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Abstract: Gastric ulcers can be triggered by excessive HCl secretion, and the 
regenerative capacity of mucosal cells can be weakened by high alcohol 
levels and anti-inflammatory drugs, including NSAIDs. Gastrin functions to 
stimulate the secretion of gastric juice, particularly HCl and pepsinogen This 
study aims to evaluate the macroscopic and microscopic gastroprotective 
activity of clove leaf ethanol extract mucoadhesive granule formulations. 
The study used 25 rats divided into five groups: normal control, negative 
control, positive control, clove leaf ethanol extract group, and mucoadhesive 
granule formulation of clove leaf ethanol extract group. All groups except 
the normal control were administered acetylsalicylic acid. Treatments were 
conducted over 9 days, with surgical examination and observations 
performed macroscopically and microscopically on day 10. Macroscopic 
assessments revealed ulcer damage improvement in the positive control, 
extract, and mucoadhesive granule groups, all scored at 1. Microscopic 
assessments also indicated a significant difference between the negative 
control and the positive control, extract, and mucoadhesive granule groups, 
showing better gastric repair, scored at 0.5. Therefore, it can be concluded 
that the administration of the mucoadhesive granule formulation of clove 
leaf ethanol extract exhibits gastroprotective activity comparable to that of 
the clove leaf ethanol extract. 
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Introduction  
 

The stomach is one of the organs in the digestive 
system that serves as a reservoir for food where it is 
intensively mixed with gastric juice (Ahi̇, 2017). The 
stomach wall consists of three layers, one of which 
includes G cells. G cells are located in the antral mucosa 
and secrete the gastric hormone gastrin (Vavallo et al., 
2024). Gastrin functions to stimulate the secretion of 
gastric juice, particularly HCl and pepsinogen (Stanforth 
et al., 2022; Martinsen et al., 2019). If the gastric mucosa 

frequently comes into contact with the backflow of 
duodenal juice, which is alkaline, inflammation 
(gastritis) is very likely to occur and can lead to gastric 
ulcers (Susilawati et al., 2016). 

Gastric ulcers are defined as the breakdown of the 
upper gastrointestinal mucosa due to peptic acid 
digestion, resulting in ulcers that extend beyond the 
muscular mucosa into the submucosa. Gastric ulcer 
disease remains one of the most common disorders 
encountered (Studiawan et al., 2023; Ahmad et al., 2019; 
Tarasconi et al., 2020). Gastric ulcers can also be 
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triggered by a decrease in the mucosal capability, which, 
in a healthy state, is highly resistant to the aggressive 
nature of HCl-pepsin. Besides excessive HCl secretion, 
the regenerative capacity of mucosal cells can be 
weakened by high levels of alcohol and anti-
inflammatory drugs, including NSAIDs. 

NSAIDs (Non-Steroidal Anti-Inflammatory Drugs) 
are medications that have pharmacodynamic effects 
such as analgesic, anti-inflammatory, and antipyretic 
properties (Tsoupras et al., 2024; Bindu et al., 2020). One 
example is acetylsalicylic acid, which works as an anti-
inflammatory by inhibiting cyclooxygenase (COX) types 
1 and 2, thereby inhibiting prostaglandin production. 
Gastroprotective therapy has been proven to prevent the 
adverse effects of NSAIDs. Gastroprotection refers to the 

ability of certain endogenous factors to protect the 
gastric mucosa (Shofiatun & Wulandari, 2021). Several 
plants have been identified as having gastroprotective 
activities, one of which is the clove leaf (Syzygium 
aromaticum L.) (Batiha et al., 2020). 

Clove leaves (Syzygium aromaticum L.) contain 
eugenol, which has gastroprotective properties and 
exhibits antiulcer activity and is used to treat bacterial 

infections (Escherichia coli), urinary tract and bile duct 
infections (Aziz et al., 2023). Flavonoids in cloves can 
reduce the inflammation associated with ulcerative 
lesions, thereby diminishing the severity of the disease 
and enhancing gastric mucosa synthesis (Mezui et al., 
2023). Based on these findings, clove leaf extract has 
been developed in the form of mucoadhesive granules. 
The mucoadhesive system allows the formulation to 
bind to the surface of gastric epithelial cells, resulting in 
prolonged drug residence time at the site of absorption 
(Subramanian, 2021). 

