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Abstract: Arcangelisi flava (L.) Merr, a medicinal plant traditionally used in Maribu-Sentani-Papua 

for various ailments, has shown potential in treating inflammation. However, its pharmacological 

mechanism of action remains unclear. This study aimed to elucidate the mechanism of pain relief 

compounds in A. flava using network pharmacology, molecular docking, molecular dynamics (MD) 

simulation, drug-likeness prediction, and ADMET profiling. Network pharmacology analysis identified 

COX-1 and COX-2 as core targets of A. flava in inflammation treatment. Among the compounds 

studied, 1-3-hydroxy-berberine demonstrated the highest potential as a COX-1 and COX-2 inhibitor, 

with free binding energies of -42.08 and -37.58 kcal/mol, respectively. Drug-likeness prediction based 

on Lipinski's rule supported its potential as a drug candidate. Pharmacokinetic predictions using pkCSM 

revealed favorable properties, including high Caco2 permeability (1.073) and human intestinal 

absorption (97.87%). The compound showed low central nervous system distribution and blood-brain 

barrier penetration. Metabolic predictions indicated CYP3A4 metabolism and substrate affinity for 

CYP2C19, CYP2C9, and OCT2. Toxicity assessments suggested that 1-3-Hydroxy-berberine is non-

mutagenic, has low acute toxicity, and poses no significant environmental or skin allergy risks. These 

findings highlight the potential of 1-3-Hydroxy-berberine as a promising COX-1 and COX-2 inhibitor 

derived from A. flava, warranting further investigation for its anti-inflammatory properties.  
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1. Introduction 

Arcangelisi flava (L.) Merr, commonly known as yellow roots in Indonesia, is a 

medicinal plant of significant importance in traditional Papuan medicine. This liana plant, 

belonging to the Menispermaceae family, is characterized by its extensive growth, reaching up 
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to 20 meters in length, and is typically found in lowland areas up to 800 meters above sea level 

[1]. The distinctive yellow wood of A. flava has been a staple in traditional remedies for 

generations. In Papuan communities, particularly in the Maribu-Sentani region, A. flava has 

been utilized for a wide array of medicinal purposes, one of which is pain relief. This traditional 

use of A. flava for pain management has been supported by various scientific reports, 

encompassing its anti-inflammatory properties in vitro and in vivo [2–4]. 

A study reported by Akram et al. [3] has shown the anti-inflammatory activity of A. 

flava on egg albumin-induced rat paw edema. A similar study was also conducted by Deniyati, 

demonstrating that the A. flava extract (1 – 3% w/v) effectively decreased the rat paw edema. 

The infused water of A. flava was reported to effectively reduce the expression of COX-2, 

further highlighting its anti-inflammatory potential [4]. The versatility of A. flava as an anti-

inflammation agent is supported by its rich phytochemical profile. Previous studies have 

identified several bioactive compounds in the plant, including six types of quaternary alkaloid 

compounds (thalifedine, dehydrocorydalim, jatrorrhizine, berberine, pcynarrhin, and palmatin) 

and three types of tertiary alkaloid compounds (hydroxy-berberine, limacine, and 

homoarmulin). Furthermore, seven furanoditerpene compounds have been isolated from the 

stem of A. flava, including 6-hyrdoxyarcangelisin, 2-dehidroarcangelisinol, tinophylol, 6-

hydroxyfibleucin, 6-hydroxyfibraurin, and fibreucin [5]. However, the complete 

pharmacological mechanisms in which its bioactive compounds regulate the inflammation 

pathogenesis remain unclear and have not been fully elucidated. 

Recent advances in computational methodologies have revolutionized drug research, 

offering cost-effective and ethical alternatives to extensive animal testing [6]. These methods 

enable detailed analyses of ligand-receptor interactions, providing insights into the 

mechanisms by which active compounds from A. flava might interact with key targets [7–9]. 

The present study aims to integrate network pharmacology and molecular dynamic simulation 

to elucidate the pharmacological mechanism of A. flava in treating inflammation. By focusing 

on the interaction between the plant's active compounds and key inflammatory mediators, we 

seek to provide a scientific basis for its traditional use as an analgesic and anti-inflammatory 

agent. This research not only contributes to the validation of traditional knowledge but also 

paves the way for potential drug discovery based on the bioactive compounds found in A. flava. 

2. Materials and Methods 

2.1. Materials. 

This in silico computational study was conducted on a dedicated workstation running 

Ubuntu 20.04 LTS. The system featured an Intel® Core™ i9-12900KF processor (24 CPU at 

3.6 GHz), 32 GB RAM, and an NVIDIA RTX 4060 GPU with 16 GB VRAM. Autodock 4.2 

was used for molecular docking, while the AMBER package was utilized for molecular 

dynamics software. Cytoscape 10.0.1 was used for the network pharmacology study, and 

Biovia Discovery Studi Visualizer was used for protein and ligand preparation and molecular 

interaction visualization. 

