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Abstract. Excessive inflammation, driven by macrophage activation and 

nitric oxide (NO) production, underlies various diseases. This study 

investigates the anti-inflammatory potential of bungur (Lagerstroemia 

speciosa L.) leaf extract. We characterized its phytochemical profile and 
evaluated the effects using in silico approaches. Bungur leaves (L. speciosa 

L.) were extracted using MAE extraction and subjected to phenol, flavonoid, 

terpenoid, alkaloid content and antioxidant DPPH assay. The compound 

profile was analyzed using LC-HRMS. Identified compounds were screened 
in silico for drug-likeness, bioactivity, and membrane permeability. 

Molecular docking and molecular dynamics simulations were conducted to 

evaluate the interaction and stability of selected compounds with 

TLR4/MD2 complex. This study demonstrated that bungur leaf extract 
exhibited higher levels of phenolic and flavonoid compounds than 

terpenoids and alkaloids. This finding was confirmed by the LC-HRMS 

analysis, which revealed a dominance of phenolic and flavonoid compounds 

in the extract. The extract also showed excellent DPPH antioxidant activity, 
as evidenced by its low IC50 value. In silico studies identified luteolin, 

luteolin 7-sulfate, and quercetin as the three best compounds, which acted 

as potent competitive inhibitors of TLR4 activation. Therefore, compounds 

contained in bungur leaf exhibited promising anti-inflammatory activity 

through TLR4 inhibition. 

1 Introduction 
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Inflammation is the body's response to various stimuli, including pathogens, damaged cells, 

and irritants. It is brought on by the production of cytokines and chemokines from mast cells 

and macrophages, and it can result in swelling, redness, discomfort, and heat [1]. Chronic 

inflammation is a growing issue due to unhealthy lifestyles and environments and can 

regulate carcinogenesis through mechanisms like accelerated cell proliferation, evasion of 

apoptosis, increased angiogenesis, and metastasis. Chronic inflammation can recruit and 

activate immune cells into the tumor microenvironment, causing tissue damage, DNA 

damage, and transcription factors at the convergence of oncogenic signaling pathways. 

Although it is thought to facilitate the development of cancer, it may also have tumour-

suppressive properties and enhance immunotherapy responses [2, 3, 4]. Treatment for 

inflammation often involves NSAIDs, which have many side effects, including digestive 

disorders, cardiovascular disease risk, kidney disorders, blood pressure disorders, and cancer. 

Alternative treatments using traditional herbs are considered safer and have minimal side 

effects [4]. 

Macrophages are immune cells that initiate the body's immune response and can be 

divided into two main phenotypes: M1 and M2 macrophages. M1 macrophages have anti-

inflammatory properties and M2 macrophages maintain immune response homeostasis by 

stimulating Th2 cell responses, mediating parasite clearance, and regulating extracellular 

matrix formation [1, 6]. Macrophage activation triggers the release of LPS, a gram-negative 

inflammatory molecule, which interacts with TLR4 and other adaptors, causing various 

responses, including glycosylation, MAP kinase activity, NF-ĸβ, and interferon production. 

TLR4, as the main LPS receptor also interacts with MD-2 as its co-activator must be inhibited 

to suppress its inflammation activity [7]. 

Bungur (Lagerstroemia speciosa L.) is a native plant found in Indonesia, known for its 

medicinal properties and cooking ingredients [8, 9]. The leaves as the most abundant part of 

bungur are used in traditional medicine, particularly for treating diabetes, obesity, high blood 

pressure, skin diseases, and malaria [10, 11]. The plant's potential lies in its bioactive 

compounds, including triterpenes, quercetin, isoquercetin, tannin, triterpenoids, corosolic 

acid, flavones, and glycosides [12]. Bungur leaf extraction uses ethanol solvent due to its 

wide extraction area from various compound groups [13]. 

The wide use of bungur leaves as a traditional medicinal material shows the potential of 

Bungur leaves as an anti-inflammatory agent, but research data that supports this activity 

against LPS-induced TLR4 activation has not been widely studied. Various tests need to be 

conducted such as phytochemical profile analysis of bungur leaf ethanol extract. In addition, 

the compound profile of bungur leaf ethanol extract needs to be identified to analyze the 

content of compounds that can act as anti-inflammatory agents, which are then supported by 

in silico data. Therefore, this research is very important to do to support data on the potential 

utilization of Bungur leaf ethanol extract as an alternative anti-inflammatory agent. 

