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INTRODUCTION
Gastritis is commonly described as a disease resulting 

from an inflammation of the stomach lining, also known as 
gastric mucosa [1]. Gastritis can be classified into chronic and 

acute, depending on the duration of symptoms. Acute gastritis 
is a short-term inflammation of the stomach lining, typically 
lasting less than a month, mostly just 1 or 2 days [2]. The rise 
in gastritis prevalence is linked to unhealthy lifestyles, such as 
lack of physical activity, poor diet, obesity, smoking, and the 
excessive consumption of alcohol [3]. 

In this age of time, alcohol has become one of the leading 
causes of acute gastritis, eroding the mucosal lining of the stomach 
[4]. Mucosal inflammation causes the disruption of gastric mucosal 
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ABSTRACT
Uncaria gambir Roxb., a plant known for its health-promoting properties and rich in bioactive compounds, offers 
an alternative treatment for acute gastritis. This research involved the approach of network pharmacology, pathway 
analysis, and molecular docking to predict signaling pathways of Bajakah kalalawit (Uncaria gambir Roxb.) extract 
in treating acute gastritis. The results were validated through an in vivo experiment using 25 rats, divided into normal 
healthy group, negative control, positive control, and treatment groups, and administered with the extract at a dose 
of 100 and 200 mg/kg BW. The rats were induced with acute gastritis using HCl/ethanol. In vivo parameters include 
the severity of gastric lesions, histopathological examination, ELISA assay, and immunohistochemistry to measure 
the levels of pro-inflammatory cytokines, including interleukin (IL)-6 and tumor necrosis factor (TNF)-α. Network 
pharmacology proved that there was a significant connection between the active secondary metabolite of the extract 
and acute gastritis-related genes. Although molecular docking proved that these compounds have limited potential 
in directly inhibiting TNF-α and IL-6, the in vivo findings nonetheless proved the gastroprotective effect, where 
the administered groups showed reduced gastric lesions and retained mucosal integrity through histopathological 
staining. The results of immunohistochemistry and ELISA proved that the extract modulated the levels of TNF-α 
and IL-6.
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barrier, secretion of gastric acid and pepsin, along with mucosal 
damage caused by the release of inflammatory cells that infiltrate 
the gastric lining [5]. Mucosal inflammation is associated with 
the release of pro-inflammatory cytokines, such as tumor necrosis 
factor (TNF)-α, interleukin 6 (IL-6), and cyclooxygenase-2 (COX-
2) [6,7], with IL-6 and TNF-α as specific inflammatory cytokines 
associated with acute gastritis inflammation [8].

Gastritis treatment covers from the use of medications 
to more invasive procedures, such as surgery, in severe cases. 
Medications commonly used to treat gastritis depend on the type 
and severity of symptoms. These include antacids, proton pump 
inhibitors (PPIs), and H-2 receptor antagonists, all of which work 
to reduce stomach acid and promote healing of the gastric mucosa, 
through different mechanisms of action [9,10]. Unfortunately, 
the use of these medications tends to have negative side effects, 
especially in long-term use or individuals with organ dysfunctions, 
such as liver and kidney disease [11]. Other than that, individuals 
may experience side effects such as fatigue, diarrhea, vomiting, 
headache, and dizziness [12]. This has led current research to 
center on finding alternatives by using plant-based extracts, relying 
on their active components to manage gastritis. 

Uncaria gambir Roxb., commonly known as gambir, 
is a plant native to Kalimantan, Central, and Southern Sumatra, 
Indonesia. Several studies have proven useful compounds 
in gambir, such as alkaloids, flavonoids, and tannins, and the 
plant has been considered as an excellent source of antioxidant 
compounds [13]. Traditionally, local communities have used 
gambir to treat various conditions, such as physical wounds, 
ulcers, asthma, headache, diabetes, rheumatism, urinary tract 
issues, dysentery, gastrointestinal diseases, and even cancer 
[14]. Although gambir is recognized for treating various 
health issues, there is currently no research demonstrating its 
effectiveness in alleviating acute gastritis. 

Uncaria gambir Roxb., known for its benefits in 
treating various health conditions, has not yet been scientifically 
proven to alleviate acute gastritis. However, gambir is known 
to contain flavonoid, phenolic, and antioxidant compounds 
[15]. They offer great potential in alleviating acute gastritis by 
reducing and preventing inflammation. Hence, this study aimed 
to investigate the gastroprotective activity of Bajakah kalalawit 
(Uncaria gambir Roxb) extract analysis of active compound 
using chromatographic analysis and in vitro and in silico 
methods along with network pharmacology to better understand 
its mechanism of action, findings were then verified the efficacy 
further observed through in vivo study using rat model.

MATERIALS AND METHODS

Preparation of B. kalalawit extract
Bajakah kalalawit was purchased from Berau Regency, 

South Kalimantan, with its identity already confirmed by a 
taxonomist. A voucher specimen is stored in the National Research 
and Innovation Agency at the Herbarium Bogoriense, Directorate 
of Scientific Collection Management, BRIN Cibinong, Indonesia, 
with certificate number B-2770/II.6.2/IR.01.02/8/2024. The roots 
were washed under running tap water to eliminate debris, and 
then air-dried at room temperature. Crude extract was obtained 
by drying plants for 24 hours, at the temperature of 45°C, and 

grounded into fine powder using a grinder. The powder was 
extracted twice with 70% (v/v) methanol for 24 hours each time. 
The extract was then filtered to remove any residue, and the 
supernatant was evaporated to a semi-dry state using a vacuum 
evaporator. The semi-dried residue was stored at −80°C to solidify 
any remaining moisture. The extract was stored in a dark bottle at 
the temperature of −20°C until the time of the experiment.

