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RESEARCH ARTICLE

Ephedra Intermedia Alleviates Ethanol-Mediated
Gastric Ulcer in Rats by Anti-Inflammatory and
Antioxidant Mechanisms

Morteta H. Al-Medhtiy® ', Mohammed T Mohammed® 2,

Mohammed M. Hussein M. Raouf® 3, Ayman M. Al-Qaaneh® #, Ahmed A. j. Jabbar® 5
Musher Ismael Salih® ¢, Rawaz Rizgar Hassan® 7, Abdullah Othman Hassan® 7,
Mahmood Ameen Abdulla® &, Shilan Farhad Mamand® °, Marwa M. Ameen® '°,
Parween Abdulsamad Ismail® '

1 Department of Anatomy and Histology, Faculty of Veterinary Medicine, University of Kufa, Najaf, Iraq
2 Department of Microbiology, Faculty of Veterinary Medicine, University of Kufa, Najaf, Iraq

3 Department of Biomedical Sciences, College of Science, Cihan University-Erbil, Erbil, Iraq

4 Department of Allied Health Sciences, Al-Balqa Applied University (BAU), Al-Salt, Jordan

5 Department of Medical Laboratory Technology, Erbil Technical Health and Medical College, Erbil Polytechnic University, Erbil, Iraq
6 Department of Chemistry, Faculty of Science and Health, Koya University, Koya, Erbil, Iraq

7 Department of Medical Laboratory Science, College of Science, Knowledge University, Erbil, Iraq

8 Department of Medical Analysis, Faculty of Applied Science, Tishk International University, Erbil, Iraq
9 Department of Medical Microbiology, College of Science, Knowledge University, Erbil, Iraq

10 Department of Medical Microbiology, College of Science, Cihan University-Erbil, Erbil, Iraq

11 Department of Chemistry, College of Education, Salahaddin University, Erbil, Iraq

ABSTRACT

Ephedra intermedia has been used as a traditional therapy for various health purposes including gastric disorders. To
validate its traditional use, we investigated the acute toxicity and the gastro-protective effects of E. intermedia leaf extract
(EILE) in ethanol-induced gastric injury in rats. Sprague Dawley rats were randomly separated into 5 groups: normal
control (A) and ulcer rats (B) received orally 0.5% carboxymethyl cellulose (CMC); C, rats ingested with omeprazole
20mg/kg; D and E, rats ingested with 250 and 500 mg/kg EILE, respectively. After 60 min, groups B-E received an
oral dose of absolute ethanol to initiate a gastric ulcer. After another 60 min, the rats were anesthetized and sacrificed.
The toxicity trial showed the absence of any toxic signs in rats exposed to up to 5g/kg EILE. Ethanol ingestion led to
significant gastric tissue penetration indicated by decreased mucus content, reduced gastric pH, and severe mucosal
lesions. Rats treated with omeprazole or EILE had significantly less stomach tissue damage, indicated by a suppressive
effect on ethanol-mediated gastric grazes, improvement of gastric mucus and pH, decreased edema, and leukocyte
extravasation into the submucosal layer. EILE treatment caused a significant up-regulation of the endogenous antioxidant
enzymes (SOD and CAT) and a reduction in MDA levels. Moreover, EILE-treated rats showed increased expression of
PAS (glycoprotein) in the gastric epithelium and fundic glands. The gastro-protective effects of E. intermedia could
be attributed to its positive augmentation of various stomach factors making it a potentially viable source of potent
pharmaceuticals for ulcer amelioration.
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Introduction

Gastric ulcer is considered the most abundant class
of peptic ulcer with an incidence of 8-10% among
nations worldwide.' The rate was found to be lower
2.4 and 6.1% in the Western and Chinese peoples,
respectively.? The pathophysiology of this gastric
disorder is initiated by many factors related to the in-
equity between antagonistic, amounts of gastric acid,
and mucosal secretion, along with continuous blood
flow, and prostaglandin availability.® Scientists de-
clared many risk factors associated with the increased
incidence of gastric ulcers, including alcoholism
(inflammation), tobacco use, obesity, long-term
stress (which causes Spartan damage and epithelial
penetration).