 

Method 
  

This study was conducted from July to August 2024 
at the Pharmacology Laboratory of STIFA Pelita Mas 
Palu and the Biopath Laboratory in Bandung, using an 
experimental method. The study involved 25 rats 
divided into five groups: the normal control group (I) 
received mucoadhesive granules without extract; the 
Negative Control group (II) was administered 
acetylsalicylic acid at a dose of 500 mg/kg body weight; 
the Positive Control group (III) received acetylsalicylic 
acid at 500 mg/kg body weight and ranitidine at 150 
mg/kg body weight; the Extract Treatment group (IV) 
was given acetylsalicylic acid at 500 mg/kg body weight 
and clove leaf extract at 250 mg/kg body weight; and the 
Granule Treatment group (V) received acetylsalicylic 
acid at 500 mg/kg body weight and mucoadhesive 
granules of clove leaf extract at 250 mg/kg body weight.  
 
 

Research Procedures  
Preparation of Clove Leaf Ethanol Extract  

Approximately 800 grams of dried simplicia was 
extracted by maceration with 96% ethanol over three 24-
hour periods using a jar. The extract was then filtered 
through filter paper to obtain a filtrate, which was 
subsequently concentrated using a rotary vacuum 
evaporator at 60°C and further evaporated using a water 
bath until a thick extract was obtained. The concentrated 
extract was then ready for qualitative analysis 
(phytochemical screening) to determine the secondary 
metabolite compounds (Herawati et al., 2021). 
 
Preparation of Mucoadhesive Granules of Clove Leaf Ethanol 
Extract  

The mucoadhesive granules of clove leaf ethanol 
extract were prepared using the wet granulation 
method. The clove leaf extract, used in all formulas at 
250 mg, was mixed with Avicel and then homogenized 
with Carbopol. To this mixture, PVP dissolved in water 
was added to form a moist mass. The moist mass was 
then passed through a No. 8 sieve and dried at 40°C for 
3 hours. The dry granules were subsequently sieved 
using a No. 12 sieve (Wulandari et al., 2024).  
 
Animal Preparation  

Twenty-five rats were grouped for the study and 
treatments were administered orally. The normal control 
group received granules without clove leaf, the negative 
control group was given acetylsalicylic acid at 500 
mg/kg body weight, the positive control group received 
acetylsalicylic acid at 500 mg/kg body weight plus a 
ranitidine suspension at 150 mg/kg body weight, the 
extract group was administered acetylsalicylic acid at 
500 mg/kg body weight plus clove leaf extract at 250 
mg/kg body weight, and the granule group received 
acetylsalicylic acid at 500 mg/kg body weight plus clove 
leaf granule formulation at 250 mg/kg body weight. All 
treatments were given orally once a day at the same time 
for 9 days, and the rats were fasted for 24 hours. On the 
10th day, all rats were anesthetized using chloroform, 
then dissected, and their stomachs were harvested. The 
stomachs were cut from the esophagus junction (above 
the cardia) to the lower pylorus (distal part connected to 
the duodenum), opened, and washed with physiological 
saline solution. 
 
Macroscopic Observations  

Macroscopic evaluation of gastric mucosal damage 
was assessed based on changes in mucosal color, ulcer 
stains, bleeding, deeper ulcers, and perforations with the 
aid of a magnifying glass. The assessment utilized a 
scoring system ranging from 0 to 5. Scoring criteria are 
detailed in Table 1. 

 



Jurnal Penelitian Pendidikan IPA (JPPIPA) September 2024, Volume 10, Issue 9, 6331-6337  
 

6333 

Table 1. Scores and Criteria for Macroscopic Gastric 
Mucosal Damage  
Score Criteria  

0 Normal 
1 Redness  
2 Ulcer Stain 
3 Bleeding 
4 Ulcer accompanied by bleeding 
5 Perforation  

 
Microscopic Observations  

Microscopic examination was based on the depth of 
ulcers in the mucosa. The assessment used a mucosal 
lesion depth scoring scale from 0 to 5. Scoring criteria for 
the depth of mucosal ulcers are detailed in Table 2.  

