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Abstract

Gastrointestinal diseases, such as gastric ulcer (GU), are caused by damage to the GM, alcohol consumption,
NSAIDs (specifically ketorolac), and Helicobacter pylori. Currently, several plants are effective in treating GU, including
Castanopsis costata. Until now, there has been no report regarding the antiulcerogenic effects of ethanolic extract of C.
costata (EECc) reported. Therefore, this research aimed to test antiulcerogenic potential of EECc in 3 rat models of GU
induced by ethanol (EtOH) 1 mL orally, ketorolac (30 mg/kg orally), and H. pylori (1.0x10° CFU intragastrically). Each
treatment group in the experimental model was given EECc 50, 100, and 200 mg/kg orally. In this context, GpH and GV,
FA and TA, as well as UI, were measured to assess gastric function. Measurements of inflammatory cytokines levels, as
well as histopathological examination of tissue, were carried out to determine the effects of organ damage. Anti-H. pylori
activity was tested in vitro and in vivo to assess the inhibition of H. pylori growth. The results showed that EECc improved
gastric function, reduced the levels of TNF-a, IL-1p, and IL-6, increased PGE2, inhibited the growth of H. pylori in vitro
and in vivo, and improved tissue architecture by reducing the severity of GM injury, leukocyte infiltration, and bleeding.

Moreover, EECc had antiulcerogenic effects in EtOH-, ketorolac-, and H. pylori-induced GU rat models.
Keywords: Castanopsis costata, Antiulcerogenic, Ethanol, Ketorolac, Helicobacter pylori

Introduction
Gastric ulcer (GU) is a wound or lesion sustained prostaglandin E2 (PGE2) synthesis, endogenous
due to a tear in the lining of the gastric mucosa (GM) antioxidants, bicarbonate efflux, nitric oxide (NO), and

that extends to the entire muscularis mucosa. This sulthydryl compounds (SH) as well as detrimental

wound is characterized by various stages, including
necrosis, increased oxidative stress, leukocyte
infiltration, decreased blood flow, and inflammation [1].
Furthermore, GU occurs due to an imbalance between

mucosal defense factors, including mucus secretion,

aggressive factors, namely pepsin, hydrochloric acid,
smoking, stress, excessive alcohol consumption, use of
NSAIDs, and H. pylori infection [2,3]. The most
common causes of GM damage include heavy alcohol
consumption, use of NSAIDs (specifically ketorolac),
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and H. pylori infection [4,5]. Most people with GU
experience common symptoms such as abdominal
discomfort, nausea, epigastric pain, vomiting, and a
gnawing or burning sensation after eating. The
complications are bleeding, perforation, and pyloric
obstruction [6]. Globally, the number of GU cases has
reached 2,854,370 with 230,217 deaths [7]. The disease
occurs with a high recurrence rate and requires a long
treatment period [8]. Several conventional medications
are used to protect and repair GM damage in sufferers,
such as histamine type-2 receptor antagonists
(ranitidine), M1 receptor antagonists (pirenzepine), PPIs
(omeprazole), antimicrobial agents (clarithromycin),
and prostaglandin analogs (misoprostol) [9,10]. The
medications have several side effects, including
gynecomastia, impotence, osteoporosis, anaphylactic
reactions, acute interstitial nephritis, and iron,
magnesium, and vitamin B12 deficiencies [10,11].
Therefore, alternative treatments are needed to develop
more effective agents, prevent recurrence, and minimize
side effects [12].

Medicinal plants have long been used to treat
digestive system diseases in multiple countries,
including Indonesia [13,14]. This is because medicinal
plants have various pharmacological activities and
chemical compounds, milder side effects in long-term
use compared to synthetic drugs, widespread
availability, and low toxicity [15,16]. Indonesia is the
country possessing the 2nd-highest biodiversity, with
thirty thousand plant species successfully documented.
A total of 6,000 medicinal plants are considered,
including Castanopsis costata [17-19]. Empirically, C.
costata leaves are often used to treat various digestive
disorders, analgesic, and inflammation [20]. Several
previous research reported that ethanolic extract of C.
costata (EECc) had multiple biological activities,
including antimalarial [21], antidiabetic [22],
antioxidant [23], antihyperlipidemic [24], antidiarrheal
[19], analgesic [25], anti-inflammatory [25],
hepatoprotective [26], and nephroprotective [26].
Medicinal plants with antioxidant and anti-
inflammatory activities possess anti-gastric ulcer effects
[27,28]. Antioxidant compounds are reported to
counteract and clean free radicals, such as ROS that play
a role in the induction of ulcer, as well as stimulate the
formation of prostaglandins to increase healing and

protect the gastric mucosa from injury [29,30]. Anti-

inflammatory compounds have been reported to reduce
inflammatory cytokines formed in GU to increase
healing and prevent recurrence [31]. Based on previous
research, EECc was reported to have antioxidant and
anti-inflammatory activities. Furthermore, EECc is also
reported to have high phenolic and flavonoid
compounds, where these compounds can act as
antiulcerogenic by neutralizing ROS, increasing
endogenous antioxidant enzymes, reducing lipid
peroxidation levels, stimulating mucus production,
strengthening  the  gastric  barrier, increasing
prostaglandin production (PGE2), inhibiting acid
secretion, decreasing the release of inflammatory
cytokines (such as TNF-a, IL-1B, and IL-6) and
inhibiting the growth of H. pylori [32-34]. The
pharmacological  activities and  phytochemical
compounds of EECc can strengthen the hypothesis that
EECc also has the potential to possess antiulcerogenic
activity. On the other hand, until now, there has been no
report regarding the antiulcerogenic effects of EECc
reported, so this could provide a novelty in the discovery
of antiulcer agents derived from medicinal plants.
Therefore, this research aims to examine
antiulcerogenic potential of EECc in ethanol (EtOH)-
induced, ketorolac-induced, and H. pylori-induced GU.