Ephedra species (Ephedraceae family) is a non-
flowering seed plant with evergreen leaves including
nearly 69 species distributed in the northern hemi-
sphere.>° Ephedrae Herba is the well-known herba-
ceous stem of Ephedra sinica Stapf, and Ephedra
intermedia based on the records explained in the Chi-
nese Pharmacopoeia 2020 edition.” Ephedrae Herba
has been ingested for many purposes, including
cold, cough, asthma, and absence of sweating.®
Various fractions of E. intermedia exhibited consid-
erable antimicrobial, antioxidant, substantial free
radical scavenging activity, and cytotoxic potentials. °
Ethnobotanical records of Chines herbal medicine
show many therapeutic potentials of E. intermedia
against kidney disorders, respiratory problems, al-
lergies, cold symptoms, headaches, inflation, and
gastrointestinal diseases.'? Accordingly, experimen-
tal studies on this species revealed numerous biolog-
ical potentials, including antioxidant, antibacterial,
anti-inflammatory, anticancer, and degenerative dis-
orders.!' Such bioactivities were majorly correlated
with its numerous phytochemical compounds belong-
ing to sugars, phenolic compounds, cardiac glycoside,
flavonoids, and alkaloids. !> Recently, scientists also
found a novel lignan, eplignan A (1), in addition to
other known lignans (2-7) in the herbaceous stems
of E. intermedia. Four of these compounds were found
very effective in the positive modulation transform-
ing growth factor 81 based on the in vitro study trial
using BEAS-2 cell damage. '

Alcohol overuse is a well-known cause of stom-
ach disorders that will facilitate the development
of peptic ulcers — especially when risk factors are
present. !> Ethanol can damage the epithelial layers
of the stomach by modulating the gastric mucosal
equilibrium, promoting the invasion of proactive
cells, leukocyte infiltration, and increased inflamma-
tory cytokines. Gastric layer penetration is considered
as the initiative factor of the gastric ulcer and one

of the histological features of this stomach injury.
Chemical synthetics (proton pump inhibitors (PPI)
have shown efficacy in the alleviation of gastric ulcer
symptoms, However, long-term utilization of the PPI
drugs (Omeprazole) to manage gastric ulcers may
lead to a series of consequences including increased
recurrence rate. '17

Moreover, alcoholism can lead to a quick ero-
sion of the gastric mucosal layer, thereby facilitating
the formation of gastric ulcers.'® Increased levels
of Alcohol can easily membranous damage and el-
evate the membrane permeability, which enhances
the infiltration of leukocytes and neutrophils, caus-
ing peptic ulcers.'*?° Ethanol has been utilized in
the induction of functional modulation and char-
acteristic changes in rats, such as augmentation
of the secreted stomach acid and mucus content,
which can lead to hemorrhagic and necrosis in the
mucosal layers of the stomach, similar to those
of humans suffering from peptic ulcers.?! The ini-
tiative pathways of ethanol-induced peptic ulcer
include a series of biological processes, including in-
flammation (mediated by inflammatory cytokines),
oxidative damage (mediated by free radicles), and
apoptosis.?*>?® Thus, ethanol-mediated peptic ulcer
rat models were created to evaluate the therapeutic
effects of interested medicinal agents for managing
stomach ulcers. Most traditional therapeutic plants
and their natural compounds which have been in-
gested for managing gastric ulcers are now shown to
have great biological potentials, including free radi-
cal quenching, anti-inflammatory, and anti-apoptotic
actions.?*»?> Moreover, researchers revealed the
molecular pathway for preventing ethanol-induced
stomach injury by linking it with the Mitogen-
activated protein kinase and Nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-xB)
mechanisms. %27

Therefore, searching for a new active ingredient
with less antagonistic, increased biological potentials,
and various bioactive components to ascertain its
safety, is more affordable and has fewer drawbacks
than chemical synthetics.?®  Phytochemicals
originating from numerous plant species can have
different therapeutic potentials against many human
disorders.?° Ethnobotanical studies revealed many
different plant species that have been utilized
for alleviating symptoms associated with gastric
disease.>® Many of these plant species including
E. intermedia have not been explored to validate
its traditional use. Therefore, the present works
evaluate the toxic effect and gastro preventive roles
of E. intermedia in ethanol-mediated gastric ulcers
in rats by different histological, and biochemical
assays.
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Fig. 1. Shows schematic illustrations of the acute toxicity test for EILE. A, vehicle rats, received 0.5% CMC (5 mg/kg); B, rats received orally

2 g/kg of EILE; and C, rats ingested with 5 g/kg of EILE.

