Unissa R et 4/. (2022)
‘ l Notulae Botanicae Horti Agrobotanici Cluj-Napoca Q—M
Volume 50, Issue 3, Article number 12891

Notulae Botanicae Horti

AcademicPres DOI:10.15835/nbha50312891 Agrobotanici Cluj-Napoca

Research Article

Anti-ulcer properties, cytokines, and apoptosis regulatory effects of
Olea europaea leaves from Hail Province, Saudi Arabia

Rahamat UNISSA'™, Sivakumar S. MONI*, Humera BANU?,
Sulafah S. ALRAHEF# Sadeem S. ALRAHEF4, Taif K. M. ALENEZI*,
Marwa H. ABDALLAH", Amr S. ABU LILA", Hemat EL-HORANY?’,
Amr S. ABOUZIED??, Siddig I. ABDELWAHAB!,

Manal M. E. THAHA!

"University of Hail, College of Pharmacy, Department of Pharmaceutics, Hail, 81442, Kingdom of Saudi Arabia; srunissa@gmail.com
(*corresponding author)

2Jazan University, Department of Pharmaceutics, College of Pharmacy, Jazan, 45142, Kingdom of Saudi Arabia; smoni@azanu.edu.sa

3University of Hail, College of Applied Medical Sciences, Department of Clinical Nutrition, Hail, 81442, Kingdom of Saudi Arabia;
humerabanul 4@gmail.com
*University of Hail, College of Pharmacy, Hail, 81442, Kingdom of Saudi Arabia; opok887@gmail.com; opok881@gmail.com;
119teef@gmail.com
SZagazig University, Faculty of Pharmacy, Department of Pharmaceutics and Industrial Pharmacy, Zagazig, Egypt;
mh.abdallah@uob.edu.sa; a.abulila@uob.edu.sa
*University of Hail, College of Medicine, Department of Biochemistry, Hail, 81442, Kingdom of Saudi Arabia; H.elhorany@uoh.edu.sa
"Tanta University, Department of Medical Biochemistry, Faculty of Medicine, Egypt
8University of Hail, College of Pharmacy, Department of Pharmaceutical Chemistry, Hail, 81442, Kingdom of Saudi Arabia;
as.ibrabim@uoh.edu.sa
?National Organization for Drug Control and Research, Department of Pharmaceutical Chemistry, Giza, Egypt;
%]azan University, Medical Research Center, Jazan, 45142, Kingdom of Saudi Arabia; sadiqa@azanu.edu.sa
HJazan University, Substance Abuse and Toxicology Research Centre, Jazan, 45142, Kingdom of Saudi Arabia; mtaha@azanu.edu.sa

Abstract

This study investigated the anti-ulcer properties of raw olive leaf powder (OLP) and its
immunomodulatory potential through the cytokine network. The efficacy of OLP extract in treating stomach
ulcers in rats in ethanol-induced models was examined using a single dosage (100, 200, 400 mg/kg) in groups
4,5, and 6. The OLP demonstrated substantial anti-ulcer action even at 100 mg/kg. The activity was better at
400 mg/kg and almost equivalent to the conventional omeprazole treatment at 20 mg/kg in group 3. The
cytokine network was studied in groups 1, 2, 3, and 6. The cytokine network was efficiently regulated by
reducing the production of cytokines such as IL-1@, IL-2, IL-4, IL-6, IL-10, and TNF-a. The levels of caspase-
3 and caspase-9 were also lowered in groups 3 and 4 considerably at p < 0.05. It is interesting to note that the
expression of IFN was greater in animals treated with OLP in group 4, as compared to animals treated with
omeprazole in group 3, as well as animals from the disease control group 2, when analyzed at a significance level
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of p < 0.05. The results revealed that OLP has intriguing potential for anti-ulcer action, and possesses

immunomodulatory capabilities to control inflammatory cytokines and apoptotic markers.

Keywords: anti-ulcer activity; apoptosis markers; cytokine network; olive leaves; raw powder

Introduction

Olive is an excellent nutritional source, which contains several medicinally valuable compounds that can
be used to prevent many diseases (Marta et al., 2022). Olives (Olea europaca L.) are small trees that have a rich
cultural history and significant commercial influence around the Mediterranean areas (Faten ez a/., 2012; Arafa
et al., 2021; Clodoveo ez al., 2022; Food and Agriculture Organization, 2022). The leaves of olives are widely
used by indigenous peoples for the treatment and prevention of various ailments (Hassen ez al., 2015; Boss ez
al.,2016). In fact, worldwide, Olea europaea L. ranks amongst the most popular herbal medicines. Olea europaea
L. is one of the most widely used botanical medications globally. The medicinal benefits of O. europaea have
long been recognized in the traditional medical literature (Rahamat e al, 2022). Olive leaf extract (OLE)
contains various pharmacological qualities such as gastroprotective, neuroprotective, antibacterial, anticancer,
anti-inflammatory, antinociceptive, and antioxidant effects. Moreover, studies have shown that OLE has
cardioprotective, anti-diabetic, and weight-reducing effects (Debra, 2018; Al-Ruqaie ez 4/, 2021). Millions of
olive trees are grown in the Hail region of Saudi Arabia, which makes it a major global supplier of olive oil
(Wafy., 2021). Through antioxidant, anti-ulcer, anti-tumor, and anti-microbial properties of olive and its
contents demonstrate a crucial role in the management of diseases. Many bioactive metabolites are present in
OLE, especially phenolic compounds, flavonoids, and oleuropein, which are particularly beneficial in reducing
reactive oxygen species (ROS) in ulcers (Talhaoui ez al., 2016). This study was carried out in continuation to
our earlier study (Rahamat ez 4/, 2022), to conduct a more thorough investigation of the anti-ulcer properties

of OLE.

