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Abstract: We aimed to determine the effects of ethanol extract of Hippophae rhamnoides L. leaves on indomethacin-induced gastric
ulcer in rats. 35 male Sprague Dawley rats were divided into 7 groups (n=5) at random: healthy; Hippophae rhamnoides L. leaves
ethanol extract (HR) III; indomethacin; indomethacin+famotidine; indomethacin+HRI (100 mg/kg); indomethacin +HRII (250 mg/kg)
and indomethacin +HRIII (500 mg/kg). All rats except the healthy group fasted for 24 hours. At the end of this period, HR and
famotidine (20 mg/kg) were administered by oral gavage to the corresponding rat groups. Five minutes after the HR treatments, 25
mg/kg of indomethacin was applied by oral gavage to all groups except the Healthy and HR III groups. Six hours after indomethacin
administration, stomach tissues were removed for investigation macroscopic and biochemically (Superoxide dismutase activity,
Glutathione, and Malondialdehyde levels). HR administration improved ulcerative injury in stomach tissues caused by the
indomethacin-induced gastric ulcer. HR administration reduced indomethacin-induced ulcer areas. Moreover, HR treatment
significantly decreased malondialdehyde levels, increased glutathione levels, and elevated superoxide dismutase activity. HR
significantly improved gastric ulcer by alleviating oxidative stress that could be important in ulcer. HR may be a new potential
treatment option for ulcer treatment with an antioxidant effect. These findings may provide a mechanistic basis for using HR leaves to
treat gastric ulcer.
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1. Introduction mechanisms underlying IND-induced gastric ulcer

Gastric ulcer has been defined as one of the common
diseases that occur in the stomach and duodenum,
affecting millions of people worldwide (Wang et al,
2021). The main causes of gastric ulcers include
increased stomach acid, pepsin, Helicobacter pylori
infection, alcohol and tobacco consumption, and overuse
of nonsteroidal anti-inflammatory drugs (Antonisamy et
al, 2016). Compared with other nonsteroidal anti-
inflammatory drugs, indomethacin (IND) causes more
severe injury to the gastric mucosa in rats (Isnain et al,,
2022). Intake of IND results in vascular damage,
ulceration, and gastric cell necrosis (Halici et al,, 2016).
Therefore, the IND-induced model is a frequently used
experimental model to study the pathophysiological
mechanisms

and pharmacological interventions of

gastric ulcer (Pineda-Pena et al, 2020). Pathogenic

involve elevated generation of reactive oxygen species
(ROS) (Eraslan et al, 2020), thereby causing oxidative
stress in the gastric tissue (Bhattacharyya et al,, 2014).
Excessive ROS will deplete the activities and contents of
antioxidant  enzymes
substances, such as superoxide dismutase (SOD) and

some and non-enzymatic
glutathione (GSH), in the initial antioxidant system of
gastric tissue, thereby leading to the production of some
lipid and protein oxidation products, such as
malondialdehyde (MDA) (Barboza et al, 2018; Yoldas et
al, 2022), which can severely damage the mucosal
surface of gastric tissue, eventually leading to tissue and
organ injuries and diseases (Pizzino et al, 2017).
Consequently, pharmacological agents with anti-
oxidative properties may be a promising strategy for
avoiding gastric ulcer.