2.2. Network pharmacology study. 

A comprehensive network pharmacology study was employed based on the method 

described by Susianti et al. [10] with modifications. Target identification was initially 

undertaken via the SuperPRED database (https://prediction.charite.de) using the compound’s 
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canonical SMILES. All gene targets obtained were standardized in the UniProt database 

(https://www.uniprot.org) and underwent cross-matching with inflammation-related genes 

retrieved from the GeneCards database (https://www.genecards.org) using the Venny 2.0 

platform (https://bioinfogp.cnb.csic.es/tools/venny/). The genes then underwent protein-

protein interaction analysis using the STRING database (https://string-db.org), followed by 

visualization and topological analysis using Cytoscape 3.10.1. The core targets obtained from 

topological analysis were used for inflammation-related disease prediction using the DAVID 

database (https://david.ncifcrf.gov), KEGG enrichment, and gene ontology biological process 

analysis using ShinyGO 0.80 (http://bioinformatics.sdstate.edu/go/) with a false discovery rate 

(FDR) threshold was set to 0.05 [11]. 

2.3. Molecular docking study. 

Macromolecules were downloaded from the Protein Data Bank 

(http://www.rcsb.org.pdb) with PDB ID 4O1Z for COX-1 and 5IKR for COX-2. The natural 

ligands of COX-1 are the meloxicam and mefenamic acid of COX-2 [12]. The compounds 

berberine, 1-3-hydroxy-berberine, fibleucin, jatrotthizine, pacybasin, triacontanylcaffeate, p-

hydoxybenzaldehiyde, homoaromoline, and limacine were made into two-dimensional 

structures using Chemsketch software (Figure 1) and stored in *mol format. After that, all 

compounds were optimized using Orca software with the DFT method of the B3LYP function, 

based on set 6-31G9d. 

The validation of the docking method was carried out by anchoring natural ligands from 

the COX-1 receptor and COX-2 receptor using AutoDock 4.2 software. The docking 

calculation was carried out using the Lamarckian Genetic Algorithm (GADock) and 

Exhaustive Search (ArgusDock) docking methods [13]. The docking method is said to be good 

if the RMSD (Root Mean Square Deviation) value is between the conformation of the docking 

pose and crystallography  2Å [14]. The molecular docking simulation was carried out by 

anchoring the test ligand compound to the COX receptor using Autodock Tools. The tethering 

results were evaluated using the Discovery Studio visualizer (DSV) and evaluated. 

 
Figure 1. Two-dimensional structure of A. flava-derived compounds. 
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2.4. Molecular dynamic simulation. 

Molecular dynamics simulations were conducted using the Amber software package 

[6,15]. The AMBER ff14SB force field was employed for the protein, while the General Amber 

Force Field (GAFF) was used for the ligand. The protein-ligand complex was solvated in an 

octahedral box using the TIP3P water model. Na+ and Cl- ions were added to the solvent to 

neutralize the system's charge and simulate physiological conditions. The simulation protocol 

included energy minimization, followed by equilibration under constant volume (NVT) and 

constant pressure (NPT) conditions. Throughout the simulation, the temperature was 

maintained at 310K using a Langevin dynamics thermostat, and the pressure was kept at 1 atm. 

Long-range electrostatic interactions were handled using the Particle Mesh Ewald method. The 

production MD run was carried out for 200 ns. Analysis of the simulation trajectory included 

calculations of Root Mean Square Deviation (RMSD), Root Mean Square Fluctuation (RMSF), 

hydrogen bonding patterns, and MM-GBSA free energy estimates. Visual Molecular Dynamics 

(VMD) software and Biovia Discovery Studio 2021 were utilized for further analysis and 

visualization of ligand interactions. 

2.5. Drug-likeness and ADMET prediction. 

Lipinski's rules and ADMET pharmacokinetics were calculated using web pKCSM 

(http://biosig.unimelb.edu.au/pkcsm/prediction). Lipinski parameters include P log ≤ 5, 

molecular weight ≤ 500 g/mol, hydrogen bond donor ≤ 5, and hydrogen bond acceptor ≤ 10 

[16]. 

3. Results and Discussion 

The study of A. flava represents a significant step towards validating the traditional uses 

of this plant by the Papuan community, particularly as an anti-inflammatory agent. By 

employing a multi-faceted approach combining network pharmacology, molecular docking, 

and molecular dynamic simulation, this research bridges the gap between traditional 

knowledge and modern scientific understanding. This comprehensive methodology not only 

addresses the pressing need for scientific validation of traditional remedies but also aligns with 

the growing global interest in natural products for drug discovery [17]. A. flava has been used 

traditionally for various medicinal purposes, including treating inflammation [18]. However, 

like many traditional remedies, its use has been based primarily on empirical evidence passed 

down through generations. The increasing global interest in natural products for drug discovery 

necessitates rigorous scientific investigation to validate these traditional claims [17]. This study 

addresses this critical need by employing modern computational and molecular biology 

techniques to provide a scientific basis for the plant's anti-inflammatory properties. 