Materials and Methods

Sourcing, taxonomy, and processing of Olea europaea L. leaves

Hail Province is in north-central Saudi Arabia and shares borders with the provinces of Madinah,
Tabouk, Northern Border, Riyadh, and Qassim. It is the largest province in the country. Hail Province is
located in the Waadi Hail region surrounding the Shammar mountain ranges, and serves as the country’s
provincial capital. The olive trees used in this study were grown at Al Khitah, 27.979363 N, 41.730706 E,
situated 68.4 km from Hail city. Fresh leaves were collected from the trees and transported to the laboratory in
plastic bags. After the removal of contaminants by rinsing under running water from a tap, the leaves were
rinsed again with Millipore water, and then air-dried on a neat floor for 10 days. Washed branches of specimens
from the olive trees were identified by a registered taxonomist and then deposited at the University of Hail
Herbarium, under the reference number, UOHCOP002. The voucher specimen was also donated to the
University Herbarium, where it is being preserved as a source of information for the future. The air-dried leaf
samples were chopped into little bits and then finely ground into a powder using a blender. This finely-
powdered leaf specimen was stored in a sealed vessel.
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Materials

All chemicals and organic solvents were purchased from Sigma, USA. Ejadah Medical Supplies Est,
Riyadh, Saudi Arabia, supplied all items for this study.

Animals

The study was initiated after obtaining approval from the Institutional Animal Ethical Committee.
Healthy adult Sprague Dawley rats weighing 150430 g were allowed to acclimatize to the laboratory
environment for two weeks at 22408 °C and relative humidity of 56+£6%, which was attained with equal
durations of light and darkness. Clean water and feed were provided ad libitum.

Gastric ulcer model

36 male rats were randomly divided into six groups, with five animals/group. The ulcer model was
affected in line with a previously published procedure, but with slight modifications (Al-Wajech ez 4/., 2016).
The groups used and the treatments given are as follows:

Group 1: Normal control group: In this group, stomach ulcers were not produced, and so, the animals
did not receive any treatment.

Group 2: Ulceration group: In overnight-fasted rats, ulceration was induced by the administration of
95% (v/v) ethanol [5 mL/kgbody weight (bwt)].

Group 3: These animals received omeprazole (20 mg/kg bwt in distilled H,O) in a single dose orally,
two hours prior to ethanol administration.

Group 4: These animals received OLP (100 mg/kg bwt in distilled H,O) in a single dose orally, two
hours prior to the administration of 95% (v/v) ethanol.

Group 5: The animals received OLP (200 mg/kg bwt in distilled H,O) in a single dose orally, two hours
prior to the administration of 95% (v/v) ethanol.

Group 6: The animals received OLP (400 mg/kg bwt in distilled H,O) in a single dose orally, two hours
prior to the administration of 95% (v/v) ethanol.

One hour after ethanol administration, all the animals were sacrificed with an overdose of diethyl ether,
and their stomachs were quickly excised. Blood samples were collected via cardiac puncture technique using a
sterile 21-gauge needle. The serum samples obtained after centrifugation were stored in a refrigerator at 2-8 °C
prior to use in the assay of cytokine levels.

Determination of ulcer index and % inhibition of ulcer
We measured the overall mucosal surface area as well as the total ulcerated surface area of the animals’
stomachs. Ulcer index (U.1.) was determined as per the method used in a previously published work (Sabiu ez

al., 2015), by applying the following equation:
UL Ulcerated area % 100

~ Total stomach area

The % inhibition of ulceration was calculated as follows:
g Ulcer index of control)—(ulcer index of test
% Inhibition = ( ! )~ f test)

Ulcer index of control

Macroscopic and biochemical gastric assessments

The contents of the stomach and tissues were extracted for macroscopic and pathological examination.
Photographs were taken using a USB digital microscope with a magnification endoscope camera. The total
ulcerated area was calculated using the standard method with minimal adjustments, and the percentage
inhibition was calculated using a minor modification of the standard stated in an earlier report (Njar ez 4/.,
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1995). Acidity was determined using a pH meter and titration with sodium hydroxide solution, and the results
were presented in milliequivalents per liter (Tan ez al., 2002). A sensitive digital balance was used to determine

mucus weight.

