 2016), However, its toxicity and gastro-
protective effects are yet to be explored. Thus, this work was undertaken
to determine the tolerable safe dosage and the preclinical potentials of
REPP as a gastroprotective agent to clarify its folkloric utilization in a
scientific investigation.

2. Materials and methods
2.1. Plant collection

The aerial parts of Artemisia judaica L. were collected from Safeen
Mountain, Shaqlawa, Erbil during spring 2022 and the authentication
was done by the taxonomists in the Department of Biology, College of
Education, Salahaddin University. The plant was dried in a shadow place
at room temperature. An amount of 200 g plant parts was fine coarse for
powder formation, backed to a 2 L conical flask with a stopper, and
mixed with 250 mL of methanol and homogenized for fifteen minutes.
The mixture was transferred into a dark glass bottle, the filtered su-
pernatant was separated (0.2 mm) and ethanol was evaporated. The
extract was kept in black containers for later investigation.
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2.2. Animals

The experimental Albino male rats (180-200 g), aged between 7 and
8 weeks, were bought from the Animal House Unit, (Ethics form BIO/
14/10/2022/M.A.A.), Cihan University-Erbil. Rats were kept in poly-
propylene cages (4 per cage) provided with sterilized paddy husk as
bedding surface and were given pellet diet and water ad libitum. The
animal handling was according international rules for animal labora-
tories set by Institutional Animal Care and Use Committee (IACUC)
(Couto and Cates, 2019).

2.3. Acute toxicity test

The current toxicity procedure follows the guidelines set by national
and international organizations for experimental and clinical studies
(Ofori et al., 2021). Sprague Albino Dawley male rats (36) were bought
from the Animal House Unit of Cihan University-Erbil and clustered (12
rats each) as follows: A, rats received 1 % CMC; B and C, rats ingested
orally 2500 and 5000 mg/kg of REPP, respectively (A.A.J. Jabbar et al.,
2023). A 24-hour fasting of rats was followed before the treatment. The
animals were weighed regularly and the behavioral changes and
response of the animals were continuously checked. At the end of the
procedure, the animals were anesthetized with ketamine (87 mg/kg)
and xylazine (12 mg/kg), whereby, blood was collected from intracar-
diac puncture for the biochemical evaluations. the orbital plexus for
various hematological and biochemical analyses. The rats were sacri-
ficed by cervical dislocation and their organs were obtained, analyzed
for any gross pathology, and kept in 10 % formalin for later histological
examination.

2.4. Gastric ulcer experiment

The animals were kept in cages (widespread net bottom) for adap-
tation purposes. Thirty male Sprague rats were clustered into 5 clusters
(6 rats each):

A and B, rats were treated with an oral dosage of 1 % CMC.

C, rats supplemented with 20 mg/kg omeprazole in CMC (reference
group).

D and E, rats dieted with 250 and 500 mg/kg of REPP, respectively.

After 60 min, all rats (except group A) received orally absolute
alcohol (5 mL/kg) as an inducer of gastric ulceration. After another
hour, all animals received anesthesia (ketamine (87 mg/kg) & xylazine
12 mg/kg), blood was withdrawn by an intracardial perforation, and
then they were sacrificed. The dissected stomach was transferred into
formalin for gross and histopathological examinations (A.A. Jabbar,
Abdullah, Abdoulrahman, et al., 2022; Omar et al., 2017).

2.4.1. Gastric fluid acidity

The obtained stomachs were carefully opened from the bigger cur-
vature for the gastric juice collection. The gastric fluid was centrifuged
at 1008 g for 10 min and the separated supernatant was analyzed for
hydrogen ion intensity by a pH meter (mEq/L) (Weilheim, Germany)
and NaoH 0.1 N (Mariod et al., 2023).

2.4.2. Estimation of gastric wall mucus

The stomach samples were weighed and buffer washed (phosphate-
buffered saline (PBS)) and glandular tissues of the stomach were pre-
pared on clean slides for the microscopic examination. The gastric
mucus amount was determined using an electrical balance (Lokman
et al., 2022).

2.4.3. Estimation of ulcer areas
The stomach samples were buffer washed and the length and width
(mm) of each hemorrhagic lesion of the gastric tissues were found by
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(10 x 10 mm = ulcer area [UA]) under a dissecting microscope
(magnification = 1.8x). The sum of the area of the gastric lesions for
each gastric specimen was relied on to determine the UA and the ulcer
inhibition % (I %) is calculated as follows:

1% = UA control- UA treated / UA control x 100 (Al-Wajeeh et al.,
2017; Rudra et al., 2022).

