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Background: Ethanol consumption by oral route can induce gastric cell necrosis and vascular damage due to excessive reactive
oxygen species (ROS) production. ROS activates the translocation of NF-«B to the nucleus and increases iNOS expression, an enzyme
that catalyzes nitric oxide (NO) production, eventually disrupting gastric protective mechanisms and contributing to ulcer formation.
Etlingera elatior inflorescence, which has been traditionally used to alleviate stomach discomfort, was reported to possess anti-
inflammatory activity. However, such a study on the downregulation of the iNOS expression is lacking.

Purpose: To confirm the gastro-protective and anti-ulcer effects of the E. elatior inflorescence (EEIE) extract via downregulation of
iNOS expression in ethanol-induced gastric ulcer rats.

Methods: The fresh inflorescence petals were collected from West Java, Indonesia, and were extracted using 70% ethanol. The effects
of 5 days of oral administration of EEIE were studied in ethanol-induced adult male Wistar rats by examining the weight gain
percentage, feed residue, stomach ratio index, and microscopic and macroscopic evaluation of gastric mucosal damage. Subsequently,
the iNOS expression in the rats’ stomach was Western blotted by employing B-actin as the loading control.

Results: EEIE reduced weight gain percentage but did not show a significant difference in feed residue. EEIE increased the stomach
ratio index, and at a dose of 625 mg/kg BW, significantly reduced the ulcer index, providing 100% protection (p < 0.05) to rats while
decreasing inflammatory cell infiltration. EEIE inhibited the expression of iNOS in both cleaved and full-length forms at this dose.
Conclusion: Etlingera elatior inflorescence may have the potential to mitigate acute gastric ulcers by downregulating the expression
of iNOS in ethanol-induced Wistar rats. However, further studies are needed to confirm its role in alleviating chronic ulcer models.
Keywords: acute inflammation, etlingera, gastric ulcers, iNOS, medicinal plants, zingiberaceae

Introduction

Gastric ulcer disease is a significant global health issue affecting millions of people. The lifetime prevalence in the
general population is estimated to be between 5% and 10%, with rates as high as 20% among adults in Asia.'™®
According to a survey, ulcers are formed 3-4 times more likely in men than women, primarily at older ages.’
Geographical variations in gastric ulcer-related mortality have confirmed the risk factors such as genetics,

Helicobacter pylori infection, smoking, excessive alcohol consumption, long-term use of non-steroidal anti-
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inflammatory drugs (NSAIDs), and Zollinger—Ellison syndrome. Although severe complications for gastric and duodenal
ulcers were evidenced to be caused by H. pylori and NSAIDs, alcohol, when over-consumed, could increase acid
secretion and lead to the impairment of the stomach’s protective barrier.*’

Ethanol is absorbed by the gastric cells and is metabolized in the liver by cytochrome P450 subfamily 2E1 (CYP2E1),
which is involved in the production of reactive oxygen species (ROS), predominantly via electron leakage to oxygen to
form the superoxide (O,™) radical.'®!" Excessive ROS production, including ONOO™, NO-,”” H,0,, HO-, and HCIO,
triggers oxidative stress, which contributes to gastric ulcers, progressive intestinal mucosa damage and exacerbates tissue
inflammation, while prolonged neutrophil activation further accelerates the recruitment of monocytes, which differentiate
into macrophages at the injury site, perpetuating the inflammatory response.'*'? Ethanol-induced ROS activates the
nuclear translocation of NF-kB p65, a key transcription factor in inflammation, thus, via a transcription process in the
nucleus, leads to the increase of iNOS expression and, subsequently, excessive nitric oxide (NO) production.'*'® While
NO plays a role in immune defense, its overproduction due to unchecked NF-kB activation exacerbates oxidative stress,
promoting mucosal damage instead of healing.'”'® This excessive NO disrupts gastric protective mechanisms, con-
tributing to ulcer formation and inflammation.?%*!

The management of gastric ulcer disease often relies on conventional treatments, though these can have significant
limitations.”* > For instance, discontinuing proton pump inhibitors (PPIs) may lead to rebound acid hypersecretion
(RAHS), where acid production exceeds pre-treatment levels.”**?” Although antihistamine H2 receptor and PPI
therapies are well-established for treating gastric ulcers, they do not prevent recurrence and may cause drug interactions
in some patients.*>*>° Patients undergoing long-term therapy with antibiotics may develop increased resistance of
H. pylori, due to bacterial genetic mutations that alter the antibiotics or inhibit drug activation in the cells.”® As a result,
interest in alternative therapies from natural sources is increasing.