Determination of cytokine level in serum

Cytokine network was determined in four groups i.e., groups 1, 2, 3, and 6. Pro-inflammatory and anti-
inflammatory cytokines and apoptosis markers were determined using an enzyme-linked immunosorbent
assay, as follows:

Interlenkin-18 (IL-1§)

The serum interleukin-1f (IL-1B) level was determined quantitatively usinga Rat IL-1@ ELISA kit in a
sandwich assay (MyBioSources, USA). This assay utilized a sandwich enzyme immunoassay for the in vitro
quantitative determination of IL-1P. The standard and samples (100 pL each) were placed separately in their
respective wells of strips. The plates were covered usinga plate sealer and incubated at 37 °C for one hour. After
incubation, the liquid medium was removed from the wells and completely drained by inverting the plates on
tissue towels for five minutes. Thereafter, 100 uL of reagent A was pipetted into each well, followed by
incubation at 37 °C for one hour. Thereafter, the wells were washed three times with wash buffer using a
microplate strip washer (Biotek ELX50, USA), after which 100 pL of reagent B was added into each of the
wells and incubated at 37 °C for 30 minutes. The strips were washed five times with wash buffer using a
microplate strip washer. Then, a substrate reagent (0.090 mL) was added, and after a 15-minute incubation,
the optical density of the plate content was read at 450 nm. The concentration of IL-1B was obtained by
extrapolating from a standard calibration graph.

Interleukin-2 (IL-2)

The serum interleukin-2 (IL-2) level was determined quantitatively using a Rat IL-2 ELISA kit
(ABCAM, USA) in a sandwich reaction. This assay utilized a captured antibody labeled with an affinity tag
and a detection antibody linked to a reporter. The resultant complete conjugate was then fixed in the well by
exploiting the immune-specificity of a coated anti-tag immunoglobulin. Thereafter, 50 uL of the antibody
cocktail was added into each well, after which the wells were sealed and incubated under agjtation in the
laboratory for one hour. Then, the strips of the plate were washed three times with 1 x wash buffer, using a
microplate strip washer (Biotek ELX50, USA). After washing the plates, TMB (0.10 mL) was pipetted into
cach well, after which they were placed on a plate agitator and incubated in darkness at laboratory temperature
for 10 minutes. Finally, the reaction in each well was stopped by adding 100 pL stopping reagent. After vigorous
shaking, the absorbance was read at 450 nm using an ELISA spectrophotometer (ELx800, USA). The
concentration of IL-2 was obtained by extrapolating from a standard calibration graph.

Interleukin-4 (IL-4)

The serum interleukin-4 (IL-4) level was determined quantitatively using a Rat IL-4 ELISA kit
(ABCAM, USA) in a sandwich reaction. This assay made use of an antibody specific for Rat IL-4 that has been
impregnated on a 96-well plate, into which the samples and standards were added. The IL-4 in each specimen
was attached to the fixed immunoglobulin, resulting in a positive result. The plate was closed with a lid and
incubated for 2.5 hours. The plate strips were rinsed four times with 1 x wash buffer using a microplate strip
washer (Biotek ELX50, USA), after which 0.10 mL of biotin-labeled IL-4 sensitive immunoglobulin was added
to each well and incubated at laboratory temperature for 1 hour. Thereafter, the plate was rinsed four times
and 0.10 mL of HRP-streptavidin solution (enzyme conjugate) was added into each well and incubated for 45
minutes with gentle shaking. This was followed by the addition of 100 pL of TMB 1-Step substrate reagent to

all the wells and incubation for a minute in the dark. Then, the reaction in each well was stopped and
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absorbance was read at 450 nm using an ELISA instrument (ELx800, USA). The concentration of IL-4 was
determined by extrapolating from an IL-4 standard calibration graph.

Interleukin-6 (IL-6)

The serum interleukin-6 (IL-6) level was determined quantitatively using a Rat IL-6 ELISA kit
(MyBioSource, USA). This assay employed the same double antibody sandwich technique that was used for
IL-2 and IL-4. In essence, the standards and samples (0.10 mL cach) in their respective wells of strips were kept
at 37 °C for 1% hours, prior to washing the ELISA plates two times with wash buffer. Then, 100 pL of
biotinylated IL-6 antibody was added to each well. The plate was sealed and incubated at 37 °C for 60 minutes.
The strips of the plate were washed thoroughly (three times) using a microplate strip washer (Biotek ELX50,
USA), after which 0.10 mL of enzyme complex was added. Following % hour of incubation at 37 °C, the strips
were rinsed using a microplate strip washer. Then, 100uL of the prepared color reagent was added to each well
and incubated at 37 °C for 30 minutes. After 30 minutes, 0.10 mL of reagent C was added, and the content of
cach well was thoroughly mixed for one minute on a plate shaker, after which absorbance was measured at 450
nm using an ELISA spectrophotometer (ELx800, USA). The concentration of IL-6 was determined by
extrapolating from a standard curve and expressed in pg / mL.

Interleukin-10 (IL-10)

The serum interleukin-10 (IL-10) level was determined quantitatively using a Rat IL-10 ELISA kit
(Abcam, USA). This assay employed a captured antibody labeled with an affinity tagand a detection antibody
coated with a reporter to immunocapture the sample analyte in the solution. The assay was performed in line
with established protocol to determine the IL-2 in the serum. Then, IL-10 concentrations were determined by
extrapolating from a standard calibration graph.