Materials and methods

Materials and bacterial

Omeprazole (PT. Novell Pharmaceutical
Laboratories, Indonesia), ketorolac (PT. Kalbe Farma,
Indonesia), clarithromycin (PT. Sanbe Farma,
Indonesia), amoxicillin (PT. Kalbe Farma, Indonesia),
0.9% sodium chloride (PT. B. Braun Pharmaceutical,
Indonesia), ethyl ether (PT. Bratachem, Indonesia),
Topfer reagent (HiMedia Laboratories, India), paraffin,
mueller-hinton broth, phosphate buffered saline, sodium
hydroxide, 80% ethanol, 10% formalin solution,
hematoxylin-eosin stains, 70% ethanol, fetal bovine
serum (FBS), xylene, phenolphthalein, pulvis gummi
arabicum (EMSURE® ACS Merck, Germany). TNF-a
ELISA kits (MBS175787), IL-1B ELISA Kkits
(MBS2023030), IL-6 ELISA kits (MBS2020158),
PGE2 ELISA kits (MBS1603501) (MyBioSource, Inc.
San Diego, USA). Bacterial cultures were purchased
from BEI Resources (NIAID, USA): Helicobacter
pylori CPY6081 (cat. no. NR-43639).
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Plant materials, determination, and extract
preparation

Approximately 15 kg of fresh leaves were
collected from Pancur Batu Region in Medan,
Indonesia. The plants were identified at Herbarium
Jatinangor, Universitas Padjadjaran (voucher number:
488/LBM/IT/1/2025; collection number: 607). The fresh
leaves were collected, cleaned with water, cut into small
pieces, and dried. After the leaves were ground into a
powder, 3 kg were macerated for 3x24 h in 70% EtOH.
A rotary evaporator was used to collect and concentrate
the liquid extract at 55 °C [35].

Randomization procedure, blinding, and
experimental replicates

For randomization, an identification number was
first assigned to each rat and then randomization was
performed, which generated random numbers and
allocated rats to study groups. Randomization was
performed using online software
(https://www.graphpad.com/quickcalcs/randomizel/).
Meanwhile, in blinding during the experiment,
alphanumeric codes were used to identify vials and
syringes and each rat was given a number. Then, each
sample code was placed in a sealed envelope and
revealed at the end of the experiment. Sample size
determination was based on Federer calculation
formula, which is (t - 1) (n - 1) > 15; where “t” is the
number of the groups and “n” is the experimental animal
per group. (6 - 1) (n- 1) > 15 — n >4, for the testing of
EtOH-, ketorolac-, and H. pylori-induced GU in rats.
According to this calculation, the minimum sample size
was 4 experimental animals in each treatment and

control group.

Experimental animals

The male Wistar rats (a total of 120), ages 10 - 12
weeks and 200 - 250 g, were used in this research. Rats
were kept in the Pharmacology and Toxicology
Laboratory at Universitas Buana Perjuangan Karawang
after being acquired from the CV. Mitra Putra Animal,
West Java, Indonesia. Every experimental animal had
ad libitum access to standard pellets and water, and they
were all kept in polypropylene cages with softwood
shavings under standard housing circumstances (12-
hour light/dark cycle, 25 + 3 °C room temperature, and
55 + 5% humidity). The Research Ethics Commission of

Universitas Padjadjaran, Indonesia, accepted this
protocol under the number: 499/UN6.KEP/EC/2024
(May 2, 2024), in compliance with ARRIVE guidelines.

Protocol for antiulcerogenic activity

EtOH-induced GU in rats

In this research, antiulcerogenic activity was
tested using an EtOH-induced GU model. The
experimental animals were randomly divided into 6
groups (n = 5). Group 1 - 3 acted as normal (healthy),
NC (ulcerated with EtOH and not treated), and positive
(ulcerated with EtOH and treated with OMP 20)
controls, respectively. Meanwhile, Groups 4 - 6 acted as
test groups (ulcerated with EtOH and treated with EECc
50, EECc 100, and EECc 200). OMP and EECc were
administered orally for fourteen days before GU
induction with EtOH. On the 15" day, rats in all
treatment groups (except the normal control) received
80% EtOH (1 mL/rat) orally to induce GU. After an
hour, the animals were anesthetized with cotton balls
saturated with 1.9% ethyl ether in a small chamber for 2
to 5 min and euthanized by cervical dislocation. The
stomachs were removed to examine the test parameters

of each experimental group [36,37].

Ketorolac-induced GU in rats

The further test of antiulcerogenic activity was
conducted using a ketorolac-induced GU model. The
experimental animals were divided into 6 groups (n =
5). Groups 1 - 3 served as the normal (healthy), NC
(ulcerated with ketorolac and not treated), and positive
(rats ulcerated with ketorolac and treated with OMP 20)
controls, respectively. Meanwhile, Groups 4 - 6 acted as
test groups (ulcerated with ketorolac and treated with
EECc 50, EECc 100, and EECc 200). OMP and EECc
were administered orally one hour before GU induction
with ketorolac. Rats in all treatment groups (except in
the normal control) received 30 mg/kg ketorolac to
induce GU. After eighteen hours of ulcer induction, all
rats were anesthetized with cotton balls saturated with
1.9% ethyl ether in a small chamber for 2 to 5 min and
euthanized by cervical dislocation. Subsequently, the
stomachs were removed to examine the test parameters

of each experimental group [38].
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Bacterial strain

Before testing antibacterial activity of EECc
against H. pylori, an inoculum of the bacterial strain
(Helicobacter pylori CPY6081) was prepared from an
overnight broth culture. The suspension was adjusted to
a McFarland standard turbidity of 0.5 (equivalent to
1.0x10% CFU/mL, as per the consensus standard of the
CLSI) [39].