Apparatus and LC-HRMS condition
Metabolite compounds in B. kalalawit extract were 

identified using ultra-high-performance liquid chromatography-
high-resolution mass spectrometry. Liquid Chromatography-
High Resolution Mass Spectrometry (LC-HRMS) analysis was 
conducted according to Windarsih et al. [16]. The analysis was 
performed using liquid chromatography equipment (Thermo 
Scientific™ Vanquish™ UHPLC Binary Pump) and Orbitrap 
high-resolution mass spectrometry (Thermo Scientific™ 
Q Exactive™ Hybrid Quadrupole-Orbitrap™ High-Resolution 
Mass Spectrometer). Liquid chromatography was performed 
using a Thermo Scientific™ Accucore™ Phenyl-Hexyl 100 
mm × 2.1 mm ID × 2.6 µm analytical column. The mobile 
phases consisted of MS-grade water with 0.1% formic acid (A) 
and MS-grade methanol with 0.1% formic acid (B), both were 
applied in a gradient flow, at 0.3 ml/min. Mobile phase B started 
from 5% and increased to 90% over 16 minutes, then held at 90% 
for 4 minutes, and returned to 5% after 25 minutes. The column 
temperature was maintained at 40°C, with an injection volume 
of 3 µl. Untargeted screening was conducted using full MS/dd-
MS2 acquisition in both positive and negative ionization modes. 
Nitrogen was used as the sheath gas, auxiliary gas, and sweep 
gas at settings of 32, 8, and 4 arbitrary units, respectively. The 
spray voltage used was 3.30 kV, with a capillary temperature of 
320°C, and the auxiliary gas heater was set to 30°C. The mass 
scan range was 66.7–1,000 m/z, with a resolution of 70.000 for 
full MS and 17.500 for dd-MS2 in positive ionization mode. 
The system was managed using XCalibur software (Thermo 
Scientific, Bremen, Germany). 

Mass identification of metabolites was performed 
using Compound Discoverer™ 3.2 software (Thermo 
Scientific, USA), employing an untargeted metabolomics 
workflow. Peak extraction filters were applied using MzCloud 
and ChemSpider databases, with mass annotations ranging 
from −5 to 5 ppm.

2,2 diphenly 1-picrylhydrazyl analysis
2,2 diphenly 1-picrylhydrazyl (DPPH) analysis was 

conducted using UV-Vis spectrophotometric method. The crude 
extract of B. kalalawit was measured for its antioxidant activity 
using DPPH. A total of 3.5 ml of DPPH with a concentration 
of 25 ppm in methanol was mixed with 0.5 ml of the extract, 
starting from the concentration of 4, 8, 12, 16, 20 µg/ml. The 
mixture was incubated at room temperature for 20 minutes. 
The optical density of the mixture was taken at 517 nm. DPPH 
scavenging activity was measured with the formula as follows: 

DPPH scavening activity %( ) = ABScontrol −  ABSsample

ABScontrol

⎡

⎣
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ABScontrol: Absorbance of DPPH + methanol
ABSsample: Absorbance of DPPH + Bajakah kalalawit 

extract

Network pharmacology analysis
Active compounds were classified into secondary 

metabolites classes, such as flavonoids, alkaloids, isoflavones, 
coumarins, phenols, and terpenes. These compounds were 
further observed to explore their potential on inhibiting 
inflammation related to acute gastritis. 

Swiss Target Prediction Database (http://www.
swisstargetprediction.ch) was used to obtain putative targets of 
active compounds that have been chosen. Acute gastritis-related 
targets were searched in the GeneCards database (https://www.
genecards.org) with “acute gastritis” as the keyword. 

The targets of active compounds and gastritis were 
input into the website Bioinformatics & Evolutionary Genomics. 
The same targets of the two were considered interaction targets. 
The compound-target network was established using the 
software Cytoscape 3.10.2.

The construction of the PPI network was performed 
after finding a common target via the STRING dataset. There 
were 105 common targets found. Data analysis mode was set 
to “multiple proteins,” and the species were limited to “Homo 
sapiens.”

The common interaction targets for U. gambir and 
gastritis were submitted into the ShinyGO website for gene 
ontology (GO) analysis. The analysis includes biological 
process, cellular components, molecular functions, and 
pathways. The top 20 results based on false discovery rate 
(FDR) were exported into charts.

Molecular docking
Proteins chosen for the molecular docking simulation 

were TNF-α (PDB ID: 2AZ5) and IL-6 (PDB ID: 1ALU), 
downloaded through RCSB PDB (https://www.rcsb.org/). 
Meanwhile, the ligands used were the active secondary metabolites 
of B. kalalawit extract from the result of LC-HRMS [17,18].

Downloaded proteins were separated from their 
co-crystal ligands and other unrelated components using 
BIOVA Discovery Studio 2016. Omeprazole was used as a 
comparison ligand in the simulation [19]. The structure of 
the secondary metabolite compound and omeprazole were 
obtained through PubChem, continued by minimization of 
energy using PvRX 0.8, with the result saved in the extension 
of *pdbqt. The proteins were then input into software as 
macromolecules [20,21].

The validation of molecular docking was carried out 
to confirm that the molecular docking method that would be 
used on the test ligands is appropriate. The validity of molecular 
docking could be observed from the value of root mean standard 
deviation (RMSD) < 2 Å. The validation process includes the 
creation of a grid box and redocking of TNF-α (PDB ID: 2AZ5) 
and IL-6 (PDB ID: 1ALU), with each co-crystal ligand using 
PyRx 0.8. [20,21]. The co-crystal ligands and grid box used on 
the proteins are shown in Table 1.

Molecular docking on the test ligands of B. kalalawit 
extract was performed after the validation. Molecular docking 

was performed using PyRx 0.8. The determination of the best 
compounds on inhibiting TNF-α and IL-6 was based on the 
affinity energy from the result of test ligand molecular docking 
compared to the native ligands of the proteins. Chemical 
bonding analysis in the form of hydrogen bonds and interactions 
was conducted by visualizing the result of molecular docking 
using Ligplot+ 2.2.9 and PyMOL software [20,18].

Molecular dynamics simulation method
Molecular dynamics simulation consists of two parts: 

the relaxation part and the production run part.

Methods of relaxation
Through nine successive steps, the relaxation phase 

methodically gets the system ready for molecular dynamics 
simulations. Initially, we restrict all other atoms, optimize their 
locations, and minimize the energy of water molecules and ions. 
The system is then heated progressively over 1 ns at constant 
number of particles volume and temperature from 100 to 298 K, 
with velocities carefully assigned using a Maxwell–Boltzmann 
distribution to ensure stability. After heating, the system relaxes 
for one false discovery rate (FDR) (NPT), enabling density 
changes. Then, to allow for incremental flexibility, the constraints 
are gradually lowered from 10 kcal/mol·Å² on all atoms to only 
the backbone atoms. In a series of 1 ns simulations at constant 
pressure, the limits on the backbone are slowly decreased (from 
10 to 1 to 0.1 kcal/mol·Å²), until there are no limits left in the 
final 1 ns relaxation step. This methodical process guarantees 
that the system stabilizes and finds equilibrium, making it ready 
for further production simulations.