Interferon gamma (IFN - y)

The in vitro Simple Step ELISA for Interferon (IFN) gamma was designed for determining the IFN
gamma protein levels in the rat serum. In the assay, 50 pL of the standard or sample was placed in the
appropriate well of strip, after which 0.050 mL of immunoglobulin was added. The well was then sealed and
incubated (with agitation) for 60 minutes, and rinsed thrice with 1x wash buffer usinga microplate strip washer
(Biotek ELX50, USA). Then, after the addition of 0.10 mL of TMB substrate solution to the individual wells
and incubation in darkness at room temperature for 10 minutes, the reaction was stopped using 0.10 mL of
stopping reagent. The optical density of each well was then read at 450 nm using an ELISA instrument
(ELx800, USA), and the concentrations of IFN-y were determined by extrapolating from a standard
calibration graph.

Tumor necrosis factor (TNF-2)

The serum Tumor necrosis factor (TNF-a) level was quantitatively evaluated usinga Rat TNF-a ELISA
kit (MyBioSource, USA). The kit utilizes a sandwich enzyme immunoassay for in vitro quantitative detection
of TNF-o in rat serum. In this assay, 0.10 mL of the standard and 0.10 mL of the sample were added to the
respective wells of strips. The plate was then sealed and left at 37 °C for 1% hours, after which the medium in
each well was replaced with 0.10 mL of biotinylated antibody, and then sealed and incubated for 1 hour. Then,
after rinsing thrice with buffer using a microplate strip washer (Biotek ELX50, USA) and soaking for two
minutes after each wash, 0.10 mL of HRP complex was added to each well of the washed plate. After sealing
and incubating at 37 °C for % hour, rinsing was done thrice using a microplate strip washer, with soaking for
two minutes after each wash. Then, 90uL of substrate solution was added to the individual wells, followed by
incubation in the dark at 37 °C for 15 minutes. Finally, 50 uL of stopping reagent was added to every well, and



Unissa R ez al. (2022). Not Bot Horti Agrobo 50(3):12891

after mixing the contents, optical density was read immediately at 450 nm using an ELISA instrument
(ELx800, USA). The concentrations of TNF-« were obtained by extrapolating from a standard calibration
graph.

Determination of serum apoptosis markers Caspase-3 and 9

The serum levels of caspase-3 and caspase-9 were evaluated quantitatively using a Rat Caspase-3 and
Caspase-9 ELISA kit (MyBioSource, USA). The kit utilizes a double antibody sandwich enzyme immunoassay
for the in vitro quantitative determination of caspase-3 and caspase-9 levels in rat serum. In this method, 0.10
mL each of the sample and standard were added to the respective wells of strips. Then, the plate was sealed and
incubated at 37 °C for 90 minutes, and then washed two times with 1x wash buffer using a microplate strip
washer (Biotek ELX50, USA). After this, 0.10 mL of biotinylated antibody was added and incubated for 60
minutes at 37 °C. The plate was washed three times with 1x wash buffer using a microplate strip washer, after
which 100 pL of enzyme complex was pipetted into each well, and then sealed and incubated at 37 °C for %2
hour. After rinsing the plate five times with buffer using a microplate strip rinser, 100uL of the color reagent
prepared was pipetted into each well, followed by incubation in the dark at 37 °C for 30 minutes. After
incubation, 100 pL of Color Reagent C was added to the individual wells, and after thorough mixing,
absorbance was read at 450 nm using an ELISA instrument (ELx800, USA). The concentrations of caspase-3
and caspase-9 were determined by extrapolating from a standard calibration graph.

Statistical analysis
Data is presented as mean + SD. Comparison amongst groups was done using ANOVA and Dunnett’s
multi-comparison test. Values of p < 0.05 indicated statistically significant differences. Statistical analysis was

performed using GraphPad Prism 9 software, USA.

Results

Table 1 shows the impacts of OLP and omeprazole on the treatment of gastric ulcers in Wistar rats.
Figure 1 shows the hemorrhagic lesions on the glandular part of the rat stomachs macroscopically. According
to the results, the measured ulcer area of animals in the control group was 611432 mm” When compared to
the control group, the ulcer area of the groups subjected to treatment with OLP at a dose of 400 mg/kg bwt
was significantly reduced, measuring 120 + 9.4 mm?, indicating 74 + 1.9 % inhibition. On the other hand,
omeprazole treatment reduced the ulcer area to 90 + 3.5 mm?, indicatinga 79 + 1.2 % healing rate. In the ulcer
control group, the therapeutic efficacy of OLP at a dose of 400 mg/kg bwt was somewhat lower than that of
omeprazole at a dose of 20 mg/kg bwt. Table 2 shows the levels of proinflammatory and anti-inflammatory
cytokines. There were marked increases in IL-1f, IL-6, and TNF-« in group 2, after the induction of ulcers.
However, the levels of these factors were decreased significantly in the treatment groups (groups 3 and 4; p <
0.05). These results are shown in Figure 2. Moreover, TNF-a was observed to have the highest percentage
increase among the cytokines, followed by IL-land IL-6. On the other hand, the percentage cytokine
reductions achieved following treatment with OLP were in a different sequence: the most inhibitory effect was
on TNF-a concentration, which had an 85.3 % reduction, followed by IL-1 concentration, which showed
approximately 81% inhibition. Surprisingly, the percentage of inhibition of IL-6 was much lower, when
compared to those of TNF-and IL-1 (Table 2).
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Table 1. A comparative study on the effects of Olive leaves and omeprazole in the treatment of ulcer in

