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Rheumatoid arthritis (RA) is a systemic autoimmune disease that 
causes inflammation of the synovial tissue bone as well as joint 
damage. Furthermore, an increase in the level of pro-inflammatory 
cytokines, such as tumor necrosis factor α (TNF-α) due to 
overexpression in the nuclear factor-kappa B (NFκB) contributes to 
the progression of the disease. NFκB also plays an important role in 
the production, differentiation, and effector function of inflammatory 
T cells. Red betel (Piper crocatum) leaf (RBL) is an Indonesian herb, 
which contains bioactive compounds such as flavonoids, terpenoids, 
and phenolic compounds. It is widely used as an intervention for 
various diseases including inflammatory-related diseases. Therefore, 
this study aims to evaluate the therapeutic effect of RBL extract as an 
anti-inflammatory agent through inhibition on the TNF receptor 
1(TNFR1), NFκB, and inhibitor kappa B kinase (IκK) by molecular 
docking study. Oral toxicity prediction was carried out before molecular 
docking. Molecular docking performed using PyRx 0.8 software. 
The amino acid residues analysis and visualization were conducted 
using the Biovia Discovery Studio and Pymol. The toxicity prediction 
using ProTox-II showed that RBL active compounds are categorized 
between the 4th-6th class. Furthermore, the compounds, specifically 
kaempferitrin and apigenin have greater binding affinity compared to 
the drug inhibitor in NFκB signalling pathway. Based on the results, 
RBL active compounds can potentially act as an anti-inflammatory 
agent in RA, but further studies must be carried out to explore the 
potency of RBL through in vitro and in vivo effects. 
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INTRODUCTION 

 Rheumatoid arthritis (RA) is a chronic disease characterized by inflammation of the 
synovial tissue, which causes bone and cartilage damage (Tsubaki et al., 2015). 
Furthermore, it reduces the patients' quality of life because their movements are limited 
(Almoallim et al., 2021). Several studies reported that the cause of RA is still unclear, but 
genetic abnormalities (autoimmune), age, and environmental factors, such as 
socioeconomic status and ethnicity can trigger inflammatory conditions (Okada et al., 
2014). For some cases with RA in family members could increase the coincidence of RA 
up to 40-60% (Smolen et al., 2016). In 2017, the Global Burden of Disease, Injuries, and 
Risk Factor (GBD) stated that there are approximately 20 million RA patients in the world 
(Safiri et al., 2019). Furthermore, it is more prevalent in women than men with a ratio of 
3:1 (Intriago et al., 2019) due to hormonal factors (Safiri et al., 2019; Almoallim et al., 
2021). 

RA has been reported to be associated with the up-regulation of inflammatory 
cytokines or other inflammatory mediators. Furthermore, several pro-inflammatory 
cytokines are involved in its progression including tumor necrosis factor (TNF)-α, 
interleukin (IL)-1, IL-6, and IL17 (Alghasham & Rasheed, 2014; Alunno et al., 2017). 
These mediators are produced through a downstream pathway, which causes damage to 
the cartilage and bone (Alunno et al., 2017). The nuclear factor kappa B (NFκB) is a 
member of the transcription factor group, which is responsible for the expression of many 
genes that are involved in the inflammatory mechanism and immunity (MacArthur et al., 
2017). The NFκB family plays a crucial role in the activation, differentiation, and effector 
function of inflammatory T cells. They also consist of NFκB1 (p50), NFκB2 (p52), RelA 
(p65), RelB, and c-Rel, and are involved in gene transcription by forming different types 
of heterodimers (T. Liu et al., 2017). NFκB proteins are often inactive due to the presence 
of inhibitory proteins family, namely inhibitory kappa B (IκB). However, they are activated 
by several intermediate mechanisms, which lead to their interaction with IκB kinase (IκK). 
This activation causes the expression of RA, hence, it is very essential to regulate NFkB 
(T. Liu et al., 2017).  