Methods of production runs
By using the hydrogen mass repartitioning (HMR) 

method, which lets us use a longer time step while keeping things 
stable, the main phase of the run lasted 200 nanoseconds with a 
time step (dt) of 0.004 ps. The system was not subjected to any 
constraints during this phase. Simulation frames were saved at 
intervals of 2,500 steps to enable detailed trajectory analysis. 
We used periodic boundary conditions in the simulation to 
imitate the effects of a large amount of solvent, and the SHAKE 
algorithm was used to keep the bonds with hydrogen atoms 
stable. Using the Langevin dynamics thermostat with a lambda 
value of 1.0 to effectively regulate temperature fluctuations, the 
production run was conducted in the NPT ensemble to maintain 
constant pressure and temperature. The system’s dynamic 
behavior under almost physiological settings was reliably and 
accurately sampled thanks to this configuration.

Table 1. Gridbox of molecular docking validation.

Proteins 
(PDB ID)

Native 
ligands

Grid box

Center Dimension (Å)

X y z x y z

TNF-α 
(2AZ5) 307 8.21 67.88 19.83 15.16 14.48 16.83

IL-6 
(1ALU) TLA −7.31 −13.30 0.13 10.42 10.37 10.43
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In vivo validation

Animal preparation
This study used 10-week-old male Wistar albino rats, 

weighing between 180 and 200 g. The number of samples was 
five rats per group based on the power analysis calculation 
assuming a large effect size using the formula according to Arifin 
et al. [22]. This calculation suggested a minimum of 2–4 animals 
per group to detect significant effects. Additionally, the sample 
size selection also considered the 3Rs principles (Replacement, 
Reduction, Refinement) in animal experimentation. Although 
larger sample sizes (n = 6) are commonly used, several previous 
studies with similar gastritis models have also used five animals 
per group and successfully detected significant differences 
[23,24]. However, we acknowledge that a larger sample size 
would improve the robustness of the research and will be 
considered in future studies.

The rats were obtained from the laboratory animal 
management unit at the School of Veterinary Medicine and 
Biomedical Sciences, IPB University. The rats were kept in 
standard rat cages at the temperature of 23°C ± 2°C, with a 
12-hour light-dark cycle and humidity maintained between 
35% and 60%. Rats had free access to food and water. All 
experimental procedures were approved by the Animal Ethics 
Committee (KEH) of IPB University, under approval number 
237/KEH/SKE/VIII/2024.

Induction of acute gastritis using ethanol/HCl
The experiment followed a completely randomized 

design. Twenty-five rats were randomly assigned to five groups, 
each group containing five rats. The groups were divided into 
normal healthy group, negative control group (administered 
with saline solution), positive control group, administered with 
omeprazole at a dose of 20 mg/kg BW [25], and treatment 
groups administered with B. kalalawit extract at a dose of 100 
and 200 mg/kg BW. 

One and a half hours after the treatments, all rats 
(except those in the negative control group) were administered 
with 5 ml/kg BW of a mixture of 0.15 M HCl and 60% ethanol 
solution following the method of Nam and Choo  [6] and 
 Al-Quraishy et al. [23]. The rats were euthanized 90 minutes 
later using a combination of xylazine and ketamine. The 
stomachs were immediately sampled and fixed in 4% buffered 
neutral formalin solution for 1 hour. Each stomach was then 
incised along the greater curvature, and photographed using 
iPad Air 5th Generation (Apple, China).

Measurement of gastric lesion surface area
The surface area of the gastric lesion was measured 

using ImageJ software and expressed as a percentage (%), 
obtained by comparing the lesion’s surface area to the total 
surface of each gastric sample.

Histopathological and immunohistochemical analysis
The gastric samples, fixed in 10% neutral buffered 

formaldehyde, were processed for histopathology, embedded 
in paraffin, sectioned at 4 mm thickness, and stained with 

hematoxylin and eosin (H&E) for morphological evaluation of 
the villi and subsequent image analysis. 

Samples used for immunochemistry were gastric 
samples from the rats. Immunohistochemical analysis was 
done using anti-IL-6 antibody ab9324 and anti-TNF-α antibody 
ab34674 produced by Abcam plc, Cambridge, UK.

ELISA assay
Samples used for ELISA assay were serum collected 

from the rats, and the measurement was duplicated for 
each sample. Pro-inflammatory cytokines TNF-α and IL-6 
determination were conducted with an ELISA Fine Test kit, 
manufactured by Wuhan Fine Biotech Co., Ltd (ISO9001). 
Total protein content of the supernatant was determined based 
on the Lowry method [26]. 

Acute toxicity 
The ethanolic extract of B. kalalawit was given to 

mice at predetermined dosage levels of 5, 50, 300, and 2,000 
mg/kg body weight. An observational approach was utilized 
to determine the starting dose, which aimed to elicit detectable 
toxicity while avoiding serious adverse effects or death. 
The following doses were modified according to observed 
signs of toxicity or lethality, with this procedure continuing 
until identifying either a dose producing clear toxicity or 
demonstrating no adverse effects at the maximum tested 
concentration. The B. kalalawit ethanolic extract was delivered 
as a single administration through oral gavage via gastric 
intubation after subjects underwent overnight feed restriction 
before treatment. Six mice were used for each dosage group. 
Assessment protocols encompassed routine clinical observation, 
weekly weight monitoring, and postmortem gross examination.

Statistical analysis
The data are shown as mean ± standard error of 

the mean. Data were first analyzed for their normality and 
homogeneity using the Shapiro–Wilk and Levene test. Data that 
did not show normality and homogeneity were analyzed using 
the Kruskal–Wallis method, with group comparisons conducted 
using the Dunn test in R software version 2024.09.0+375. 
A significance level of p < 0.05 was used to determine the 
significance difference. 

RESULTS

Screening of U. gambir Roxb. extract active compounds
A total of 70 active compounds were identified 

through LC-HRMS analysis of U. gambir Roxb. root extract as 
shown in Figure 1. The compounds were subsequently screened 
into different classes to further assess their potential efficacy in 
treating acute gastritis. The screening process identified three 
key active compounds of U. gambir Roxb. root extract based on 
its secondary metabolites, including alkaloids, flavonoids, and 
coumarins, as shown in Table 1. 

Active compound analysis has proven that U. gambir 
Roxb. extract contains three main active compounds (Alkaloids, 
flavonoids, and coumarins).
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DPPH analysis 

DPPH analysis was conducted to find out the 
antioxidant activity of B. kalalawit extract. The result of DPPH 
analysis is shown in Table 3. 

Based on the result of DPPH analysis, B. kalalawit 
extract shows the level of antioxidant with an IC50 value of 
9.14 mg/l. 

Network construction and analysis 

All the active compounds in Table 2 were uploaded 
to the Swiss Target Prediction Database to obtain their gene 
targets. A total of 431 active component-related gene targets 
were found. The disease targets were obtained through the 
GeneCards database, and 1,435 genes were found. 