2 Material and methods  

2.1 Bungur leaf extraction 

Bungur leaf ethanol extract was prepared using the microwave-assisted extraction (MAE) 

method [14]. Bungur leaves were obtained from Balai Materia Medica, Batu, East Java, 

Indonesia (Batch No: 181018.BGR.F.R.008). The leaves were grounded into powder and was 

put into the vessel of the MAE equipment and mixed with 96% ethanol in a ratio of 1:10. The 

device was operated with a holding temperature protocol of 50°C, warming up 50°C for 5 

minutes, holding time for 10 minutes, and 5 minutes cooling down. The 96% ethanol was 
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filtered with filter paper, and the solvent was evaporated on a rotary evaporator with a rotation 

of 50 rpm and a water bath temperature of 50°C [15]. 

2.2 Total Flavonoid Content (TFC) 

The total flavonoid content of bungur leaf ethanol extract was calculated using the aluminium 

chloride colorimetric test method adapted from [16]. The standard solution used was 

quercetin dissolved in 96% ethanol with different concentration variations (1.5625 - 400 

µg/mL). The ethanol extract of bungur leaves with a concentration of 100 µg/mL as much as 

50 µL or quercetin was added to the 96-wellplate. 96% ethanol solution was used as a blank. 

A total of 10 µL AlCl3 (10% w/v) was added in each well. AlCl3 solution was dissolved in 

96% ethanol. Then the mixture was added 150 µL of 96% ethanol. Next, 10 µL of 1 M 

CH3COONa was added to the mixture and incubated for 40 minutes at room temperature 

under dark conditions. Absorbance measurements were measured at a wavelength of 405 

using a MultiSkan SkyHigh Microplate Spectrophotometer microplate reader 

(ThermoFischer Scientific, USA). The total flavonoid content was calculated by calculating 

the equation obtained from the standard curve of 0-100 µg/mL quercetin. The unit used from 

the calculation was mgQE/g. 

2.3 Total Phenolic Content (TPC)  

The total phenol content of Bungur leaf ethanol extract was calculated using the Folin-

Ciocalteu assay method modified from [16]. A total of 10 µL of extract (100 µg/mL) or 

standard in the form of gallic acid (1.5625 - 100 µg/mL) was added to a 96-well plate. The 

extract and standard were both dissolved in 96% ethanol. Folin-Ciocalteu 10% solution 

prepared in distilled water was added as 100 µL to each well. The microplate was incubated 

for 5 minutes. In all wells, 100 µL Na2CO3 (7.5% w/v) was added and incubated for 90 

minutes at room temperature under dark conditions. The absorbance was then measured at a 

wavelength of 725 nm using a MultiSkan SkyHigh Microplate Spectrophotometer 

(ThermoFischer Scientific, USA). The value of total phenol content was calculated by 

calculating the equation obtained from the standard curve of 0-100 µg/mL gallic acid and the 

unit was mgGAE/g. 

2.4 Total Terpenoid Content (TTC) 

The total content of terpenoid compounds in the ethanol extract of bungur leaves was 

analyzed using a colorimetric-based method modified from [17]. The total terpenoid test 

standard uses linalool compounds to obtain a standard curve with a concentration variation 

of 0.1296 µM - 12.965 µM (1 mg/200 µL - 100 mg/200 µL). A total of 200 µL of extracts 

and standards were put into a microtube, then 1500 µL of chloroform was added and the 

mixture was homogenized with a vortex until mixed and then left for 3 minutes. 100 µL of 

concentrated sulfuric acid (H2SO4) was added to each mixture then incubated at room 

temperature and dark conditions for 1.5 to 2 hours. After incubation, a reddish-brown 

precipitate formed and the supernatant was slowly removed without changing the precipitate. 