For decades, betel leaves have been widely used as herbal therapy. The plant was 
first discovered in India, but it has gained popularity amongst other South Asian 
countries, including Indonesia (Gundala & Aneja, 2014). Furthermore, its leaves are 
traditionally used to treat several conditions, such as itches, abscesses, constipation, 
abrasions, and rheumatism. Previous studies reported that the therapeutic effect of betel 
can be attributed to the antioxidant, anti-microbial, antifungal, antimutagenic, and 
chemo-preventive activities of its constituents (Sarma et al., 2018). In Indonesia, there 
are various varieties of the plant, such as green betel (Piper betel) and red betel (Piper 
crocatum). Red betel is characterized by its red color in branching vines and silver-red 
heart-shaped leaves. It contains flavonoids, tannins, alkaloids, saponins, steroids, and 
essential oil (Gupta et al., 2012). Its other constituents include phenolic compounds, such 
as hydroxychavicol, eugenol, chavibetol, piperbetol, and piperine, which were known as 
antimutagenic agents (Chang et al., 2002; Gundala & Aneja, 2014). Due to the high 
phenolic and flavonoid content of red betel, it is very important to explore the role of its 
leaves in the inflammatory pathway. Therefore, this study aims to elucidate the 
mechanism of red betel leaves’ active compound in the TNF activation pathway.  

MATERIALS AND METHODS 

Ligand Preparation 
The three-dimensional (3D) structure of red betel active compounds was obtained 

from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/), as shown in Table 1. 
The structure was saved in .sdf format and then converted into .pdb format using the 
PyMOL software. Aspirin was used as the drug inhibitor of TNRF1, while MG132 (N-
carbobenzonyl-Leu-Leu-leucinal) served as the inhibitor for NFκB p52/RelB complex and 
IκK (Kadioglu et al., 2015). 

https://cmuj.cmu.ac.th/
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Figure 1. Active site for each protein. TNFR1, NFκB p52/RelB/DNA complex, IκK. Blue 
color as protein, green color as ligand. 

 
Figure 2. Molecular docking between ligand and TNFR1 protein. (A) Active site of 
TNFR1 with kaempferitrin (orange) and aspirin (green) as ligand. 2D interaction and 
amino acid residues (B) kaempferitrin and (C) aspirin. 
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Figure 3. Molecular docking between ligand and NFκB p52/RelB/DNA protein 
complex. (A) Active cite of p52/RelB/DNA protein complex with kaempferitrin (orange) 
and MG132 (green) as ligand. 2D interaction and amino acid residues (B) kaempferitrin 
and (C) MG132 

 

Figure 4. Molecular docking between ligand and IκK protein. (A) Active site of IκK 
protein with apigenin (white) and MG132 (green). 2D interaction and amino acid residues 
(B) apigenin and (C) MG132. 
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Table 1. Chemical compounds for molecular docking study. 

Ligands CID Structure 

Aspirin  2244 

 
MG132 462382 

 
 

Apigenin 5280443 

 
 

Catechin 9064 

 
Chavibetol 596375 
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Ligands CID Structure 
Hydroxychavicol 71596738 

 
Kaempferitrin 5486199 

 
Luteolin 5280445 

 
Piperbetol 10385474 

 
Piperine 638024 

 
  

 
 

https://cmuj.cmu.ac.th/


 

Open access freely available online Nat. Life Sci. Commun. 2023. 22(1): e2023005 

 

7 Natural and Life Sciences Communications [ISSN 16851994]: https://cmuj.cmu.ac.th   

Oral Toxicity Prediction 
Oral toxicity prediction was carried out with the ProTox-II (https://tox-

new.charite.de) online webserver. It is essential to perform a prediction before drug 
design because it helps to validate whether the ligand is safe for consumption.  
The lethal doses 50 (LD50), hepatoxicity, carcinogenicity, immunotoxicity, mutagenicity, 
and cytotoxicity of the ligands were also included in the prediction (Drwal et al., 2014; 
Banerjee, Dehnbostel, et al., 2018; Banerjee, Eckert, et al., 2018). Oral toxicity 
predictions were classified into 6 classes, namely: 

Class I is fatal when swallowed (LD50≤5) 

Class II is fatal when swallowed (5<LD50≤50) 

Class III is toxic when swallowed (50<LD50≤300) 

Class IV is harmful when swallowed (300<LD50≤2,000) 

Class V is potentially harmful when swallowed (2000<LD50≤5,000) 

Class VI is non-toxic (LD50>5,000) 

Pharmacokinetics Prediction 
The pharmacokinetics prediction was examined using pkCSM online tool 

(http://biosig.unimelb.edu.au/pkcsm/prediction). Prediction of pharmacokinetic included 
absorption, distribution, metabolism, excretion, and toxicity (ADMET). The parameters 
that were examined in absorption included Caco2 permeability and intestinal absorption 
in human, while distribution study was determined by volume of distribution (VDss) and 
blood-brain barrier (BBB) in human. For metabolism study, the prediction was analyzed 
including cytochrome P450 Family 2 Subfamily D Member 6 or CYP2D6 substrate, CYP3A4 
substrate, CYP1A2 inhibitor, CYP2C19 inhibitor, CYP2C9 inhibitor, CYP2D6 inhibitor, and 
CYP3A4 inhibitor. The pharmacokinetic properties for excretion included total clearance 
and renal organic cation transporter 2 (OCT2) substrate. Furthermore, for toxicity test 
were using Ames toxicity. 