Disease targets with the target compounds were 
compared to find their common targets that is the potential anti-
acute gastritis targets of U. gambir Roxb. Common targets were 
obtained through the Bioinformatics & Evolutionary Genomics 
website using a Venn diagram. A total of 105 common targets 
were found, as shown in Figure 2A. 

A network of common targets shared between the 
active compounds and potential targets was developed. This 
initial network mapping helps to identify and visualize the 
direct interactions between active compounds identified in U. 
gambir Roxb. and their corresponding targets associated with 
anti-acute gastritis targets. This sequential approach allows for 
a more structured and comprehensive analysis of the molecular 
mechanism involved (Fig. 2B).

PPI was constructed by inputting 105 common targets 
into the STRING database to obtain relevant protein–protein 
interaction, and with the obtained proteins, PPI network of U. 
gambir Roxb. and acute gastritis-related targets was visualized 
using Cytoscape 3.10.2. The network comprises 104 nodes and 
1,280 edges (Fig. 2C).

Figure 1. The result of LC-HRMS analysis of B. kalalawit extract active compounds.

Table 2. Identification of U. gambir Roxb. root extract potential active compounds [15,16].

No Name Formula Annot. 
DeltaMass [ppm] Calc. MW RT [min] Category

1 Catechin C15 H14 O6 −0.35 290.0789 4.309 Flavonoids

2 (+)-Procyanidin B2 C30 H26 O12 −1.34 578.1417 4.216 Flavonoids

3 7-hydroxy-6-methoxy-2H-chromen-2-one C10 H8 O4 −0.9 192.0421 5.566 Coumarin

4 4-Methoxy DMT C13 H18 N2 O −1.07 218.1417 3.992 Alkaloids

5 N,N-Dimethyltryptamine C12 H16 N2 −1.13 188.1311 3.577 Alkaloids

6 1-(14-methylhexadecanoy) pyrrolidine C21 H41 N O −2,11 323.3181 16.513 Alkaloids

Table 3. The result of DPPH analysis of B. kalalawit extract.

No Parameters Unit Result

1 Antioxidant (IC50) mg/l 9.14
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Based on Figure 2C, the most highly connected 
targets in the network were IL-6 and TNF-α, which can 
interact with 104 proteins, highlighting their significant roles in 
molecular-scale mechanisms of underlying acute gastritis and 
potential therapeutic signaling pathways affected by the active 
compounds in the extract of U. gambir Roxb. root.

GO analysis was conducted to find out the GO term in 
biological process, cellular components, molecular functions, 
and KEGG pathways to find out the active compounds’ actions 
in the molecular level.

Based on the result of network PPI (Fig. 3), the target 
protein of IL-6 and TNF-α holds a crucial role in gastritis. The 
result of enrichment GO also proved that the target proteins 
of gastritis is involved in the process of the transduction of 
cell signaling and the regulation of cell death. The cellular 
components of these proteins include aggresomes, inclusion 
bodies, membranes, and vesicles. Molecular function mainly 
consists of binding activity of the protein. Several pathways 
show that the target proteins work in cancer pathway, TNF-α, 
P13K-Akt, and AGE-RAGE signaling pathways.

Figure 2. Results of network construction and analysis. A: Venn diagram illustrating the relationship between active compounds and anti-acute gastritis targets. 
Active compound-related targets (blue circle); Anti-gastritis targets (red circle); Overlapping section: potential anti-acute gastritis targets that are affected by the active 
compounds. B: The network construction of compound-target network of potential targets and active compounds. Orange circles represent active compounds; green 
circles represent common targets. C: The PPI network of potential targets related to acute gastritis. Smaller circles represent potential targets; larger circles indicate 
a larger degree value.

Figure 3. GO terms of U. gambir. (A) GO term, biological process, (B) GO term, cellular component, (C) GO term, molecular function, (D) GO term KEGG pathways.
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Molecular docking
The results of the molecular docking validation are 

represented with the value of RMSD < 2 Å. The result of TNF-α 
and IL-6 molecular docking with their representative co-crystal 
showed the value of RMSD as 0,726 Å, 0,895 Å, and 1,942 
Å, respectively. Based on the result, the values of RMSD are 
still below 2 Å, proving that the method used for B. kalalawit 
extracts test ligands as appropriate. 

Molecular docking of TNF-α (PDB ID: 2AZ5) on 
the chosen ligands showed that all ligands had greater affinity 
energy value compared to omeprazole, which is −7.1 kcal/mol. 
The test ligand of 7-hydroxy-6-methoxy-2H-chromen- showed 
the greatest value of affinity energy, closest to omeprazole, with 
the value of −6.0 kcal/mol.

Molecular docking of IL-6 (PDB ID: 1ALU) on the test 
ligands of B. kalalawit extract showed that one compound had 
a more negative affinity energy value compared to omeprazole, 
with the value of −4.3 kcal/mol. The test ligands of 7-hydroxy-6-
methoxy-2H-chromen- is the test ligand with the highest affinity 
energy value, which is −4.8 kcal/mol. Meanwhile, the molecular 
interaction from the visualization showed that omeprazole and 
test ligands of B. kalalawit extract showed molecular interaction 
in the form of hydrogen bond and hydrophobic interaction. 
The affinity energy is shown in Table 4 and the visualizations 
of the interaction of TNF-α and IL-6 with B. kalalawit extract 
active compounds are shown in Figure 4. Hydrogen bonds and 
hydrophobic interactions are shown in Table 5. 

Molecular dynamic simulation
In this study, molecular dynamics simulation is used 

to prove the binding stability of previous molecular docking 

results. Therefore, we only show distance analysis data, 
including protein–ligand distance, ligand pose distance relative 
to the reference ligand position, and end-to-end distance. 
In addition, we also provide binding energy data from the 
calculation results using molecular mechanics/generalized born 
surface area (MMGBSA), and we present it in the form of a 
time series. Presentation in the form of time series allows us to 
see the binding energy at any time.

Distance analysis on protein TNF alpha
The interaction of the four ligands, 

1-(14-methylhexadecanoyl)pyrrolidine, 7-hydroxy-6-methoxy-
2H-chromen-2-one, N,N-dimethyltryptamine, and omeprazole, 
with TNF-alpha protein, shows different binding stability. 
Ligand 1-(14-methylhexadecanoyl)pyrrolidine and omeprazole 

Table 4. Affinity energy of B. kalalawit extract  
secondary metabolites.