The precipitate at the bottom of the microtube was added with 1500 µL of 95% methanol 

(vol/vol) and homogenized until the precipitate was completely dissolved. The mixture was 

then transferred into a cuvette and the absorbance was read at 538 nm wavelength using 

MultiSkan SkyHigh Microplate Spectrophotometer (ThermoFischer Scientific, USA). The 

total terpenoid concentration of the samples was analyzed using the linalool standard curve 

equation and calculated as linalool equivalent (mg linalool/g) [18]. 
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2.5 Total Alkaloid Content (TAC) 

The total alkaloid content of the ethanol extract of bungur leaves was analyzed based on the 

Dragendroff method modified from [19]. This test uses several reagents that need to be 

prepared first, such as bromocresol green (BCG) which is made by heating 69.8 mg of BCG 

in 3 mL of 2N NaOH and 5 mL of distilled water until dissolved. BCG solution was diluted 

in 1000 mL of distilled water. A standard curve was prepared using 1 mg of atropine 

compound dissolved in 10 mL of water, and concentration variations of 0.4, 0.6, 0.8, and 1.2 

mL were made. Phosphate buffer saline pH 4.7 was made from 2M sodium phosphate (71.6 

g Na2HPO4 dissolved in 1000 ml distilled water), then the pH was adjusted to 4.7 using citric 

acid. Extract samples were pretreated using 2N HCl and filtered and the pH was adjusted to 

neutral with 0.1 N NaOH. Samples or standards were placed in the separating funnel, then 5 

mL of BCG was added. Next, 5 mL of PBS pH 4.7 was added and homogenized until a 

complex was formed. Rinse with chloroform as much as 1, 2, 3, and 4 mL gradually while 

shaking vigorously and accommodated in a flask tube. The mixture was transferred into a 

cuvette and the absorbance was measured at 470 nm using a MultiSkan SkyHigh Microplate 

Spectrophotometer (ThermoFischer Scientific, USA). 

2.6 DPPH antioxidant assay 

The antioxidant activity of the ethanol extract of bungur leaves was analyzed using the 2,2-

diphenyl-1-picrylhydrazyl (DPPH) assay. A total of 100 µL of extract (3.125 - 400 µg/mL) 

and standard ascorbic acid (0.3125 - 40 µg/mL) were added with 100 µL of 0.4 mM DPPH 

solution in a 96-well plate. Then the plate was incubated for 30 minutes at room temperature. 

The absorbance was calculated using a MultiSkan SkyHigh Microplate Spectrophotometer 

microplate reader (ThermoFischer Scientific, USA) at a wavelength of 517 nm. This test was 

performed in triplicate and the antioxidant activity was determined based on the IC50 value 

calculated from the equation obtained from the standard curve [20]. 

2.7 LC-HRMS analysis 

The active compounds contained in the extract were identified using Liquid 

Chromatography-High-Resolution Mass Spectrometry (LC-HRMS) at the Metabolomics 

Laboratory, Bogor Agricultural University. A 5 mg sample of bungur extract was dissolved 

in 1 mL MeOH, then filtered with a µm Nylon membrane. The sample was then injected as 

much as 2 µL into the device. The LC-HRMS device used was a ThermoScientific Vanquish 

Tandem Q Exactive Plus Orbitrap HRMS UHPLC with Accucore C18 column, 100 x 2.1 

mm, 1.5 μm (ThermoScientific) at 30°C. The ionization method used was negative 

ionization. The eluents used were H2O + 0.1% formic acid (A) and acetonitrile + 0.1% formic 

acid (B). Gradient 0-1 minute (5% B), 1-25 minutes (5-95% B), 25-28 minutes (95% B), 28-

33 minutes (5% B). The analysis flow rate is 0.2 mL/min. Mass spectrum range used at 100-

1500 m/z with negative ionization mode. The spectrum reading results were then analyzed 

using Compound Discoverer 3.2 (ThermoScientific) [21]. The mass accuracy of each 

identified compound were then calculated in mass error (ppm) using the web server 

https://warwick.ac.uk/fac/sci/chemistry/research/barrow/barrowgroup/calculators/mass_err

ors/ with mass error value ±10 ppm [22]. 

2.8 Drug-likeness 

The compounds from bungur leaf extract using LC-HRMS are then selected based on drug-

likeness parameters such as Lipinski, Ghose, Veber, Egan, and Muegge. This selection 
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process employed canonical SMILES data, which was subsequently used in the SWISS 

ADME web server (http://www.swissadme.ch/) to identify properties necessary for drug-

likeness selection. Compounds that had no more than two violations were decided to proceed 

to the next step [23]. 