Protein Preparation 
TNFR1 (PDB 1EXT), NFκB (PDB 3DO7), and IκK (PDB 3RZF) were used as protein 

targets for the molecular docking study between protein-ligand, as shown in Table 2. The 
protein structure was downloaded from the Protein Data Bank (https/www.rscb.org/) in 
.pdb format, after which water and ligands were removed using Pymol software version 
1.7.4.5 Edu (Schrӧdinger Inc., LLC). TNFR1 was then selected as the ligand-protein and 
compared with the result of protein-protein docking by Chen et al. (2017). Meanwhile, 
NFκB and IκK were used as the protein target based on the steps outlined by Kadioglu et 
al. (2015). 

Table 2. 3D structure of protein for molecular docking study. 

Protein PDB ID Resolution (Å) 3D Structure 

TNFR1 1EXT 1.85 

 

https://cmuj.cmu.ac.th/
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Protein PDB ID Resolution (Å) 3D Structure 
NFκB p52/RelB/DNA complex 3DO7 3.05 

 

IκK 3RZF 4 

 

 

Molecular Docking Simulation 
Molecular docking analysis was carried out using Autodock Vina and Pyrx v.0.8 

(https/pyrx.sourceforge.io) (Dallakyan & Olson, 2015; Trott & Olson, 2010). The ligands 
were minimized using the Open Babel GUI to reduce their energy, consequently, the 
protein-ligand interactions were similar to the quantum chemical calculations levels 
(Mirzaei et al., 2015). Table 3 shows the grid center of docking for each protein. The 
binding affinity values of each ligand were analyzed, and the values were indicated by 
their bonding strength with protein. Furthermore, 2D interaction of amino acid residues 
was visualized using the BIOVIA Discovery Studio (Dassault Systèmes BIOVIA, 2015), 
while visualization of protein-ligand site was performed with the PyMol software version 
1.7.4.5 Edu (Schrӧdinger Inc., LLC).  

Table 3. Grid center for each protein of molecular docking study. 

Protein 
Grid center 

x y z 

TNFR1 3.949 37.693 -9.44 

NFκB p52/RelB/DNA complex 26.376 60.42 75.564 

IκK 88.492 -29.695 56.299 

 

Protein Network Interaction   
Analysis of protein network interaction in NFκB and TNF-mediated signaling 

pathways was carried out using the Search Tool for the Retrieval of Interacting 
Genes/Protein (STRING) database online webserver (http://string-db.org/) (Szklarczyk 
et al., 2015). This was performed to measure the proteins that are involved in certain 
pathways. Subsequently, ligand-protein network interaction analysis was carried out with 
the STITCH database online webserver (www.stitch.embl.de). The web server allows the 
navigation and visualization of networks between chemicals as well as their interaction 
with proteins (Kuhn et al., 2008).  

https://cmuj.cmu.ac.th/
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RESULTS  

Oral Toxicity Prediction 
The oral toxicity prediction result of RBL active compounds was categorized into 

class IV-VI. Chavibetol, hydroxychavicol, piperbetol, and piperine were in class IV, while 
kaempferitrin and luteolin were in Class V, and catechin was in class VI, as shown in Table 
4. Meanwhile, drug inhibitors namely aspirin and MG1132 were in class III and class V, 
respectively. These results indicate that RBL is not toxic when swallowed (under the 
LD50) and it can be used for drug development. The prediction results also showed that 
aspirin was toxic when swallowed at LD50 of 250 mg/kg.  

Table 4. Oral toxicity prediction results. 