Anti-H. pylori activity

The stock solutions of EECc and clarithromycin
were filtered through a pyrogenic filter to sterilize the
solutions before experimenting. Furthermore, serial
dilution was carried out to various concentrations of 200
- 12.5 pg/mL and 0.001 - 10 pg/mL for EECc and
clarithromycin, respectively. A 96-well plate was
prepared, and 100 pL. of MHB, 20 pL of inoculum,
EECc, and clarithromycin were poured into each well.
Microorganism growth was determined by the presence
of turbidity, and clear wells indicated no bacterial
growth. MIC of the test sample was the lowest in the
medium that completely inhibited visible bacterial
growth. In addition, 100 pL samples were taken from
tubes without visible bacterial growth during MIC test
and infused into MHB in sterile wells to determine
MBC. The plates were incubated at 37 °C for 24 hin a
microaerophilic environment (10% Carbon dioxide, 5%
Oxygen). MBC was defined as the lowest concentration
without producing bacterial growth in the experiment
[40].

H. pylori-induced GU in rats

Before performing an antiulcerogenic test, H.
pylori was first cultured in brain-heart infusion broth
with 10% FBS for an entire night at 37 °C in a
microaerophilic environment until it reached a density
of 2.0x10° CFU/mL. Subsequently, this bacterium was
inoculated, suspended in 0.5 mL of broth (containing
1.0x10° CFU H. pylori), into the test rats intragastrically
(i.g.) 3 times with an interval of 3 days for 4 weeks. To
determine the test rats positively infected with H. pylori,
fecal antigen analysis was carried out with the SD
Bioline H. pylori Ag kit. The test rats were divided into
6 groups (n = 10). Groups 1 - 3 acted as normal
(healthy), NC (infected with H. pylori and not treated),
and positive [infected with H. pylori and treated with
triple therapy (TT) (CLA 25, AMOX 50, and OMP 20)]

controls, respectively. Meanwhile, Groups 4 - 6 acted as
test groups (rats infected with H. pylori and treated with
EECc 50, EECc 100, and EECc 200 daily orally for 4
weeks). On the final day, all rats were anesthetized with
cotton balls saturated with 1.9% ethyl ether in a small
chamber for 2 to 5 min and euthanized by cervical
dislocation. The stomachs were removed to examine the
test parameters of each experimental group. To detect H.
pylori colonization, half of the glandular mucosa was
scraped. According to the protocol described by
Santiago et al., H. pylori colonization was confirmed

with a rapid urease test [41].

Determination of antiulcerogenic activity

Evaluation of stomachs

In all experimental models, rats’ stomachs were
opened along the larger curvature and cleaned with a
NaCl (0.9%) solution to remove blood clots and gastric
contents. In order to evaluate ulcer formation, each
stomach was inspected using a 10x magnification lens.
The index could be measured using the score described
by Ahmed ef al. [10].
Ulcer severity score:

Normal = 0; bleeding spots = 0.5; mild
inflammation = 1; moderate inflammation = 2; heavy

bleeding = 3; perforation = 4.

Ulcer index (UI) = NUSPA + SS + (PAWU X 0.1) )

where: NUSPA = no. of ulcer score/animal; SS =

severity score; PAWU = % of animals with ulcer.

Inhibition of ulceration (%) = "~~~ >= X 100  (2)

where: UINC = UI in the negative control; UITG = Ul
in the treatment groups.

Gastric pH (GpH) and gastric volume (GV)

Gastric juice was taken from the stomachs of rats
in each experimental model, transferred into a
measuring tube, centrifuged for 10 min at 4,000 rpm,
and the volume of the supernatant was measured.
Furthermore, 1 mL of distilled water was added to dilute
the fluid, and a pH meter was used to determine its pH
[42].
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Free acidity (FA) and total acidity (TA)

The diluted gastric juice with 0.01 N NaOH was
titrated using Topfer’s reagent and 1% phenolphthalein
to determine the FA and TA levels of gastric juice in
each experimental model. The volume of sodium
hydroxide reflected the amount of FA and TA in the
gastric juice and was expressed in mEqg/L. In this

context, acidity was calculated using the formula below:

V NaOH x N x 100 mEq/L
0.1

Acidity =

3)

Determination of inflammatory cytokines

Rat gastric tissue segments in each experimental
model were taken, homogenized with ninefold ice-cold
PBS, and centrifuged for 15 min at 6,000 rpm to
determine inflammatory  cytokine levels. The
supernatant was collected, and the levels of TNF-q, IL-
1B, IL-6, and PGE2 in gastric homogenates were
determined using an ELISA kit (MyBioSource, Inc.),
according to the manufacturer’s instructions. An
automated microplate reader (ELx50; BioTek, Agilent
Technologies, Inc.) was used to measure the optical
density at 450 nm.

Histopathological observation of gastric tissue

Gastric tissue samples from each experimental
model were washed and cleaned with 0.9% NaCl for 48
- 72 h in 10% formalin solution. Subsequently, the
samples were processed through alcohol dehydration,
followed by xylene cleaning and paraffin infiltration.
Paraffin-embedded tissue blocks were cut with a
thickness of 5 micrometers using a rotary microtome,
then dried and fixed on glass slides. The slides were
deparaffinized with xylene for 30 min and dehydrated
with a hot plate for 5 min. The sections were stained
with H&E. The slides were observed using Olympus
BX-51 (a light microscope) equipped with a camera

(Olympus Q Color-5) connected to a computer and a
100x objective lens. Histopathological alterations were
assessed using a standardized nonlinear
semiquantitative scoring method and a scale ranging
from 0 to 4, as adapted from Eltahir, with minor
modifications. Significant findings were scored: 0 = no
change; 1 = <25% tissue damage; 2 = 26% - 50% tissue
damage; 3 =51% - 75% tissue damage; 4 = 76% - 100%

tissue damage [43].

Statistical evaluation

All experiment data were presented as mean =+
SEM. Using GraphPad Prism version 10, one-way
ANOVA and Tukey’s post hoc test were used to analyze
differences between the means of the measured

parameters. p < 0.05 were deemed significant.