Proteins Ligands
Affinity 
energy  

(kkal/mol)

TNF-α  
(PDB ID: 2AZ5)

Omeprazole (control ligand) −7.1

7-hydroxy-6-methoxy-2H-chromen- −6.0

1-(14-methylhexadecanoyl)pyrrolidine −5.9

N,N-Dimethyltryptamine −5.7

IL-6  
(PDB ID: 1ALU)

Omeprazole (control ligand) −4.3

7-hydroxy-6-methoxy-2H-chromen- −4.8

1-(14-methylhexadecanoyl)pyrrolidine −4.3

N,N-Dimethyltryptamine −3.7

Figure 4. 3D visualization of the interactions between pro-inflammatory cytokines TNF-α and IL-6 toward the 
active compounds of B. kalalawit extract. A: Interaction between IL-6 and 7-hydroxy-6-methoxy-2H-chromen-; B: 
Interaction between IL-6 and N,N-Dimethyltryptamine; C: Interaction between IL-6 and 1-(14-methylhexadecanoyl)
pyrrolidine); D: Interaction between TNF-α and 7-hydroxy-6-methoxy-2H-chromen-; E: Interaction between 
TNF-α and N,N-Dimethyltryptamine; F: Interaction between TNF-α and 1-(14-methylhexadecanoyl)pyrrolidine). 
Hydrophobic interactions could be seen in yellow for IL-6 and cyan for TNF-α.
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have relatively little fluctuation in distance dynamics (Fig. 5A 
and D). The relative pose of the ligand ranges from 5 to 10 
Å, and as a result, the distance of the protein–ligand ranges 
from 15 Å to the ligand 1-(14-methylhexadecanoyl)pyrrolidine. 
This ligand shows good stability of distance fluctuation for 
200 ns. The end-to-end graph of the protein, when bound to 
each ligand (Fig. 5), indicates that the red graph demonstrates 

significant stability around 10 Å. The data indicate that the 
overall architecture of the protein remains largely unchanged 
when interacting with the ligand.

MMGBSA: binding energy analysis on protein TNF alpha
The results from the MMGBSA binding energy analysis 

show a pattern that supports the results of the distance analysis 

Table 5. Molecular interaction of native ligands and test ligands of  
B. kalalawit extract’s active compounds with TNF-α and IL-6.

TNF-α (PDB ID: 2AZ5)

Ligands Hydrogen bonds Hydrophobic interactions

Omeprazole (native ligand) Tyr151 Tyr57, Tyr59

7-hydroxy-6-methoxy-2H-chromen- - Tyr59, Tyr119, Leu120, Gly121

1-(14-methylhexadecanoyl)pyrrolidine - Tyr57, Tyr59, Ser60, Tyr119, Leu120

N,N-Dimethyltryptamine - Tyr57, Tyr59, Tyr119, Leu120

IL-6 (PDB ID: 1ALU)

Omeprazole (control ligand) - Arg30, Gln175, Leu178, Arg179, Arg182

7-hydroxy-6-methoxy-2H-chromen- Gln175 Leu178, Arg179, Arg182

1-(14-methylhexadecanoyl)pyrrolidine - Arg30, Gln175, Leu178, Arg179, Arg182

N,N-Dimethyltryptamine - Arg30, Gln175, Leu178, Arg179, Arg182

Figure 5. The analysis shows the distance between the TNF-α protein and the ligand (green), the end-to-end distance (red), and the relative position of the 
ligand (blue) during the 200 ns simulation. Complex IL6-1-(14-methylhexadecanoyl)pyrrolidine (A), IL6-7-hydroxy-6-methoxy-2H-chromen-2-one (B), 
IL6-N, N-Dimethyltryptamine (C), and IL6-omeprazole (D).



 Mustika et al. / Journal of Applied Pharmaceutical Science 2025: Article in Press 009

Online F
irst

shown in Figure 6. The ligand 1-(14-methylhexadecanoyl)
pyrrolidine, which had a steady distance before, also shows 
a stable binding energy of about −20 kcal/mol (Fig. 6A). 
The ligand 1-(14-methylhexadecanoyl)pyrrolidine, which 
previously demonstrated a consistent distance, also exhibits a 
stable binding energy that remains approximately −20 kcal/mol 
(Fig. 6A). The binding energy consistently remains negative 
throughout the 200-ns simulation period. Such behavior 
suggests a robust and consistent binding affinity of this ligand 
to the TNF alpha protein. 

Distance analysis on protein IL6
The outcomes of the molecular dynamics simulations of 

four IL6-ligand protein complex systems demonstrate markedly 
distinct interactions among the components. The observed pattern 
suggests that the chemical 7-hydroxy-6-methoxy-2H-chromen-
2-one is likely to exhibit a strong affinity for the 1L6 protein. 
Simultaneously, the N,N-Dimethyltryptamine ligand (Fig. 7C) 
exhibits interaction features akin to those of the molecule 
1-(14-methylhexadecanoyl)pyrrolidine (Fig. 7A), characterized 
by significant fluctuations in the relative pose distance of the 
ligand, which consequently influences the protein–ligand 
distance. The fluctuation pattern varies from 10 to 50 Å. The way 
the 1-(14-methylhexadecanoyl)pyrrolidine ligand and the N,N-

dimethyltryptamine ligand attach to the protein changes, moving 
away and then coming back repeatedly. This pattern recurs. 
Despite the suspected weakness of the binding, this pattern 
indicates that both ligands exert a sufficient disruptive effect on 
the IL-6 protein, preventing super-inflammation.

MMGBSA: binding energy analysis on protein IL6
The binding energy study was done using the 

MMGBSA method for the four protein (IL6)–ligand complex 
systems showed results that matched what we found from the 
distance analysis. The ligands 1-(14-methylhexadecanoyl)
pyrrolidine (Fig. 8A) and N,N-dimethyltryptamine (Fig. 8C) 
showed energy changes between −15 kcal/mol and 0. Negative 
binding energy values indicate that the ligand is associated with 
the protein. 

In vivo validation 
In vivo validation was carried out through a series of 

tests, following gastric lesion measurement, histopathology 
observation, immunohistochemistry analysis, and determination 
of IL-6 and TNF-α levels. The results of the tests are available 
on Figure 9.

The measurement of lesion surface area was 
performed to observe the severity of the gastric lesion in each 

Figure 6. Binding energy analysis using the MMGBSA method was conducted for the TNF alpha–ligand complex, referred to as complex I.L6-1-(14-
methylhexadecanoyl) pyrrolidine (A), IL6-7-hydroxy-6-methoxy-2H-chromen-2-one (B), IL6-N, N-dimethyltryptamine (C), and IL6-omeprazole (D).
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throughout a 200 ns molecular dynamics simulation. Complexes analyzed include: IL6-1-(14-methylhexadecanoyl)pyrrolidine (A), IL6-7-
hydroxy-6-methoxy-2H-chromen-2-one (B), IL6-N,N-dimethyltryptamine (C), and IL6-omeprazole (D). 