3.1. Network pharmacology study. 

A total of 285 targets were obtained due to the gene mining of all compounds from the 

SuperPRED database, along with 1066 inflammation-related genes from the GeneCards 

database. Cross-matching compound-disease genes revealed 138 (11.4%) common genes of A. 

flava and inflammation-related genes. The PPI network construction and topological analysis 

revealed ten core targets, including HSP90AA1, STAT3, PTGS1, PTGS2, NFKB1, HIF1A, 

PIK3CA, PPARG, APP, and HSP90AB1. The complete PPI network is depicted in Figure 2. 
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These core targets illustrated a high degree of connectivity among others, suggesting they 

might contribute significantly to inflammation pathogenesis [19]. 

 
Figure 2. The PPI network illustration. The circular node color shift from yellow to purple represents a high 

degree of connectivity. 

 
Figure 3. Enrichment analysis result. (a) Diseases prediction; (b) KEEG pathways; (c) GO biological process 

related to ten core targets. 

Enriching the KEGG and GO biological process has provided mechanistic insight into 

A. flava in regulating inflammation pathogenesis (see Figure 3). The Th17 cell differentiation 
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and IL-17 signaling pathways stand out as the most prominent pathways in how A. flava 

regulates the inflammation process (Figure 3b). The Th17 cell differentiation and IL-17 

signaling pathway mechanism implicated in the study were extrapolated and refined based on 

the canonical pathway map available in the KEGG database 

(https://www.kegg.jp/pathway/hsa04659 and https://www.kegg.jp/pathway/hsa04657). 

Further insights into the compound's diverse effects were provided by GO biological process 

analysis (Figure 3c). The results highlighted the A. flava’s role in modulating responses to 

various stimuli, both external and internal. Specifically, it showed involvement in the 

regulation of peptidyl-serine phosphorylation and small molecule metabolic processes that 

have been known to alleviate inflammation. 

A comprehensive network diagram was constructed to visually represent the intricate 

relationships between A. flava, its key molecular targets, and the associated medical conditions 

(refer to Figure 4). This graphical depiction was based on the core targets identified in the study 

and their linked diseases. In this work, PTGS1 (COX-1) and PTGS2 (COX-2) are found to be 

the most frequent in inflammation-related diseases, making them the main focus for further 

analysis. 

 
Figure 4. Sample – genes – diseases network. The circular node color shift from yellow to purple represents a 

high degree of connectivity, with the red lines highlighting the most frequent genes connected with the diseases. 

Identifying COX-1 and COX-2 as the most prominent core targets is significant, as 

these enzymes play crucial roles in the inflammatory process and are well-established targets 

for anti-inflammatory drugs [20–22]. The involvement of IL-17 signaling pathways and Th17 

cell differentiation, as revealed by the KEGG pathway analysis, provides additional insights 

into the potential immunomodulatory effects of A. flava. IL-17 is a pro-inflammatory cytokine 

associated with various inflammatory disorders, and targeting this pathway could offer a novel 

mechanism for anti-inflammatory action [23,24]. This finding suggests that A. flava might have 

broader anti-inflammatory effects beyond COX inhibition, potentially modulating adaptive 

immune responses. Identifying COX-1 and COX-2 as prominent targets of A. flava compounds, 

alongside the involvement of IL-17 signaling pathways and Th17 cell differentiation, presents 

a complex and interconnected picture of inflammation regulation. Cyclooxygenase enzymes, 
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particularly COX-2, play a crucial role in producing prostaglandins, which are key mediators 

of inflammation [25]. Interestingly, recent research has revealed a significant relationship 

between COX-2-derived prostaglandins and the IL-17/Th17 axis, suggesting a more intricate 

involvement of COX enzymes in inflammatory processes than previously thought [26–28]. 

Prostaglandin E2 (PGE2), a primary product of COX-2 activity, has been shown to 

promote Th17 cell differentiation and IL-17 production [26,29,30]. PGE2 enhances the 

expression of IL-23 and IL-1β receptors on T cells, which are critical for Th17 differentiation. 

Moreover, PGE2 can directly act on T cells to induce the production of IL-17 through the EP2 

and EP4 receptors [31]. Conversely, IL-17 has been found to induce COX-2 expression in 

various cell types, creating a positive feedback loop that can perpetuate inflammation [32]. 