Materials and methods

Plant collection

E. intermedia collected from the Safeen Mountain,
shaglawa district-Erbil, Iraq. The plant species were
authentically sized (voucher number (378) by Prof.
Dr. Abdullah Sh. Sardar.

Aerial parts were carefully washed with water,
and air dried in a shadow place (20-25°C). Then,
leaves were powdered until 710 um particles were
formed. The plant powder (50 grams) homogenized
(15 minutes) with 250 ml of ethanol. The mixture
was transferred into dark glass container, after which
the filtered (0.2 mm) supernatant dried at room
temperature. >!

Acute toxicity test

An acute toxicity trial was performed to validate
the safety dosage of E. intermedia extract and to avoid
the possible toxic effects of this plant. The study
protocol followed the international guidelines for tox-
icity experiments on animals.>? Sprague Dawley rats
(36) weighing about 180-200 g provided by Animal
House at Tishk international University. Rats were
distributed into three groups and treated differently
as revealed in Fig. 1.

Rats were fasting for overnight and sacrificed on
day 15 by giving them an over dose of Ketamine
(30mg/kg, 100mg/mL) and Xylazine (3 mg/kg,
100 mg/mL). Intercardia Blood samples were ob-
tained for biochemical analysis and different organs
(liver and kidney) were analyzed histopathologically
by using H & E stain for any possible structural mod-
ifications. >

Omeprazole

The standard reference medicine (Omeprazole) was
bought from local pharmacy. The omeprazole capsule
was mixed with 0.5% (w/v) carboxymethyl cellulose
(CMC) and delivered to rats through oral gavage at
20 mg/kg body weight (5 mL/kg) in accordance with
the previous studies. ?!

Gastroprotective experiment

Rats for gastric ulceration

The Sprague Dawley rats (180-250 g) were pro-
vided from Animal House Unite, Cihan University-
Erbil. The animals were arbitrarily distributed into
5 wide mesh bottom cages (6 rats each) and were
kept under standard diet (ad libitum) and drunk distal
water for one week for adaptation purposes. 3*

Ethanol-mediated gastric ulcer

The experimental animals were fastened (only
food) for 24 hours before the supplementation.
The rats were treated as follows: The vehicle rats
(A) and ulcer controls (B) received orally 0.5% of
CMC; reference rats (C) ingested with 20mg/kg
of omeprazole; D and E groups, rats ingested with
250 and 500mg/kg of EILE, respectively. After
60 minutes, group A had 0.5% of CMC and group
B-E ingested with 5ml/kg of absolute ethanol to
induce gastric damage. After another 60 minutes,
animals were sacrificed by using standard anesthesia
injection (xylazine and ketamine), and the stomach
specimens were obtained for different laboratory
analysis. %!
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Macroscopic stomach laceration assessment

Gastric mucosa layers were examined by using a
stereomicroscope. The areas between hemorrhagic
lesion were determined through a planimeter (10 x
10 mm?2 = ulcer area (UA)) and a stereomicroscope
(1.8x). The morphology of the ulcers was very com-
parable to the longitudinal axis of gastric tissues.

The ulcer bands were found by the determination
of the numbers of small squares, 2 mm x 2 mm in
each microscopic focus. The ulcer area in each gas-
tric samples was estimated by using an equation as
previously detailed.

UA (mm?) = Totalno. of small squares x 4 x 1.8

And the inhibition percentage (1%) for each treat-
ment was by this equation:

(I%) = [(UA control — UA treated) + UA control]
x 100

Gastric wall mucus evaluation

The gastric layers were evaluated based on the pre-
viously developed methods. Briefly, different gastric
glandular tissue sections were dissected and mixed
with sucrose solution (alcian-blue solution (10 mL
of 0.1% w/v) in a 0.16 M) and then buffered by
sodium acetate (0.05 M) at pH 5. >° The gastric tissues
were undergone a process of staining (alcian blue) for
two hours and then washed by (sucrose) 10 mL of
0.25 M. Another staining process took place followed
by washing with 0.5 M magnesium chloride for 2 h
(with 30 min intervals). The produced blue extract
was mixed with diethyl ether and centrifuged at 3000
rpm for 10 min, and the absorbance was found at
580 nm. The obtained absorbance was used to deter-
mine the concentration of alcian blue (mg) extract
present in gastric glandular tissue (g tissue).