Results and discussion

Effect of EECc on gastric juice parameters in
EtOH-induced GU rats

Based on the results, the administration of 80%
EtOH at 1 mL/rat decreased GpH and significantly
increased GV, FA, and TA (p < 0.01 - p < 0.001).
Meanwhile, the administration of EECc 100 and EECc
200 caused a significant increase (p < 0.05 - p <0.01) in
GpH and decrease (p < 0.05 - p <0.001) in GV, FA, and
TA in EtOH-induced GU rats. Meanwhile, EECc 50
only caused a significant decrease in FA (p <0.01) and
TA (p <0.01). The results confirmed that administering
OMP had a better effect on changes in gastric juice
parameters (p < 0.01 - p < 0.001) than EECc. The
administration of EECc at all doses, as well as OMP, had
a significantly lower UI (p < 0.001 - p <0.0001) and an
inhibition percentage of 52.64%, 67.34%, 80.14%, and
84.73%, respectively. Table 1 shows the effect of EECc
administration on gastric juice parameters, Ul, and %
inhibition of ulceration in EtOH-induced GU rats.

Table 1 The effect of EECc on GpH, GV, FA, TA, Ul, and % inhibition of ulceration in EtOH-induced GU rats.

FA TA Inhibition of
Groups GpH GV (mL) Ul .
(mEq/L) (mEq/L) ulceration (%)
Normal 4.04 £0.07 0.49 +0.04 21.00 +0.47 61.05+0.64 - -
NC 2.76 £0.16* 1.22 £0.10% 38.79 + 0.637# 73.45 £ 0.96# 22.30 +£0.58 -
OMP 20 5.36 £ 0.15%** 0.66 + 0.02** 18.52 £ 0.51%** 55.61 £ 1.77%** 3.40 £ 0.24%*** 84.73
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FA TA Inhibition of
Groups GpH GV (mL) Ul .
(mEq/L) (mEq/L) ulceration (%)
EECc 50 2.89+£0.19 0.91+£0.01 24.92 £ 0.76%* 67.09 £ 0.5]1%** 10.50 £ 0.45%** 52.64
EECc 100 3.17+0.16* 0.87 +0.02* 21.96 £ 0.48*** 62.86 + 0.74*** 7.30 £ Q.41 %*** 67.34
EECc 200 4.89 + 0.31** 0.83 +0.02* 19.79 £ 0.33%** 59.56 + (0.33*** 4.40 + 0.30%*** 80.14

All experiment data were presented as mean + SEM (n = 5). *p < 0.05, **p < 0.01, ***p <0.001, ****p < 0.0001 vs. the

NC. #p <0.01, #p < 0.001 vs. the normal group. NC, negative control.

Effect of EECc on inflammatory cytokines
levels in EtOH-induced GU rats

Based on the results, administration of 80% EtOH
at 1 mL/rat caused an increase in TNF-q, IL-1p, and IL-
6 and a significant decrease in PGE2 levels (p <0.0001).
Meanwhile, EECc at all doses decreased in TNF-a (p <
0.05 - p <0.001), IL-1B (p < 0.01 - p <0.0001), and IL-
6 (p <0.01 - p <0.0001), as well as increased PGE2
levels (p < 0.05 - p < 0.01) in EtOH-induced GU rats.
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OMP decreased TNF-a, IL-1B, and IL-6, as well as
increased PGE2 levels, which were not significantly
different when compared to NC (p > 0.05). The results
showed that EECc was more effective in influencing
changes in the inflammatory cytokine levels of EtOH-
induced GU rats than OMP. Figure 1 shows the effect
of EECc on inflammatory cytokine levels in EtOH-
induced GU rats.
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Figure 1 Effect of EECc on inflammatory cytokines levels in EtOH-induced GU rats. All experiment data were presented
as mean = SEM (n = 5). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. the NC. ##p < 0.0001 vs. the normal

group. NC, negative control.

Effect of EECc on histopathological
observation of gastric tissue in EtOH-induced GU
rats

Based on histopathological observation of the
gastric tissue, there was an intact mucosal layer structure
with a regular epithelial arrangement and no evidence of
desquamation or damage to the glands (Figure 2(A)). In
the NC group, there was injury to the GM, as seen from
epithelial desquamation and damage to the glandular
layer. Additionally, several leukocyte infiltration was

reported in the lamina propria, indicating an active
inflammatory  response. An  accumulation of
erythrocytes outside the blood vessels also reported GM
bleeding (Figure 2(B)). The treatment group given
OMP showed injury to the GM in the form of mild
desquamation and a reduction in glands, as well as
leukocyte infiltration in smaller numbers (Figure 2(C)).
The administration of EECc at all doses showed mild
erosion in the GM and the structure was relatively intact.

However, necrosis was visible, leukocyte infiltration
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was mild in a small area, and bleeding was slight and not
massive (Figures 2(D) - 2(F)). The histopathological

scores of the gastric tissue of rats with EtOH-induced
GU are displayed in Table 2.

Table 2 Effect of EECc on histopathological scoring of gastric tissue in EtOH-induced GU rats.

Groups Gastric mucosa injury Leukocyte infiltration Gastric hemorrhage
Normal 0.00 + 0.00 0.00 +0.00 0.00 +0.00
Negative control 3.00 +£0.00 3.00 £ 0.00 3.00 £ 0.00
OMP 20 1.00 +0.00 1.00 +0.00 0.00 £ 0.00
EECc 50 2.00 +0.00 1.80+0.20 1.00 £ 0.00
EECc 100 1.00 +0.00 1.00 +0.00 0.00 £ 0.00
EECc 200 1.00 + 0.00 1.00+0.00 0.00 £ 0.00

The data are presented as mean = SEM (n =5).

A B

Figure 2 The effect of EECc on histopathological appearance of gastric tissue in EtOH-induced GU rats. (A) Normal.
(B) NC. (C) OMP 20. (D) EECc 50. (E) EECc 100. (F) EECc 200. Light green arrow (gastric mucosa); Light blue arrows
(gastric mucosa injury); Yellow arrows (leucocytes infiltration); Red arrows (gastric hemorrhage). Magnification, X100

and stained with H&E.