2.4.4. Preparation of gastric tissue homogenates

The gastric tissues were homogenized according to the previously
published procedure (S. Li et al., 2022). The preparation of a homoge-
nized tiny portion of the gastric glandular tissues was possible by using
50 mM PBS (pH = 7.2) at 4 °C with a sigma-aldrich homogenizer
(Merck, Germany), after centrifugation at 2580 g for 15 min, the su-
pernatants examined for the antioxidant and MDA contents (A. A. Jab-
bar et al., 2023).

2.4.5. Antioxidants of tissue homogenates

The supernatants of gastric tissue homogenates were evaluated for
the antioxidants (SOD (E-BC-K020-M), CAT (E-AB-11036), PGE2 (E-EL-
0034) and MDA (E-EL-0060) contents. Laboratory protocols were
following the producer’s instructions (Elab Science, Wuhan, China)
(Vuolo et al., 2022).

2.4.6. Histological analysis

Gastric sections (1-2 cm) were immediately transferred into a
formalin container (10 %) at room temperature for 24 h. Then gastric
tissues were underwent a tissue-processing procedure on a semi-
automated tissue processing instrument (Leica, Solms, Germany).
Finally, the gastric sections produced at 5 pm fixed on slides and
deepened in Hematoxylin and Eosin stains. After washing, the slides
were observed under light microscopic (Leica Rotation Microtome)
(Mousa et al., 2019).

2.4.7. Gastric mucosal glycoprotein evaluation

The amount of gastric epithelial mucus secretion and modulation of
either acidic or basic glycoprotein was found by staining gastric glan-
dular tissues with PAS stain according to the previously mentioned
protocols via Sigma (PAS) Kit (Merck, Germany). The slides were
imaged by Image J software (Lokman et al., 2022).

2.4.8. Estimation of serum inflammatory cytokines

The obtained serum samples were analyzed for the amount of in-
flammatory cytokines by using a specialized ELISA kit (Merck, Ger-
many). These procedure protocols were by the manufacturer’s
instructions for the ELISA rat kits, TNF-a (RAB0479), IL-6 (RAB0311),
and IL-0 (RAB0246-1KT). The strength of the inflammatory cytokine
strength measurement was determined by using normal sanitized re-
combinant cytokines (Shareef et al., 2022).

2.5. Statistical analysis

The present data analysis was possible by using the IBM SPSS pro-
gram, one-way analysis of variance (ANOVA), and Turkey’s post hoc
estimation. The figures were designed by Graph-pad Prism version 9.0.
Data were presented as Values of P < 0.05 and were labeled as
significant.

3. Results
3.1. The toxicity trial

The current procedure showed that ingestion of 2 and 5 g/kg had no
toxic effect or any noticeable behavioral changes in rats after 14 days’
trial. The consumed food and water by REPP-treated rats were very
similar to that of normal controls. The two-week observational study did
not detect any toxic signs and symptoms (dizziness, respiratory distress,
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tingling, burning sensation in tongue, throat, or skin; restlessness,
muscular incoordination, vomiting, diarrhea, convulsions) without any
mortality among rats supplemented orally with 2 and 5 g/kg of REPP.
The histological analysis of obtained liver and kidney tissues showed
similar tissue structure arrangement between normal control and REPP-
ingested rats (Fig. 1). The biochemical investigation of serum samples
from normal control rats and REPP-treated rats revealed non-significant
modulation in different liver and kidney function tests (Data not shown
can be provided on request).