Assays for bioactivities

The dissected stomach specimens were transferred
into ice-cold saline, in addition to phosphate-buffered
saline (PBS) and cocktail of a mammalian protease
inhibitor and buffer (a 50 mM phosphate buffer,
pH 7.4). The centrifugation of the mixture was per-
formed at 4,000 rpm for 10 min (4°C) and the
separated supernatant was analyzed for endogenous
antioxidant (CAT, SOD) and peroxidation indicator
(MDA) contents (Cayman, USA). The tissue antiox-
idant estimations followed the standard procedures

mentioned by the previous scientists on how tis-
sue antioxidant can be estimated are available. The
lipid peroxidation rate in the gastric tissues eval-
uated by the detecting amount of MDA levels in
tissue homogenates by utilizing thiobarbituric acid
technique.

The supernatant was transferred into a vial contain-
ing SDS (100 uL) and dye (4 mL) solutions and then
the incubation took place for 1 h (100 °C), and the
ice incubation for 10 minutes. After that, the con-
gregation of the mixture (vials) performed at 1,600-
x g (for 10 min, at 4°C). Within a period of 30 min,
an amount (150 L) of centrifuges mixture were
transferred into a 96-well plate and the spectropho-
tometric absorbency was observed at 530-540 nm. 3¢

Histological investigations of the stomach mucosa

The gastric tissues were cute to form unified slices
and transferred into a container of buffered for-
malin 10% for 18 h at 4°C. The paraffinization
and blocking of gastric slices were possible by us-
ing a tissue-processing machine (Leica, Germany).
An equal segment (thickness of 5 um) of the gas-
tric tissues was produced (Leica Rotation Microtome,
Germany) following the protocols mentioned by the
previous researchers. The paraffinized tissues main-
tained on glass slides and colored by Hematoxylin and
Eosin stains for microscopic observations. >4

Study of mucosal glycoproteins

The gastric mucus content of each stomach spec-
imens was evaluated following the PAS technique.
Briefly, gastric tissue sections (5-um thickness) of the
glandular portion fixed on glass slides and colored
with periodic acid schiff (PAS) to observe the pres-
ence of glycoproteins under light microscope. '°

Statistical analysis

The statistical findings are shown as mean + S.E.M.
The data calculation was performed in triplicate to
ensure accuracy. Different statistical programs (SPSS
one- ANOVA and graph pad prism version 9.0) are
to compare different groups. Numbers were found
significant at P < 0.05.

Results and discussion
Acute toxicity

The present study demonstrated the absence of any
changes in the behavior or physiology of rats exposed
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Table 1. Effect of EILE on the serum biochemical.

Parameters Vehicle 2 g/kg EILE-treated rats  5g/kg EILE-treated rats
Sodium mmol/L 136.2+5.2 142.5+4.2 168.3+5.1
Potassium mmol/L 5.2+2.6 5.6+£3.5 5.3+2.1
Carbon dioxide mmol/L 103+4.3 104.5+5.3 107.2+6.2
Anion gap mmol/L 34.20+2.1 35.22+1.3 38.4+2.1
Urea mmol/L 14.4+1.4 12.80+1.7 11.2+1.8
Creatinine mmol/L 580+t1.4 6.10+1.8 7.12+£2.3
Albumin g/L 32.10+2.1 28.20+2.8 27.3+3.4
Total bilirubin mmol/L 33.2+1.8 33.1£2.0 35.3+3.0
Alkaline phosphatase U/L 167.3+£3.9 161.41+3.2 168.30+ 3.5
Alanine aminotransferase U/L ~ 79.23+3.5 81.34+4.3 84.39+2.4

Data shown as Mean + SEM (n=6) and values within rows were found not- significant at p < 0.05.

to 2 and 5g/kg of EILE even after fourteen days of
toxicity trial. Moreover, feed intake, body weight, and
daily activity were very comparable between vehicle
rats and EILE-ingested rats. The two observational
processes have not detected any morbidity or
mortality cases between experimental rats. Moreover,
EILE ingestion has not caused any structural damage
to the liver and kidney based on the histological
examinations, which showed similar tissue structure
and arrangements compared to that of vehicle rats
(Fig. 2. A-C). The biochemical evaluation of serum
samples from normal and supplemented rats showed
the absence of any noticeable changes in examined
parameters as shown in Table 1. The outcomes
suggest the toxic dose of E. intermedia extract exceeds
5g/kg.