 
Table 2. Scores and Criteria for Evaluating Ulcer Depth  
Score Criteria  

0 No changes 
0.50 Erosion on the mucosal surface epithelium 
1 Ulcer reaches the lamina propria 
2 Ulcer extends to 2/3 or more of the mucosal layer 
3 Ulcer spans the entire mucosal layer 

 

Result and Discussion 
 
Macroscopic Observations  

This study was conducted in compliance with 
ethical standards. Free radical induction and oxidative 
stress cause gastric mucosal damage (Vona et al., 2021). 
Furthermore, an imbalance between aggressive and 
defensive factors can lead to gastric mucosal ulcers, with 
aggressive factors being more dominant. Free radicals 
are part of these aggressive factors (Tytgat, 2011; El-
Meligy et al., 2017). One example of such radicals is non-
steroidal anti-inflammatory drugs (NSAIDs). 
Acetylsalicylic acid, or aspirin, functions by inhibiting 
certain natural substances in the body to reduce pain 
and swelling, acting as an irritant (Dionisio et al., 2018; 
Fijałkowski et al., 2022; Osafo et al., 2017). 

 
Table 3. Macroscopic Gastric Mucosal Damage Scores 
Group  Mode Score  

Normal Control 0 
Negative Control (Acetylsalicylic Acid) 2 
Positive Control (Ranitidine) 1 
Clove Leaf Ethanol Extract 1 
Mucoadhesive Granule Formulation of Clove 
Leaf Ethanol Extract 

1 

 
The animal model for gastric mucosal ulcer in this 

study was induced with acetylsalicylic acid. 
Acetylsalicylic acid causes defects in the mucosal barrier 
and results in the back diffusion of H+ ions. Histamine 
is stimulated to increase gastric acid secretion, leading to 
dilation and increased permeability of capillary vessels, 

gastric mucosal damage, and either acute or chronic 
gastric and mucosal ulcers (Rose & Harvey, 1987). This 
aligns with the macroscopic findings that the group 
administered acetylsalicylic acid exhibited ulcer stains 
but not bleeding (Figure 1). This could be due to 
insufficient dosage or duration of acetylsalicylic acid 
administration. Previous studies showed ulcer bleeding 
at 1500 mg/kg body weight (Kontoghiorghes, 2024). 

 

 
Figure 1. Macroscopic view of gastric damage. (a) Normal 
Control Group; (b) Negative Control Group induced with 

acetylsalicylic acid showing ulcer stains (arrow); (c) Positive 
Control Group induced with Ranitidine showing redness 

(circle); (d) Clove Leaf Ethanol Extract Group showing 
redness (circle); (e) Mucoadhesive Granule Formulation of 
Clove Leaf Ethanol Extract Group showing redness (circle) 

 
Following ulcerogenic processes, the positive 

control group was administered ranitidine. Results 
indicated significant ulcer improvement as evidenced by 
the administration of ranitidine (Figure 1). Clove leaves 
(Syzygium aromaticum L.) contain eugenol, which has 
gastroprotective and antiulcer activities and is used to 
treat bacterial infections (Escherichia coli), urinary tract 
infections, and bile duct infections (Hobani et al., 2022; 
El-Saber Batiha et al., 2020; Pandey et al., 2024). 
Flavonoids in cloves can reduce the inflammatory 
process associated with ulcerative lesions, thereby 
decreasing the severity of the disease and enhancing 
gastric mucosal synthesis (Liñán-Atero et al., 2024). The 
study demonstrated that both clove leaf ethanol extract 
and the mucoadhesive formulation of clove leaf ethanol 
extract showed better ulcer improvement compared to 
the negative control (Table 3). However, no difference 
was observed between the extract and granule groups. 
This may be due to the granule formulation being 
dissolved before administration, which did not allow for 
prolonged contact with the gastric mucosa.  

Ulcer improvement by clove leaves is attributed to 
their bioactive contents, particularly flavonoid 
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compounds, which have antioxidant activity that 
inhibits free radical formation and plays a role in the 
pathophysiology of gastritis and peptic ulcers. These 
compounds function as gastric cytoprotective agents by 
stabilizing membranes and influencing several 
intermediate metabolic processes. Prostaglandins help 
reduce gastric acid secretion, increase mucous and 
bicarbonate secretion, enhance mucous blood fluid, and 
act as antihistamines, thereby lowering histamine levels 
and preventing histamine release. They inhibit the 
gastric H+/K+ proton pump, reduce gastric acid 
secretion, and exhibit anti-H. pylori activity, thereby 
offering a more effective and less harmful therapeutic 
potential for treating gastrointestinal diseases, especially 
peptic ulcers (Kuna et al., 2019).  