Compounds 
LD50 

(mg/kg) 
Class Hpt Crg Imm Mtgn Ctcy 

Aspirin  250 III (-) (-) (-) (-) (-) 

MG132 2.025 V (-) (-) (-) (-) (-) 

Apigenin  2.500 V (-) (-) (-) (-) (-) 

Catechin 10.000 VI (-) (-) (-) (-) (-) 

Chavibetol 1.230 IV (-) (-) (-) (-) (-) 

Hydroxychavicol 1.930 IV (-) (+) (-) (+) (-) 

Kaempferitrin 5.000 V (-) (-) (+) (-) (-) 

Luteolin 3.919 V (-) (+) (-) (+) (-) 

Piperbetol  1.050 IV (-) (-) (+) (-) (-) 

Piperine  330 IV (-) (+) (+) (-) (-) 

Note: Hepatoxicity, Hpt; Carcinogenicity, Crg; Immunotoxicity, Imm; Mutagenicity, Mtg; Cytotoxicity, Ctcy; active (+); inactive (-) 

Pharmacokinetics Prediction 
Based on the results of pharmacokinetics properties prediction. The absorption of 

all compounds include aspirin, MG132, and RBL active compounds showed that piperin 
has the highest absorption in permeability of Caco-2 cells. In the other hands, piperbetol, 
piperin, apigenin, hydroxychavicol, and chavibetol reached the absorption in the human 
intestinal up to 90% (Table 5). Based on distribution volume (VDss) analysis showed that 
all compounds has relatively low VDss (Han et al., 2019). BBB analysis showed that 
chavibetol and hydrovychavicol have logBB > 0.3 and this is indicated that those 
compounds could easily cross the blood-brain barrier.  

Cytochrome P450s (CYP) is an important enzyme system for metabolism the drug 
in the liver. Metabolism analysis suggested that catechin, hydroxychavicol, and 
kaempferitrin are not metabolized in the liver. In the excretion prediction, the renal total 
clearance for RBL active compounds have a good excretion. Renal OCT2 analysis showed 
that RBL active compound could eliminate completely such as apigenin, catechin, 
hydroxychavicol, kaempferitrin, luteolin, and piperbetol. For toxicity test using Ames 
showed that apigenin, catechin, hydroxychavicol, kaempferitrin, luteolin, piperbetol, and 
piperin has no mutagenic and carcinogenic agent. 

https://cmuj.cmu.ac.th/
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Table 5. Pharmacokinetics study of control drug and RBL active compounds. 

Parameters 
Compounds 

Aspirin MG132 Apigenin Catechin Chavibetol Hydroxychavicol Kaempferitrin  Luteolin Piperbetol  Piperin  

Absorption  

Caco-2 permeability 
(log Papp in 10-6 cm/s) 0.09 0.77 1.007 -0.283 1.497 1.676 0.225 0.096 1.301 1.596 

Intestinal absorption 
(human) (% 
Absorbed) 

76.938 64.418 93.25 68.829 91.835 92.09 35.385 81.13 96.282 94.444 

Distribution 

VDss (human)  
(log L/kg) -1.716 0.424 0.822 1.027 0.203 0.477 1.487 1.153 0.107 0.158 

BBB permeability  
(log BB) -0.332 -0.955 -0.734 -1.054 0.389 0.361 -1.823 -0.907 -0.522 -0.102 

Metabolism 

CYP2D6 substrate No No No No No No No No No No 

CYP3A4 substrate No Yes No No No No No No Yes Yes 

CYP1A2 inhibitor No No Yes No Yes No No Yes No No 

CYP2C19 inhibitor No Yes Yes No No No No No No Yes 

CYP2C9 inhibitor  No No No No No No No Yes No No 

CYP2D6 inhibitor  No No No No No No No No No No 

CYP3A4 inhibitor  No Yes No No No No No No No No 

Excretion 
Total Clearance  
(log ml/min/kg)) 0.72 1.14 0.566 0.183 0.28 0.206 -0.102 0.495 0.295 0.232 

Renal OCT2 substrate  No No No No No No No No No Yes 

Toxicity AMES toxicity  No No No No Yes No No No No No 

https://cmuj.cmu.ac.th/
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Molecular Docking Study 
The computation study of molecular docking was based on the binding affinity value 

between the ligand and target protein complex. The results revealed that RBL active 
compounds have a higher bond affinity for TNFR1 compared to aspirin as a drug inhibitor, 
as shown in Table 6. Based on the results, the binding affinity value for the aspirin-TNFR1 
complex was -5.8 kcal/mol. This value was higher compared to other RBL active 
compounds, such as apigenin, catechin, kaempferitrin, luteolin, piperbetol, and piperin 
with binding affinity values of -7.7, -8.4, -9.8, -8.1, -8.0, and -7.5 respectively, thus the 
binding affinity of asipirin is weaker than those compounds. Furthermore, these results 
indicated that kaempferitrin had the strongest binding affinity compared to other active 
constituents.  