Sea buckthorn, commonly referred to as Hippophae
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rhamnoides L. (HR) from the Elaeagnaceae family
members, is a spiny deciduous shrub or small tree. It is a
flowering shrub native to cold temperate regions. The
fruits, seeds and leaves of the plant are widely used as
folk medicine in the treatment of edema, hypertension,
inflammation, tissue regeneration, burns/injuries,
wounds and ulcers (Pundir et al, 2021; Sharma et al,,
2020). The Qinghai-Tibet Plateau and nearby areas are
where this species was first discovered and moved to (Jia
et al, 2012). Extreme environments with high salinity,
cold, heat, and drought are some of their natural habitats
(Bonciu et al.,, 2020). When consumed as a food or as a
dietary supplement, HR and its processed products are
potentially nontoxic. (Wang et al, 2022). As a result,
researchers have been interested in HR's nutritional,
therapeutic, and ecological benefits for centuries (Gatlan
and Gutt, 2021). In experimental studies, the defensive
impacts of HR on various tissue injuries have been
individually proven in diverse tissues, including cerebral
vascular (Purushothaman et al,, 2008) and liver (Ran et
al, 2021) injuries. HR’s protective effects in various
situations such as burn (Upadhyay et al, 2011),
pulmonary vascular leakage (Purushothaman et al,
2011), and obesity (Lee et al, 2011) have also been
studied. Also, HR fruit has been shown to have an
antiulcerogenic effect against IND-induced gastric ulcer
(Suleyman et al., 2001). HR seed and pulp oils have also
been shown to have preventive and curative effects
against experimental gastric ulcers in rats (Xing et al,
2002). There is also evidence that sea buckthorn seed oil
has a therapeutic effect against dexamethasone-induced
gastric ulceration and erosions in dogs (Dogra et al,
2013). Sea buckthorn procyanidins play an important
role in the healing of acetic acid-induced gastric lesions
possibly by the acceleration of mucosal repair (Xu et al.,
2007). A hexane extract obtained from the fresh fruit of
Hippophae rhamnoides L. produces beneficial effects on
gastric tissue glutathione levels and on the prevention of
ethanol-induced ulcer formation in rats (Halis Suleyman
et al, 2001). Moreover, Li et al. (2005) showed that
ethanol extract of Hippophae rhamnoides leaf exhibited
potent anti-Helicobacter pylori action (Li et al, 2005).
However, the effects of HR leaves on IND-induced gastric
ulcer is unknown.

Based on all this information, in this study, we aim to
investigate the protective effects of HR on IND-induced
gastric ulcer in rats with macroscopic and biochemical
(SOD activity, GSH and MDA levels) analyses.

2. Materials and Methods

2.1. Animals

In this study, 35 Sprague Dawley (weight: 180-220 gr)
were purchased from Atatiirk University Medical
Experimental Application and Research Center. Before
the experiment, the
adaptation period. All the animals were kept in standard
plastic cages under standard conditions (temperature:
22+1°C, relative humidity: 40-80%, 12h light-dark

rats underwent a one-week

cycle). Throughout the experiment, the animals had
unlimited access to the usual rat water and food (ad
libitum). All experimental procedures were carried out
by national guidelines for the use and care of laboratory
animals.

2.2. Chemical Substances

IND (25 mg Endol, 25 capsule) and FAM (Neotab tablet,
40 mg) were purchased from Deva, Tiirkiye. Abbott
(Istanbul, Tirkiye) supplied the thiopental sodium
(Pentothal sodium, 1 g). Analytical-grade chemicals were
used for all other standard substances in biochemical
reactions.

2.3. Analysis and Preparation of the Hippophae
rhamnoides L. Leaves Ethanol Extract

HR was obtained from Erzurum province in Tiirkiye. HR
was defined by Prof. Dr. Ali Aslan from Yiziincii Yil
University, Faculty of Pharmacy, Department of Botany,
using international diagnostic methods. HR leaves were
cleaned and dried at 25 °C. The plant leaves were ground
into a powder with liquid nitrogen in a mortar. It was
extracted in 70% ethyl alcohol by filtration in a water
bath at 50 °C every 12 hours for a total of 72 hours and
the filtrates were collected in glass bottles. It was then
evaporated in the evaporator under reduced pressure at
50 °C. The extract, which was completely removed from
its dissolvent, was placed in a storage box and stored in a
refrigerator (2-8 °C).