3.2. Gastric ulcer experiment

3.2.1. Results of gross morphology

The present gross examination showed that normal controls (Fig. 2A)
had normal tissue arrangement and usual stomach mucosa. Rats treated
only with ethanol (Fig. 2B) experienced sever mucosal injury, hyper-
emia, hemorrhagic streaks, and numerous lager and deeper hemorrhagic
lesion areas across mucosal layers (ulceration). Rats ingested with
omeprazole (Fig. 2C) had smaller and shallower ulceration areas in their
gastric mucosal layers compared to group B. The REPP-treated rats (2
and 5 g/kg) had reduced ulceration area and fewer ulcer patches on their
stomach mucosal surface compared to vehicle rats (Fig. 2D and E).
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3.2.2. Effect of REPP on gastric juice volume, pH, ulcer area

The normal controls showed the highest amount of gastric juice
(2.45 g) and gastric pH (6.47) as expected. The present study revealed a
significantly (P > 0.05) lower gastric juice content (0.73 g) and gastric
pH (3.82) in ulcer controls compared to treated rats. Moreover, the ulcer
area was clearly and expectedly higher in group B rats (621.34 mm?)
compared to that (121.45, 226.70, 151.28 mm?) of omeprazole or REPP
-treated (250 and 500 mg/kg) rats, respectively. Rats ingested orally 20
mg/kg omeprazole had comparable gastric juice amount and gastric pH
to that of normal controls. The REPP treatment (250 and 500 mg/kg)
caused noticeable up-regulation of gastric juice and reduced gastric pH,
which was significantly (P > 0.05) different from that of ulcer controls.
Gastric pH was gradually up-regulated depending on the ingested
dosage of REPP. Which, rats received 250 mg/kg REPP had elevated
gastric pH compared to ulcer controls, but not as significant as the rats
ingested 500 mg/kg REPP. Moreover, the inhibition percentage of ul-
ceration was significantly (P > 0.05) reduced (80.45, 63.51, 75.64 %) in
omeprazole or REPP (250 and 500 mg/kg)-treated rats, respectively,
compared to ulcer controls (Table 1).

Data revealed as Mean + SEM (n = 6). Values were found non-
significant at p < 0.05 and labeled with same within same column. A,
normal controls received only 1 % CMC; B, Ulcer control had only
ethanol; C, ulcer + 20 mg/kg omeprazole; D and E, ulcer + 250 and 500
mg/kg REPP, respectively.

Fig. 1. Histology of liver and kidney in toxicity trial. A, rats ingested orally 1 % CMC; B, rats received 2 g/kg of REPP; C, rats received orally 5 g/kg of REPP. The
three group rats showed comparable structure format of thei liver and kidney tissues (hematoxylin and eosin, 20x).
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Fig. 2. Gross appearance of stomach mucosal surface of different treated rats A, normal controls; B, vehicle (ulcer) rats; C, ulcer + omeprazole-pre-treated rats; D and
E, ulcer + 250 and 500 mg/kg of REPP-pretreated rats.

Table 1
Effects of REPP on gastric parameters of rats.
Animal Mucus weight pH Ulcer area Inhibition
groups () (mm)? (%)
A 2.45 + 0.38% 6.47 +
0.30%
B 0.73 + 0.21°¢ 3.82 + 621.34 + -
0.71° 9.20¢
C 1.92 + 0.48° 6.0 + 121.45 + 80.45 %
0.14° 4.87°
D 1.87 + 0.39¢ 4.78 + 226.70 = 63.51 %
0.39¢ 7.54¢
E 1.78 £ 0.11¢ 5.03 + 151.28 + 75.64 %
0.29° 8.32°

3.2.3. H & E stain

The histological results of gastric tissues showed normal tissue
arrangement of gastric mucosal layers in normal controls (Fig. 3A) as
usual. Ethanol ingestion caused significant gastric tissue penetration,
ulceration, and a extensive edema in the mucosal and submucosal layers
with leukocyte infiltration (Fig. 3B). The reference drug-treated rats had
reduced gastric tissue damage represented by fewer mucosal injuries,
lower submucosal edema, and reduced leukocyte infiltrations compared
to ulcer controls (Fig. 3C). REPP treatment (250 and 500 mg/kg) formed
a protective lower over the mucosal surface evidenced by lower lesion
areas and gastric tissue penetrations with fewer leukocyte infiltration
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and reduced edema incidence compared to that of ulcer controls (Fig. 3D
and E).

3.2.4. AME effects on PAS stain intensity

The present data revealed that normal controls had increased
expression of PAS stain as expected (Fig. 4A). The ethanol ingestion
caused negative modulation of the glycoproteins, glycolipids and mu-
cins in gastric tissues represented by significantly lower expression of
PAS stain in the gastric epithelial layers of ulcer controls compared to
other treated rats (Fig. 4B). The reference drug or REPP-pre-
supplemented rats showed higher PAS intensity in their epithelial tis-
sues, which indicates more goblet cell hyperplasia and mucus content
comparable to that of ulcer controls (Fig. 4C-E).