The World Health Organization (WHO) reports that 80—-85% of the global population depends on natural products for
health management.?®>? Etlingera elatior, known as torch ginger, is traditionally used to relieve stomach discomfort and
has been studied for treating stomach ulcers.*** E. elatior inflorescence has been reported for its bioactive phytocon-
stituents, including anthocyanins, flavonoids (quercetin), terpenoids, steroids, tannins, glycosides, and saponins.®> >’
Flavonoids such as quercetin have shown radical scavenging activity towards ROS by reducing the violet 2,2-diphenyl-
1-picrylhydrazyl (DPPH) to the yellow DPPH-H.*® Furthermore, quercetin suppressed the nuclear factor-kappa B (NF-

3940 inhibited cyclooxygenase-2 (COX-2),*' and regulated mitogen-activated protein kinases

kB) signaling pathway,
(MAPKSs), which are crucial mediators of inflammation,** and gastroprotective benefits.**

The phytoconstituents of E. elatior can bind with critical amino acids on iNOS (using PDB ID: 4NOS) based on an in
silico study, and moderately inhibit NO production in an in vitro study, with an ICs, = 24.714 pg/mL, respectively.*®
Furthermore, in vivo gastric model studies delineated that E. elatior flower extract inhibited inflammation related to
gastric ulcers by downregulating NF-kB-p65 expression in Wistar rats with acetic-acid-induced ulcers,® and E. elatior
fruit extract significantly reduced IL-1B and caspase-3 (p < 0.05) levels in sepsis model Balb/C mice.** Considering that
inhibition of NF-kB likely reduces iNOS expression, as NF-kB is a primary transcription factor that stimulates iNOS
during inflammation, and there is a lack of reports on iNOS inhibitory activity by E. elatior, this study aims to investigate
the gastro-protective and anti-ulcer effects of the ethanol extract of E. elatior inflorescence (EEIE) via downregulation of
iNOS expression in ethanol-induced acute gastric ulcer rats. Moreover, it supports evidence of the pharmacological role
of natural compounds in inflammatory disease management.

Material and Methods

Preparation of E. Elatior Inflorescence Extract (EEIE)

The extraction process was performed by modifying a previously described procedure.>®**** The fresh Etlingera elatior
inflorescence petals were collected in West Java, Indonesia, and were authenticated by Arifin Surya Dwipa Irsyam
(https://www.scopus.com/authid/detail.uri?authorld=57211286941; https://herbarium.sith.itb.ac.id/profil-kurator/) at the
School of Life Sciences and Technology, Bandung Institute of Technology, Bandung, West Java, Indonesia (https://

herbarium.sith.itb.ac.id/koleksi/). The materials were verified as Etlingera elatior (Jack) R.M.Sm. (Zingiberaceae)
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(document number 74/I1T1.C11.2/TA.00/2024), with characteristics that align with those documented in prior references.
The plant materials were thoroughly sorted to exclude damaged parts. The selected petals were washed under running
water to remove dirt and other contaminants, dried in the oven at 45-50°C for 24 h, ground, and sieved using a Mesh-12
sieve. The coarse powder (1300 g) was soaked in 70% ethanol for 24 h at room temperature at a 1:10 (w/v) ratio. The
extract was filtered, and the residue was extracted repeatedly for 3x24 h. The solvent was evaporated in a vacuum rotary
evaporator (Biichi) at 50 °C until a viscous extract of EEIE was yielded (20.2% w/w).

Animal Handling and Ethical Approval
Twenty-five male Wistar albino rats weighing 200-220 g, aged 6—8 weeks, were bred in the Animal Facility of the
School of Life Sciences and Technology, West Java, Indonesia. In this study, we used male rats, which are known for
their more consistent behavior compared to females, particularly when considering the hormonal fluctuations associated
with the female estrous cycle. Interestingly, even female rats without an active estrous cycle exhibit behaviour that is
comparable in reliability to male rats, suggesting that their variability does not exceed that of males.*®

The rats were transferred to the Universitas Padjadjaran Animal Hospital, randomly divided into five groups, and
acclimatized in cages (32 x 22x16 cm®, 5 animals per cage) in a room set under a standard laboratory environment
(25-27°C with a 12-h-light/12-h-dark cycle) for approximately 5 days before treatment. They were given standard animal
feed (containing carbohydrates, vegetable protein, and vegetable fat) and water freely during the acclimatization and
experimental periods. The health condition and behavior of the rats were observed and recorded daily. All the
experimental protocols strictly followed The Guide for the Care and Use of Laboratory Animals (NRC 2011; eighth
edition) (https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf) and are approved by
the Ethics Committee, Faculty of Medicine, Universitas Padjadjaran, Indonesia (Document No. 641/UN6.KEP/EC/2024).