This bidirectional relationship between COX-2 and IL-17 signaling suggests that targeting 

COX enzymes could have downstream effects on the IL-17/Th17 axis, potentially explaining 

the broader anti-inflammatory effects observed with some COX inhibitors. In the context of A. 

flava, the dual targeting of COX enzymes and modulation of IL-17 signaling pathways could 

provide a more comprehensive anti-inflammatory effect than targeting either pathway alone. 

By inhibiting COX enzymes, A. flava compounds may not only reduce prostaglandin 

production but also indirectly modulate Th17 cell differentiation and IL-17 production. 

3.2. Molecular docking and dynamic studies. 

The initial process in this work was validating the docking protocol, which exhibited 

an RSMD value of < 2 Å (summarized in Table 1), suggesting the docking protocol is valid 

and acceptable to be implemented in assessing the test ligand affinity. The conformation of the 

re-docking ligands possesses similar poses to the experimental native ligands, as depicted in 

Figure 5.  

Table 1. Grid-box adjustment and coordinate of COX-1 and COX-2. 

Parameter COX-1 COX-2 

Inhibitor Oxidoreductase/oxidoreductase inhibitor Oxidoreductase 

Center box 

34.457 240.111 

39.941 113.022 

81.309 42.929 

Grid box 40 x 40 x 40 

Spacing 0.375 Å 

 
Figure 5. Superimposed of re-docking ligand with original native ligand from (a) COX-1; (b) COX-2. 

Molecular docking of the test ligands has given insight into A. flava molecular 

interaction with COX-1 and COX-2. Table 2 summarizes the binding affinity of A. flava 

compounds with COX-1 and COX-2, illustrating only fibleucin (-10.01 kcal/mol) that 

exhibited more negative free binding energy than meloxicam (-9.46 kcal/mol). However, its 

binding energy is only better on the COX-1, while poorer on the COX-2, suggesting fibleucin 

https://doi.org/10.33263/BRIAC153.044
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is a prominent inhibitor candidate for COX-1. On the other hand, berberine (-8.35 kcal/mol) 

demonstrates a comparable free binding energy to meloxicam (-8.6 kcal/mol) on COX-2, even 

better than mefenamic acid (-7.08 kcal/mol), indicating that berberine might act as COX-2 

inhibitor. In contrast, two A. flava compounds, homoaromoline and limacine, showed positive 

binding energy values in COX-1 and COX-2, signifying their unstable ligand-macromolecule 

complexes with COX-1 and COX-2. This unstable complex between ligand and 

macromolecule often leads to the ligand's propensity to be dissociated from the macromolecule. 

Table 2. Results of locular docking of a bioactive compound derived from A.flava. 

Ligands 

COX-1 COX-2 

BE 

(kcal/mol) 

kI 

(uM) 

Types of AA 

interactions 

BE 

(kcal/mol) 

kI 

(uM) 
Types of AA interactions 

Meloxicam -9.46 
115.93 

nM 

Hydrogen Bonding (HB) 

(Ser 530), Sulphuric 

Bonds (SB) (Trp 387), Pi 

Alkyl bonding (PAB 

(Met 522, Leu 384, Ala 

527, Val 349, Ile 345, 

Leu 531) 

-8.6 
495.89 

nM 

HB (Ser 530), SB (Phe 381, Phe 

205, Trp 387), Amida Pi 

Stacked (Gly 526), PAB (Ala 

527, Leu 352, Val 349, Val 523, 

Leu 534, Val 228, Phe 209) 

Mefenamic 

acid 
-8.11 

1.14u

M 

HB (Ser 530, Tyr 385), 

pi sigma bonding (Ile 

523), PAB (Tyr 355, Phe 

518, Leu 352, Ala 527), 

pi T-shaped bond (Trp 

387, Gly 526) 

-7.08 
6.52 

uM 

HB (Ser 530), SB (Met 522), 

PAB (Val 349, Ala 527, Leu 

352, Trp 387, Phe 381, Leu 384, 

Tyr 385, Val 523) 

Fibleucin -10.0 
46.85 

nM 

Unfavorable bond (Val 

349), PAB (Phe 518, Leu 

352, Ile 523, Ala 527, 

Val 116, Tyr 355) 

-7.6 
2.68 

uM 

HB (Arg 120, Tyr 355, Val 

349), PAB (Leu 352, Phe 205, 

Tyr 385, Ala 527, Val 523) 

Jatrotthizin

e 
-8.33 

782.38 

nM 

HB (Met 522), ICH (Gly 

526), PAB (Ile 523, Ala 

527, Ser 530, Val 349) 

-7.33 
4.25 

uM 

HB (Ala 527, Gly 526, Met 

522), I Alkil (Leu 359, Leu 531, 

Val 349, Leu 352, Val 523) 

Berberine -7.61 
2.66 

uM 

HB (Leu 352), PAB (Ser 

353, Ile 523, Ala 527, 

Leu 359, Leu 531, Val 

349) 