2.4. Experimental Design

The 35 rats were divided into 7 groups at random (n = 5
per group) as showed Table 1. Drug doses were selected
according to previous studies following the literature.
The doses of 25 mg/kg IND (Calik et al., 2020), 20 mg/kg
FAM (Toktay et al,, 2022), and 100, 250, and 500 mg/kg
HR (Saggu and Kumar, 2008; Halis Suleyman et al., 2001)
were chosen according to previous studies in accordance
with the literature and they were administered orally by
gavage to rats.

2.5. Indomethacin-Induced Gastric Ulcer Model

All rats except the healthy group fasted for 24 hours
before the experiment in a special ulcer cage with tor
empty the
coprophagia without limiting water access. At the
conclusion of this time, the corresponding rat groups
received the HR and FAM treatments in the
aforementioned dosages. Five minutes after the HR
treatments, all groups, except the healthy and HR III
groups, received an oral gavage dose of IND at a dosage
of 25 mg/kg. All of the rats were put to death using the
high-dose anesthetic thiopental 50 mg/kg six hours after
receiving IND. Following the midline cut rat stomachs
were removed. They were washed with
physiological solution (0.9% NaCl) and a macroscopical
examination revealed the presence of an ulcer emphasis

underneath to stomach and prevent

serum

on the gastric surface. Following this assessment, the
stomachs were kept at 80 °C for biochemical evaluations.
2.6. Macroscopic Examination of Stomach Tissue

To evaluate gastric lesions macroscopically, rat stomach
tissues were opened along the greater quartile. After
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washing with physiological saline, the number and areas
of ulcers were determined. Ulcer area widths were
measured with a magnifying glass using millimetric
paper. The antiulcer effects of HR and FAM were
calculated according to the formula (equation 1) below.

IND group ulcer area—experimental group ulcer area
IND group ulcer area

X100

Antiulcer effect =

(1)

2.7. Biochemical Investigations
100 mg of all specimens reserved for biochemical
investigations were treated with 1 ml of PBS, ground in
liquid nitrogen with a Tissue Lyser II (Qiagen), and
centrifuged. Supernatants obtained by centrifugation
samples. SOD (Cayman Chemical
Superoxide Dismutase Assay Kit Item Number 706002),
GSH (Cayman Chemical Glutathione Assay Kit Item
Number 703002), and MDA (Cayman Chemical TBARS
Assay Kit Item Number 10009055) levels

were used as

were

determined with an enzyme-linked immunosorbent
assay (ELISA) reader. SOD activity, GSH, and MDA levels
of the stomach tissues expressed respectively as U/mg,
uM/mg, and pM/mg tissue. The mean and standard
deviation for each set of data was displayed per mg of
tissue.

2.8. Statistical Analysis

For the statistical analysis of biochemical results (SOD
activity, GSH and MDA levels), we used SPSS 20.0
software program and the results are presented as the
means * standard deviation (SD). Comparisons between
the groups were performed using the One-Way ANOVA
and Duncan multiple comparison tests. P value less than
0.05 was considered statistically significant. Means with
the same letter in the same column do not differ
significantly from each other, whereas means with
different letters in the same column show significant
differences between the groups.

Table 1. Experimental groups and design to investigate the effects of HR in the stomach tissue on indomethacin-

induced gastric ulcer in rats

Groups 24 h pefore ulcer- 5 min. before Oth.hour 6 h.after
induced ulcer-induced ulcer-induced ulcer-induced
Healthy - - - Sacrification
HRIII Fasted (SOO?nl;/kg) - Sacrification
IND Fasted - Irzggr?negt;ll?g)in Sacrification
IND+FAM Fasted E‘; (I)n ;Z?Eg Ilzggn;egjl;gc;n Sacrification
IND+HR 1 Fasted [100112/@) lrzggrrr;leg;ll?g;n Sacrification
IND+HR I Fasted (25 Ol;InRg ) I‘Egg“;f;ﬁ‘g“ Sacrification
IND+HR 1l Fasted (50 Oil; ) l?gg“&gjﬁi‘;“ Sacrification