Wistar rats
Ulcer area (Ll g
Groups Treatment (mm?) % of inhibition Mucus weight pH
1 Normal control 0.00 0.00 2.8+0.11 3.61+0.09
2 Ulcer Control 611+32 NA 0.95£0.2 3.61+£0.21
3 Omeprazole 90+3.5 79+1.2 145+ 0.3 6.54 % 0.09
4 OLP (100 mg/Kg) 302+20.5 59+43.6 1.4+0.22 5.24+0.081
5 OLP (200 mg/Kg) 2134125 68.242.2 2040.18 5.6+ 0.065
6 OLP (400 mg/Kg) 12049.4 74+1.9 2.9 +£0.09 6.1+£0.19

OLP: Olive leaves Powder

v

Figure 1. Examination of hemorrhagic lesions macroscopically on the glandular part of the rat stomach
L IL IIL IV, V and VI are representative photos from groups 1,2, 3, 4, 5 and 6 respectively. Photo II showed the most
severe hemorrhagic lesions on the glandular part of the stomach obtained from Group 2.
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Table 2. The Cytokines level before and after treatment

Type of Cytokine level (pg/mL)
. % % % Increase /
cytokines Group 1 Group 2 Increase Group 3 Decrease Group 4 Decrease
IL-18 40.14 £ 5.91 506.27 +23.99 1144 79.98 + 6.4 84.2 39.9+47 92.11 (D)
IL-6 48.93+3.3 424.76 +10.7 768 201.9 + 39 52.5 161.6+9.8 61.96 (D)
IL-2 04+0.15 2413+ 1.4 5932 3.51+0.66 85.45 1.533 + 0.44 93.64 (D)
IL-4 0.75 + 0.04 3.834+0.336 724.8 2.03+0.21 47 248 +0.612 35.31(D)
IL-10 4113+13 22644 +25.82 450.54 69.98+6.3 69 74.75 £ 8.8 66.98 (D)
IFN -y 47+225 263£1.9 459.57 24.8+1.82 5.08 35.6+ 1.11 36.24 (I)
TNF-a 23.69 +4.89 899.95 + 62 3698 13195 +7.56 85.3 84.48 + 6.12 90.61 (D)

Each value is the mean of five samples with standard deviation. *(D) Decrease (I) Increase
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Figure 3 presents the anti-inflammatory cytokine levels before and after the treatments. The figure
depicts a non-significant decrease in IL-2 in group 4 ulcer animals treated with OLP, when compared to group
3 ulcer animals treated with omeprazole. However, the IL-4 level was decreased significantly in group 4 ulcer
animals treated with OLP, when compared to group 3 ulcer animals treated with omeprazole (p < 0.05). On
the other hand, the levels of IL-10 and IFN-Y were increased in group 4 ulcer animals, relative to those in group
3. Interestingly, there was no marked increase in IL-10 in group 4 ulcer animals that were given OLP, when
compared to group 3 ulcer animals treated with omeprazole. In comparison with other anti-inflammatory
cytokines, the level of IL-2 was substantially elevated. IL-2 had the highest percentage rise, followed by IL-4,
IFN-y, and IL-10. However, following treatment with OLP, IL-2 levels increased by 85.45 %, IL-10 by 69 %,
and IL-4 by 47 %. However, IFN-y was reduced by only 5.08 % due to the OLP treatment (Table 2). The
apoptosis marker caspases-3 and -9 in group 2 showed a marked increase after the induction of ulcers (Table
3). The results showed that both caspase-3 and caspase-9 were significantly reduced when compared to the
disease group 2 (Figure 4). However, the decrease in the levels of caspases-3 and -9 was not significant in the

8
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OLP-treated animals of group 4, when compared to the omeprazole-treated animals in group 3 (p < 0.05).
From this study, it is evident that OLP exerted immunomodulatory properties, which led to the cure of ulcers.
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Table 3. Apoptosis markers level

Type of Apoptosis markers level (ng/mL)
cytokines % %
Group 1 Group 2 Increase Group 3 % Decrease Group 4 Decrease
Caspase 3 0.55 +0.15 49.99 £ 3.61 8989 26.78 £9.8 46.4 18.45+7.71 63.09
Caspase 9 0.214 +0.014 1.95 £ 0.69 5277 0.86 +0.107 55.89 0.713 £0.38 63.4
Discussion