Figure 8. Binding energy analysis using the MMGBSA method for the protein (IL6)–ligand complex. Complex IL6-1-(14-methylhexadecanoyl)
pyrrolidine (A), IL6-7-hydroxy-6-methoxy-2H-chromen-2-one (B), IL6-N,N-Dimethyltryptamine (C), and IL6-omeprazole (D).
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group. The lesion surface area was measured in percentage, 
comparing the lesion surface area and the total surface area 
of the stomach samples. Based on the result, there were 
significant differences (p < 0.05) observed from all groups 
compared to the negative control group, the boxplot result 
shows that the normal group had the smallest surface area of 
lesions, followed by the B. kalalawit extract at a dose of 200 
mg/kg BW, positive control, and B. kalalawit extract at a dose 
of 100 mg/kg BW. The measurement of surface area of lesions 
is presented in Figure 9B.

Gastric lesions were also measured microscopically. 
Microscopic lesions were observed using the histopathology 
method (Fig. 9A). Microscopic observation using the 
histopathology method shows that the negative control group 

shows erosion of the epithelial wall, showing no epithelial wall 
to be observed on the histopathology. 

Immunohistochemistry analyses were performed to 
determine of the level of pro-inflammatory cytokines TNF-α 
and IL-6 in the stomach samples. This approach helps evaluate 
the effect of gambir active compounds directly on the levels of 
TNF-α and IL-6 in the stomach samples, which is the primary 
site affected by acute gastritis. Elevated levels of TNF-α and 
IL-6 are indicated more intense staining of the tissue. The 
results of immunohistochemistry assay of TNF-α and IL-6 in 
each group are presented in Figure 9D and F, respectively.

Levels of pro-inflammatory cytokines TNF-α and IL-6 
were measured by ELISA to observe the effect of B. kalalawit 
extract toward the levels of pro-inflammatory cytokines. Based 

Figure 9. Results of in vivo assay in rats. Normal, NC = Negative control, PC = Positive control, EG100 = Extract of gambir 100, EG200 = Extract of 
gambir 200. A: Macroscopic observation of gastric lesions, a yellow arrow ( ) indicates hemorrhage; B: Measurement of gastric lesion surface area; 
C: Histopathology of stomach tissue using H&E staining, a blue arrow ( ) indicating villi erosion, a yellow arrow ( ) indicating inflammatory cell 
infiltration; D: Immunohistochemical staining, a red arrow ( ) indicating IL-6 levels in stomach samples; E: ELISA assay indicating the level of pro-
inflammatory cytokine IL-6; F: Immunohistochemical staining, red arrow ( ) indicating TNF-α levels in stomach samples; G: ELISA assay indicating 
the level of pro-inflammatory cytokine TNF-α.
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on the results on Figure 4E and G, the level of pro-inflammatory 
cytokine TNF-α in all rats showed a significant difference 
compared to negative control, although the group administered 
with omeprazole (positive control) showed the highest level of 
TNF-α compared to all other groups. The normal group showed 
the lowest level of TNF-α, followed by groups administered 
with B. kalalawit extract, at a dose of 100, and 200 mg/kg 
BW, respectively. The result of the level of pro-inflammatory 
cytokine IL-6 showed that there were significant differences 
observed from positive control and normal group compared to 
the negative control group. However, no significant differences 
were observed from the groups administered with B. kalalawit 
extract at all doses compared to the negative control group. 

Acute toxicity showed that rats that received oral 
administration of B. kalalawit ethanol extract in increasing 
doses up to 2,000 mg/kg body weight, no side effects or deaths 
were observed during the 24-hour period after administration. 
These results indicate that the average lethal dose (LD50) for 
B. kalalawit ethanol extract in rats is likely to exceed 2,000 
mg/kg. According to existing literature, compounds that show 
LD50 values greater than 2,000 mg/kg body weight are usually 
classified as non-toxic substances. Therefore, B. kalalawit is 
safe to use as a gastroprotective agent.

DISCUSSION
Based on the LC-HRMS analysis of B. kalalawit 

extract, a total of 70 active compounds were obtained, with 6 
of them acting as secondary metabolite compounds. The six 
secondary metabolite compounds were chosen to further observe 
their relationship with gastritis. These secondary metabolites 
were analyzed for their activities using a network pharmacology 
approach. Network pharmacology is a newly established 
technique in the world of comparative medicine and drug 
development. This method is developed based on the theory of 
an “active ingredient, target, and disease” interactive network 
[27], constructing the relationship between active ingredients of 
medicinal substances and disease targets. The active secondary 
metabolites, which included catechin, 4-Methoxy DMT, N,N-
Dimethyltryptamine, [1-(14′-Methylhexadecanoyl) pyrrolidine], 
7-Hydroxy-6-methoxy-2H-chromen-2-one, and (+)-Procyanidin 
B2 were further observed in network pharmacology and proven 
to be related with gastritis gene targets.

The flavonoid compounds found were catechin 
and (+)-Procyanidin B2. Catechin is known for its important 
role in oxidative stress to counterattack reactive oxygen 
species (ROS), interacting with proteins, lipids, and ions 
in the tissues [28]. Other than that, catechin also works with 
regulating acetylcholine (ACh). ACh works with suppressing 
the expression of NF-kB in immune cells and macrophages, 
inhibiting the synthesis of pro-inflammatory cytokines [29,30], 
which is crucial in the response of acute inflammation, involving 
innate immunity cells and protecting the cells from oxidation 
at the earliest time of inflammation. (+)-Procyanidin, the other 
flavonoid compound, works with decreasing the release of 
inflammatory cytokines and suppressing ferroptosis in the Nrf2/
HO-1/Keap-1 pathway [31]. 

7-Hydroxy-6-methoxy-2H-chromen-2-one or known 
as scopoletin belongs to the classification of coumarin, known 
for its antioxidant, antimicrobial, and anti-inflammatory effect. 

The inflammation effect in coumarin works with suppressing 
the production of nitric oxide and prostaglandin E2 (PGE2), 
downregulating inducible nitric oxide synthase and COX-2, 
which in turn, alleviating inflammation, and tissue damage [32]. 
PGE2 and COX-2 are known for being actively produced in the 
early stages of inflammation, or in the acute phase [33].