Effect of EECc on gastric juice parameters in
ketorolac-induced GU rats

The administration of ketorolac at 30 mg/kg in rats
caused a decrease in GpH and increase in GV, FA and
TA (p < 0.01 - p <0.001). EECc 100 and EECc 200
increased (p < 0.05 - p <0.01) GpH and decreased (p <
0.05 - p<0.001) GV, FA, and TA in ketorolac-induced
GU rats. Meanwhile, the EECc 50 only decreased FA (p
<0.01) and TA (p < 0.05). The administration of OMP

was reported to have a better effect on changes in gastric
juice parameters (p < 0.05 - p <0.001) than EECc. The
results showed that EECc at all doses, as well as OMP,
had a significantly lower UI (» <0.001 - » <0.0001) and
had ulcer inhibition percentages of 31.63%, 42.87%,
53.53%, and 60.16%, respectively. Table 3 shows the
effect of EECc administration on gastric juice
parameters, Ul, and % inhibition of ulceration in
ketorolac-induced GU rats.
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Table 3 The effect of EECc on GpH, GV, FA, TA, Ul, and % inhibition of ulceration in ketorolac-induced GU rats.

Groups GpH GV (mL) FA TA Ul Inhibi‘tion of
(mEgq/L) (mEq/L) ulceration (%)
Normal 4.26+0.29 0.52+0.04 22.36+1.08 60.01 £0.57 - -
NC 1.90 + 0.22%# 1.41 £0.13%% 44,13 £ 1.58% 79.46 £ 0.52%# 30.70 £ 0.51 -
OMP 20 5.95+0.15%** 0.72+0.05*  19.71 £0.37***  58.24 £ 1.08*** 12.20 £ 1.20%*** 60.16
EECc 50 2.27+0.23 1.11 £0.07 29.04 £ 0.56%* 69.23 £ 0.58* 21.00 £ 0.84%** 31.63
EECc 100 2.94+0.15* 0.92 £0.02* 25.93 + 0.33%* 64.68 £ 1.19%* 17.50 & 1.24%*** 42.87
EECc 200 4.13 £0.15%* 0.89+0.04*  21.80 £ 0.76%** 61.37 £ 0.70%* 14.20 £ 0.97**** 53.53

All experiment data were presented as mean = SEM (n = 5). *p <0.05, **p <0.01, ***p < 0.001, ****p <0.0001 vs. the

NC. #p <0.01, ##p < 0.001 vs. the normal group. NC, negative control.

Effect of EECc on inflammatory cytokines
levels in ketorolac-induced GU rats

The administration of ketorolac at 30 mg/kg
increased TNF-a, IL-1p, and IL-6, and decreased PGE2
levels (p < 0.0001). EECc at all doses was reported to
decrease TNF-a (p < 0.05 - p <0.001), IL-1B (p <0.01
- p <0.001), and IL-6 (p < 0.05 - p <0.001), as well as
increase PGE2 levels (p <0.05 - p <0.01) in ketorolac-
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induced GU rats. Meanwhile, OMP decreased TNF-a,
IL-1B, and IL-6, as well as increased PGE2 levels, which
were not significantly different when compared to NC
(p > 0.05). The results showed that EECc had a better
effect in influencing changes in the inflammatory
cytokine levels of ketorolac-induced GU rats than OMP.
Figure 3 shows the effect of EECc on inflammatory

cytokine levels in ketorolac-induced GU rats.

0=

S0
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R

Figure 3 Effect of EECc on inflammatory cytokines levels in ketorolac-induced GU rats. All experiment data were
presented as mean = SEM (n = 5). *p < 0.05, **p < 0.01, ***p < 0.001 vs. the NC group. ##p < 0.0001 vs. the normal

group. NC, negative control.

Effect of EECc on
observation of gastric tissue in ketorolac-induced GU

histopathological

rats

Based on histopathological observation of the
gastric tissue, the GM surface of the normal group
appeared flat and covered with intact epithelium,
reflecting a healthy stomach condition (Figure 4(A)). In

the negative control group, there was severe GM injury,
as seen from extensive epithelial desquamation and the
loss of the glandular to submucosal layer. Additionally,
there was severe leukocyte infiltration in the lamina
propria, indicating an active inflammatory response.
The parts showed accumulation of erythrocytes outside
the blood vessels, reporting severe bleeding in the GM
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(Figure 4(B)). The treatment group given OMP showed
injury to the GM in the form of minimal desquamation
and relatively intact glandular structures, as well as
leukocyte infiltration and mild to moderate bleeding
seen in several areas (Figure 4(C)). The administration

of EECc at all doses showed mild to moderate erosion

in the GM. However, the structure remained mostly
intact, and necrosis was observed. Mild to moderate
leukocyte infiltration appeared in certain areas with
bleeding (Figures 4(D) - 4(F)). The histopathological
scores of the gastric tissue of rats with ketorolac-induced
GU are displayed in Table 4.

Table 4 Effect of EECc on histopathological scoring of gastric tissue in ketorolac-induced GU rats.

Groups Gastric mucosa injury Leukocyte infiltration Gastric hemorrhage
Normal 0.00 +0.00 0.00 +0.00 0.00 +0.00
Negative control 3.60 £0.24 3.00 £ 0.00 4.00 = 0.00
OMP 20 1.00 £ 0.00 1.00 = 0.00 1.00 £ 0.00
EECc 50 2.20+0.20 2.00£0.00 2.60 +0.24
EECc 100 2.00£0.00 2.00£0.00 2.00 £ 0.00
EECc 200 1.00 = 0.00 1.00 = 0.00 1.00 £ 0.00

The data are presented as mean = SEM (n =5).

-
\ |
-

Figure 4 The effect of EECc on histopathological appearance of gastric tissue in ketorolac-induced GU rats. (A) Normal.
(B) NC. (C) OMP 20. (D) EECc 50. (E) EECc 100. (F) EECc 200. Light green arrow (gastric mucosa); Light blue arrows
(gastric mucosa injury); Yellow arrows (leucocytes infiltration); Red arrows (gastric hemorrhage). Magnification, x100

and stained with H&E.