FAM= famotidine, HR= hippophae rhamnoides L. leaves ethanol extract, IND= indomethasine

3. Results

3.1. Macroscopic Findings of Impacts of HR on
Stomach Tissue

To investigate the effects of HR on IND-induced gastric
ulcer, stomach tissue was examined macroscopically and
ulcer areas were shown in Table 2. There were no gastric
damage areas noted in the Healthy and HRIII groups.
Also, ulcer focus was not seen in the IND+FAM group. The

macroscopic findings of this group were similar to those
of the Healthy group. In the stomach tissues of the IND
group, serious ulcer areas were observed. The ulcer areas
decreased in the treatment groups (IND+HRI, IND+HRI],
and IND+HRIII), compared with the ulcer group (P<0.05).
When the treatment groups were compared among
themselves, the closest result to the healthy group was
obtained with the IND+HRII(250mg/kg) administration.

Table 2. Macroscopic findings of the effects of HR in the stomach tissue on indomethacin-induced gastric ulcer in rats

Groups Dose Rat Ulcer area Antiulcer effect
(mg/kg) (mm?) (%)

Healthy 5 0.0+£0.02 0

HR III 500 5 0.0+£0.02 0

IND 25 5 40.0+1.581f -

IND+FAM 20 5 7.6 £1.1400b 81

IND+HR 1 100 5 25.2+1.483¢ 37

IND+HR I 250 5 12.0+0.707 ¢ 70

IND+HR 111 500 5 15.2+0.8374 62

FAM= famotidine, HR= hippophae rhamnoides L. leaves ethanol extract, IND= indomethasine
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3.2. Impacts of HR on Oxidant and Antioxidant
Parameters in Stomach Tissue

To investigate the effect on oxidative stress parameters
of HR, SOD activity (Figure 1), GSH (Figure 2), and MDA
(Figure 3) levels were analyzed and quantitative findings
were showed Table 3. The administration of alone 500
mg/kg HR did not affect SOD activity, GSH, and MDA
levels in comparison to the healthy group (P>0.05) (Fig
1-3). SOD activity, which indicates an .antioxidant
system, was dramatically lower in the IND group in
comparison to the healthy group (P<0.05). The HR
therapy (IND+HR [, IND+HR II, and IND+HR III)
remarkably healed the decreased SOD activity induced by
gastric ulcer (P<0.05) in comparison to the IND group
(Figure 1). When the treatment groups were compared
among themselves, the closest result to the healthy group
was obtained with the 250mg/kg HR administration.

0,450
0,400
0350
0300
0.250

0.200

SOD U/mg tissue

0,150
0,100

0,050

GSH level, a sign of the antioxidant situation, significantly
reduced due to oxidative stress damage in the stomach
tissues of the IND group (P<0.05). HR administration
(IND+HR [, IND+HR II, and IND+HR III) significantly fixed
the drop in GSH levels engendered by gastric ulcer
(P<0.05), as compared to the IND group. MDA levels,
indicators of the oxidant status, increased in the IND
group as compared to the healthy group (p <0.05). HR
administration improved the increase in MDA levels
induced by a gastric ulcer, crosschecked to the IND
group. When the HR treatment groups were compared
among themselves, the closest result to the healthy group
was obtained with the IND+HRIl (250 mg/kg)
administration. Furthermore, the 250mg/kg HR
application generated the closest results to the healthy

group.
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Figure 1. The effects of HR on SOD activity (U/mg tissue) on indomethacin-induced gastric ulcer in rats. FAM=
famotidine, HR= hippophae rhamnoides L. leaves ethanol extract, IND= indomethasine.
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Figure 2. The effects of HR on GSH levels (uM/mg tissue) on indomethacin-induced gastric ulcer in rats. FAM=

famotidine, HR= hippophae rhamnoides L. leaves ethanol extract, IND= indomethasine.
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Figure 3. The effects of HR on MDA levels (uM/mg tissue) on indomethacin-induced gastric ulcer in rats FAM=
famotidine, HR= hippophae rhamnoides L. leaves ethanol extract, IND= indomethasine.