2.9 Membrane permeability 

The ability of a compound to penetrate the cell membrane lipid bilayer was analyzed using 

PerMM server (https://permm.phar.umich.edu). The pdb file of compounds was uploaded 

and the physiological condition was set to temperature 310 K and pH 7.4. The energy transfer 

values of each compound were compared and visualized in 3D using Discovery Studio 2019 

[24].   

2.10 Bioactivity PASS Online 

The prediction of the bioavailability of a compound can be done using the PASS Online web 

server (http://www.way2drug.com/passonline). The probable activity (Pa) values for each 

compound were assessed for various inflammation activities such as anti-inflammatory, non-

steroidal inflammatory agent, antioxidant, free radical scavenger, nitrite reductase (NO-

forming) inhibitor, nitric oxide antagonist, nitric oxide scavenger, antitoxic, transcription 

factor NF kappa A & B inhibitor, transcription factor inhibitor, and TNF expression inhibitor. 

Compounds with a mean Pa value above 0.5 were selected [15]. 

2.11 Molecular docking 

Molecular docking was conducted between compounds and their respective target proteins. 

The three-dimensional protein structures of TLR4/MD2 complex was obtained from the PDB 

RCSB database using PDB ID: 3FXI (https://www.rcsb.org). Protein preparation involved 

using the Biovia Discovery Studio 2019 software to remove water molecules and unnecessary 

ligands in the docking process (Dassault Systemes Biovia, San Diego, CA, USA). 

The three-dimensional structures of the selected bungur leaf compounds were obtained 

from the PubChem database and prepared using OpenBabel within the PyRx 0.9.5 software 

[25]. Molecular docking was performed specifically by utilizing grid-boxes and active sites 

from the control ligand for each protein, employing AutoDock Vina within the PyRx 0.9.5 

software. The grid box was set at center X:25.7918, Y:-19.6631, Z:14.8296, and dimensions 

X: 32.3490, Y:32.0500, Z:27.9360Å  The docking results were visualized using Biovia 

Discovery Studio 2019. Subsequently, the affinity values for each interaction and binding 

interactions were analyzed. 

2.12 Molecular dynamics 

Molecular dynamics simulation was carried out using the YASARA (Yet Another Scientific 

Artificial Reality Application) software, utilizing the AMBER14 force field. The system's 

conditions were adjusted to mimic the physiological conditions of cells, including 

temperature (37°C), pH (7.4), pressure (1 atm), and salt content (0.9%), for a duration of 20 

nanoseconds. The macro programs employed included md_run for running simulations, 

md_analyze and md_analyzeres for assessing RMSD (Root Mean Square Deviation) and 

RMSF (Root Mean Square Fluctuation) [15]. 
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3 Result and discussion 

3.1 Phytochemical properties of bungur leaf extract 

The phytochemical content of phenol and flavonoid groups in bungur leaf extract showed a 

high amount of phenol compounds of 423.595 ± 55.22 mgGAE/g, compared to the total 

flavonoid compounds of 205.248 ± 39.2 mgQE/g. The terpenoid and alkaloid content was 

calculated in 2.306 ± 0.218 mgLE/g and 2.414 ± 0.143 mgAE/g. Based on the IC50 DPPH 

value, bungur leaf extract was able to counteract DPPH by 50% at a concentration of 96.348 

± 3.468 µg/ml. The DPPH antioxidant ability of the extract is high, this is supported by the 

high content of phenol and flavonoid compounds. Compounds from the phenol and flavonoid 

groups act as good antioxidants by being involved in the transfer of hydrogen atoms, single 

electron transfers, sequential proton loss electron transfers, and transition metal chelation 

[26]. 

Table 1. The total phenol, flavonoid, terpenoid, alkaloid content and DPPH antioxidant activity of 

Bungur leaf extract. 