Anti-H. pylori activity
Anti-H. pylori activity of EECc was evaluated by
determining MIC and MBC. Based on the results, MIC

and MBC of EECc and clarithromycin were 100.00 and
0.10 pg/mL, respectively. Table 5 shows MIC and
MBC of EECc and clarithromycin against H. pylori.
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Table 5 Determination of MIC and MBC of EECc and clarithromycin against H. pylori CPY6081.

Samples

H. pylori CPY6081

Concentrations (ng/mL)

MIC (ng/mL) MBC (pg/mL)

12.50

25.00

EECc 50.00
100.00

200.00

100.00 100.00

0.001
0.01
Clarithromycin 0.10
1.00
10.00

0.10 0.10

Effect of EECc on gastric juice parameters in
H. pylori-induced GU rats

The induction of H. pylori (1.0x10° CFU) i.g 3
times with an interval of 3 days for 4 weeks, caused an
increase in GpH and GV, as well as a significant
decrease in TA (p <0.05). Meanwhile, administration of
EECc at all doses decreased (p < 0.05) the increase in
GpH. The EECc 200 also increased (p < 0.05) the
decrease in FA and TA in H. pylori-induced GU rats.

The administration of TT was reported to have no
significant effect on changes in gastric juice parameters
(p > 0.05) of H. pylori-induced GU rats. The results
showed that EECc at all doses, as well as TT, had a
significantly lower UI (p < 0.001 - p <0.0001) and had
inhibition percentages of 28.00%, 45.44%, 67.68%, and
81.13%, respectively. Table 6 shows the effect of EECc
administration on gastric juice parameters, UI, and %
inhibition of ulceration in H. pylori-induced GU rats.

Table 6 The effect of EECc on GpH, GV, FA, TA, Ul, and % inhibition of ulceration in H. pylori-induced GU rats.

Groups GpH GV (mL) FA TA Ul Inhibi.tion of
(mEq/L) (mEq/L) ulceration (%)
Normal 4.39+0.20 0.79+0.14 23.13+0.48 62.00 £ 1.50 - -
NC 5.82+£0.42% 1.53£0.14" 20.78 + 2.88 56.76 +2.41% 36.10+1.13 -
TT 5.71+£0.29 1.18+0.17 21.10+1.18 59.38+1.36 6.75 £ 0.49%*** 81.13
EECc 50 4.08 = 0.40* 1.43+0.10 22.81+1.77 58.25+£2.18 25.80 + 1.04%** 28.00
EECc 100 3.93 £ 0.30* 1.38+0.14 24.58 +1.33 60.68 = 1.51 19.60 + 1.36%*** 45.44
EECc 200 3.01 £0.17* 1.15£0.15 29.13 £ 1.04* 66.71 £1.11* 11.65 + 0.58%*** 67.68

All experiment data were presented as mean = SEM (n = 10 rats). *p < 0.05, ***p < 0.001, ****p < 0.0001 vs. the NC
group. *p < 0.05 vs. the normal group. NC, negative control.

Decrease in H. pylori colonization

Repeated i.g inoculation of H. pylori (1.0x10°
CFU/rat) 3 times at 3-day intervals for 4 weeks led to
positive reactions in CLO test on the GM. The
administration of EECc at all doses over a four-week

treatment period showed positive reactions in 70%,

50%, and 30% of the subjects, respectively. Meanwhile,
TT reported a positive reaction rate of 10% (Table 7).
These results suggested that the TT was more effective
in reducing H. pylori colonies in H. pylori-induced GU
rats. Repeated i.g. inoculation of H. pylori (1.0x10°
CFU/rat) 3 times with an interval of 3 days for 4 weeks
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increased CLO scores (p < 0.001). Administration of

EECc at all doses significantly reduced CLO scores (p <
0.05 - p < 0.01). The results showed that TT

administration had a better effect on reducing CLO
scores (p <0.001) in H. pylori-induced GU rats (Figure
5).

Table 7 The effect of EECc on reactivity in the CLO test of gastric mucosa in H. pylori-induced GU rats.

Groups n Positive (%)* TV (%)
Normal 10 0 (CI*: 0 - 27.60) -
Negative control 10 100 (CI*: 72.20 - 100) 0 (CI*: 0 - 27.60)
TT 10 10 (CI*: 1.80 - 40.40) 90 (CI*: 60.00 - 98.20)
EECc 50 10 70 (CI*: 39.70 - 89.20) 30 (CI*: 10.80 - 60.30)
EECc 100 10 50 (CI*: 23.70 - 76.30) 50 (CI*: 23.70 - 76.30)
EECc 200 10 30 (CI*: 10.80 - 60.30) 70 (CI*: 39.70 - 89.20)

*9 Positive reflects H. pylori colonization. *95% confidential interval (CI). TV, therapeutic values.

/

CLO scores

it

Figure 5 The effect of EECc on CLO scores of GM in H. pylori-induced GU rats. All experiment data were presented as
mean + SEM (n = 10). *p < 0.05, **p < 0.01, ***p < 0.001 vs. the NC group. "p < 0.001 vs. the normal group. NC,

negative control.

Effect of EECc on inflammatory cytokines
levels in H. pylori-induced GU rats

Intragastric induction of H. pylori (1.0x10° CFU)
3 times at 3-day intervals for 4 weeks caused a
significant increase in TNF-q, IL-1p, IL-6, and PGE2
levels (p < 0.05 - p <0.0001). Administration of EECc
at all doses was reported to significantly decreased the
increase in TNF-a (p <0.05 - p <0.01), IL-1B (p < 0.05
- p<0.001), and IL-6 levels (p < 0.05 - p <0.001) of H.

pylori-induced GU rats. Additionally, the EECc 200
reduced PGE2 levels (p < 0.05). Triple therapy did not
produce significant changes (p > 0.05) in inflammatory
cytokine levels compared to NC. The results suggested
that EECc was more effective than TT in modulating
inflammatory cytokine levels. Figure 6 shows the effect
of EECc on inflammatory cytokine levels in H. pylori-
induced GU rats.
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Figure 6 Effect of EECc on inflammatory cytokines levels in H. pylori-induced GU rats. All experiment data were
presented as mean = SEM (n = 10). *p < 0.05, **p < 0.01, ***p < 0.001 vs. the NC group. *p < 0.05-, #*p < 0.0001 vs.

the normal group. NC, negative control.