MG132 served as a drug inhibitor for NFκB p52/RelB/DNA complex and IκK 
(Kadioglu et al., 2015). The molecular docking result showed that its binding affinity value 
with NFκB p52/RelB/DNA complex and IκK was -6.8 and -7.2, respectively, as shown in 
Table 6. In the NFκB p52/RelB/DNA protein complex study, kaempferitrin was stronger 
than MG132 and also became the strongest compound to bind with it. Meanwhile, in the 
IκK protein study, there were several RBL compounds, with stronger bond compared to 
MG132, namely apigenin, catechin, kaempferitrin, luteolin, piperbetol, and piperin. They 
had a binding affinity of -8.3, -7.9, -8.3, -8.2, -7.5, and -8.1, respectively, as shown in 
Table 6. Furthermore, apigenin had the highest value compared to the other ligands, and 
these results indicate that RBL active compounds such as kaempferitrin, apigenin, and 
catechin are better than anti-inflammatory drugs. 

Table 6. Binding affinity value from molecular docking study. 

Ligands 

Binding Affinity Value (kcal/mol) 
TNFR1 
(1EXT) 

NFκB 
p52/RelB/DNA 
complex(3DO7) 

IκK 
(3RZF) 

Aspirin (drug inhibitor for 1EXT) -5.8 - - 
MG132 (drug inhibitor for 3DO7 and 
3RZF) 

- -6.8 -7.2 

Red betel compounds    
 Apigenin -7.7 -6.2 -8.3 
 Catechin -8.2 -6.1 -7.9 
 Chavibetol -5.5 -4.4 -5.5 
 Hydroxychavicol -5.4 -4.6 -5.6 
 Kaempferitrin -9.8 -7.6 -8.2 
 Luteolin -8.1 -6.5 -8.2 
 Piperbetol -8.0 -6.1 -7.5 
 Piperine -7.5 -6.3 -8.1 

 

Protein Interaction 
The protein network interaction with the STRING database was used to analyze proteins 
that are involved in the inflammatory pathways, namely including NFκ.B signaling and 
TNF-mediated signaling pathways. The STRING analysis result showed that there was an 
interaction between both signaling pathways. Furthermore, several proteins were 
involved including TNF, TNFR Sub Family 1A (TNFRSF1A), TNF Receptor Associated Factor 
2 (TRAF2), TNF receptor type 1-associated death domain (TRADD), receptor-interacting 
serine/threonine-protein kinase (RIPK1), conversed helix-loop-helix ubiquitous kinase 
(CHUK)/ IκK-α, IκK subunit beta (IKBKB), RELA, and NFκB Inhibitor α (NFKBIA), as shown 
in Figure 5. 

https://cmuj.cmu.ac.th/
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Figure 5. STRING analysis of protein network interactions. 

Based on STITCH analysis, RBL active compounds, namely catechin, apigenin, 
luteolin, and piperine had direct bonding interaction with the proteins involved in the 
inflammation process (red ball), as shown in Figure 6. However, the interaction of 
chavibetol, hydroxychavicol, and kaempferitrin is still unreported. 

 

Figure 6. STITCH analysis between proteins involved in NFκB signaling pathway 
(red ball) and RBL active compounds. 

DISCUSSION 

RA is a systemic autoimmune disease that attacks the joints, thereby causing a 
decrease in the body's movement due to progressive functional impairment of the 
synovial joint. Meanwhile, TNF-α is a proinflammatory cytokine that plays an important 
role in the expression of the disease. It induces the activation and aggregation of the 
inflammatory cells, which causes the accumulation of immune cells at the site (Zhao et 
al., 2021). The binding on TNF-α to TNFR1 initiates the canonical pathway which can be 
activated by cytokines, growth factors, microbial components, stress agents, and 
mitogens thus activates NFκB signaling pathway. TNF-α and TNFR1 binding leads to an 
interaction with the IκB kinase (IKK) complex. IKK has two catalytic subunits, namely 
IKKα and IKKβ as well as a regulatory subunit called NFκB essential modulator (NEMO) 
(T. Liu et al., 2017). Furthermore, its activation induces the phosphorylation of IκB, which 

https://cmuj.cmu.ac.th/
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causes ubiquitination and degradation. Several studies reported that NFκB was involved 
in the pathogenesis of RA and it was found in the synovium of joints where it destroyed 
cartilages and bones. 