4-Methoxy DMT and N,N-Dimethyltryptamine are 
secondary metabolites from plants with psychedelic properties. 
Several studies have shown the potential of psychedelic as anti-
inflammatory substances [34,35]. [1-(14′-Methylhexadecanoyl) 
pyrrolidine] usually known as MQ-A3 is usually found naturally 
in plants, its structure resembling amides and showing potentials 
in the process of biological signaling membrane cell [36]. 

Molecular docking on the active compounds of B. 
kalalawit extract, 7-hydroxy-6-methoxy-2H-chromen-and 
1-(14-methylhexadecanoyl)pyrrolidine on TNF-α (PDB ID: 
2AZ5) proved that the compounds had greater value of affinity 
energy compared to the native ligands of both proteins. This 
showed that both compounds have weaker potential for binding 
TNF-α compared to their native ligands [37]. Meanwhile, both 
compounds showed a strong inhibition potential on IL-6 as they 
showed higher affinity energy compared to their native ligands.

Hydrogen bonds and hydrophobic interaction are 
described as molecular interactions obtained from molecular 
docking visualization. A protein has its own active site, which 
is a receptor that can bind to a substrate, making it possible for 
ligand interaction. Interaction between the active site and ligand 
will inhibit receptor action due to the natural substrate not 
binding to the active site of the receptor. This causes inhibition 
of the receptor [38]. A hydrogen bond is a stabile bond that 
represents ligand interaction with TNF-α and IL-6, meanwhile, 
hydrophobic bond helped the confirmation of protein–ligand 
binding [39].

Active sites of IL-6 includes Phe74, Phe78, Leu178, 
Arg179, and Arg182 based on a study conducted by Tran 
et al. [17]. Based on the visualization created between IL-6 
and omeprazole, only Leu178, Arg179, and Arg182 interacted 
through hydrogen bond. Three other amino acid residues also 
interacted with 1-(14-methylhexadecanoylpyrrolidine) and 
N,N-Dimethyltryptamine through hydrophobic interaction. 
Meanwhile, based on the visualization of IL-6 and 7-hydroxy-
6-methoxy-2H-chromen-, only Arg179 and Arg182 interacted 
through hydrophobic interaction. 

Active sites of TNF-α include Ser60, Leu120, and 
Tyr151 [40]. Visualization of TNF-α and omeprazole showed 
that only Tyr151 was bound with hydrogen interaction. The 
visualization of TNF-α with all test ligands of B. kalalawit 
extract active compounds showed hydrophobic interaction. 
Leu120 is an amino acid residue of TNF-α that interacted with 
all test ligands.

Based on the molecular docking, B. kalalawit extract 
showed only limited potentials for inhibiting TNF-α because 
of its weaker inhibition potential compared to omeprazole as a 
comparison ligand based on the affinity energy value obtained. 
Meanwhile, only 7-hydroxy-6-methoxy-2H-chromen- showed 
potential for inhibiting IL-6 because of its higher affinity energy 
compared to omeprazole. Based on the molecular dynamic, 
the ligand 1-(14-methylhexadecanoyl)pyrrolidine has a strong 
and stable connection with the TNF alpha protein, while the 
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ligand 7-hydroxy-6-methoxy-2H-chromen-2-one has a strong 
connection with the IL6 protein. Omeprazole, a commercial 
drug used as a comparison ligand, demonstrates significant 
binding capacity despite fluctuations in dynamics. The strength 
of omeprazole’s interaction with TNF-α is weaker than that of 
1-(14-methylhexadecanoyl)pyrrolidine, and its interaction with 
IL-6 is also weaker than that of 7-hydroxy-6-methoxy-2H-
chromen-2-one.

Changes in the stomach structure caused by gastritis 
could be seen in the impairment of the gastric mucosal 
barrier, causing effects such as hemorrhagic injuries, and 
accumulative oxidative stress [41]. Gastric lesions can 
be classified into several types, such as crypt dilatation, 
submucosal fibrosis, adenomatous gastric hyperplasia, 
mineralization, and erosion or ulceration [42]. Lesions that 
can be observed macroscopically are erosion or ulceration, as 
measured in this parameter. Gastric ulcer is defined as acid-
induced lesion in the stomach, characterized by the loss of 
mucosal integrity, sometimes extending into the submucosa or 
muscularis propria [43]. The negative control group showed 
loss of gastric mucosa integrity, indicated by dysplasia, along 
with epithelial erosion. Meanwhile, the positive control group 
and groups administered with B. kalalawit extract maintained 
their mucosal integrity. 

The gastroprotective effect of B. kalalawit extract in 
reducing stomach lesion and structural disruption is due to its 
active compounds, which initiate a cascade of inflammatory 
reactions, stimulating the proliferation of pro-inflammatory 
cytokines that modulate inflammation. Research conducted 
by Gustia et al. [44], showed that gambir, at concentrations 
of 1, 10, and 100 μg/ml significantly increased the IL-6 levels 
in cells induced by lipopolysaccharide, highlighting the 
immunostimulant effect of gambir. At lower concentrations, 
gambir depresses the level of IL-6, and meanwhile, at a higher 
concentration, gambir works with elevating IL-6 level. This 
mechanism allows gambir to trigger an immune response 
against acute inflammation, explaining the reason for the 
elevated level of IL-6 despite some of its secondary metabolites 
working with depressing IL-6. 

IL-6 is a soluble mediator with a pleiotropic effect in 
inflammation, immune response, and hematopoiesis [45]. As a 
major inducer of acute phase response, IL-6 acts as the body’s 
innate reaction to infection or injury, serving as a messenger 
between the innate and adaptive immune responses, playing 
a role in gastritis-related inflammation [46]. During acute 
inflammation, blood cells such as monocytes, macrophages, 
and endothelial cells produce IL-6, promoting the recruitment 
of neutrophils through the activation of chemokines and 
adhesion molecules on endothelial cells, smooth muscle cells, 
and fibroblasts [47]. IL-6 has also been proven to prolong 
neutrophil survival through regulatory effects on the apoptosis 
of neutrophils [48].

Neutrophils release inflammatory factors and several 
cytokines that regulate inflammation and activate another type 
of immune cells, achieved through a hierarchy of chemotactic 
molecules, following chemoattractants such as chemokines 
or complement components. The process of chemotaxis 
is controlled by multiple intracellular signaling pathways 
(mitogen-activated protein kinase-dependent) [49]. IL-6 that 

works in prolonging neutrophil survival provides neutrophils 
with an extended period in managing acute inflammation in the 
system.