Experimental Study Design and Treatment

The in vivo study in Wistar rats was performed as follows: (1) the normal group (treated with standard feed and sodium
carboxymethyl cellulose 0.5% suspension); (2) the negative control (was ethanol-induced and treated with sodium
carboxymethyl cellulose 0.5% suspension); (3) the positive control (was ethanol-induced and treated with quercetin
20 mg/kg BW suspended in sodium carboxymethyl cellulose 0.5%, orally by using oral gavage feeding);*’ (4) the
treatment group dose 1 (was ethanol-induced and given EEIE dose of 375 mg/kg BW suspended in sodium carbox-
ymethyl cellulose 0.5%, orally by using oral gavage feeding); and (5) the treatment group dose 2 (was ethanol-induced
and given EEIE dose of 625 mg/kg BW suspended in sodium carboxymethyl cellulose 0.5%, orally by using oral gavage
feeding). After 5 days of intervention, the rats in groups 2 to 5 were given 1 mL of 70% ethanol orally to induce acute
gastric ulcers.*®***° One hour after the induction, the rats were sacrificed using 0.3 mL ketamine anesthesia intraper-
itoneally by trained personnel, and death was confirmed by determining cardiac and respiratory arrest.”*>' The stomach
of each rat was excised, removed, weighed, rapidly frozen, and stored at —80°C for further use.>? The ratio of the organs
per BW of the rats was calculated.

Weight Gain Evaluation
The initial body weight of each rat was recorded and weighed every day until the end of the experimental period to obtain
the final body weight. The percentage of weight gain was calculated using the following formulas:

Wiinal — Winii
%Weight gain = %lmtal x100
1nitial

Feed Residues Evaluation

Feed residue was collected throughout the experimental period. The predetermined amount of feed was weighed and
provided to each animal. After 24 hours, the remaining uneaten feed was carefully collected and weighed; this process
was repeated daily.>
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Stomach Index Evaluation

The stomach of rats of each group was collected, weighed, washed with water, followed by cold phosphate buffer saline,
and dried using filter paper, to assess potential pathological alterations resulting from the ethanol-induction.*®>* The
stomach index was calculated using a formula: Stomach index (g/kg) = stomach weight (g)/BW (kg) x 1000, and
compared to that of the negative control group.

Macroscopic Evaluation of Gastric Mucosal Damage
The stomach was exposed and opened longitudinally to score the gastric damage.>® The ulcer index was measured using
the following scores described by Reddy et al (2012), as follows:>

A score of 0.0 represents a normal stomach; a score of 0.5 represents a red coloration; a score of 1.0 represents ulcer
spots; a score of 1.5 represents a hemorrhage streak; a score of 2.0 represents deep ulcers; and a score of 3.0 represents
perforation.

The ulcer index was calculated using the following equation:

UI(Ulcer Index)= UN + US+(UP/10)

Where the Ul is the ulcer index, UN is the average number of ulcers per animal, and US is the average severity score.
Moreover, the % protection was calculated using the following equation:

Ul trol — UI treated
%Protection = conl;;)control reate x100%

Microscopic Evaluation of Gastric Mucosal Damage

The histopathology tissue preparation process of the stomach includes the stages of fixation, dehydration, clearing,
infiltration, embedding, sectioning, and mounting on glass slides as follows: the stomach of the rats was fixed with 10%
v/v buffered formalin solution (containing 0.01 M phosphate buffer saline at pH 7.2), subsequently sliced to 10 pM
thickness, embedded in paraffin, and was stained using hematoxylin and eosin to observe the infiltration of inflammatory
cells under a light microscope (Olympus CX21) coupled with a microscope camera (OptiLab Microscope Digital), with

40x and 100x magnifications. The number of inflammatory cells was calculated per 1000x objective lens visibility.>*>’