RA is often treated with non-steroidal anti-inflammatory drugs (NSAIDs), which are 
used to reduce pain, fever, and other inflammatory processes. These drugs have 
antipyretic, anti-inflammatory as well as analgesic properties, and they include aspirin, 
ibuprofen, salsalate, mefenamic acid, and meloxicam. However, they have adverse 
effects on the gastric, renal, hepatic, and cardiovascular systems (Ghlichloo & Gerriets, 
2022). Oral toxicity prediction with ProTox II also revealed that aspirin belongs to class 
III, which indicated that it is toxic. Alternative medications from the herbal plant have 
minimal adverse effects on the body, hence, RBL active compounds are safer than aspirin. 
Catechin was categorized in class VI, which indicates that it is non-toxic. It also belongs 
to the polyphenol group and several studies reported its bioactivities including anti-
inflammation, anti-microbial, anti-virus, and anti-allergic (Bae et al., 2020).  

In pharmacokinetics, distribution parameters consisted with VDss and BBB. VDss is 
considered low if the distribution volume value is below -0.15 log L/kg and high if it is 
above 0.45 log L/kg (Pires et al., 2015). VDss is a measurement of relative partitioning 
of drugs between serum and tissue based on the value of the partition coefficient (Singh 
& Singh, 2010). The partition coefficient is defined as the ratio of solute concentrations 
between two solvents namely lipophilic and hydrophilic. Lipophilic drugs are in the 
numerator and the hydrophilic drug is the denominator, then the logarithm value (log P) 
is calculated. Hydrophilic compounds with a low partition coefficient (below -0.15 logL/kg) 
were found mainly in areas that have high water content such as blood serum, whereas 
hydrophobic compounds with high partition coefficients (above 0.45 logL/kg) will be 
distributed to a hydrophobic region such as a lipid bilayer. RBL’s active compounds have 
a low distribution volume. It means that RBL’s active compounds were hydrophilic and 
found in the serum. 

Drug excretion was determined based on total clearance and substrate OCT2. 
Kidney has a transporter to secrete drugs to the urine, namely organic cation transporters 
(OCTs). Organic cation transporters are important transponders for drug elimination from 
plasma and inside the kidneys. Drugs which act as substrate of OCT2 can cause OCT2 
inhibition, thus the drug cannot be eliminated completely (Motohashi & Inui, 2013). 
Toxicity predictions used the Ames test. Ames test is a test to assess a compound that 
can be potentially mutagenic. Positive results indicate that the compounds are mutagenic 
and a carcinogen (Venkataramana et al., 2011). 

Based on the molecular docking results, RBL active compounds have greater binding 
affinity than inhibitory drugs in TNFR1, NFκB p52/RelB/DNA, and IκK. The affinity value 
was determined with the Gibbs free energy (ΔG) in kcal/mol unit. ΔG value is negative 
when the docking system reaches equilibrium at a constant temperature and pressure 
(Balqis et al., 2022; Du et al., 2016). In the TNFR-ligands, the binding affinity of aspirin 
was -5.8 kcal/mol, while values of -9.8 kcal/mol and 8.2 kcal/mol were obtained from 
kaempferitrin and catechin, respectively. Aspirin (acetylsalicylic acid) is a non-steroidal 
medication, which is widely used as an anti-inflammatory drug. It also has several 
pharmacological activities including analgesic, antipyretic, and antiplatelet properties 
(Cadavid, 2017). Furthermore, several studies reported that it has numerous side effects 
in the gastrointestinal tract and also causes ulcer bleeding (Li et al., 2020). 

The docking of NFκB p52/RelB/DNA-ligands revealed that the binding affinity value 
of kaempferitrin was -7.6 kcal/mol, which was also stronger than MG132 as an inhibitory 
drug (-6.8 kcal/mol). It is a proteasome inhibitor, which is involved in the modulation of 
inflammatory pain. Several studies explored the attenuating effect of MG132 on pain and 
joint inflammation in rat model RA (Ahmed et al., 2017). Kaempferitrin or kaempferol 
3,7-dirhamnoside is a flavonoid glycoside that is mostly found in plants and is more 
abundant than flavonoid monomers. Flavonoid glycosides have various bioactivities 
including antidiabetic (Santos et al., 2019), antioxidant (Triches et al., 2004), and anti-
inflammatory (Real-Sandoval et al., 2020). 

