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Tulsi (Ocimum sanctum) Leaf Ethanol Extract Reduces Inflammatory Cell Infiltration in 

Aspirin-Induced Gastritis Rats

Ekstrak Etanol Daun Kemangi (Ocimum sanctum) Menurunkan Infiltrasi Sel Radang pada Tikus 
Gastritis yang Diinduksi Aspirin
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ABSTRACT

Gastritis is an inflammation of the gastric mucosa. Tulsi leaf extract has phenol, flavonoid and saponin compounds which 
are potential as antioxidant and increase defensive factors in the gastric. The purpose of this research was to find out the 
effect of tulsi (Ocimum sanctum) leaf extract in polymorphonuclear (PMN) inflammatory cell infiltration in gastric of 
aspirin-induced gastritis rat model. This study was laboratory experimental research using post-test only control group 
design. Randomly, 27 male rats were divided into 3 groups, the first group was not induced by aspirin and extract as 
negative control, the second group was induced by aspirin of 600 mg/kgBW as positive control, and the third group was 
induced by aspirin of 600 mg/kgBW and was given Ocimum sanctum extract at a dose of 400 mg/kgBW as treatment 

thgroup. Gastric of the rats were taken on 16  day for histopathology evaluation using hematoxylin and eosin (HE) staining. 
Evaluation was done by calculating the PMN inflammatory cell infiltration in mucosal and submucosal layer. The results of 
the average number of PMN inflammatory cell in the gastric tissue of the treatment group showed a significant decrease 
compared to the positive and negative control groups with P-value <0.05. This study proved that Ocimum sanctum leaf 
extract administration with the dose of 400 mg/kgBW can decrease gastritis inflammation by reducing PMN inflammatory 
cell in gastric of aspirin-induced gastritis rat model.
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ABSTRAK

Gastritis adalah suatu inflamasi yang terjadi pada mukosa lambung. Ekstrak daun kemangi (Ocimum sanctum) memiliki 
kandungan senyawa fenol, flavonoid, dan saponin yang berpotensi sebagai antioksidan dan meningkatkan faktor defensif 
pada lambung. Penelitian ini bertujuan untuk mengetahui pengaruh ekstrak daun kemangi (Ocimum sanctum) terhadap 
infiltrasi sel radang polimorfonuklear (PMN) pada lambung tikus yang mengalami gastritis akibat induksi aspirin. 
Penelitian ini adalah penelitian eksperimental laboratorium dengan metode post-test only group control design. Dua 
puluh tujuh tikus jantan dibagi secara acak dalam 3  kelompok, yaitu kelompok tanpa diberi aspirin dan ekstrak sebagai 
kontrol negatif, kelompok yang diinduksi aspirin dosis 600 mg/kgBB sebagai kontrol positif, dan kelompok yang diinduksi 
aspirin dosis 600 mg/kgBB dan diberi ekstrak Ocimum sanctum dosis 400 mg/kgBB sebagai kelompok perlakuan. Pada hari 
ke-16 dilakukan pengambilan lambung untuk penilaian histopatologi menggunakan pewarnaan hematoksilin dan eosin 
(HE). Evaluasi dilakukan dengan menghitung infiltrasi sel radang PMN pada lapisan mukosa dan submukosa. Hasil rata-rata 
jumlah infiltrasi sel radang pada jaringan lambung kelompok perlakuan menunjukkan penurunan yang bermakna 
dibanding dengan kelompok kontrol positif dan kontrol negatif dengan nilai P<0,05. Penelitian ini membuktikan bahwa 
pemberian ekstrak daun Ocimum sanctum dosis 400 mg/kgBB dapat menurunkan derajat inflamasi gastritis dengan 
penurunan rata-rata jumlah infiltrasi sel radang PMN pada lambung model tikus gastritis.
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INTRODUCTION

Gastritis is an inflammatory disease that happens in the 
gastric mucosa (1). Based on World Health Organization 
(WHO) data in 2012, the prevalence of gastritis in the 
world is around 1.8-2.1 million people every year. The 
prevalence of gastritis in Southeast Asia is about 583,635 
people each year (2). The high incidence of gastritis is an 
issue that needs attention. Gastritis that occurs in the long 
run will turn into chronic gastritis. Chronic inflammation 
can cause damage to the gastric mucosa and become 
atrophy. This causes gastric mucosal dysfunction and 
disruption of stomach acid production. Severe atrophy 
gastritis has a high risk of cancer and perforation (3). 

Herbal medicine has been used to treat gastric disease for 
a long time ago. Several studies have shown that herbal 
treatments are effective in treating gastric disease in 
humans and animal models that induced by nonsteroidal 
anti-inflammatory drugs (NSAIDs), ethanol, cold-restraint 
stress, and pylorus ligation. Herbal medicine is 
comparable or even more effective than drugs such as 
omeprazole or cimetidine. Herbal medicine also has more 
minimal side effects. The mechanism of herbal medicine 
in treating gastric ulcers is by stimulation of mucous cell 
proliferation, anti-oxidation, and inhibition of gastric acid 
secretion as well as H(+)/K(+)-ATPase activity (4). 