3.2.5. Effect of REPP on the expression of immunohistochemical proteins
(Bax and HSP 70)

HSP 70 has been well-known low-molecular weight protein involved
in the posttranslational recognition of polypeptides acting as protective
protein under stress conditions (Fig. 5A). The histological analysis
revealed that very reduced expression of HSP 70 in normal controls. The
ulcer controls exposed to absolute ethanol had reduced HSP 70 intensity
in their gastric tissues (Fig. 5B). The intensity of HSP 70 protein was up-
regulated (intense brown color-stained antigen) in rats pretreated with
omeprazole or REPP (250 and 500 mg/kg) compared to ulcer controls,
denoting a cytoprotective effect of these treatments against ethanol-
induced stress conditions (Fig. 5C-E).



A.A.J. Jabbar et al.

Saudi Pharmaceutical Journal 31 (2023) 101850

Fig. 3. The microscopic appearance of stomach tissues in different experimental rats. A, normal controls showed usual tissue structure of their gastric mucosal layer;
B, ulcer controls experienced numerous gastric tissue penetrations, mucosal edema, and leukocyte infiltration; C, reference rats (C), had a mild gastric tissue damage
and fewer mucosal penetration compared to ulcer controls; rats ingested orally REPP (250 and 500 mg/kg) had moderately gastric tissue penetrations and signif-
icantly lower edema and reduced leukocyte infiltration rate compared to ulcer controls (H & E stain, 10x). Yellow arrows show of ulcer areas and focal erosion,
double-headed black arrows reveals submucosal edema, and green arrows show leucocytes infiltration. M: mucosa; SM: submucosa.

The immunohistochemical results showed reduced expression of pro-
apoptotic Bax proteins in normal control rats (Figur 6A). The Bax protein
expression was noticeably higher in ulcer controls compared to normal
controls, indicating clear apoptotic process in the gastric tissues. Rats
ingested with omeprazole or REPP (250 and 500 mg/kg) had signi-
fcantly (p < 0.0001) down-regulated Bax protein accumulations,
denoting their protective and anti-apoptotic actions (Fig. 6C-E).

3.2.6. Effects of REPP on gastric antioxidants and MDA content

The biochemical results showed normal values of antioxidant and
MDA contents in normal controls. The ulcer controls showed signifi-
cantly (p < 0.05) lowest endogenous antioxidants (SOD, CAT, and
PGE2) compared to reference (C) or REPP-treated rats (D and E)

(Fig. 7B). Rats ingested orally omeprazole drug showed reasonable
amount of antioxidant enzymes, which were very comparable to that of
normal controls. REPP treatment caused positive modulation of gastric
endogenous antioxidants compared to ulcer controls. Rats received 250
and 500 mg/kg REPP showed higher SOD (12.24 and 14.67 U/mg,
respectively), CAT (31.57 and 35.48 nmol/min/mg, respectively), and
PGE2 (20 and 27.81 pg/ml, respectively) levels compared to that that
(SOD, 7 U/mg; CAT, 22.27 nmol/min/mg; PEG3, 6.65 pg/ml) of ulcer
controls. The present results showed increased lipid peroxidation levels
in ulcer controls represented by elevated MDA content compared to all
other treated rats. Rats ingested omeprazole or REPP (250 and 500 mg/
kg) had significantly (p < 0.01) lower MDA values (22.13, 29.60, 21.53
nmol/mg, respectively) compared to that (86.64 nmol/mg) of ulcer
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Fig. 4. The microscopic views of gastric tissues expressing different levels of PAS stain in the gastric layers in rats. A, normal control showed efficient amount of PAS
stain in their gastric tissues; B, ulcer controls revealed reduced expression of PAS, indicating lower glycoprotein and mucin content (magenta appearance); C,
omeprazole-treated rats showed increased PAS stain in their gastric tissues; (D), rats treated orally with 250 mg/kg REPP had mild to moderate gastric mucosal
damage with mild PAS intensity; (E), rats supplementation with 500 mg/kg REPP caused increased the mucin and glycoprotein content in gastric tissues evidenced by
higher PAS expression in their stomach mucosal tissues compared to that of ulcer controls (PAS stain magnification 20x).

controls (Fig. 7B-E).