Alcohol use can cause stomach ulcers; excessive drinking raises the risk of gastric mucosal injury. Ethanol
induces gastric ulcers by reducing the levels of protective factors in the stomach mucosa (Franke ez al., 2005;
Choi et al., 2009). The present study focused on establishing the healing effect of OLP on gastric ulcers and
the involvement of cytokine network modulation in the process. The results revealed that the efﬁcacy of OLP
was better in modulating inflammatory cytokine levels, when compared to the standard omeprazole treatment.
The presence of a-linoleic acid, palmitic acid, oleamide, palmitic acid B -monoglyceride, squalene, coumarins,
and vitamin E in OLP has been reported earlier (Rahamat ez 4/, 2022). IL-1f is a vital cytokine that controls
inflammation-linked responses in the gastrointestinal mucosa. By inhibiting the migration of neutrophils
produced by chemotaxis, IL-1f plays a crucial role in regulating some gastric functions and preserving the
integrity of the gastrointestinal mucosa. In the current research, IL-18 level was very high in the ulcer animals
in group 2. An earlier study reported that IL-18 levels were increased in patients with alcoholic liver disease in
response to inflammatory stimuli and endogenous danger-associated molecules (Petrasek ez a/.,2012). IL-6 has
pleiotropic activity, meaning it can operate as cither a pro-inflammatory cytokine or an anti-inflammatory
myokine. In reaction to tissue damage, IL-6 is produced almost instantly but only for a short time (Tanaka ez
al., 2014). TNF- « is an inflammatory cytokine produced by macrophages/monocytes during acute
inflammation. Up-regulated levels of pro-inflammatory cytokines in gastric ulcers have been reported by earlier
studies (Lanas ez a/., 2001; Gyulai ez al., 2004; Dipanjana ez al., 2011; Wen ez al., 2011)

IL-2 is an important immune response regulator that has a significant impact on both pro-inflammatory
and anti-inflammatory responses (Ng ¢ a/., 2003). The expression of IL-2 in gastric ulcers was reported in an
carlier study (Sugimoto ez al,, 2010). A protein that performs a significant role in the regulation of anti-
inflammatory responses is IL-4; it functions as a growth factor for B and T cells. IFN-y activates macrophages
and natural killer cells. A previous study had reported a high expression of IFN-y in gastric ulcers (Obonyo ez
al., 2002). Increased IL-10 has also been reported earlier in a gastric ulcer model (Jests ez 4/., 2020). Earlier
studies suggested that the immunomodulatory effect of OLP might be due to the presence of a-linoleic acid
and palmitic acid. Zhao ez 4/. (2007) reported that the dietary intake of a-linoleic acid can inhibit pro-
inflammatory cytokine networks. On the other hand, palmitic acid triggers NF-kB-dependent mechanisms,
which lead to the generation of proinflammatory factors such as IL-6, II-18, and TNF. However, palmitic acid
also inhibits inflammation-related factors through the inhibition of expressions of macrophages (Lee ez al.,
2010). In contrast, this research showed that macrophage activator IFN-y was markedly increased in the ulcer
animals; it was not reduced in the OLP-treated ulcer animals when compared to those treated with omeprazole.
From the study, it is obvious that OLP created a balance between pro-inflammatory and anti-inflammatory
activities. On the other hand, a-linoleic acid caused a decrease in IL-6 and an increase in IL-10 in Wistar rats,
resulting in the inducing of an anti-inflammatory effect (Figueiredo ez al., 2011). In the present study, the levels
of IL-10 and IL-4 were reduced significantly, when compared to ulcer animals. However, their levels were more
than those in omeprazole-treated animals. Caspase-3 is an essential protein that is a part of the apoptosis
mechanism. It cleaves many cellular proteins, and as a result, triggers the removal of cells that have become old,
damaged, or autoreactive. Caspase-9 is a protease that is involved in the apoptotic process, and has been related
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to mitochondrial damage. An earlier study suggested that aqueous OLE exhibited anti-apoptosis markers by
reducing the levels of caspases 3 and 9 due to the presence of oleuropein and hydroxytyrosol (Morandi ez /.,
2021). Yaguchi ez al. (2010) reported the inhibitory effect of linoleic acid on caspases 3 and 9. Thus, OLP
created a balance between proinflammatory and anti-inflammatory activities, which was reflected in the anti-
ulcer effect.

Conclusions

Medicinal plants have historically been the principal method of treating many diseases worldwide and
are necessary for maintaining optimum health. Consumption of vegetables and fruits is advantageous for the
maintenance of good health. The demand for the development of novel pharmaceuticals is rising gradually and
consistently. Since the time immortal, plant resources have been outstanding resources for the development of
therapeutic substances. Olives are rich in numerous pharmacologically important biochemicals that aid in the
prevention of a wide range of illnesses. This study has proved the significance of raw olive leaves in the
prevention of stomach ulcers. Intriguingly, the leaves were capable of altering both pro-inflammatory and anti-
inflammatory cytokines, in addition to apoptotic markers.

Authors’ Contributions

RUS: Principal investigator, Conceptualization, funding resources, proofing, editing; SMS:
Conceptualization, experimentation, investigation, processing of results, data analysis, writing; HB, SSA, SSA,
TKMA, MHA, ASAL, HEH, ASA: Plant collection, processing, data analysis; SIA, MT: Experimentation

All authors read and approved the final manuscript.

Ethical approval (for researches involving animals or humans)

The study has been properly approved by the Insticutional Animal Ethical Committee before
commencing the experiment. MRC/JU/1443/SAl.

Acknowledgements

This research has been funded by the Scientific Research Deanship at the University of Hail -Saudi
Arabia through project number RG-21 129.