-8.35 
752.41 

nM 

HB (Arg 120, Gly 526), PAB 

(Leu 352, Val 523, Ala 527, Leu 

531, Val 116, Val 349) 

1-3-

Hydroxy-

berberine 

-7.33 
4.22 

uM 

SB (Met 113), PAB (Ser 

353), I Alkil (Ala 527, 

Leu 359, Val 349, Leu 

531, Leu 352, Ile 523) 

-8.05 
1.26 

uM 

HB (Arg 120, Gly 526, Ser 

353), PAB (Leu 352, Ala 527, 

Leu 531, Val 349, Val 116) 

Pacybasin -6.74 
11.40 

uM 

SB (Met 522), PAB (Leu 

352, Ala 527, Ile 523, 

Val 349, Leu 359, Tyr 

355) 

-6.64 
13.53 

uM 

HB (Ser 530, Ala 527), SB (with 

522), PAB (Val 523, Leu 352, 

Leu 359, Tyr 355, Val 349, Val 

523, Leu 352) 

Triacontan

ylcaffeate 
-5.31 

128.58 

uM 

HB (Val 349), PAB (Leu 

352) I Alkil (Ile 523) 
-5.6 

78.42 

uM 

HB (with 522, Ser 530), PAB 

(Leu 352) 

P-

hydoxyben

zaldehiyde 

-4.9 
254.24 

uM 

HB (with 522, Ser 530), 

PAB (Gly 526, Leu 352, 

Trp 387) 

-4.46 
537.27 

rm 

HB (Ser 530, with 522), PAB 

(Gly 526, Ala 527) 

Limacine 17.23 - 

Unfavorable bond (Tyr 

355, Arg 120), HB (Ser 

530, Ile 523,), PAB (Leu 

352, Ala 527, Leu 359, 

Ile 345, Val 344, Leu 

534, Val 349) 

128.98 - 

Unfavorable bond (Val 116, Ser 

353, Val 523, Phe 518, Met 522, 

Leu 384, Tyr 385, Ala 527, Gly 

526, Leu 352, Val 349, Leu 

531), HB (Ser 530), PAB (Tyr 

355) 

Homoarom

oline 
67.5 - 

Unfavorable bond (Tyr 

355, Ile 523, Ser 530, 

Leu 531, Val 116), PAB 

(His 90, Val 349, Gly 

526, Ala 527, Leu 359) 

65.54 - 

SB (Met 522), unfavorable bond 

(Tyr 355, Val 523, Leu 352, Leu 

384, Phe 381, Tyr 385, Tyr 348, 

Val 349), HB (Ser 530), PAB 

(Leu 531) 

The behavior, including the binding pose's stability, flexibility, and reliability, of A. 

flava compound to COX-1 and COX-2 has been observed from the MD simulation in 200 ns. 

The RMSD values, depicted in Figure 6, on the simulation trajectory, provide insights into the 
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stability of A. flava compounds-macromolecule complexes, which begin to be stable from 100 

ns to 200 ns, except 1,3-hydroxyberberine. This compound was unstably bound to COX-1, 

tending to fluctuate at the beginning of the simulation, and started to detach at 175 ns. Not only 

1,3-hydroxyberberine but also mefenamic acid demonstrated an unstable bond during the MD 

simulation. However, this fluctuation lasts for less than 150 ns and starts to be stable at 150 ns 

to 200 ns. 

 
Figure 6. RMSD value from the molecular dynamic of A. flava compounds – COX-1/COX-2 complex. 

The constant RMSD values illustrate stable interactions occurring between the protein 

and ligands, suggesting the proteins tend to retain their structural conformations. An analysis 

of ligand interactions with COX-1 revealed that Val 349, Ala 527, and Leu 531 residues were 

consistently present in all complex interactions. Conversely, Tyr 385, Trp 385, and Met 522 

residues showed no interaction. Four ligands, including berberine, 1,3-hydroxyberberine, 

jatrotthizine, and pacybasine, exhibited similarities to meloxicam (the native ligand), sharing 

at least one key residue interaction (as shown in Table 3 and Figure 7). 1,3-hydroxyberberine 

and berberine demonstrated lower free binding energies (-42.08 kcal/mol and -40.97 kcal/mol, 

respectively) compared to the native ligand. This suggests superior affinity for these two 

ligands, as lower free binding energy indicates stronger binding. Additionally, these ligands 

formed more bonds with receptor residues than the native ligand. 

Analysis of ligand interactions with COX-2 revealed that Ala 527 was consistently 

present in all complex interactions, while Ser 353 showed no interaction. Four ligands, such as 

berberine, 1,3-hydroxyberberine, jatrotthizine, and pacybasine, demonstrated similarity to the 

native ligand mefenamic acid, each sharing at least one key residue interaction (Table 3 and 

Figure 8). 1,3-Hydroxyberberine and berberine exhibited superior binding affinity, with lower 

free binding energies (-37.58 and -36.94 kcal/mol, respectively) compared to the native ligand. 