TNF-α is a cytokine that has been identified as a 
key regulator of inflammatory responses and is known to 
be involved in the pathogenesis of inflammatory response 
[50]. TNF-α is actively involved in the development of 
gastritis [51]. TNF-α works in two different pathways, which 
are the NF-κB and MAPK pathways. NF-κB pathway will 
induce NF-κB to translocate to the nucleus and promote the 
transcription of various inflammatory genes; meanwhile, 
the MAPK pathway contributes to the production of 
inflammatory mediators and promotes cell proliferation and 
differentiation. 

The results showed that the level of TNF-α in groups 
administered with B. kalalawit extract was significantly lower 
compared to the normal group in ELISA assay but showed 
a high presence in immunohistochemistry assay. TNF-α is 
released by macrophages, dendritic, and lymphocytic cells 
during inflammation, and is also secreted by other cells such 
as mast cells, nerve cells, endothelial cells, lipocytes, and 
lymphocytes [52].

TNF-α acts as a key pro-inflammatory cytokine that 
binds to two different receptors, initiating signal transduction 
pathways, leading to cellular responses, such as cell survival, 
differentiation, and proliferation [53], including apoptosis or 
induction of cell death, programming cell death of infected or 
damaged cells [54]. However, TNF-α works better in chronic 
inflammation rather than acute inflammation [55]. This 
may explain the difference of TNF-α levels observed in the 
immunohistochemistry assay on the stomach tissue compared 
to the ELISA assay on blood sample; systemic inflammation 
is likely lower than the localized acute inflammation in the 
stomach. The inflammatory response might not have reached a 
systemic level yet. 

While the TNF-α and IL-6 may help in alleviating 
inflammation, excessive level of TNF-α and IL-6 may lead to the 
accumulation of ROS, leading to oxidative stress and disruption 
of cellular homeostasis. However, the high antioxidant effect 
of B. kalalawit extract, proven by the result of DPPH analysis, 
which is at the value of 9.14 µg/ml may counteract excessive 
ROS in the body, preventing further cell damage, as expressed 
in the size of stomach lesions and histopathology of the stomach 
tissue. Based on Jumina et al. [56], an IC50 value that is below 50 
µg/ml is categorized as a substance with very strong antioxidant 
activity. 

Antioxidants work with counterattacking ROS, 
preventing excessive oxidative stress in the system and 
maintaining cellular redox homeostasis [57]. The antioxidant 
effect in B. kalalawit extracts prevents excessive ROS leading 
to uncontrolled damage in various cellular macromolecules [58], 
disruption of normal cellular function, inflammation, tissue injury, 
and organ dysfunction [59]. The strong antioxidant activity found 
in the B. kalalawit extract indicates potential protection against 
oxidative stress-mediated gastric mucosal damage. Oxidative 
stress plays an important role in the pathogenesis of gastritis by 
increasing lipid peroxidation and DNA damage that contribute 
to epithelial cell dysfunction and inflammation [60]. Antioxidant 
components in the B. kalalawit extract, such as flavonoids and 
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polyphenols, can neutralize ROS released by neutrophils and 
macrophages during the inflammatory process [61]. Correlation 
between antioxidant activity and anti-inflammatory effects has 
been reported in various experimental gastritis models [62]. 
Although we have not performed a formal correlation analysis 
between antioxidant IC50 values and cytokine levels, studies by 
Repetto and Llesuy [63] showed a significant inverse relationship 
(r = −0.78, p < 0.01) between antioxidant capacity and TNF-α 
levels in a rat gastritis model. Bai et al. [64], also reported 
that compounds with antioxidant activity can inhibit NF-κB 
activation, which is a major transcription factor regulating the 
expression of pro-inflammatory cytokine genes.

The binding affinity to IL-6 was higher compared to 
TNF-α, the in vivo results showed a significant reduction in 
TNF-α but not in IL-6. The phenomenon of discrepancy between 
in silico and in vivo can be explained by several factors. First, 
there are fundamental differences between in silico systems that 
model interactions of a single molecule with a single protein 
target and the complexity of in vivo biological systems involving 
pharmacokinetics, tissue distribution, and interactions with 
multiple targets [65]. Second, active compounds may undergo 
a metabolic transformation in vivo that alters their biological 
activity, as reported by Liu et al. [66] for flavonoid compounds. 
Third, inhibition of TNF-α production may occur through 
upstream regulation such as inhibition of NF-κB activation 
rather than direct interaction with the TNF-α protein [67]. The 
binding affinity values (−4.8 to −6.0 kcal/mol) are weaker 
compared to clinically approved inhibitors. This is a limitation 
of the study that needs to be acknowledged. However, natural 
compounds often work through multiple targets with synergistic 
effects that collectively provide significant therapeutic effects 
despite relatively moderate affinity for individual targets [68].

The disparity between systemic and local cytokine 
measurements presents a significant finding. Although serum 
ELISA revealed substantial TNF-α suppression without IL-6 
modification, immunohistochemical tissue analysis showed 
diminished expression of both cytokines. Fundamental 
differences between local and systemic inflammation can 
explain this discrepancy. Immunohistochemistry detects protein 
expression at the local tissue level (gastric mucosa), while ELISA 
measures cytokine levels in the systemic circulation. The half-life 
of IL-6 is longer than TNF-alpha, 15.5 hours [69] compared to 14 
minutes [70], so the levels of these cytokines in the blood may 
differ, where TNF-alpha decreases compared to IL-6. TNF-alpha 
itself increases the synthesis of anti-inflammatory factors, such 
as IL-10, corticosteroid, or prostanoids, which can negatively 
regulate its expression [71,72], so during certain periods, TNF-
alpha levels in the blood decrease along with the negative 
feedback that occurs. At the tissue level, TNF-alpha production 
can be induced by inflammatory conditions and is autocrine [73], 
so its production in the intestinal mucosa continues for several 
periods. This is one of the factors that shows immunopositive 
reactions in gastric tissue.

There were some limitations in this research, including 
the absence of a toxicity test in the rats prior to the administration 
of the B. kalalawit extract. Further research should investigate 
the toxicity level of the B. kalalawit extract to determine its 
safety level prior to its use as a gastroprotective agent. These 

limitations provide important directions for future research to 
strengthen the scientific validity and translational value of our 
findings. Despite these limitations, our study provides valuable 
preliminary evidence for the potential therapeutic application of 
the studied B. kalalawit extract in gastritis treatment.

CONCLUSION
Bajakah kalalawit extract is proven to have a 

gastroprotective potential through network pharmacology and 
molecular docking approach, identifying the relation of its active 
secondary metabolite compounds and gene targets related to gastritis 
in human, confirmed further with in vivo analysis using rat models. 
Although this research has proven its effectivity, further assessment 
including safety level must be conducted in future research. 
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