 

Microscopic Results and Discussion  
Microscopic Evaluation of Gastric Mucosal Damage 

Microscopic evaluation of gastric mucosal damage was 
conducted based on the depth of ulcers, in accordance 
with prior research, as outlined in Table 2. Gastric 
mucosal damage can manifest as either erosions or 
ulcers. Erosion refers to the disruption of the gastric 
mucosa epithelial layer, while an ulcer is characterized 
by the disruption of mucosal continuity (epithelium, 
lamina propria, and muscularis mucosa) that sometimes 
extends into the muscular layer (Kellermann & Riis, 
2021). Microscopic data on gastric mucosal damage 
indicated statistically significant differences among 
several treatment groups with a p-value of 0.000 
(p<0.05). Microscopic views of mucosal damage are 
illustrated in Figure 2, and the mean values of mucosal 
damage are presented in Table 4.  

The negative control group, in particular, exhibited 
white blood cell infiltration penetrating several 
submucosal layers and even muscle tissues (Pitot et al., 
2023), as shown in Figure 2. In the normal group, 
glandular cells were still observed, while there was 
tissue disorganization forming erosions in the gastric 
mucosa in the positive control, extract, and 
mucoadhesive granule groups. This damage results 
from an imbalance between mucosal defense factors and 
causative factors such as acid and pepsin. Pepsin plays a 
role in protein digestion and can degrade cell protein 
structures, thus destroying the mucosa and causing 
erosion (Shafira et al., 2016).  

The positive control used was ranitidine. Results 
indicated that the positive control significantly 
improved from the negative control but was not 
significantly different from the extract group. Various 
factors, including potentially inadequate ranitidine 
dosages making it ineffective or ranitidine being less 
potent in addressing acetylsalicylic acid-induced gastric 
ulcers, might cause this. According to research, 

ranitidine is less effective for gastric ulcers because it 
does not suppress basal gastric acid secretion, making it 
more effective in inhibiting acid secretion due to 
muscarinic drug stimulation, vagus stimulation, or 
gastrin (Chen et al., 2023; Arin et al., 2017). Moreover, 
eugenol compounds are more effective than ranitidine in 
preventing stress-induced gastric lesions (Elizabeth 
Lugo-Lugo et al., 2019). 

 

 
Figure 2. Microscopic view of gastric damage. (a) Normal 
Control Group; (b) Negative Control Group induced with 

acetylsalicylic acid showing ulcers extending through several 
mucosal layers; (c) Positive Control Group induced with 
Ranitidine showing epithelial surface mucosa erosion; (d) 

Clove Leaf Ethanol Extract Group showing epithelial surface 
mucosa erosion; (e) Mucoadhesive Granule Formulation of 

Clove Leaf Ethanol Extract Group showing epithelial surface 
mucosa erosion 

 
According to Indiarto et al. (2024), the flavonoid 

content in clove leaves can reduce gastric acid secretion. 
One mechanism involved is through the inhibition of 
histidine decarboxylase enzyme, which is responsible 
for histamine formation in the gastric mucosa. By 
inhibiting this enzyme's activity, histamine formation in 
the stomach is reduced, ultimately inhibiting gastric acid 
production (Fitrya et al., 2022). Additionally, flavonoids 
possess gastroprotective activities as anti-secretory 
agents, antioxidants, and cytoprotective agents. 
Flavonoids' effects on the gastric mucosa involve 
blocking acid secretion, regulating prostaglandin E2-
dependent secretion, and as antioxidants that bind to 
ROS (Jomova et al., 2023). Flavonoids also reduce 
intestinal motility and secretion, thereby mitigating 
chronic inflammatory injury (Sari & Yanuarty, 2022). 

 

Conclusion  
 

Based on the research conducted, it can be 
concluded that ranitidine induction demonstrates 
gastric damage both macroscopically and 
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microscopically. The administration of mucoadhesive 
granule formulations of clove leaf ethanol extract 
improves gastric damage, thereby exhibiting 
gastroprotective activity on par with that of clove leaf 
ethanol extract, both macroscopically and 
microscopically.  
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