Effect of EECc on
observation of gastric tissue in H. pylori-induced GU

histopathological

rats

Based on histopathological observation of the
gastric tissue, in the normal group, there had been an
intact mucosal layer structure and a flat surface covered
with a regular epithelial arrangement. There was no
desquamation of the gastric glands or visible infiltration
of inflammatory cells in the mucosal or submucosal
layers, indicating an absence of an inflammatory
response. Moreover, no visible bleeding or blood vessel
leakage was recorded, as evidenced by the lack of
erythrocyte spots outside the vessels (Figure 7(A)). The
negative control group showed quite severe GM injury,

with damage extending to the middle and lower lamina

propria layer. There was also considerable leukocyte
infiltration in the lamina propria, with extensive
bleeding in the GM (Figure 7(B)). The treatment group
given TT reported GM injury characterized by mild
desquamation and relatively intact glandular structures,
with leukocyte infiltration in only a small area and mild,
non-massive bleeding observable in a few regions
(Figure 7(C)). Meanwhile, administration of EECc at
all doses resulted in mild to moderate GM injury, with
preserved structure, necrosis, and leukocyte infiltration
confined to a few areas, as well as non-massive bleeding
visible in a small area (Figures 7(D) - 7(F)). Table 8
shows the histopathological scores of gastric tissue of H.

pylori-induced GU rats.

Table 8 Effect of EECc on histopathological scoring of gastric tissue in H. pylori-induced GU rats.

Groups Gastric mucosa injury Leukocyte infiltration Gastric hemorrhage
Normal 0.00+0.00 0.00 +0.00 0.00 +0.00
Negative control 3.00 +£0.00 3.00 £ 0.00 4.00 +0.00
Triple therapy 1.00 £0.00 1.00 = 0.00 1.00 £ 0.00
EECc 50 2.50+0.17 2.00£0.00 2.50+0.22
EECc 100 2.00 +0.00 2.00£0.00 2.00+0.00
EECc 200 1.00 + 0.00 1.00 = 0.00 1.00 £ 0.00

The data are presented as mean = SEM (n = 10).
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Figure 7 The effect of EECc on histopathological appearance of gastric tissue in H. pylori-induced GU rats. (A) Normal.
(B) NC. (C) Triple therapy. (D) EECc 50. (E) EECc 100. (F) EECc 200. Light green arrow (gastric mucosa); Light blue
arrows (gastric mucosa injury); Yellow arrows (leucocytes infiltration); Red arrows (gastric hemorrhage). Magnification,

x100 and stained with H&E.

This research assessed antiulcerogenic activity of
EECc using EtOH-induced, ketorolac-induced, and H.
pylori-induced models of GU. To determine
antiulcerogenic effect of EECc, several tests were
performed, including measurements of gastric juice
parameters, inflammatory cytokine levels, and tissue
histopathology. Additionally, in vitro anti-H. pylori
activity and in vivo colonization were tested. The
administration of 80% EtOH was known to damage rats’
stomach tissue [44]. EtOH quickly penetrated the GM,
causing membrane damage, erosion, and cell shedding.
These effects led to necrosis and ulcer formation by
increasing the permeability of the mucosa to gastric acid
and stimulating the production of vasoactive substances
by macrophages, as well as mast and blood cells.
Moreover, EtOH could affect micro blood vessels by
reducing cellular antioxidant levels, disrupting blood
flow, and raising inflammatory cytokine production
(TNF-a, IL-1p, and IL-6). As a result, the gastric tissue
experienced oxidative stress, lipid peroxidation, and
hydroperoxyl free radicals, which led to cell death and
the development of GU [45,46].

The administration of ketorolac has been reported
to cause GU in rats [38]. This GU effect was known
because ketorolac increased the production of ROS
(superoxide and hydroxyl radicals) and disrupted the

defense mechanism of GM by inhibiting prostaglandin
production through cyclooxygenase (COX) inhibition
[47,48]. Furthermore, ketorolac increased neutrophil
adhesion to the blood vessel linings, accompanied by the
release of free radicals and protease enzymes in gastric
cells [49]. The induction of H. pylori intragastrically for
4 weeks damaged the GM [41]. H. pylori infection,
through virulence factors (VacA and CagA), increased
ROS formation, promoted the release of inflammatory
cytokines, and induced apoptosis of gastric epithelial
cells. These effects weakened the GM barrier and
increased ulcer formation [50,51].

Measurements of gastric juice parameters with Ul
were considered to evaluate changes in gastric function
caused by ethanol, ketorolac, and H. pylori induction. A
decrease in GpH and an increase in GV, FA, TA, and Ul
were observed in EtOH- and ketorolac-induced GU rats
model. In H. pylori-induced GU rats model, there was
an increase in GpH and GV, a decrease in FA and TA,
and an increase in Ul This occurred because EtOH,
ketorolac, and H. pylori damaged the gastric lining,
leading to an imbalance between protective and
aggressive factors [52-54].

Based on the results, administering EECc 100 and
EECc 200 caused a significant increased in the decrease
of GpH and decreased the increase in GV, FA, and TA.
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Meanwhile, EECc 50 decreased the increase in FA and
TA. The all doses of EECc were also associated with
significantly different Ul compared to the NC group in
EtOH- and ketorolac-induced GU rats model (Tables 1
and 3). The administration of EECc at all doses
significantly decreased the increase in GpH and
increased the decrease of FA and TA at EECc 200.
EECc at all doses produced a significantly different Ul
compared to the NC group in H. pylori-induced GU rats
model (Table 6). This was due to the strong antioxidant
effect of EECc [23,25], which allowed the protection
and repair of the GM [55] and gastrin cells (G-cells) to
balance protective factors and aggressive in the stomach
[56].