11



Unissa R ez al. (2022). Not Bot Horti Agrobo 50(3):12891
Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Al-Ruqaie [, Al-Khalifah NS, Shanavaskhan AE (2016). Morphological cladistic analysis of eight popular Olive (Olea
europaea L.) cultivars grown in Saudi Arabia using Numerical Taxonomic System for personal computer to detect
phyletic relationship and their proximate fruit composition. Saudi Journal of Biological Sciences 23 (1): 115-121.
hetps://doi.org/10.1016/;.5ibs.2015.05.008

Al-Wajech NS, Hajerezaie M, Noor SM, Halabi MF, Al-Henhena N, Azizan AHS, ... Ali HM (2016). The gastro
protective effects of Cibotium barometz hair on ethanol-induced gastric ulcer in Sprague-Dawley rats. BMC
Veterinary Research 13(1):1-12.  https://doi.org/10.1186/512917-017-0949-z

Arafa M, Nourhan HS, Shaimaa RA, Taghreed SA, Ahmed MS, Bassam FA, ... Usama RA, (2021). Antiulcer potential of
Olea europea L. cv. Arbequina leaf extract supported by metabolic profiling and molecular docking. Antioxidants
10:644. https://doi.org/10.3390/antiox1005064

Boss A, Bishop KS, Marlow G, Barnett MP, Ferguson LR (2016). Evidence to support the anti-cancer effect of olive leaf
extract and future directions. Nutrients 8(8):ES513. hrzps://doi.org/10.3390/nu8080513

Choi E, Hwang H, Kim I, Nam T (2009). Protective effects of a polysaccharide from Hizikia fusiformis against ethanol
toxicity in rats. Food and Chemical Toxicology 47(1):134-139. https://doi.org/10.1016/;.fc£.2008.10.026

Clodoveo ML, Crupi P, Annunziato A, Corbo F (2022). Innovative extraction technologies for development of
functional ingredients based on polyphenols from olive leaves. Foods 11:103. h#tps://doi.org/10.3390/foods110101

Debra RW (2018). Olive leaf extract: dosage, benefits, side effects, and more. hetps://www.healthline.com/health/olive-
leaf-extract

Dipanjana DD, Sumana B, Meenakshi M, Arindam D, Abhijit C, Dhali GK, Susanta R (2011). IL-1f Induced Smad 7
negatively regulates gastrin expression. PLoS One 6(3):¢14775. https://doi.org/10.1371/journal.pone.0014775

Faten B, Beligh M, Samia D, Madiha D, Mohamed H (2012). The efficacy of phenolics compounds with different
polarities as antioxidants from olive leaves depending on seasonal variations. Industrial Crops and Products
38:146-152. hitps://doi.org/10.1016/).indcrop.2012.01.023

Figueiredo CA, Alcantara-Neves NM, Amorim LD, Silva NB, Carvalho LC, Cooper PJ, Rodrigues LC, Barreto ML
(2011). Evidence for a modulatory effect of IL-10 on both Th1 and Th2 cytokine production: the role of the
environment. Clinical Immunology 139:57-64. https://doi.org/10.1016/.clim.2010.12.019

Food and Agriculture Organization Faostat (2021). Food and Agriculture Data; Food and Agriculture Organization:
Rome, Italy, 2017. Retrieved 22 September 2021 from: hetp://www.fao.org/faostat/en/#home

Franke A, Teyssen S, Singer MV (2005). Alcohol-related diseases of the esophagus and stomach. Digestive Diseases and
Sciences 23:204-213. https://doi.org/10.1159/000090167

Gyulai Z, Klausz G, Tiszai A, Léndrt Z, Késa IT, Lonovics J, Mandi Y (2004). Genetic polymorphism of interleukin-8
(IL-8) is associated with Helicobacter pylori-induced duodenal ulcer. European Cytokine Network 15(4):353-358.
https://doi.org/10.1111/j.1523-5378.2007.00481.x

Hassen I, Casabianca H, Hosni K (2015). Biological activities of the natural antioxidant oleuropein: exceeding the
expectation — A mini-review. Journal of Functional Foods 18:926-940. h#tps://doi.org/10.1016/}.jff2014.09.001

Petrasek J, Shashi B, Timea C, Dora L, Karen K, Victoria M, Matthew B, So-Yun M, Evelyn A KJ, Gyongyi S (2012). IL-
1 receptor antagonist ameliorates inflammasome-dependent alcoholic steatohepatitis in mice. Journal of Clinical
Investigation 122(10):3476-3489. https://doi.org/10.1172/JCI60777

Jests KYF, Gabriela FC, Carlos ABO, Janette FC (2020). Synthesis of interleukin-10 in patients with ulcerative colitis
and  Helicobacter ~ pylori  infection.  Gastroenterology ~ Research  and  Practice  2020:4171083.
bttps://doi.org/10.1155/2020/4171083

12



Unissa R ez al. (2022). Not Bot Horti Agrobo 50(3):12891

Lanas A, Garcia-Gonzélez MA, Santolaria S, Crusius JB, Serrano MT, Benito R, Pefia AS (2001). TNF and LTA gene
polymorphisms reveal different risk in gastric and duodenal ulcer patients. Genes & Immunity 2(8):415-421.
bttps://doi.org/10.1038/s].gene.6363798

Lee]Y, Lee HJ, JeongJ A, Jung JW (2010). Palmitic acid inhibits inflammatory responses in lipopolysaccharide-stimulated
mouse peritoneal macrophages. Oriental Pharmacy and Experimental Medicine. Kyung Hee Oriental Medicine
Research Center. https://doi.org/10.3742/0pem.2010.10.1.037