This lower binding free energy indicates stronger interactions. Moreover, these two compounds 

formed more bonds with receptor residues than the native ligand. According to existing 

literature, approximately 20 potential residue interactions may occur between ligand enhancers 
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and COX. Notably, both berberine and hydroxy berberine formed six bonds with COX-1 and 

seven bonds with COX-2, surpassing the native ligand's interactions. 

 
Figure 7. Molecular interaction between several A. flava compounds with COX-1 at 200 ns during molecular 

docking simulation. 

Table 3. Data on interaction type, MMPBSA value, and total number of ligand bonds with COX-1 and COX-2.  

Ligands 

COX-1 COX-2 

BFE 

(kcal/mol) 

Types of bond 

interactions 

Total of 

bond 

interactions 

BFE 

(kcal/mol) 

Types of bond 

interactions 

Total of 

bond 

interactions 

Total of 

bond 

interactions 

ligand with 

COX-1/2 

Meloxicam 
-19.78 ± 

2.13 

Hydrogen bonding 

(HB) (Ser 530), 

carbon hyrogen 

bonding (CHB) 

(Ser 353, Val 349, 

Ile 523, Ala 527), 

pi alkyl bonding 

(PAB) (Leu 531, 

Tyr 348, Phe 205) 

5 
-

21.71±0.94 

HB (Ser 530, Tyr 

348), CHB (Gly 

526, Val 523), 

Sulphur bond 

(Trp 387), PAB 

(Ala 527, Val 

349, Leu 384, 

Ala 202) 

6 11 

Mefenamic 

acid 

-

32.63±1.61 

HB (Ser 353), 

PAB (Leu 352, Ala 

527, Val 349, Leu 

117, Leo 531, Leo 

534, Val 344) 

5 
-

30.33±0.35 

PAB (Leu 352, 

Met 522, Leu 

384, Tyr 385, Trp 

387, Ala 527, Val 

349, Val 523) 

7 12 

1-3-

hydroxy-

berberine 

-

42.08±1.19 

HB (Leu 117, Arg 

120), CHB (Ser 

530, Ile 523, Hie 

513), PAB (Leu 

531, Val 349, Ala 

527, Val 116) 

7 
-

37.58±0.26 

CHB (Tyr 385, 

Ser 530, Ala 527, 

Val 116, Ser 

119), Amide pi 

bond (Gly 526), 

PAB (Leu 352) 

6 13 

Berberine 
-

40.97±0.81 

HB (Leu 117, Arg 

120), CHB ( Ser 

530, Ile 523, Hie 

513), PAB (Leu 

531, Val 349, Ala 

527, Val 116) 

7 
-

36.94±0.04 

CHB (Leu 384, 

Ser 530), PPSB 

(Gly 526, Tyr 

355), PAB (Leu 

352, Val 349, Ala 

527) 

6 13 

Fibleucin 
-

34.70±0.35 

HB (Asp 362, yr 

355), CHB (Phe 

361), PAB (Ala 

527, Val 349, Leu 

531, Leu 117, Leu 

366) 

4 
-

28.29±2.73 

HB (Tyr 348), 

CHB (Gly 533, 

Ala 527, Val 523, 

Phe 209, Phe 

205, Leu 534, 

Phe 381, Trp 387, 

3 7 
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Ligands 

COX-1 COX-2 

BFE 

(kcal/mol) 

Types of bond 

interactions 

Total of 

bond 

interactions 

BFE 

(kcal/mol) 

Types of bond 

interactions 

Total of 

bond 

interactions 

Total of 

bond 

interactions 

ligand with 

COX-1/2 

Leu 384, Phe 

518) 

Jatrotthizin

e 

-

27.39±1.99 

CHB (Ser 530, Tyr 

355), Pi pi stacked 

bond (PPSB) (Phe 

518, Gly 526), 

PAB (Leu 531, Val 

349, Ala 527, Leu 

352) 

8 
-

29.02±4.48 

PPSB (Tyr 355), 

PAB (Ala 527, 

Arg 120, Val 

349, Leu 531, Ile 

345, Leu 534) 

5 13 

Pacybasin 
-

19.68±0.46 

HB (Ser 530), ik Pi 

pi t shaped (Tyr 

355), PPSB (Gly 

526), PAB (Leu 

352, Ala 527, Leu 

531, Val 349) 

7 
-

18.40±0.52 

HB (Arg 120), 

Amide pi bond 

(Gly 526), PAB 

(Leu 352, Val 

349, Ala 527, 

Leu 359, Leu 

117, Leu 531, 

Met 113, Val 

116) 

7 14 

Figure 8. Molecular interaction between several A. flava compounds with COX-2 at 200 ns during molecular 

docking simulation. 