3.2.7. Effect of REPP on inflammatory cytokines

The present results showed immunomodulatory actions of REPP
supplementation in ethanol-mediated ulcer in rats. The normal controls
had lower TNF-q, IL-6 levels and higher IL-10 cytokines in their serum
samples. Rats received orally 20 mg omeprazole had significant (p <
0.001) down-regulation of pro-inflammatory cytokines (TNF-a, IL-6)
and an elevated anti-inflammatory cytokines (IL-10) than in the ulcer
controls. The present supplementation of REPP (250 and 500 mg/kg) led
to noticeable reduction in the TNF-a (289.0, 142.80P.pg/ml, respec-
tively), IL-6 (202.10, 172.18 pg/ml, respectively) levels and an increase
in the IL-10 levels (179.21, 231.73 pg/ml, respectively) compared to
that (676.1P. pg/ml, 403.0, 102.3 pg/ml, respectievely) of ulcer controls
(Fig. 8).

4. Discussion

Scientist have evaluated the toxic effects of herbal plants on animal
physiology and survival by implementing regulatory guidelines for
acute toxicity, providing recommendations for their tolerable dosage,
and avoiding undesirable modifications (A.A.J. Jabbar et al., 2023). The

present toxicity evaluation showed the absence of toxic signs or death in
rats ingested single oral dosages of 2 and 5 mg/kg REPP, denoting a toxic
dosage of this herb would be more than 5 mg/kg. Similarly, previous
researchers have shown the non-toxic effect and strong relaxation effects
of P. pabularia extract (10~7-10"* g/mL) on mouse corpus cavernosum
(Sevin et al., 2022). Accordingly, literature data reported the non-toxic
effects of P. pabularia extracts based on various experimental studies
(Mottaghipisheh et al., 2020).

Stomach ulceration is a well-documented peptic ulcer that
commonly occurs in clinical practice but the etiology of the majority of
gastric ulcer cases is shrouded in mystery. It has, however, been found
that stomach ulcers are an outcome of an imbalance between destructive
and maintenance factors of gastric mucosal layers through different
endogenous pathways (Shady et al., 2022). The defense lines of the
stomach can be weakened and penetrated by chemicals (alcohol) by
creating lesions in the stomach epithelium and manipulating the
permeability of vascular layers (edema). The gastric lesions can be
initiated by alcohol (ethanol) through different mechanisms, lowering
gastric motility, decreasing gastric pH, and reducing mucus and bicar-
bonate secretions (A.A. Jabbar, Abdullah, Abdoulrahman, et al., 2022).
The current procedure showed that oral delivery of absolute ethanol
caused a significant reduction of the gastric mucosal layers, lowered
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Fig. 5. The microscopical observation of gastric tissues expressing different intensity of HSP 70 protein expression (A-E) and quantitative analysis (F) of HSP 70
protein in rats. A and F, normal controls had normal structure of their gastric mucosa and very reduced expression of HSP 70 protein in their stomach tissues; B and F,
ulcer controls experienced sever gastric tissue damage and a decreased expression of HSP 70 intensity in their stomach tissues; C and F, omeprazole-treated rats
showed mild gastric tissue damage and an elevated HSP 70 protein expression in their gastric mucosa. D and E, rats ingested with REPP (250 and 500 mg/kg,
respectively) had mild to moderate gastric tissue injury and an increase in the HSP 70 protein concentration in their stomach mucosa compared to ulcer controls (HSP

70 stain, magnification 20x). **** p < 0.0001.

gastric juice release, and decreased endogenous antioxidants of gastric
tissues. As a consequence, ethanol ingestion created severe gastric le-
sions, increased acid secretion, and interrupted the stomach epithelial
layers as well as numerous hemorrhagic and ulcer areas. Similar effects
of ethanol ingestion on the gastric mucosal and submucosal layers in
different rat trials (A.A. Jabbar, Abdullah, Abdoulrahman, et al., 2022;
Nazarbahjat et al., 2016). The current supplementation of rats by REPP
caused a noticeable reduction of the gastric tissue damage mediated by
ethanol. Rats Pre-treated with REPP had higher mucosal surface area
and flattened linings of the mucosa, as a result, less gastric injury formed
compared to that of ulcer controls.