TPC 

(mgGAE/g) 

TFC  

(mgQE/g) 

TTC  

(mgLE/g) 

TAC (mgAE/g) DPPH 

Antioxidant  

IC50 (µg/ml) 

423.595 ± 55.22 205.248 ± 39.2 2.306 ± 0.218 2.414 ± 0.143 96.348 ± 3.468 

3.2 Compound profile identification of bungur leaf by LC-HRMS analysis 

LC-HRMS analysis aimed to identify compounds contained in Bungur leaf extract. One 

amino acid derivatives compound was found, N-acetyl-L-glutamic acid. Three carboxylic 

acid such as citric acid, gluconic acid, and DL-malic acid, also corchorifatty acid as fatty acid 

derivative. A total of five phenol compounds and three flavonoid compounds also identified 

in the extract (Table 2). Compounds from the phenol group include chlorogenic acid, D-(-)-

quinic acid ellagic acid, and neochlorogenic acid, while luteolin, luteolin 7-sulfate, and 

quercetin are included in the flavonoid group. This identified phenol, flavonoid, terpenoid, 

and alkaloid compounds are also in accordance with the results of TPC, TFC, TTC, and TAC 

content analysis. 

All confirmed compounds have a mass error value of ±10 ppm, indicating the mass 

accuracy between the calculated mass of the compound and the reference [27]. Both phenol 

and flavonoid compounds are characterized by aromatic rings with one or more hydroxyl (-

OH) groups (Fig. 1) [28]. Amino acid-derived compounds are characterized by having 

hydrophobic chains attached to amino acid head groups through biodegradable ester bonds 

[29]. Carboxylic acid has a carbon (C) atom connected by a double bond to an oxygen (O) 

atom and a single bond to a hydroxyl group (OH). The carbon atom is joined to a hydrogen 

(H) atom or to another univalent combining group by a fourth bond [30]. The triterpenoid is 

characterized by 30 carbon atom, polymerized to form six isoprene units [31]. 

3.3 Drug-Likeness compound screening 

Drug-likeness screening aims to determine compounds in bungur leaf extract that have drug-

like characteristics when administered into the body. From 14 compounds, a total of seven 

compounds passed the drug-likeness screening using Lipinski, Ghose, Veber, Egan, and 

Muegge parameters, namely luteolin, luteolin 7-sulfate, quercetin, ellagic acid, D-(-)-quinic 

acid, N-acetyl-L-glutamic acid, and corchorifatty acid F (Fig 2.a). Other compounds could 

not be continued because they violated two or more rules and thus could not show good 
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character as a medicine [32]. Bioactivity analysis indicates the ability of a compound to 

engage in inflammation-related activities, particularly in the macrophage polarization 

process. Probable activity (Pa) values of more than 0.7 indicate a high ability of a compound 

on the related bioactivity [33]. Seven compounds from drug-likeness screening that showed 

good probability in bioactivity analysis were luteolin, luteolin 7-sulfate, quercetin, ellagic 

acid, D-(-)-quinic acid, and corchorifatty acid D. N-acetyl-L-glutamic acid could not continue 

to the next analysis because of its low Pa value in some activity (Fig. 2.b). The membrane 

permeability ability of a compound was analyzed through PerMM. Six compounds from the 

bioactivity analysis showed similar membrane penetration ability. All compounds had a low 

energy transfer pattern when passing through the lipid bilayer membrane (Fig. 2.c). This 

allows the compounds to enter the cell and interact with intracellular proteins [24]. 

 

 

Fig. 1. Two dimensional structures of compounds of bungur leaf extract. 

 
Fig. 2. a) Drug-likeness screening for 14 compounds of Bungur leaf, b) PASS Online bioactivity 

analysis, c) Membrane permeability analysis.
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Fig. 3. TLR4/MD2 and compound interaction a) binding affinity value from molecular docking, b) 

ligand position in LPS-binding site after molecular docking, c-d) interacting residue of each key 

residue with ligands. 

3.4 Molecular docking 

Molecular docking was performed to observe the interaction ability between compounds with 

TLR4/MD2 protein. The binding affinity values are shown in Fig.3.a. Three compounds have 

more negative binding affinity compared to LPS as a negative ligand. LPS has a binding 

affinity value of -7.399 kcal/mol. The compounds luteolin 7-sulfate, luteolin, and quercetin 

have binding affinities of -7.847, -7.76, and -7.743 kcal/mol, respectively. Ellagic acid and 

D-(-)-quinic acid have weaker interactions, which can be seen from the higher binding 

affinity compared to LPS, namely at -7.228 and -5.682 kcal/mol. Corchorifatty acid F have 
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a binding affinity of -5.861 kcal/mol. Based on these values, luteolin 7-sulfate, luteolin, and 

quercetin are compounds with better interaction abilities compared to LPS. 