The potential ability of A. flava to modulate both COX activity and IL-17 signaling 

could be particularly beneficial in treating chronic inflammatory conditions where both 

pathways play significant roles. The molecular docking and dynamic simulation studies 

complement and strengthen the network pharmacology findings by providing a structural basis 

for the interactions between A. flava compounds and their target enzymes. The results 

demonstrate that several compounds from A. flava exhibit stable binding to COX-1 and COX-

2 enzymes, interacting with essential amino acid residues in their active sites. Remarkably, 

these interactions appear to be even more stable than those observed with established NSAIDs 

such as meloxicam and mefenamic acid. The molecular dynamics simulations reveal that these 

compounds maintain consistent interactions with key residues in the COX active sites 

throughout the simulation, indicating a potentially longer-lasting and more effective inhibition. 

For instance, compounds such as 1,3-hydroxy-berberine and berberine showed lower RMSD 

values compared to meloxicam and mefenamic acid. These parameters are indicative of a more 
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stable ligand-protein complex, which could translate to more potent and sustained COX 

inhibition in vivo [33,34]. Moreover, the binding free energy calculations corroborate these 

findings, showing more favorable energy profiles for the A. flava compounds compared to the 

reference drugs. This energetic advantage could potentially result in higher binding affinity 

and, consequently, more effective enzyme inhibition at lower concentrations [35]. Therefore, 

we can conclude that 1,3-hydroxy-berberine and berberine have greater potential as COX-1 

and COX-2 inhibitors. The proposed mechanism of A. flava is illustrated in Figure 9. 

 
Figure 9. Proposed mechanism of A. flava compounds in treating inflammation. 

3.3. Molecular docking and dynamic studies. 

Lipinski’s rule of five (RO5) (i.e., Log P < 5, MW < 500 g/mol, H acceptors ≤ 10, H 

donors ≤ 5) was used to observe the drug-likeness of A. flava compounds. Table 4 provides an 

intriguing insight into the physicochemical properties of A. flava bioactive compounds, 

illustrating that they meet all the RO5 criteria. This suggests that A. flava compounds might 

share drug-likeness properties similar to oral conventional drugs. 

Table 4. Results of drug-like properties analysis based on Lipinski's rule. 

Category predictions 
MW 

(≤ 500 g/mol) 

LogP 

(≤ 5) 

Rotatable 

bonds 

HB 

acceptors 

(≤ 10) 

HB 

donors 

(≤ 5) 

Remarks 

Meloxicam 351 1.95092 2 6 2 Meet the criteria 

Mefenamic acid 241 4 3 2 2 Meet the criteria 

Fibleucin 356.374 2.4528 1 6 11 Meet the criteria 

Jatrorrhizine 338.383 3.0818 3 4 1 Meet the criteria 

Berberine 336.367 3.0963 2 4 0 Meet the criteria 

13-Hydroxyoxyberberine 367.357 2.6761 2 7 1 Meet the criteria 

Pachybasin 238.242 2.47602 0 3 1 Meet the criteria 

On the oral absorption assessment, A. flava generally has good absorption profiles, 

suggesting it will be well-absorbed when used in the oral route. The Caco2 and HIA values 

signify this result, which demonstrates all compounds surpassing the threshold of Caco2 (≥ 

0.9) and HIA (≥ 80%) minimum requirements, even better than meloxicam, which only provide 

Caco2 and HIA values of 0.563 and 70.656%, respectively. Even though all compounds exhibit 

good absorption profiles, some compounds were predicted to be either P-glycoprotein substrate 

or P-glycoprotein inhibitor, which can alter their absorption profile. Being P-glycoprotein 

substrate (i.e., jatrorrhizine, berberine, and 13-hydroxyoxy-berberine) will increase the 

possibility of the compounds being captured by P-glycoprotein when passing through the lipid 

bilayer and getting flipped to the extracellular matrix [36].  

Different from the absorption profile, A. flava provides a diverse spectrum of 

distribution profiles of each compound, as summarized in Table 5. Several compounds, 

including jatrorrhizine and berberine, demonstrate the highest VDSs (log VDSs > 0.45) among 

others, highlighting that they will be more distributed in the blood plasm [37]. However, 

jatrorrhizine’s Fu is lower compared to berberine and fibleucin, which exhibit the highest Fu 

(0.262 and 0.268). This provides significant insight into the number of active portions of 
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berberine and fibleucin, affecting their pharmacological effect intensities. High Fu often leads 

to a faster and more intense pharmacological effect, impacted by a high portion of free 

molecules that can interact with the targets. In contrast, despite the evidence that A. flava 

compounds demonstrated high VDSs and Fu, they are not capable of crossing the blood-brain 

barrier, as illustrated by their logBB values, which are less than 0.3. However, two compounds 

(i.e., berberine and pacybasin) demonstrate a logPS value of more than -2, making them 

considerable to penetrate the CNS. 