Western Blot Analysis

The Western blot analysis was performed following the procedure outlined in the iNOS antibody (NB300-605, Novus-
Biologicals) manual instructions and according to Rosdianto et al, with modifications.’* The dissected stomach of the rats
was weighed and extracted in lysis buffer (containing Tris-HCl solution to pH 7.6, 150 mm NaCl, 1% NP-40, 1% sodium
deoxycholate, 0.1% SDS) and sample buffer (Tris-HCI solution pH 6.8, glycerol, B-mercaptothion, bromophenol blue,
distilled water, and SDS) resulting in a 25 g of each gastric protein. The proteins were heat-denatured at 95°C for 5 min,
poured into a 10% polyacrylamide gel, and run at 75 V for 2 h. The sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) separated the proteins (12 pg/lane) and was transferred to a nitrocellulose membrane for
30 min at room temperature, and blocked for 1 h in 5% skim milk. The membrane was incubated with iNOS polyclonal
antibody (Novus Biologicals, diluted in 1:200), B-actin antibody HRP conjugate (ThermoFisher Scientific, diluted in
1:1000 in phosphate-buffered saline 0.1% Tween® 20), washed, and re-incubated with secondary antibody, IRDye®
800CW goat anti-rabbit and IRDye™ 800CW goat anti-mouse (LICORBio, diluted in 1:15000 in TBST). The signals
were developed using enhanced chemiluminescence reagent (GE Healthcare), and the band intensities were determined
using ImageJ software (https://imagej.nih.gov/ij/). Bands were stripped and re-probed using an anti-f-actin mouse

monoclonal antibody as the internal control to monitor the protein level.

Statistical Analysis
The in vivo data were presented as mean + SD (n = 5) and statistically analyzed using IBM SPSS Statistics 26.0 for
Windows 11. Power analysis was conducted with G*Power 3.1.9.7, using an effect size (dz) of 0.6, a error probability of
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0.05 (5%), and a power (1-B error probability) of 0.8. The significance level was set at 5% (p = 0.05), though this value
can be adjusted depending on the research question. The effect was assessed using a two-tailed approach.’ 859 The total
sample size calculated was 24. However, for hypothesis testing, the sample size (calculated by Federer’s formula) should
generally be equal to or greater than the required sample size (power size) to ensure adequate statistical power.*

Data homogeneity was evaluated using Levene’s test. The % weight gain was statistically analyzed using a paired
t-test with a p-value of 0.05, indicating a significant result. Significant differences between groups were analyzed using
one-way analysis of variance (ANOVA) with a p-value of < 0.05 indicating a significant result, followed by the Dunnett
post hoc test or Games-Howell (if the data was not homogeneous) (CI 95%). Data were visualized using the GraphPad
Prism Free trial version.

Results

Effects of EEIE on Weight Gain and Feed Residue of Ethanol-Induced Wistar Rats

At the end of the study (D10), rats in all groups demonstrated an increase in body weight (BW) with % weight gain
values ranging from 1.55% for rats treated with an EEIE at a dose of 625 mg/kg BW to the highest value of 8.69% for
rats in the negative control group or placebo. Ethanol oral inducement resulted in a remarkable alteration in the BW. It is
confirmed that treating the rats with quercetin at 20 mg/kg BW and all doses of EEIE resulted in a significantly lower %
weight gain (p < 0.05) compared to the rats in the negative control group (Table 1).

The feed residue observation (Figure 1 and Table 2) revealed a decrease in feed residue, ranging from 21.47 to
41.86% in all groups, with the highest % decrease belonging to the group of rats treated with EEIE at a dose of 625 mg/
kg BW. Nevertheless, no significant difference is found compared to the negative control group, indicating that EEIE
may slightly alter the appetite or intake patterns of the animals. It should be taken into noted that on D6 and D7, rats
treated with EEIE at a dose of 625 mg/kg BW have finished off their feed, similar to those treated with quercetin 20 mg/
kg BW (Figure 1), demonstrating a temporary increase in appetite. However, these differences in short-term consumption
did not lead to significant overall changes in feed residue across the study period.

Effects of EEIE on Stomach Index, Ulcer Index, and % Protection of Ethanol-Induced
Wistar Rats

The stomach index was calculated by measuring the weight of the stomach in each group of rats relative to the BW. The
effect of various doses of EEIE (p = 0.003 for EEIE dose of 375 mg/kg BW, p = 0.005 for EEIE dose of 625 mg/kg BW)
on the stomach index of ethanol-induced rats (Table 3) indicated significant differences compared to that of the negative
control group. Similarly, quercetin at a dose of 20 mg/kg BW significantly increased the stomach index of the ethanol-
induced rats. These results suggest that ethanol-induced gastric injury leads to significant changes in the stomach weight,
as indicated by the decreased stomach index (p < 0.01).