Accordingly, previous investigations revealed the gastroprotective
roles of medicinal plants and their natural products and they have been
linked with the plant’s phytochemical potentials in the positive modu-
lation of various physiological processes (Hama Amin and Aziz, 2022;
Ibrahim et al., 2016). Moreover, the current study revealed lower ulcer
area (index) and total ulcer score in REPP-treated groups were very
comparable to reference groups (omeprazole). There was also a com-
parable rate of hemorrhagic lesion incidence between REPP (500 mg/
kg) and omeprazole-treated rats. The current histological evaluation
showed less ulcerative area, ulcer index, and total ulcer scores in REPP-

treated rats, which were very comparable to reference rats (omepra-
zole). There was also a comparable amount of gastric ulceration and
gastric lesion between REPP and omeprazole-treated rats. This outcome
could be linked with the REPP phytochemicals, mainly coumarins
(furocoumarin) and y-pyrone, which was repeatedly reported as gas-
troprotective agent (isolated from other herbal species) because of its
biological potentials in modulating various defensive factors of gastric
tissues (Cruz et al., 2020; Pavlovi¢ et al., 2022; Razuvaeva et al., 2023).

The present gastroprotection effect of REPP against ethanol-
mediated ulcers could be also linked with the potential in lowering
cellular permeability of the stomach submucosal layers, up-regulating
gastric juice secretion, and reduced leukocyte infiltration, thereby
lowering inflammation rates. Similarly, researchers have linked the anti-
ulcer action of coumarin (the main REPP chemical) with its positive
regulation of the cellular signaling and biological pathways involved in
the formation and reduction of stomach ulcers, including inflammation,
oxidative stress, apoptosis, tumors, and angiogenesis (Cruz et al., 2020;
Fahmi et al., 2019).

In the PAS staining expression, an estimator of mucopolysaccharide
secretion which is one of the main components of the gastric mucus. The
current data revealed that REPP supplementation amplified the
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Fig. 6. The microscopic observation of Bax protein appearance (A-E) and quantitative analysis (F) of Bax protein expression in rats. A and F, normal controls had
normal stomach tissue layers and very reduced Bax protein intensity; B and F, ulcer controls experienced severe stomach tissue injury and an increase in the Bax
protein expressions; C and F, omeprazole-treated rats had mild gastric mucosal injury and reduced Bax protein compared to ulcer controls; D and E, rats pre-
supplemented with REPP (250 and 500 mg/kg) rats had moderate gastric tissue damage and a decrease in the Bax protein expression (Bax stain, magnification

20x). REPP treatment caused a down-regulation of a pro-apoptotic Bax protein that prevented further gastric tissue damage. ns, non-significant; *, p < 0.05; **** p

< 0.0001.

glycoprotein content, a defensive barrier of gastric tissues against
various epithelial damaging factors (toxins, microbes, gastric acids).
According to protocols of the PAS technique, the higher PAS stains
expressed in the stomach tissues indicate the presence of higher gastric
mucus secretions. In the current procedure, ulcer controls had signifi-
cantly reduced PAS stain appearance in their gastric tissues, while
omeprazole or REPP-treated rats had up-regulated PAS stain expression
as an indication of glycoprotein content that creates a protective barrier
and lowers gastric damage. These modulations of gastric defense factors
could be linked with REPP phytochemical (coumarins), which were
following the previous outcomes regarding the gastroprotective role and
positive regulations of mucopolysaccharides in different rat trials (Abd-
Alla et al., 2022; Albaayit et al., 2016; Sidahmed et al., 2019).
Apoptosis is a major contributor to lowering gastric tissue damage
induced by different intrinsic and extrinsic factors. Hsp 70, a heat shock
protein family, is ubiquitously found in mammalian cells and this pro-
tein level increased in response to stress (oxidative stress) because it
mainly preserves the functional structure of tissue proteins while
rebuilding or eliminating denatured proteins. Ethanol ingestion caused
hemorrhagic mucosal damage, generating ROS formation and lowering
Hsp 70 proteins, thereby making gastric mucosa layers more vulnerable