A molecular docking study between IκK and ligands showed that apigenin  
(-8.3 kcal/mol) has the strongest binding affinity value among others including MG132. 
Apigenin is a secondary metabolite of plants and it belongs to the flavone class that is 
soluble in organic solvents. It has also been reported to have a beneficial function in 
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alleviating the oxidative status and regulated pro-inflammatory expression in 
streptozotocin (STZ)-induced diabetic cardiomyopathy mice (H.-J. Liu et al., 2017). 
Furthermore, chavibetol, hydroxychavicol, and piperbetol are bioactive compounds 
present in glossy betel leaves, where they have various health benefits. They can 
modulate transcription factors and control reactive oxygen species (ROS) that are 
associated with cellular proliferation and pathways (Gundala & Aneja, 2014).  

Based on amino acid residues on TNFR protein-ligands docking, serine-74 (Ser74) 
was present on all TNFR-ligand docking results (Table 7), which implies that it plays an 
important role for TNFR1. Saddala and Huang (2019) reported that there were several 
amino acid residues in TNFR1-TNF-α that play a significant role in the inhibitory 
mechanism of TNFR1. Those residues are Ser74, Ile58, Leu120, Gly121, Tyr515, Glu56, 
Ser57, Ser59, Cys73, Lys75, Arg77, Gln82, Cys96, Arg104, tyr106, and Asn110 (Saddala 
& Huang, 2019). The inhibitory mechanism on TNFR1 led to a decrease in the activation 
of NFκB. Meanwhile, molecular docking between NFκB p52/RelB/DNA complex with RBL 
active compounds and MG132 as drug inhibitors showed that serine 188 (Ser188) was 
present as a residue in all NFκB p52/RelB/DNA protein complex – ligands docking. Serine 
222 was also present in most of the protein-ligand docking of NFκB p52/RelB/DNA protein 
complex (Table 7). This was likely caused by the activation of phosphorylate IκB, which 
inhibits NFκB at the two adjacent serine residues (Baichwal & Baeuerle, 1998; Mussbacher 
et al., 2019). Protein kinase was also phosphorylated at the residues of serine, threonine, 
and/or tyrosine (Pearlman et al., 2011). The inhibitory mechanism of RBL active 
compounds at serine residues causes a decrease in the phosphorylation that takes place 
at IκB. IκK is a protein kinase, which phosphorylates the IκB that are bonded to inactive 
NFκB. The molecular docking results in IκK showed that the residues of aspartic (Asp) 
and glutamic acid (Glu) play an important role in kinase activity. Furthermore, Cho et al. 
(2006) reported that glutamic acid was the most effective acidic amino acid for the 
phosphorylation mechanism of kinase activity, but aspartic acid also supports its 
mechanism of action (Cho et al., 2006). 

Table 7. Amino acid residue from molecular docking study. 

Compounds 
TNFR1 NFκB p52/RelB/DNA 

complex IκK 

Van der Waals Hydrogen 
Bond 

Van der 
Waals 

Hydrogen 
Bond 

Van der 
Waals 

Hydrogen 
Bond 

Aspirin  The94, Val95, 
Asn110, 
Leu111, Phe112 

Ser74, Asp93, 
Ser108, Glu109 

- - - - 

MG132 - - Lys143, 
Met146, 
Lys182, 
Met185, 
Ser188, 
Asp257, 
Arg211, 
Gly314 

Asp186, 
Leu187, 
Ser222, 
Gly224, 
Gln254,  

Gly22, Thr23, 
Gly24, Glu97, 
Tyr98, 
Glu100, 
Asp103, 
Lys147, 
Glu149, 
Asn150, 
Val152, 
Asp166, 
Leu167  

Cys99 

Apigenin Ser74, Lys75, 
Gln82, Asp93, 
Thr94, Val95, 
Arg104, Ser108, 
Glu109, Asn110, 
Phe112,   

Cys96 Met146, 
Lys183, 
Pro223 

Tyr55, 
Ser188, 
Ser222 

Leu21, Gly24, 
Ala42, Met96, 
Tyr98, 
Gly101, 
Gly102, 
Asp103  

Glu100, 
Asp166 

Catechin Ser72, Ser74, 
Lys75, Cys76, 
Arg77, Val95, 
Asn110, Phe112 

Lys75, Arg77, 
Thr94, Cys96 

His140, 
Lys183, 
Val184, 
Met185, 
Asp186, 
Ser222 

Tyr55, 
Lys182, 
Ser188 

Gly22, Gly24, 
Glu100, 
Gly102, 
Asp103, 
Lys147, 
Glu149, 
Asn150, 
Ile165 

Thr23, 
Glu97, 
Cys99, 
Asp166 
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Compounds 
TNFR1 NFκB p52/RelB/DNA 