Table | Effects of EEIE on Weight Gain (%) of Ethanol-Induced Wistar Rats

Group Body Weight Before Body Weight After % Weight Gain
Intervention at DO Intervention at D10 (D10 - D0)/D0 x 100%
(Mean £ SD) (Mean £ SD)
Normal Group 151.00 + 3.61 (p = 0.88) 191.33 £ 10.26 (p = 0.64) 6.49
Negative Control 161.67 + 7.50 212.67 + 6.42 8.69
Quercetin 20 mg/kg BW 162.33 = 14.57 (p = 0.85) 193.33 £ 19.63 (p = 0.34) 4.88
EEIE 375 mg/kg BW 210.33 £ 21.13* (p = 0.02) 228.67 + 19.86 (p = 0.56) 3.63
EEIE 625 mg/kg BW 177.73 + 26.63 (p = 0.87) 197.00 * 20.07 (p = 0.99) 1.55
Notes: Statistical analysis was done using IBM SPSS Statistics version 26.0 for Windows | 1. Data are presented as mean (in g) * SD;

p-value is presented in brackets; EEIE (extract E. elatior); n = 5 rats/group; an asterisk (¥) shows a significant difference compared to the

ethanol-induced group (negative control), with p < 0.05.
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Figure | Effects of EEIE on the feed residue of ethanol-induced Wistar rats for 10 days.

Treatment with 70% ethanol (5 mL/kg BW) caused superficial or deep erosions and bleeding in the stomach, with the
ulcer index of 14.50 = 0.44 (p = 0.001). The effects of EEIE on the ulcer index and % protection of ethanol-induced rats
(Table 4) indicated that only the EEIE dose of 625 mg/kg BW and quercetin 20 mg/kg BW significantly inhibited gastric
ulcer, as shown by the lowest ulcer index and 100% protection. EEIE dose of 375 mg/kg BW indicated 23.27% protection.

Effects of EEIE on Macroscopic and Microscopic Gastric Mucosal Damage

Significant tissue damage and visible hemorrhagic mucosal lesions were macroscopically observed in the stomach of the
ethanol-treated rats (the negative control group). The ethanol-induced rats treated with quercetin at 20 mg/kg BW and an
EEIE dose of 625 mg/kg BW did not show ulcers (Figure 2). In contrast, treatment with an EEIE dose of 375 mg/kg BW
did not give satisfying results, as proven by the presence of a few ulcers.

Table 2 Effects of EEIE on the Feed Residue of Ethanol-Induced Wistar Rats

Group Feed Residue Before | Feed Residue After % Decrease of
Intervention at D0 Intervention at D10 Feed Residue
(Mean £t SD) (Mean £ SD) (D0 - D10)/D0 x 100%
Normal Group 135.12 £ 19.75 104.26 + 15.46 22.83 (p = 0.28)
Negative Control 111.80 £ 18.12 87.80 + 14.77 21.47
Quercetin 20 mg/kg BW 118.60 £18.12 74.60 + 28.05 34.10 (p = 1.00)
EEIE 375 mg/kg BW 108.80 + 26.59 79.00 £ 10.06 27.39 (p = 1.00)
EEIE 625 mg/kg BW 118.00 + 29.58 68.60 + 18.80 41.86 (p = 0.99)

Notes: Statistical analysis was done using IBM SPSS Statistics version 26.0 for Windows | |. Data are presented as mean (in g)
+ SD; p-value is presented in brackets; EEIE (extract E. elatior); n = 5 rats/group.
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Table 3 Effects of EEIE on the Stomach Index of Ethanol-
Induced Wistar Rats

Group Stomach Index (Mean * SD)
Normal Group 8.0 + 0.5% (p = 0.019)
Negative Control 6.0 04

Quercetin 20 mg/kg BW 8.0 £ 0.4* (p = 0.002)

EEIE 375 mg/kg BW 8.0 + 0.7% (p = 0.003)

EEIE 625 mg/kg BW 8.0 + 0.9% (p = 0.005)

Notes: Statistical analysis was done using IBM SPSS Statistics version 26.0
for Windows | 1. Data are presented as mean (in g) + SD; an asterisk (¥)
shows a significant difference compared to the ethanol-induced group
(negative control), with p < 0.05; p-value is presented in brackets; EEIE
(extract E. elatior); n = 5 rats/group.

Table 4 Effects of EEIE on the Ulcer Index and % Protection of
Ethanol-Induced Wistar Rats

Group Ulcer Index (Mean * SD) | % Protection
Normal Group 0.00 + 0.00* (p = 0.01) 100.00
Negative Control 14.50 + 0.44 0.00
Quercetin 20 mg/kg BW 0.00 + 0.00* (p = 0.01) 100.00
EEIE 375 mg/kg BW I1.12 £ 1.0l (p = 0.42) 23.27
EEIE 625 mg/kg BW 0.00 + 0.00* (p = 0.01) 100.00

Notes: Statistical analysis was done using IBM SPSS Statistics version 26.0 for Windows
I1. Data are presented as mean (in g) = SD; an asterisk (*) shows a significant difference
compared to the ethanol-induced group (negative control), with p < 0.05; p-value is
presented in brackets; EEIE (extract E. elatior); n = 5 rats/group.