Table 3. Quantitative findings of the effects of HR on oxidative stress in indomethacin-induced gastric ulcer in rats

Groups Dose SOD GSH MDA
(mg/kg) (U/mg tissue) (UM /mg tissue) (M /mg tissue)
Healthy 5 0.305 +0.0874 2.168+0.245¢ 0.136 +0.087 a
HR 111 500 5 0.303£0.0114d 2.042 £0.252¢ 0.174+0.067 ab
IND 25 5 0.131+0.049a 0.557 £0.3102 0.309 £0.021¢
IND+FAM 20 5 0.286 + 0.010 cd 1.935+0.326¢ 0.164+0.022 ab
IND+HR1 100 5 0.212 £0.010°P 0.707 £ 0.208 2 0.228 £ 0.019°b
IND+HRII 250 5 0.286 £ 0.005 cd 1.365+0.375P 0.152 £ 0.0502
IND+HR III 500 5 0.268 £ 0.021 ¢ 1.340 + 0.440 0.164+0.003 ab

FAM= famotidine, HR= hippophae rhamnoides L. leaves ethanol extract, IND= indomethasine

4. Discussion
Gastric ulcer severity varies according to age, gender, and
geographic it
complications hemorrhages,

location, and is linked to serious

such as perforations,
gastrointestinal blockage, and cancer. As a result of its
high morbidity, mortality, and financial damage, this
clinical manifestation represents a global health problem
(Adinortey et al., 2013). A gastric ulcer evolves when the
physiological balance between harmful and protective
factors in the gastrointestinal tract is disrupted
(Mahmoud et al,, 2021).

The pharmacological functions of HR are traditionally
well-known (Pundir et al., 2021; Shivapriya et al.,, 2015).
It includes vitamins A and C, alpha-tocopherol, large
of carotenoids, E, minerals,

monosaccharides, amino acids, flavonoids, fatty acids,

quantities vitamin
phytosterols, glycerol phospholipids, zeaxanthin esters,
and polyphenolic compounds (Zakynthinos and
Varzakas, 2015). With this information in mind, the
protective effects of ethanol extract of Hippophae
rhamnoides L. Leaves on IND-induced gastric ulcer in rats
were evaluated macroscopically and biochemically.

Primarily, we evaluated ulcer areas macroscopically to
investigate the effects of HR in stomach tissues on IND-

induced gastric ulcer. Regarding the macroscopic scores
in the current investigation, the total damage score of
ulcer areas was quite high in the IND group, while the
score was reduced in the groups treated with HR. In the
ulcer group, severe macroscopic alterations showed
gastric mucosa. In contrast, the macroscopic aspect of the
gastric mucosa in the groups treated with HR was nearly
too healthy group.

Oxidative stress indicates a severe imbalance between
antioxidant defense
mechanisms (Bostanci et al., 2016). One of the key factors

free radical formation and
involved in the disease complication and development
causing IND-induced gastric ulcer is oxidative stress.
Oxidative stress results from either ROS overproduction
or decreased antioxidant activity (Balmus et al.,, 2016).
Either an increase in ROS production or a decrease in
antioxidant activity causes oxidative stress. Under typical
physiological conditions, the body has an integrated
oxidation-antioxidation balance system (Ding and Hong,
2013). The constant production and elimination of ROS
maintain the dynamic equilibrium of the oxidation-
antioxidation system, and an imbalance in this system is
one of the main factors contributing to the development
of stomach ulcers (Suo et al,, 2016). One common sign of

this imbalance is the loss of antioxidant enzymes (like
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SOD and GSH-Px) and the rise in oxidative stress
products (like MDA) (Li et al, 2017). These antioxidant
parameters, along with oxidation products, somewhat
reflect the degree of gastric tissue injury and levels of
oxidative stress.