The phytochemical compounds of Ocimum sanctum 
leaves such as flavonoids, phenolics and saponins play a 
role in gastritis healing process. These chemical contents 
have the potential to support the gastritis healing process 
by inhibiting the offensive acid pepsin secretion, lipid 
peroxidation and histamine antagonistic, also increasing 
the gastric defensive factors like mucin secretion, cellular 
mucus and lifespan of mucosal cells, as well as antioxidant 
activity (5,6). Therefore, it is necessary to conduct 
research to determine the potential of Ocimum sanctum 
leaf extract as an alternative therapy for gastritis using an 
aspirin-induced rat animal model with an evaluation of 
the degree of inflammation assessed from the average 
amount of inflammatory cell infiltration in the mucosal 
and submucosa layer.

METHOD

Animal Model

This research was an experimental laboratory study with 
post-test only control design. The research used 27 rats 
(Rattus norvegicus) with inclusion criteria, i.e., male, 150-
200 grams body weight, 3-5 months old, and having 
physical health characterized by move actively and has 
smooth, clean fur and no fleas in the body. The exclusion 
criteria of rats were those that died during the study. This 
study has received ethical clearance from the Medical 
Research Ethics Committee of the Faculty of Medicine, 
A i r l a n g g a  U n i v e r s i t y ,  S u r a b a y a  N o .  
193/EC/KEPK/FKUA/2018. Rats were obtained from the 
Experimental Animal Unit of the Biochemistry Laboratory, 
Faculty of Medicine, Airlangga University. Experimental 
animals were divided into three groups (each group 
consisted of nine rats), namely a group without induction 
as a negative control, a positive control group induced 
with 600 mg/kg/day of aspirin for nine days, and a 
treatment group induced with 600 mg/kg/day of aspirin 
for nine days and followed by tulsi leaf extract at the dose 
of 400 mg/kgBW for seven days. Determination of 

thexperimental animals was carried out on the 16  day after 

treatment. 

Tulsi Leaf Ethanol Extract Preparation

Simplicia of tulsi leaves was obtained from Condido Agro 
Herbal, Nongkojajar, Pasuruan. Extraction of Ocimum 
sanctum simplicia was carried out in the Pharmacology 
Laboratory, Faculty of Medicine, Airlangga University. Dry 
simplicia powder was put into the macerator and added 
with three liters of solvent (70% ethanol). Then, it was 
soaked and left for 24 hours at room temperature. 
Filtration was carried out to separate the macerate by 
using filter paper; the filtration process was repeated twice 
with the same type and amount of solvent. All macerate 
was collected and then evaporated with evaporator at ± 
50°C until thick extract was obtained (7).

Gastritis Induction and Extract Administration 

Gastritis induction was carried out to the positive control 
group and the treatment group by administering aspirin at 
a dose of 600 mg/kg/day for nine days using a feeding 
tube. Before administering aspirin, rats fasted for 2-3 

th thhours. On the 10  day to the 16  day, the treatment group 
was given Ocimum sanctum leaf extract at a dose of 400 
mg/kgBW/day, while the treatment group was given 
standard feed and distilled water. In previous studies, the 
administration of Ocimum sanctum leaf extract at a dose of 
400 mg/kgBW had significant effect against NSAID-
induced gastric ulcer (8).

Gastric Examination

The gastric macroscopic examination was carried out by 
gastric surgical of the rats that had been treated. Before 
surgery, the rat was fasted for 5 hours and anesthetized 
using ether. The rat gastric was taken by incision on the 5 
mm superior gastroesophageal sphincter and 5 mm 
distally from the gastric pylori sphincter and then washed 
using 0.9% NaCl solution. After surgery, the organs were 
fixed by immersing them in pots containing 10% formalin. 
The formalin immersion was done for 24 hours. Then, 
paraffin blocks were made by hematoxylin and eosin 
staining in the Anatomical Pathology Laboratory, Faculty of 
Medicine, Airlangga University for histopathological 
examination using a binocular light microscope with 400x 
magnification in five visual field. The evaluation was done 
by counting the number of PMN inflammatory cells 
infiltration in the mucosal and submucosa layer, and 
conducting a comparison to each group.

RESULTS

The results of the histopathological evaluation of gastritis 
by calculating the mean of PMN inflammatory cell 
infiltration for each group are listed in Table 1.

Table 1. Average values ± standard deviations in the number 
of PMN inflammatory cells

Note: Different letters show significant differences (P<0.05)
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No. Group N Mean ± SD 

1. Group without induction  
(negative control) 

9 20.89±3.72 a 

2. Group of Aspirin 600 mg/kgBW 
(positive control) 

9 32.78±7.66 b 

3. Group of Aspirin 600 mg/kgBW + 
Ocimum sanctum leaf extract 
(treatment group) 

9 13.67±4.33 c
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There were differences in the number of inflammatory 
cells infiltration among the three groups. The average 
number of inflammatory cells infiltration was the highest 
in the positive control group, the group induced by 400 
mg/kgBW aspirin and given distilled water, while the 
lowest number of infiltration of inflammatory cells was in 
the treatment group induced by 400 mg/kgBW aspirin and 
given 600 mg/kgBW Ocimum sanctum leaf extract. Based 
on the results of statistical analysis, the average number of 
inflammatory cells infiltration in the gastric tissue of the 
treatment group showed a significant (P<0.05) decrease 
compared to the positive and negative control groups.