Effect of EILE against gastric ulcer

Gross morphology

The results have shown different levels of tissue
penetrations and lesions among experimental rats.
The vehicle rats had a normal bright appearance
of the gastric mucosa with clear rugae muscles.
Contrarily, ulcer control revealed numerous lesion
areas and mucosal penetrations with clear ulcerative
tissues. Rats treated with Omeprazole or E. intermedia
extract showed less mucosal damage and noticeably
fewer lesion areas compared to that ulcer controls
(Fig. 3. A-E).

As shown in Fig. 3A, ethanol ingestion caused
severe and extensive hemorrhagic lesions in the
gastric mucosa with disrupted surface areas.
Pre-treatment of rats with E. intermedia extracts
(250 and 500 mg/kg) lead to a significant reduction
of ulcer areas and significantly lower gastric mucosal
damage (more rugae muscles) compared to that of
ulcer controls. Noticeably, rats who received a high
dose (500 mg/kg) of E. intermedia extracts had more
flat gastric mucosal folds and wider tissue surface
area, denoting a higher protective effect of this dose

compared to that of 250 mg/kg EILE ingestion. More-
over, the gross morphology was very similar between
rats that received Omeprazole or 250 mg/kg EILE
(Fig. 3A-E).

Effect of EILE on gastric mucus contents

Normal control rats (A) had normal mucus amount
without any observable gastric damage. Ulcer control
rats (B) had the lowest gastric mucus content and the
highest gastric ulcer areas compared to experimen-
tal and normal control rats. Rats receiving standard
drugs (C) showed almost the same mucus content
as normal controls and reduced gastric ulcer areas.
Rats treated with EILE (D and E) showed significantly
higher mucus amounts and lower ulcer areas than
that of ulcerated control rats (Table 2).

Histopathological assessment of stomach lesions

The histopathological results from normal control
rats revealed the usual criteria for gastric tissues
represented by the presence of lamina propria and
epithelium in the fundic mucosa. The surface epithe-
lium layer revealed normal mucosal cells with narrow
pits The fundic glands had all three common parts
(base, neck, and isthmus) (Fig. 4A). The ulcer control
rats showed extensive gastric tissue damage in the
ulcer controls represented by numerous leukocyte in-
filtration from the submucosal layers (extravasation),
edema, and necrotic penetration into the mucosa.
Different levels of ulceration were observed including
the cutoff of fundic mucosa from muscularis mucosa
with the sloughing into necrotic lumen from fundic
epithelium. The structural perturbation of the fundic
glands was seen in all tissue slides obtained from ul-
cer controls. There were also numerous inflammatory
cells and bulging of blood vessels as shown in Fig. 4B.
Rats received Omeprazole or EILE had almost nor-
mal tissue structures, which were similar to that
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Fig. 2. Histological views of kidney and liver of rats in acute toxicity trial. A, rats had only 0.5% CMC; B, 2 g/kg EILE-supplemented rats;
C, 5g/kg EILE -supplemented rats. Comparable tissue structure observed between vehicle group and EILE -treated rats (hematoxylin and
eosin, 40x). There was no structure tissue damage in all three groups based on microscopic examination.

of normal control with the only exception of wider
fundic glands and shorter pits. The mucosal surface
has many oval-shaped nuclei and few vacuolated
cytoplasm. Moreover, the parietal and chief cells were
found in normal shape and higher values in compare
to ulcer controls (Fig. 4A-E).

PAS expression in gastric tissues

The gastric sections obtained from experimental
rats showed different intensities of PAS expressions.
Normal control rats had normal surface epithelial
layers with thick continuous mucosal layers, which
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Table 2. Stomach content modulation after EILE ingestion in rats.
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Animal group Pre-feeding (5 ml/kg) Mucus Weight (g) pH Ulcer area(mm)? Inhibition(%)
A, Normal control 0.5% CMC 1.95+0.322 6.16 +0.519? - -

B, Ulcer control 0.5% CMC 0.72+0.035¢ 2.19+0.22¢ 609.0 + 4.484 -

C, Omeprazole 20 mg/kg omeprazole 1.92 4 0.044° 6.15+0.50P 105.66 + 3.382 82.65%

D, Low dose of EILE 250 mg/kg 1.54 4 0.0404 5.16 4+ 0.0574 154.76 + 4.95¢ 74.58%

E, High dose of EILE 500 mg/kg EILE 1.94 +0.34¢ 6.4540.48¢ 125.4 4+ 2.28P 79.40%

Values are revealed as Mean + SEM (n = 6). Different superscript on values on the same column considered significant at p < 0.05.