Marta GF, Li Y, Walter CW, Qi S, Laura S, Jordi SS, Martinez-Gonzalez MA, Stampfer JM, Hu FB (2022). Consumption
of olive oil and risk of total and cause specific mortality among U.S. Adults. Journal of the American College of
Cardiology 79 (2):101-112. https://doi.org/10.1016/j.jacc.2021.10.041

Morandi F, Bensa V, Calarco E, Pastorino F, Perri P, Corrias MV, Ponzoni M, Brignole C (2021). The olive leaves extract
has anti-tumor effects against neuroblastoma through inhibition of cell proliferation and induction of apoptosis.
Nutrients 13(7):2178. https://doi.org/10.3390/nul3072178

Ng PC, Li K, Wong RP, Chui K, Wong E, Li G, Fok TF (2003). Proinflammatory and anti-inflammatory cytokine
responses in preterm infants with systemic infections. Archives of Disease in Childhood. Fetal and Neonatal
Edition 88(3):F209-213. hetps://doi.org/10.1136/fn.88.3./209

Njar VC, Adesanwo JK, Raji Y, (1995). Methyl angolensate: the antiulcer agent of the stem bark of Entandrophragma
angolense. Planta Medica 61(01):91-92. https://doi.org/10.1055/5-2006-958015

Obonyo M, Guiney DG, Harwood J, Fierer J, Cole SP (2002). Role of gamma interferon in helicobacter pylori induction
of inflammatory mediators during murine infection. Infection and immunity 70(6):3295- 3299.
https://doi.org/10.1128/141.70.6.3295-3299.2002

Rahamat US, Sivakumar SM, Raghad HA, Rawan HA, Nouf FA, Khadijah MW, Fayha NA, Alshammari MH, Fai MA,
Zia ur R, Md Shamsher A, Vinod Kumar B, Ahmed AA (2022). Spectral characterization of the bioactive
principles and antibacterial properties of a cold methanolic extract of Olea enropaca from the Hail region of Saudi
Arabia. Arabian Journal of Chemistry 15(8):104006. hzps://doi.org/10.1016/j.arabjc.2022. 104006

Sabiu S, Garuba T, Sunmonu T, Emmanuel A, Abdulhakeem S, Ismaila N, Abdulazeez B (2015). Indomethacin-induced
gastric ulceration in rats: Protective roles of Spondias mombin and Ficus exasperata. Toxicology Reports 2:261-267.
hitps://doi.org/10.1016/j.toxrep.2015.01.002

Sugimoto M, Yamaoka Y, Furuta T (2010). Influence of interleukin polymorphisms on development of gastric cancer and
peptic ulcer. World journal of gastroenterology 16(10):1188-1200. h#tps://doi.org/10.3748/wjg.v16.i10.1188

Talhaoui N, Vezza T, Gdmez-Caravaca AM, Alberto FG, Julio G, Antonio SC (2016). Phenolic compounds and 7 vitro
immunomodulatory properties of three Andalusian olive leaf extracts. Journal of Functional Foods 22:270-277.
hitps://doi.org/10.1016/).j{f.2016.01.037

Tan PV, Nyasse B, Dimo T, Mezui C, (2002). Gastric cytoprotective anti-ulcer effects of the leaf methanol extract of
Ocimum suave (Lamiaceae) in rats. Journal of Ethnopharmacology 82(2-3):69-74. https://doi.org/10.1016/50378-
8741(02)00142-3

Tanaka T, Narazaki M, Kishimoto T (2014). IL-6 in inflammation, immunity, and disease. Cold Spring Harbor
Perspectives in Biology 6(10):a016295. https://doi.org/10.1101/cshperspect.a01 6295

Wen GJ, Andrew JS, Fiona R, Keith GH (2011). Influence of interleukin-8 (IL-8) and IL-8 receptors on the migration of
human keratinocytes, the role of PLC-y and potential clinical implications. Experimental and Therapeutic
Medicine 3(2):231-236. https://doi.org/10.3892/etm.2011.402

Yaguchi T, Fujikawa H, Nishizaki T (2010). Linoleic acid derivative DCP-LA protects neurons from oxidative stress-
induced apoptosis by inhibiting caspase-3/-9 activation. Neurochemical Research 35(5):712-717.
https://doi.org/10.1007/s11064-010-0124-4

Zhao G, Etherton TD, Martin KR, Gillies PJ, West SG, Kris-Etherton PM (2007). Dietary alpha-linolenic acid inhibits
proinflammatory cytokine production by peripheral blood mononuclear cells in hypercholesterolemic subjects.

American Journal of Clinical Nutrition 85(2):385-391. https://doi.org/10.1093/ajcn/85.2.385

13



OPEN ¢/~ ACCESS

Unissa R ez al. (2022). Not Bot Horti Agrobo 50(3):12891

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any
other lawful purpose, without asking prior permission from the publisher or the author.

License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.

© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to
hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published

in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional

affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors

or persons to whom they are credited. Publication of research information does not constitute a recommendation or

endorsement of products involved.

14