TLR4/MD2 amino acids that interact with compounds indicate the interaction site and 

type of binding that occurs. All compounds that can interact with the TLR4/MD2 complex 

are able to bind to proteins in the LPS-binding site area (Fig. 3.b). Each compound shows 

different interactions with key amino acids in TLR4/MD2 (Fig. 3.c-d). Based on residue 

interactions, several residues of TLR4, such as Arg264, Tyr292, Asp294, Tyr296, Thr319, 

Lys341, and Lys362 were also found to interact with luteolin 7-sulfate, luteolin, quercetin, 

and ellagic acid in the form of hydrogen bonds, hydrophobic interactions, and van der Waals. 

Amino acids in MD2, such as Asp101 and Ser118, show hydrogen bonds and hydrophobic 

interactions with luteolin 7-sulfate, luteolin, and quercetin. 

 

 

Fig. 4. TLR4/MD2 and compounds interaction stability a) RMSD Backbone protein, b) RMSD ligand 

movement, and c-e) RMSF. 

The interaction of LPS on TLR4 and MD2 is crucial in initiating TLR4 activation. LPS 

binds to the binding site connected by TLR4 and MD2. The recognition and binding of LPS 

depend on MD-2, a secreted auxiliary molecule that physically binds to TLR4. The formation 

of an intracellular adaptor protein complex will be triggered by LPS-induced TLR4 

homodimerization (TLR4/MD-2/LPS). The primary signaling adaptors Myeloid 

differentiation primary response 88 (MyD88) and TIR-domain-containing adaptor inducing 

interferon-β (TRIF) is then used by TLR4, along with the corresponding adaptor molecules 

MyD88-adaptor-like (MAL), also known as TIR-domain containing adaptor protein 

(TIRAP), and TRIF-related adaptor molecule (TRAM). This signaling process will continue 
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until the cells are able to provide a pro-inflammatory response [34], [35]. Disruption of the 

interaction between LPS on TLR4/MD2 is important in preventing LPS-mediated TLR4 

activation. Compounds in Bungur leaves are able to be competitive inhibitors at the LPS-

binding site and prevent TLR4 activation [7]. Inhibition of LPS binding to TLR4 by 

compounds was predicted to affect the activation of the NF-κB signaling pathway in in vitro 

studies, such as in vitro administration of Morroniside to RAW 264.7 cells [36]. 

3.5 Interaction stability between TLR4/MD2 and bungur leaf compounds  

The stability of the interaction between TLR4/MD2 with three compounds with the best 

binding affinity, namely luteolin 7-sulfate (L7S), luteolin, and quercetin, is shown in Fig. 4. 

The Backbone RMSD parameter shows the level of protein stability during interaction with 

the three compounds, and is compared to LPS. Quercetin is the most stable compound 

compared to other compounds as seen from the minimal fluctuations in the Backbone RMSD 

and ligand movement RMSD. Luteolin and luteolin 7-sulfate show less stable interactions 

when viewed from the Backbone RMSD and ligand movement RMSD graphs (Fig 4. a-b). 

Backbone RMSD and ligand movement RMSD indicate the stability of an interaction if the 

value does not exceed 3 Å [37]. When viewed from the RMSF parameter, luteolin 7-sulfate 

is involved in the instability of residues Lys 615A, Asn 624A, Met 85C, and Phe 128C. 

TLR4/MD2 interaction showed a quite high fluctuation when interacting with luteolin at Lys 

560A, Asp 614A, Asn 83C, and Lys 125C. The TLR4/MD2 complex experienced the least 

instability when interacting with quercetin, namely at residues Gln 565A, Lys 39C, and Lys 

125C (Fig 4. c-e). 

4 Conclusion 

This study identified five phenol and three flavonoid compounds in Bungur leaf extract. 

These compounds are potentially predicted to be anti-inflammatory, especially by interfering 

with the activation of the TLR4/MD2 complex on its LPS-binding site. Quercetin becomes 

the compound that can act as a competitive inhibitor and the most stable compound during 

its interaction to interfere with the LPS binding to the TLR4/MD2, suppressing the pro-

inflammatory signalling. 
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