to ulcerative injuries (Fahmy et al., 2020; Saremi et al., 2020). The
present immunohistochemically evaluation of anti-apoptotic protein
(Hsp 70) in the gastric tissues showed decreased and increased expres-
sions in ulcer control and REPP (500 mg/kg)-treated, respectively. The
Bax protein is a pro-apoptotic protein and a member of the Bcl-2 family
that is associated with the regulation of apoptosis in mitochondrial
damages. Alcohol overuse (absolute ethanol) can have a stimulatory
effect on the apoptosis process and stomach injury by increasing the
expression of pro-apoptotic (Bax) proteins, which later down-regulates
the expression of anti-apoptotic proteins (Bcl-2). Our results were
inconsistent with the previous outcomes that revealed significant po-
tentials of the coumarin (the main chemical component of REPP) in the
positive modulation of immunohistochemical (increasing Hsp 70 and
decreasing Bax) proteins, thereby strengthening the defense systems of
the gastric mucosa against oxidative stress-mediated tissue injury (Aas
et al., 2015; Fouman-Ajirlou et al., 2020; Song et al., 2022; Zheng et al.,
2022).

Oxidative stress is considered as an imbalance between the rate of
ROS formation and elimination in tissues. Oxidative stress can accel-
erate gastric mucosal damage and enhance further tissue injury because
under stress conditions (ethanol ingestion) gastric tissues generate
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Fig. 7. The gastric antioxidants and MDA contents in different experimental rats. A, normal controls received only 1 % CMC; B, Ulcer control had only ethanol; C,

ulcer + 20 mg/kg omeprazole; D and E, ulcer + 250 and 500 mg/kg REPP, respectively. ns, non-significant; *, p < 0.05;

< 0.0001.

increased production of detrimental free radicals and insufficient or
imbalance in the gastric endogenous antioxidants can be part of the
development and pathogenesis of gastric ulcers (Moawad et al., 2019).
MDA is a well-documented secondary molecule of polyunsaturated fatty
acids to peroxidation and is the main indicator for the evaluation of lipid
peroxidation in tissues (Ibrahim et al., 2016). In the current work, oral
ingestion of ethanol caused significant oxidative stress in ulcerative rats
(positive controls) represented by decreased endogenous antioxidants
(SOD, CAT, and PEG2) and increased MDA contents in gastric tissue
homogenates. While rats pre-treated with omeprazole or REPP had

10

%, p < 0.001; ***, p < 0.001; ****, p

significantly higher antioxidant enzymes and lower MDA values in
gastric tissues. The current outcomes validate increased antioxidant
potentials of REPP that can actively scavenge free radicles to lower rats
gastric mucosa against ethanol-mediated injury. Accordingly, previous
data showed significant antioxidant potentials of coumarin (a major
REPP chemical) found in different plant species, which was considered
as one of the molecular mechanisms behind its biological (anti-ulcer)
potentials (Pavlovic et al., 2022; Razuvaeva et al., 2023; Serrano-Roman
et al., 2023).

Lipid peroxidation byproducts can be lipid peroxyl radicals and
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Fig. 8. The influence of REPP on the inflammatory cytokines in experimental rats. A, rats received only 1 % CMC and distal water; B, rats received 1 % CMC and
absolute ethanol; C, rats pre-ingested with omeprazole (20 mg/kg) and given absolute ethanol; D and E, rats pre-ingested with 250 and 500 mg/kg of REPP and were
given absolute ethanol. REPP treatment caused positive immunomodulatory effect represented by lower TNF-a and IL-6 and significantly higher IL-10 cytokines
compared to that ulcer controls. REPP supplementation caused positive modulation of inflammatory parameters in the serum of ethanol-mediated stomach ulcer-
ation. ns, non-significant; *, p < 0.05; **, p < 0.001; ***, p < 0.001; **** p < 0.0001.