Figure 1. Histopathological image of inflammatory cells 
Note: infiltration in the negative control group (A), the positive control 
group (B) and the treatment group (C). HE staining 400x magnification. 
Black arrow = PMN inflammatory cells.

DISCUSSION

Aspirin induction was carried out in the positive control 
group and the treatment group for nine days at a dose of 
600 mg/kgBW. In a previous study, induction of aspirin 600 
mg/kgBW for three days caused damage to the gastric 
mucosa (9). Histopathological features in this group 
showed bleeding, edema, and PMN inflammatory cells 
infiltration. PMN inflammatory cells infiltration in this 
group showed the highest number with a significant 
difference. This showed that aspirin administration at a 
dose of 600 mg/kgBW for nine days causes inflammation 
in the gastric, which is characterized by an increase in 
inflammatory cells infiltration. The presence of 
neutrophils above the basement membrane, especially in 
direct contact with epithelial cells, is abnormal and 
indicates active inflammation (10). PMN inflammatory 
cells are an indicator of acute and active inflammation of 
the stomach (11). In previous studies, administration of 
aspirin caused acute superficial gastritis characterized by 
edema of the mucosal layer, capillaries dilatation and 
infiltration of neutrophil inflammatory cells in mucosal 
layer (12). Aspirin induction causes gastritis because there 
is an imbalance between aggressive factors and defensive 
factors in the stomach. Aspirin inhibits cyclooxygenase 
(COX) irreversibly. Inhibition of COX-1 leads to decreased 
mucosal prostaglandins which play a critical role in 
maintaining gastric mucosal defense system. In addition, 
aspirin could cause injury to the epithelial lining of the 
gastric mucosa through local mechanisms due to diffusion 
to the cytoplasm of epithelial cells. Aspirin is trapped and 
accumulated into the epithelial cells, then causes cellular 
injury. Mitochondria is the primary target of trapped 

aspirin intracellular. It leads to the release of reactive 
oxygen species (ROS) such as superoxide and hydrogen 
peroxide thereby activating caspase 9, caspase 3 and 
cellular lipid peroxidation that causes cellular apoptosis 
and subsequent mucosal damages (13).

The results of this study indicate that the group induced 
with 600 mg/kgBW aspirin for nine days and given the 
Ocimum sanctum leaf extract 400 mg/kgBW for seven days 
had the least number of inflammatory cells than the other 
groups. This proved that the administration of Ocimum 
sanctum leaf extract can reduce the degree of 
inflammation due to a decrease in the number of 
inflammatory cells in the stomach of aspirin-induced mice. 
Another study proved Ocimum sanctum had a significant 
effect against NSAID-induced gastric ulcer due to its 5-
lipoxygenase inhibitory effect, mucoprotective activity 
and antisecretory effect (8). Recently studies also had 
confirmed its efficacy against gastric ulcer by increasing 
glutathione peroxidase and catalase to prevent oxidative 
stress (14). Saponin content can reduce the secretion of 
histamine by inhibiting histidine decarboxylase, so there is 
a decrease in the acid secretion, which is an aggressive 
factor in the stomach. The suppression of stomach acid 
secretions is a key therapeutic target for gastritis (15). 

Drugs that are approved by the FDA for the treatment and 
prevention of gastric ulcers due to NSAIDs are drugs that 
suppress aggressive factors by inhibiting gastric acid 
secretion (16). Flavonoids are among the cytoprotective 
materials of gastric mucosa. These active compounds are 
able to stimulate mucous, bicarbonate, and prostaglandin 
secretion and counteract with the deteriorating effects of 
reactive oxidants in gastrointestinal lumen (17). Flavonoid 
compound can act as radical scavengers because free 
radicals play an important role in the inflammation 
pathogenesis of aspirin (18). It will decrease mucosal 
damage, cell apoptosis and vascular permeability. Phenol 
compounds in Ocimum sanctum can reduce the 
production of pro-inflammatory cytokines such as IL-1β, 
NF-κB and IL-8 which are the chemoattractant of 
inflammatory cells essential in the development of 
mucosal damage (13,19,20). It also stimulates 
prostaglandin that play a critical role in maintaining gastric 
mucosal defense system. The enhancement of 
prostaglandin leads to gastritis healing because it inhibits 
gastric acid secretion, increases mucus and bicarbonate 
secretion, increases cell proliferation, and increases 
mucosal blood flow (17,21).

This study concluded that the administration of Ocimum 
sanctum leaf ethanol extract at a dose of 400 mg/kgBW for 
seven days could reduce the degree of inflammatory 
gastritis because a decrease appeared in the number of 
PMN inflammatory cells in the gastric of rats induced by 
600 mg/kgBW aspirin for nine days. 
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