®)

Fig. 3. Effects of EILE on gastric mucosa of rats. A, vehicle rats
received 0.5% of CMC; B, ulcerated rats had severed gastric le-
sions (yellow arrow); C, rats had 20 mg/kg omeprazole exhibited
significantly lower gastric lesions compared to ulcer control and
EILE-treated rats; D and E, rats received 250 and 500 mg/kg of
EILE. EILE treatment (500 mg/kg) restrained gastric barriers against
ethanol-mediated lesion.

contained many fundic pits and fundic glands (basal,
neck, and isthmus). Ulcer control rats revealed a light,
thin, and intermittent intensity of PAS stain on their
mucosal layers, denoting the lowest glycoprotein con-
tent in their gastric tissues. Moreover, ulcerative rats
had fewer fundic pits and fundic glands based on the
weak PAS expressions in their mucous film. Omepra-

zole or EILE-treated rats had very comparable results
of PAS appearance in their gastric tissues with thick
mucus films distributed on their epithelial layers,
demonstrating increased glycoprotein concentrations
in their stomach tissues (Fig. 5A-E).

Effect of E. intermedia on antioxidant activity

The antioxidant contents of gastric tissues obtained
from rats exposed to different treatments were signif-
icantly varied (Fig. 6). In comparison, normal control
rats had non-significant changes in the antioxidant
and MDA contents in their gastric homogenate com-
pared to treated groups. The ulcer rats experienced
the lowest levels of antioxidants and the highest lipid
peroxidation status compared to Omeprazole or EILE-
treated rats (Fig. 6A-E). EILE supplementation caused
a positive modulation of gastric antioxidants, which
were significantly varied compared to ulcer controls
(B). Rats ingested 500 mg/kg EILE had higher SOD
(408 £9.69 U/mg) and CAT (118.33 +8.33) values
than that (162 +4.77 and 63.16 &+ 3.81) of ulcerated
rats. The MDA content was significantly higher in
ulcer controls and was non-significantly changed be-
tween treated groups. Expectedly, the investigational
collections presented a significant reduction in MDA
activity (Fig. 6). MDA values were statistically lower
in 500 mg/kg EILE-treated rats (120.166 £ 6.04) than
that (216.33 +-11.05) in ulcer controls. Furthermore,
Antioxidant and MDA values were very comparable
between groups A, C, D, and E (Fig. 6).

Discussion

The acute toxicity trial for any potential therapeu-
tic agent has become a useful effective technique to
reveal any possible side effects and to avoid toxic
damage in animals. The present toxicity evaluation
of E. intermedia extracts did not show any unwanted
toxic signs and symptoms or mortality in rats ex-
posed to 5 g/kg. Accordingly, the safety utilization of
E. intermedia and other Ephedra species extracts Has
been reported by different acute toxicity tests.>”~>°

The mucus membrane is considered as first barrier
defense line of the gastric tissues that can be eas-
ily damaged by alcohol ingestion. Increased Pepsin
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Fig. 4. Influence of EILE on the stomach tissues in rats. A, normal controls; B, ulcerated rats, had sever mucosal disruption (blue arrow),
leukocyte extravasation (green asterisk), and edema in the submucosa (double-headed black arrow); C, rats received 20 mg/kg Omeprazole

experienced less gastric injury; D and E, rats received 250 and 500 mg/kg EILE revealed moderate penetration of gastric mucosal disruption
(H & E stain, 10x). mucosal (M) and sub-mucosal (SM).
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Fig. 5. Photomicrographs of gastric sections in fundic mucosal layers in rats. A, normal controls exhibited increased PAS appearance; B,
ulcer rats had a light intermittent intensity of PAS in fundic pits (yellow arrow) and fundic glands at basal (pink arrow), neck (gray arrow), and
isthmus; C, reference rats (Omeprazole) had increased PAS intensity; D and E, rats treated with EILE had a very comparable expression of
PAS as reference rats (PAS stain magnification 20 x). Orange arrow, mucosal lesion; blue arrow, severe mucosal disruption; green asterick,

leukocyte infiltration.