complex IκK 

Van der Waals Hydrogen 
Bond 

Van der 
Waals 

Hydrogen 
Bond 

Van der 
Waals 

Hydrogen 
Bond 

Chavibetol Ser74, Gln82, 
Thr94, Val95, 
Arg104, Glu109, 
Asn110, Phe112   

Cys96 Ser222 Tyr55, 
His140, 
Ser188 

Leu21, 
Thr23, Ala42, 
Glu97, 
Asp103, 
Glu149, 
Ele151, 
Val152 

- 

Hydroxy-
chavicol 

Ser74, Gln82, 
Val95, Arg104, 
Glu109, Asn110, 
Leu111 

Thr94, Cys96 Asp186, 
Ser188 

Met185 Ala42, Glu97, 
Asn150, 
Ile151, 
Val152 

Asp103, 
Glu149 

Kaempferitrin Leu71, Lys75, 
Cys76, Lys78, 
Met80, Gln82, 
Asp93, Asn11, 
Phe112 

Ser72, Cys73, 
Ser74, 
Lys75,Cys76, 
Arg77,  

Tyr55, 
His140, 
Lys143, 
Lys183, 
Met185, 
Leu187, 
His218, 
Gly224, 
Gln254, 
Gly314 

Ser188, 
Ser222, 
Arg311 

Gly22, Ala42, 
Val74, Glu97, 
Cys99, 
Glu100, 
Gly101, 
Asp103, 
Lys147, 
Glu149, 
Asn150, 
Asp166, 
Gly184, 
Thr185. 

Thr23 

Luteolin Ser74, Lys75, 
Met80, Asp93, 
Val95, Glu109, 
Asn110, Phe112 

Gln82, Thr94, 
Ser108 

Lys183, 
Asp186, 
Pro223 

Tyr55, 
Lys182, 
Met185, 
Ser188, 
Ser222 

Leu21, 
Thr23, Gly24, 
Lys44, 
Met96, 
Tyr98, 
Glu100, 
Gly101, 
Asp103, 
Asn150 

Asp166 

Piperbetol Cys73, Ser74, 
Lys75, Cys76, 
Arg77, Gln82, 
Asn110, Leu111  

Ser72, Ser74, 
Arg77, Gln82 

Tyr55, 
His140, 
Met146, 
Met185, 
Asp186, 
Ser188, 
Ser222, 
Pro223 

- Lys44, Val74, 
Glu97, Tyr98, 
Gly102, 
Asp103, 
Glu149, 
Leu167, 
Gly168 

Asp166 

Piperine Ser74, Lys75, 
Cys76, Arg77, 
Gln82, Thr94, 
Arg104, Glu109, 
Asn110, Phe112  

Cys96 His140, 
Lys143, 
Met146, 
Lys182, 
Lys183, 
Val184, 
Met185, 
Asp186 

Tyr55, 
Ser188 

Thr23, Gly24, 
Glu97, Tyr98, 
Cys99, 
Glu149, 
Asn150, 
Asp166  

- 

 
The protein network interaction revealed the correlation between NFκB signaling 

and the TNF-mediated signaling pathway. The proteins involved in the pathways play a 
significant role in the canonical and non-canonical activation of NFκB. The canonical 
pathway relies on the activation of NKκB1, p50, RELA, and c-REL, while the non-canonical 
pathway activates the p100-sequestered NFκB members, namely p52 and RELB (Sun, 
2017). Furthermore, the Canonical pathway depends on the degradation of IκB by IκK, 
while the non-canonical pathway depends on the phosphorylation-induced p100 
processing and NFκB inducing kinase (NIK) (Sun, 2011).  

This study results showed that RBL active compounds act as an inhibitor along the 
activation pathway. This starts with the inhibition of TNFR as a surface receptor, followed 
by IκK with its kinase activity, and then NFκB. 
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CONCLUSION 

Based on the results, RBL active compounds have the potential of replacing 
synthetic drugs as an anti-inflammatory agent due to their efficacy and low toxicity. 
Catechin, kaempferitrin, and apigenin also have the potential due to their ability to inhibit 
the activation of NFκB. Additionally, further studies are advised on the in vitro and in vivo 
anti-inflammatory mechanism of these compounds. 
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