We investigated the biochemical-oxidative stress
parameters related to gastric ulcer, SOD activity, GSH and
MDA levels. Previous studies have shown that the MDA
level increased and SOD activity and GSH levels
decreased, after gastric ulcer injury (Harakeh et al., 2022;
Jafari et al.,, 2022). Ermis et al. demonstrated that MDA
levels significantly raised, while GSH and SOD levels were
significantly decreased in the rats with gastric ulcer
(Ermis et al,, 2023). Guzman-Gémez et al. reported that
MDA levels increased, while GSH and SOD levels were
significantly decreased in IND-induced gastric ulcer in
rats (Guzman-Gomez et al,, 2023). Our research detected
SOD activity and the levels of GSH and MDA in stomach
tissue and we found that compared with the healthy
group, the MDA level in the stomach tissue of the IND
group was significantly increased, while GSH level and
SOD activity were significantly decreased, suggesting that
after gastric ulcer,
aggravated in the stomach tissues. Consistent with other
findings reported in the literature, our result suggests

oxidative stress reaction was

that oxidant parameter generation increases, while anti-
oxidant parameter generation decreases in the gastric
ulcer situation.

HR treatment importantly reduced MDA levels and
significantly raised GSH level and SOD activity. Especially
IND plus HR II (250 mg/kg) administration generated the
closest results to the healthy group by regulating
oxidative stress. These HR-induced impacts appeared to
be correlated with the suppression of oxidative stress
and, to a lower extent, inflammatory reactions. These
findings demonstrated that HR reduced oxidative stress
and alleviated gastric ulcer. Geetha et al. reported that
leaf extract of HR modulated GSH and MDA levels and
protected the animals from chromium-induced oxidative
injury (Geetha et al, 2003). Maheshwari et al. reported
that the phenolic-rich fraction of HR provided significant
protection against oxidative damage modulated GSH
level and SOD activity (Maheshwari et al.,, 2011). Kubczak
et al. In a human cell toxicity study, it was discovered that
Hippophae rhamnoides L. leaf extracts are rich in
bioactive compounds with potent antioxidant activity
(Kubczak et al., 2022). Moreover, previous studies have
shown HR restored oxidative stress parameters in
various studies (Cho et al, 2017; Dubey et al, 2016).
Consistent with other findings reported in the literature,
our result suggests that HR treatment reduces oxidant
parameter generation while increasing anti-oxidant
parameter generation, protecting stomach tissue from
gastric ulcer by controlling oxidative stress, similar but
not superior to famotidine. Also, our biochemical findings
were corroborated by our macroscopic findings. With its
natural content, HR can play an important role in the
production of new preventive drugs against ulcers.

Perhaps in future studies, the superiority to famotidine
can be evaluated with molecular analysis and by studying
different doses of HR as a natural nutrient.

The study's limitations involve the inability to investigate
the anti-inflammatory effects of HR on IND-induced
gastric ulcers. We believe that more in-depth studies,
including molecular analyses, are now required to gain a
better understanding of the
demonstrated in this research. The primary goal of the
study was to determine whether HR has a positive
impact on IND-induced gastric ulcer in rats by
biochemical analyses.

In reality, macroscopic imaging of the effects of HR on
IND-induced gastric ulcers may be preferable. We
anticipate that this study will inspire additional research.
Future research might also look into the molecular basis
of HR. However, as the first to demonstrate HR's impact
on IND-induced gastric ulcer, this study is particularly
significant.

Based on the macroscopic and biochemical findings, we

influence mechanism

have shown that HR significantly improved IND-induced
gastric ulcer. HR may intervene with antioxidant
processes that may be essential in gastric ulcer damage.
HR may be a promising agent in the development of
novel preventative therapies for gastric ulcers with its
natural ingredient.
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