Microscopic evaluation exhibited the presence of inflammatory cells in all the gastric mucosa of all ethanol-induced
rats (Table 5). Interestingly, rats in the normal group also showed the presence of a few inflammatory cells (3.13 + 0.67),
although statistically, there were no significant differences in the number of inflammatory cells in each group compared
to the negative control, which is probably caused by the small sample size.

Effects of EEIE on the Expression of iINOS by Western Blot Analysis

The effects of EEIE on the expression of inducible nitric oxide synthase (iNOS) are presented in Figure 3. Oral
inducement with ethanol stimulates the expression of full-length iNOS at 130 kDa, as shown in the negative control.
Interestingly, the expression of cleaved iNOS at 70 kDa is observed in all groups of rats, including the normal control.
Only EEIE at a dose of 625 mg/kg BW, not the dose of 375 mg/kg BW, reduced the expression of both cleaved and full-
length iNOS, although not statistically significant due to the small sample size. The inhibitory activity of EEIE at a dose
of 625 mg/kg BW towards iNOS expression is stronger than that of quercetin. Quercetin (the positive control or standard
drug) at 20 mg/kg BW suppressed the expression of both cleaved and full-length iNOS, but not significant. Densitometric
analysis of the Western blot bands is presented in Figure 4.

Discussion

The present study aims to investigate the effects of Etlingera elatior extract on iNOS in ethanol-induced acute gastric
injury in rats. Excessive ethanol consumption is considered one of the risk factors for gastric ulcers in humans; its use in
experimental animals allows for the evaluation of cytoprotective activity. Ethanol can damage the stomach and readily
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Figure 2 Effects of EEIE on macroscopic observation of the gastric mucosa of ethanol-induced Wistar rats: normal group (upper left), negative control group (upper middle),
quercetin 20 mg/kg BW group (upper right), EEIE 375 mg/kg BW (lower left), and EEIE 625 mg/kg BW (lower right). The ulcer spots are shown by black arrows.

penetrate and digest the gastric wall through proteolytic and hydrolytic actions, generating ROS and reducing blood
circulation.’*®" The ethanol-induced gastric model is used in animals to study and develop new anti-ulcer medications.®*
Ethanol exposure leads to necrotic damage in the gastric tissues, followed by infiltration of inflammatory cells. It also
disrupts the protective mechanism of the stomach by decreasing the secretion of bicarbonate and mucus. Additionally,
ethanol impairs gastric blood flow and triggers oxidative stress by elevating malondialdehyde levels while depleting
glutathione reserves.”®®*%* With previous findings, administration of 80% ethanol solution by intragastric gavage
produced marked damage in the gastric mucosa of rats, characterized mainly by elongated macroscopic lesions with

intense hemorrhaging and hyperemia, as well as loss of mucus.®®

Table 5 Effects of EEIE on the Number of Inflammatory Cell
Infiltration in the Gastric Tissue of Ethanol-Induced Wistar Rats

Group

Number of Inflammatory Cell
Infiltration (Mean * SD)

Normal Group

3.13 £ 0.67 (p = 023)

Negative Control

5.16 +2.02

Quercetin 20 mg/kg BW

3.93 £ 0.37 (p = 0.58)

EEIE 375 mg/kg BW

333 %001 (p = 0.031)

EEIE 625 mg/kg BW

367 £ 0.88 (p = 0.43)

Notes: Statistical analysis was done using IBM SPSS Statistics version 26.0 for
Windows | |. Data are presented as mean (in g) + SD; EEIE (extract E. elatior);
n =5 rats/group; magnification 1000x.
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cleaved bands of iNOS (70 kDa) and the full-length bands of iNOS (130 kDa) normalized by beta-actin. Statistical analysis was done using IBM SPSS Statistics version 26.0 for
Windows | |. The * indicates a significant difference compared with the negative control (p < 0.05), and ** indicates a significant difference compared with the negative
control (p < 0.01) (calculated by one-way ANOVA followed by post hoc Dunnett test). | = Normal Control; 2 = Negative Control; 3 = Quercetin 20 mg/kg BW; 4 = EEIE at
a dose of 375 mg/kg BW; 5 = EEIE at a dose of 625 mg/kg BW.

a)/\ b) / M\ -~

c) '