secretion, a stomach digestion enzyme, can also lead
to gastric mucosal injury.“® The homeostasis disrup-
tion between the protective and destructive factors of
the stomach mucosa, which can be promoted by en-
dogenous and exogenous aspects, will cause a series
of gastric disorders including peptic ulcers. '7-2°
Alcohol as one of the exogenous factors can nega-
tively modulate the defense systems of the stomach
including mucus secretion and mucosal circulations,
which will raise the gastric pH leading to gastric
tissue necrosis. Alcohol (ethanol) overuse can cause

hemorrhagic lesions through direct necrosis, lowering
defense factors including down-regulation of bicar-
bonate and mucus production. *!

The chemical synthetics (Omeprazole), have anti-
acid secretory (Blocking Hjy) actions and can
strengthen the defense systems of the stomach includ-
ing mucus (mucin-type glycoproteins) contents and
gastric pH. In the present work, ethanol ingestion
effectively induced the production of gastric injury
represented by mucosal penetrations and leukocyte
extravasation along with epithelial permeability for
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Fig. 6. Modulation of antioxidants and MDA contents in gastric homogenates by EILE ingestion in rats. A, normal controls received 0.5%
CMC; B, Ulcer control received only ethanol; C, rats received 20 mg/kg omeprazole); D and E, rats ingested with 250 and 500 mg/kg of EILE.

neutrophils. Moreover, gastric mucus content was
significantly reduced in rats ingested only absolute
ethanol, which was to previous reports. 2

Our data analysis revealed the rats that received
E. intermedia extract had better gastric tissue profiles
than that of ulcer controls represented by increased
gastric mucus and gastric pH and significantly re-
duced ulcer areas, denoting the gastroprotective
action of this plant. Up-surging the gastric mu-
cus content has been always a target mechanism
for most profitmaking anti-ulcer chemical synthet-
ics (drugs).'” The protective effect of oral ingestion
of EILE could be due to its positive modulation
of gastric mucus, which plays significant defen-
sive action against numerous necrotizing factors
(ethanol) exposed to the stomach. Thus, a possi-
ble pathway of anti-ulcer action of EILE could be
through increasing resistance of the mucosal barri-
ers by a defense coating, which plays a major role
in avoiding stomach injury and in the facilitation
of the gastric epithelium.'>?° Accordingly, the sci-
entists revealed that preserved mucus levels on the
glandular mucosa are one of the main protective
factors to avoid gastric damage mediated by chem-
icals or stress factors.*! Previously, researchers have
shown the gastroprotective potentials of different
Ephedra species by modulation of gastric defensive
factors. 4344

The histopathological results revealed that abso-
lute alcohol ingestion leads to significant gastric
tissue disruption and mucosal damage, increased per-
meability, and reduced mucus contents. The ulcer
controls, treated only with ethanol, experienced dif-
ferent levels of gastric damage including increased
inflammatory cells, mucosal vulnerability, and in-
creased leukocyte permeability, which are all features
of ethanol damage.?' The pathogenic mechanism of
ethanol-mediated stomach injury can be initiated di-
rectly or indirectly through the activation of various
cellular processes mediated by free radicals, inflam-
matory cytokines, or lipoxygenase molecules. The
present rat supplementation by E. intermedia extracts
positively regulated the mucus content and other gas-
tric defensive factors, which were reliable with the
previous outcomes. >*

The pharmaceutical industry has provided many
chemical synthetics to alleviate symptoms associated
with gastric acidity and gastric disorders. Omepra-
zole is a well-known proton pump inhibitor utilized
as an H; blocker that can reduce gastric acid secre-
tions and alleviate digestion problems.?’ Moreover,
Omeprazole is an effective drug for reducing the in-
cidence of gastric ulcers and gastric reflux for short
and long-period utilization.*> In the present clini-
cal practice, Omeprazole ingestion reduced gastric
tissue damage represented by reduced ulcer index
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and higher ulcer inhibition percentages. In this con-
text, E. intermedia ingestion led to similar outcomes
of omeprazole ingestion in rats represented by less
ulcer area, less mucosal damage, and leukocyte pen-
etrations to the gastric wall. Similarly, researchers
correlated the gastroprotective potentials of many
medicinal plants with their positive modulation of
gastric defense lines. !