hydroperoxides that cause further oxidative stress and the initiation of
tissue inflammation leading to attenuation of the gastric defense lines
(antiradical enzymes) (A.A. Jabbar, Abdullah, Hassan, et al., 2022).
Scavengers including phase 2 antioxidant and cellular protection genes
[NQO1 (NAD(P)H quinone oxidoreductase 1), and HO-1 (heme
oxygenase-1)], were stimulated by Nrf2 (nuclear factor erythroid-2-),
has been labeled as strong reductants of pro-inflammatory and oxi-
dants (Liu et al., 2022). The dimerization of Nrf2 with Maf proteins
normally occurs in the cell nuclei, thereby forming radical scavengers to
start a new round of transcription, which could be inhibited through
different genetic pathways (NQO1 and HO-1) as previously declared
(Liu et al., 2022). The dimerization of Nrf2 with Maf proteins normally
occurs in the cell nuclei, thereby forming radical scavengers to start a
new round of transcription, which could be inhibited through different
genetic pathways (NQO1 and HO-1) as previously declared. While, the
NF-Kb (nuclear Factor-kappa-light-chain-inducer of B cells) signaling
mechanism has been recognized as a strong inhibitor of the antioxidant
enzymes due to the suppressed effect on the Nrf2-Keapl pathway by
stimulating various genes (Keapl and the p65) (Motohashi and Yama-
moto, 2004). Therefore, scientists continuously searching for natural
products that could modulate the Ndf2 because of its biological roles in
the expression of cellular defensive genes (HO-1, NQO1, and GCLC) and
enhancement of the immune system (Hasanvand et al., 2018). The
present free radical quenching potentials of REPP could be through the
induction of anti-radical genes mediated by the Nrf2 signaling pathway.
Similarly, previous studies found significant antioxidant potentials of
Prangos pabularia in different in vivo and in vitro trials, which were linked
with its phytochemical contents (furanocoumarin) (Banday et al., 2022;
Kogure et al., 2004; Sevin et al., 2022). A very recent study revealed that
coumarin can be utilized as an active ingredient in the production and
development of intestinal anti-inflammatory drugs due to its significant
potential in the positive modulation of Nrf2 pathways, thereby lowering
apoptosis and inflammation rates (Di Stasi, 2023).

NF-xB is a transcription factor that modulates various biological
processes, the induction of NF- kB requires phosphorylation of the
suppressors of the kB (IkB) kinases (IKK) complex. The later complex
phosphorylated the IkB molecules and created proteasomal denatur-
ation of IxB and nuclear translocation of NF-kB (Kumar et al., 2020),
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consequently increasing the secretion of pro-inflammatory cytokines
(TNF-a and IL6). During stomach ulceration, macrophages generate an
increased amount of TNF-a that halts the curing process by many
mechanisms, inhibition of gastric microcirculation, induction of
neutrophil infiltration, and stimulates inflammatory mechanisms,
including the formation of other inflammatory cytokines and NF-«xB
activation, up-regulating its production. IL-6 is a well-known pro-in-
flammatory cytokine associated with acute inflammation by triggering
neutrophils, macrophages, and lymphocytes at the inflammatory site,
stimulating further inflammatory mediators, and amplifying gastric
mucosal damages (Mariod et al., 2023). On the other hand, IL-10 is an
anti-inflammatory cytokine that decreases the Thl cytokine secretion,
reduces expression of MHC class II antigens, and co-activator molecules
on macrophages. IL-10 facilitates B cell survival, cell proliferation,
antibody generation, and suppression of NF-kB pathway, thereby
lowering the incidence of oxidative stress-related gastric ulcers (W.-S. Li
et al., 2021). The current results showed ulcer controls had increased
levels of TNF-a and IL-6 cytokines, while reduced IL-10 levels in blood
plasma. REPP supplementation caused positive modulation of inflam-
matory cytokines shown by lower TNF-q, IL-6, and higher IL-10 cytokine
levels compared to ulcer controls. Consistently, numerous researchers
have shown the anti-inflammatory potentials of furocoumarin (a major
constituent of REPP), which were detected in other plant species (Agour
et al., 2022; Balkrishna et al., 2022; L. Huang et al., 2022).

5. Conclusion

The gastro-protective effects of REPP in ethanol-induced ulcers in
rats were investigated by different histopathological methods for the
first time. Acute toxicity trials revealed non-toxic signs and symptoms in
rats exposed to REPP even after two trials. REPP-treated rats had fewer
gastric lesions and ulcer index anti-ulcer compared to ulcer controls
based on the estimation of gastric mucus content, PAS expression, and
gastric tissue anti-radical enzymes. REPP supplementation increased the
SOD, CAT, and PGE2, and decreased MDA levels in the gastric tissues.
Moreover, rats pre-ingested with REPP had lower pro-inflammatory and
higher anti-inflammatory cytokines. This biological actions of REPP
could be due to its phytochemicals (coumarins) that have already been
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validated as active compounds that can lower free radicals and ROS
formation by activating antioxidant response-based genes facilitated by
the Nrf2 mechanism, thereby lowering tissue damage (gastric ulcers)
oxidative stress. The present data might serve as a viable ground source
for the generation of new alternative medicine for gastric ulcers.
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