Figure 4 The densitogram of the Western blot bands of (a) B-actin, (b) cleaved iNOS, and (c) full-length iNOS. The bands were analyzed using Image] (https://imagej.net/ij/).
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Ethanol has been shown to increase the expression of iNOS while decreasing the gene expression of eNOS in gastric tissue.
The elevated levels of NO, whose production is catalyzed by iNOS, contribute to tissue damage in the gut under inflammatory
conditions.®® Previous findings by Nagai et al highlighted that NO generated by iNOS plays a crucial role in developing gastric
ulcers.%” The activation of iNOS expression has been linked to gastric ulcers and chronic ulcerative colitis in affected patients,
indicating that excessive NO production can adversely affect the progression of these conditions.'®®

Our study found that EEIE can effectively maintain BW during a five-day intervention, indicating a significant impact
on controlling weight gain. Additionally, C3G, a phytoconstituent in EEIE, has been described to possess anti-obesity
properties, leading to lower consumption levels than the control group.®® However, this weight reduction alone is
insufficient to classify it as “anti-obesity”; robust, long-term evidence demonstrating substantial and consistent decreases
in the body mass index (BMI) is necessary. Furthermore, differences in short-term consumption did not lead to significant
changes in feed residue throughout the study period. These findings are consistent with previous work by Ruiz et al, who
delineated that high doses of quercetin did not affect the feeding behavior of the rats, nor did they disrupt overall feed
intake.”® Consequently, any physiological or metabolic changes observed in the intervention groups cannot be attributed
to variations in food consumption. Instead, the physiological alterations, such as reduced weight gain and metabolic
improvements noted in the intervention group, were primarily linked to the specific effects of C3G rather than differences
in feed intake. The absence of significant discrepancies in feed consumption further supports the notion that the
intervention directly influenced metabolic processes without impacting appetite or feeding behavior.*”

Macroscopic analysis of the gastric tissues provided further evidence of the protective effects of EEIE. In the ethanol-
treated group, extensive mucosal damage was observed, characterized by elongated hemorrhagic lesions, hyperemia, and
a significant loss of mucus. Ethanol administration can increase ROS levels while depleting glutathione (GSH) levels in
the gastric mucosa.”' The gastroprotective activity of EEIE is attributed to its phytoconstituents, which exhibit strong
antioxidant properties. The antioxidant activity of flavonoids, particularly quercetin, primarily arises from the presence of
the o-dihydroxy ring on ring B (catechol), which is further enhanced by the conjugation of double and triple bonds with
the 4-oxo function. Additionally, the hydroxyl groups at positions 3, 5, and 7 of its structure significantly contribute to its
pharmacological effects.’>”*

Furthermore, C3G plays an important role in the gastroprotective effects of EEIE. Research has shown that C3G and
its bioactive phenolic metabolites, including protocatechuic acid (PCA), vanillic acid (VA), and ferulic acid (FA), can
enhance the antioxidant enzyme system by increasing the activities of manganese-dependent superoxide dismutase
(MnSOD) and glutathione (GSH).”*”> Cyanidin and its derivatives demonstrate antioxidant effects mainly through
their ability to donate hydrogen atoms or electrons, thereby neutralizing free radicals. The diphenyl structure in the
B ring is crucial for this activity, while hydroxyl groups at specific positions, such as 3" and 4', further enhance the
antioxidant capacity by stabilizing free radicals.”"’

The present study showed that EEIE at doses of 375 and 625 mg/kg reduced the histopathologic changes and the number
and size of gastric ulcers induced by ethanol in the rats. However, the analysis of stomach tissue showed some overall
reduction of damage, although not significant. Neutrophils, a type of immune cell, infiltrated the stomach of rats in the negative
control group, positive control group, and those treated with EEIE at a dose of 675 mg/kg, suggesting the occurrence of
inflammation. In addition, our results showed that quercetin at a dose of 20 mg/kg caused a slight inflammation in the gastric
mucosa. This aligns with previous studies that described that higher doses of quercetin could significantly lower cell
survival ****”® The granulocyte neutrophils are produced in the bone marrow and, when activated by various cytokines,
migrate through the vascular endothelium to the site of inflammation.”® Once activated, they release their granule proteins.
These granulocyte neutrophils are also referred to as polymorphonuclear neutrophils or polymorphs.go