Scientists have shown that one of the early signs
of initiating gastric ulcers is increased neutrophil ex-
travasation into the gastric tissues. In other words,
preventing neutrophil infiltration or lowering neu-
trophil permeation lowers the chances of developing
gastric ulcer.*® Accordingly, our study revealed that
rats supplemented with E. intermedia leaf extract had
lower neutrophil penetrations compared to ulcer con-
trols. Another mechanism that could be correlated
with the gastroprotective potentials of EILE, is the
inhibitory effect of this plant on gastric muscle con-
traction, forming more flat gastric surfaces with fewer
folds. Such biological action will lead to the relax-
ation of the gastric mucosa, which may protect the
mucosal layers by increasing the mucosal surface area
exposed to the destructive factors and lowering the
volume of the stomach-irritating agents on the rugae
crest. 2647

The PAS staining procedure has shown a reli-
able technique to evaluate the amount of produced
mucopolysaccharides (defensive factor against stress
factors) by gastric cells. Increased production of gas-
tric mucus, in case of the normal state, will cause
an increased appearance of PAS stain when exam-
ined under a microscope. In this context, ulcer rats
showed the minimum PAS expression due to their
reduced gastric mucus content. “® While EILE-treated
rats showed increased expression of PAS stain in
their gastric tissues based on the microscopic evalua-
tions. Accordingly, scientists have shown significant
potential of Ephedra species in the positive regu-
lation of mucopolysaccharides.“®*° Therefore, the
outcome demonstrated that ethanol inhibited the
gastric mucus (less PAS expression), but EILE supple-
mentation (especially 500 mg/kg) up-regulated the
mucus content covering the gastric mucosa (higher
PAS expression), thereby reducing gastric injury and
ulcer index by promoting first immune barrier of the
stomach.

Oxidative stress as a molecular process can be result
of an imbalance of ROS formation and elimination,
consequently causing inflammation and weakening
gastric defense barriers (SOD and CAT). Our data re-
sults show noticeable radical quenching potentials of
EILE, possibly through the activation of anti-radical
genes mediated by Nrf2. Accordingly, scientists have
reported the anti-oxidant action of EILE through

its inhibitory action on the expression of MDA and
up-regulation of CAT, SOD, thereby decreasing the
apoptotic and inflammatory process. °’

Gastric ulcers can be an outcome of many ex-
cited biological processes in the cell including lipid
peroxidation and oxidative stress, which can be in-
duced by the neutrophils through the continuous
buildup of reactive oxygen species (superoxide an-
ions).?! The present antioxidant evaluation showed
different differences in the levels of endogenous an-
tioxidant defense enzymes in gastric homogenates.
Ethanol ingestion caused a significant reduction in
antioxidant enzymes and a noticeable up-regulation
of the MDA levels. MDA has been a well-known
byproduct of the lipid peroxidation process, which
will fluidity, rigidity, and permeability of the mem-
brane and inhibit ionic interchange consequently
leading to organelle damage. Gastric MAD was pos-
itively augmented and higher antioxidant enzymes
were denoted in rats ingested with EILE (250 or
500 mg/kg) compared to that of ulcer controls. Simi-
larly, numerous scientists have shown the antioxidant
potential of E. intermedia in different experimental
trials utilizing various doses.® Such biological ac-
tion of this special plant has been majorly linked
with their phytochemical contents, mainly alkaloids,
phenolic, and flavonoids, cardiac glycosides, and
anthraquinones. '%°!

Conclusion

Acute toxicity experiment established the absence
of toxic effects of E. intermedia (up to 5g/kg) in
rats. The outcomes show efficient gastroprotective
roles of E. intermedia extract in ethanol-mediated
gastric ulcers in rats. Such biological actions were
screened by different histological (H & E), PAS stain,
and biochemical assays. The anti-ulcer actions of
E. intermedia can be correlated with its positive aug-
mentation of gastric mucus, gastric pH, and antioxi-
dant defense enzymes in gastric tissues, which could
be due to its phytochemical (lignan, eplignan) con-
tents belonging to alkaloids, phenolic, and flavonoids,
cardiac glycosides, and anthraquinones. The out-
comes validate E. intermedia as a new source of phar-
maceuticals against oxidative stress-mediated gastric
ulcers.
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