The induction of EtOH, ketorolac, and H. pylori
increased TNF-o, IL-1P, and IL-6, as well as decreased
PGE2 levels (except in the H. pylori-induced GU rats
model, there was an increase in PGE2 levels). The
administration of EECc at all doses decreased TNF-a,
IL-1pB, and IL-6, and increased PGE2 levels in EtOH-
and ketorolac induced GU rats (Figures 1 and 3), and
decreased TNF-a, IL-1f, and IL-6, and decreased PGE2
levels at EECc 200 in H. pylori-induced GU rats (Figure
6). This occured due to anti-inflammatory and
antioxidant activities of EECc [25,23], which lowered
inflammatory cytokine levels and improved PGE2
levels in the stomachs caused by EtOH, ketorolac, and
H. pylori induction. Based on in vitro anti-H. pylori
activity testing, EECc had MIC and MBC values of
100.00 pg/mL each against H. pylori growth (Table 5).
Meanwhile, in the in vivo anti-H. pylori activity testing,
administration of EECc at all doses led to therapeutic
effects of 30%, 50%, and 70% in the H. pylori-induced
GU rats model (Table 7). Furthermore, EECc at all
doses significantly reduced the CLO score (Figure 5).
The results were further reinforced by histopathological
evidence. In this context, the all doses of EECc
improved gastric tissue architecture by reducing the
severity of GM injury, decreasing leukocyte infiltration,
and minimizing bleeding (Figures 2, 4, and 7).
Therefore, the administration of EECc is able to
improved and restored the normal functional state of the
stomachs in rat models of GU induced by EtOH,
ketorolac, and H. pylori, as well as inhibited the growth
of H. pylori bacteria. The results of this study are
consistent with previous studies which stated that

several medicinal plants have anti-ulcerogenic effects in

EtOH-, ketorolac-, and H. pylori-induced rat models
[36,38,41].

The anti-ulcerogenic effect of EECc is inseparable
from its active compounds. Previous research reported
that EECc contains 3 kaempferol derivatives, namely
kaempferol-3-O-rhamnoside, kaempferol-3-O-a-L
arabinoside, and kaempferol-3-O-B-rutinoside [20].
Kaempferol is known to significantly reduce the levels
and expression of inflammatory cytokines (TNF-a, IL-
1B, and IL-6), inhibits the infiltration and accumulation
of neutrophils, and decreases myeloperoxidase (MPO)
activity in the gastric tissue. This action helps to control
the local inflammatory response that contributes to
gastric damage [57]. Additionally, kaempferol can act as
a potent antioxidant, directly scavenging ROS and
preventing oxidative damage to the GM caused by
ulcerogenic substances like ethanol and ketorolac [58].
It also enhances the body’s intrinsic antioxidant defense
system by promoting the expression and activity of
antioxidant enzymes like superoxide dismutase (SOD)
and catalase [59]. On the other hand, kaempferol has
been reported to help maintain gastric mucosal
glycoproteins and increase NO levels [57]. In cases
where GU are caused by bacterial infection, kaempferol
can inhibit the growth of H. pylori and reduce the
inflammatory process triggered by this bacterium
[60,61]. Meanwhile, this study has several limitations,
including a sample size that is too small, a limited GU
experimental model [absence of other anti-GU tests,
such as pyloric ligation-induced GU (pylorus-ligation
causes pylorus obstruction which further leads to
mucosal digestion as a result of the buildup of pepsin
and gastric acid secretion), stress-induced GU (stress-
induced GU are sores in the stomach lining that develop
rapidly due to severe physical stress, like head
injuries/brain trauma, and severe burns), and acetic acid-
induced GU in rats], and the absence of in vitro testing
[the inhibition of specific enzymes, such as H*/K*-
ATPase and gastric cytoprotection (using cell cultures
of human gastric epithelial cells)]. Therefore, we
recommend future studies to investigate these
limitations to improve the evaluation of the efficacy of
EECc in GU.

Conclusions
In conclusion, EECc had antiulcerogenic activity
in rat GU induced by EtOH, ketorolac, and H. pylori
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through enhancing gastric function, reducing TNF-o,
IL-1pB, and IL-6, increasing PGE2 levels, inhibiting H.
pylori bacterial growth, and improving gastric tissue
structure. Meanwhile, the administration of a dose of
200 mg/kg for 14 days is an estimate of the optimal dose
and duration of EECc for the GU model. This promising
source of natural compounds was used to develop new
antiulcerogenic agents. However, further research could
be conducted to understand the exact mechanism of
antiulcerogenic effect of EECc.
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ROS, reactive oxygen species; NSAIDs,
nonsteroidal anti-inflammatory drugs; PPIs, proton
pump inhibitors; PBS, phosphate buffered saline; TNF-
o, tumor necrosis factor-alpha; IL-1pB, interleukin-1
beta; IL-6, interleukin-6; ELISA, enzyme-linked
immunosorbent assay; ANOVA, analysis of variance;
CLS]I, clinical and laboratory standards institute; MHB,
mueller-hinton broth; V, volume; N, normality; CLA 25,
clarithromycin 25 mg/kg; AMOX 50, amoxicillin 50
mg/kg; OMP 20, omeprazole 20 mg/kg; EECc 50,
ethanolic extract of Castanopsis costata 50 mg/kg;
EECc 100, ethanolic extract of Castanopsis costata 100
mg/kg; EECc 200, ethanolic extract of Castanopsis
costata 200 mg/kg; UL ulcer index; MIC, minimum
inhibitory concentration; MBC, minimum bactericidal

concentration; CLO, campylobacter-like organism.
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  NUSPA + SS + ( PAWU   ×   0 . 1 )


    UINC − UITG UINC   ×   100
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