The Western blot experiment confirmed that iNOS was activated in ethanol-induced rats, and EEIE had reduced the
expression of this enzyme, consistent with previous studies indicating that ethanol exposure leads to oxidative stress and
inflammatory responses in the gastric mucosa. Ethanol stimulates the expression of full-length iNOS at 130 kDa, as
shown in the negative control. Interestingly, the expression of cleaved iNOS at 70 kDa is observed in all groups of rats,
including the normal control. Only EEIE at a dose of 625 mg/kg BW, not the dose of 375 mg/kg BW, reduced the
expression of both cleaved and full-length iNOS, although not statistically significant, suggesting the potential protective
role in gastric mucosal injury.
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The NF-«B signaling pathway, which is crucial in iNOS gene transcription, most likely contributes to the activation of
iNOS expression.®'*? Our findings demonstrated that ethanol exposure significantly upregulated iNOS expression; the
130 kDa band corresponds to the full-length, active form of iNOS, while the 70 kDa band represents a cleaved form of
the enzyme that contributes to oxidative stress and inflammatory damage in gastric tissues. Interestingly, immunoblotting
analysis revealed a predominant iNOS band at 70 kDa, which suggests a cleaved version of the enzyme rather than the
expected full-length 130 kDa protein.

Previous reports indicate that iNOS can undergo proteolytic cleavage, resulting in fragments around 70 kDa. Such
cleavage often occurs near the calmodulin-binding site, affecting the enzyme’s activity and stability.*> This observation
highlights a potential instability or degradation of iNOS under pathological conditions, which may have functional
implications in ethanol-induced gastric injury.

The full-length and cleaved iNOS forms suggest a dynamic regulation of iNOS activity in response to ethanol-
induced gastric injury. However, in this study, EEIE is shown to inhibit both forms. The dual inhibition of both forms
raises questions about the balance of NO signaling, while inhibiting the cleaved form may reduce harmful effects, it is
essential to consider how this affects the overall regulation of NOS and the physiological outcomes. However, EEIE may
be affecting the translation process of iNOS, leading to reduced levels of the full-length protein. This could be due to
a direct effect on the transcription, resulting in decreased synthesis of iNOS overall.** Furthermore, the degradation of
iNOS can be influenced by various factors, including specific inhibitors that promote the formation of the monomeric
form of iNOS, which is more susceptible to ubiquitination and subsequent degradation.® By reducing the levels of iNOS,
E. elatior may eventually decrease NO production, thereby limiting excessive inflammation and promoting a more stable
gastric environment,*® thus leading to reduced ulcer formation and improved healing of existing ulcers.

Our findings are in agreement with previous studies demonstrating iNOS under pathological conditions. For example,
a report indicated that naringenin, a flavonoid compound, significantly reduced the protein expression of iNOS in gastric

tissues exposed to ethanol.®

Taken together, the mechanism of EEIE against ethanol-induced gastric injury by down-
regulating proinflammatory mediators, including NF-kB and iNOS, also enhances antioxidant defenses by increasing
superoxide dismutase (SOD) and decreasing malondialdehyde (MDA) content. Nevertheless, despite the promising
findings, our study has certain limitations. The mechanism underlying iNOS degradation and its impact on NO
bioavailability remains fully unelucidated. Therefore, investigating the EEIE interactions with other pro-inflammatory
mediators, cytokines, and chemokines, such as COX-2, prostaglandins, interleukins, and tumor necrosis factors, will

provide a broader understanding of its therapeutic potential.

Conclusion

Our findings revealed that oxidative stress and inflammation may play critical roles in the pathogenesis of ethanol-
induced acute gastric ulcers. Oral exposure to 70% ethanol significantly upregulated iNOS expression, as shown by the
130 kDa band that corresponds to the full-length, active form of iNOS, while the 70 kDa band represents a cleaved form
of the enzyme that contributes to oxidative stress and inflammatory damage in gastric tissues. Pretreatment with the
ethanol extract of Etlingera elatior inflorescence (EEIE) has demonstrated potential anti-inflammatory activity by
inhibiting the development of gastric ulcers through the suppression of both forms of inducible nitric oxide synthase
(INOS). While inhibiting the cleaved form of iNOS may reduce harmful effects, it is essential to consider how this affects
the overall regulation of NOS and the physiological outcomes. Additionally, EEIE did not significantly alter the BW but
significantly increased the stomach index, similar to that of quercetin, which further confirms its safety. This research
contributes to advancing plant-based therapies for the treatment of acute gastric ulcers. However, it is not suitable for
assessing chronic effects or long-term healing, and with only five animals per group (n = 5), the statistical power may be
limited. These were considered limitations and opened the chance for further studies. Another limitation of this study is
that the levels of NO were not measured. Additionally, further assessment of its toxicity and bioavailability, followed by
therapeutic applications in clinical settings, will be essential to ensure the efficacy and safety of EEIE, as well as
evaluating potential interactions with conventional ulcer treatments will be crucial for establishing EEIE as a viable
alternative therapy for gastric ulcers.
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