Table 5. ADMET prediction bioactive compounds derived from A. flava 

Category predictions Meloxicam 
Mefenamic 

acid 
Fibleucin Jatrorrhizine Berberine 

13-

Hydroxyoxy-

berberine 

Pachybasin 

A
b
so

rp
ti

o
n

 

Water solubility 

(log/mol. L) 
-3.464 -3 -3.505 -3.871 -3.973 -3.884 -3.149 

Caco2 

permeability 

>0.90 

0.563 1 1.035 1.234 1.734 1.073 1.225 

Intestinal 

absorption 

(human)% 

(>80%) 

70.656 96.888 97.68 94.465 97.147 97.87 96.518 

Skin Permeability 

(log Kp) 
-3.031 -3 -3.635 -2.741 -2.576 -2.811 -2.869 

P-glicoprotein 

substrate 
Yes No No Yes Yes Yes No 

P-glycoprotein I 

inhibitor 
No No No No No No No 

P-glycoprotein II 

inhibitor 
No No No Yes Yes yes No 

D
is

tr
ib

u
ti

o
n
 

VDss (human) 

(log L/kg)>0.45 
-0.133 -1.969 0.198 0.539 0.58 -0.083 0.133 

Fraction unbound 

(human) (Fu) 
0.318 0.053 0.268 0.182 0.262 0.126 0.108 

BBB 

permeability (Log 

BB) > 0,3 

-0.303 0.321 -0.293 -0.15 0.198 -0.707 0.235 

CNS permeability 

(Log PS)>-2 
-2.443 -2 -3.084 -2.142 -1.543 -2.987 -1.916 

M
et

ab
o
li

sm
 

CYP2D6 

Substrate 
No No No No No No No 

CYP3A4 

Substrate 
No No Yes Yes Yes Yes Yes 

CYP1A2 

Inhibitor 
No Yes No Yes Yes Yes Yes 

CYP2C19 Inhibit

or 
No No No No No Yes Yes 

CYP2C9 Inhibito

r 
No Yes No No No Yes No 

CYP2D6 Inhibito

r 
No No No Yes Yes No No 

CYP3A4 Inhibito

r 
No No No No Yes Yes No 

E
x
cr

et
io

n
 

Total Clearance 

(log ml/min/kg) 
0.07 0.334 0.874 1.222 1.27 0.319 0.109 

Renal OCT2 

substrate 
No No No No No No No 

T
o
x
ic

it
y
 

Ames Toxicity No No No No Yes No Yes 

Max tolarated 

dose (log 

mg/kg/day) 

-0.118 0.825 -0.458 0.175 0.144 -0.314 -0.153 

hERG I inhibitor No No No No No No No 

hERG II inhibitor No No No Yes No No No 

Oral Rat Acute 

Toxicity (LD50) 

(mol/kg) 

2.125 2 3.03 2.445 2.571 2.138 2.184 
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Category predictions Meloxicam 
Mefenamic 

acid 
Fibleucin Jatrorrhizine Berberine 

13-

Hydroxyoxy-

berberine 

Pachybasin 

Oral Rat Chronic 

Toxicity 

(LOAEL) (log 

mg/kg_bw/day) 

11.621 2 1.1 1.356 1.89 2.239 2.172 

Hepatotoxicity Yes No Yes Yes Yes Yes No 

Skin Sensitisation No No No No No No No 

T.Pyriformis toxi

city (log ug/L) 
0.473 0 0.299 0.385 0.354 0.361 1.28 

Minnow toxicity 

(Log mM) 
1.975 1.142 1.143 0.177 -0.277 1.001 1.3266 

In metabolism assessment, various isoforms of CYP450 were used to observe whether 

A. flava compounds can either induce or inhibit the CYP450 enzyme, including CYP2D6, 

CYP1A2, CYP3A4, CYP2C19, CYP2C9, CYP2D6, and CYP3A4 [38]. Table 5 encompassed 

the metabolism profile of A. flava compounds, demonstrating they are not metabolized by 

CYP2D6, yet they will be metabolized by CYP3A4. Interestingly, berberine and 13-

hydroxyoxy-berberine act as CYP3A4 inhibitors. In another CYP450 isoform, CYP1A2, only 

fibleucin was observed to be metabolized by this enzyme, while in CYP2C19, only fibleucine 

will undergo the metabolism process. Furthermore, 13-hydroxyoxy-berberine is predicted to 

be the inhibitor of both CYP2C19 and CYP2C9, while pacybasin was also found to be the 

inhibitor of CYP2C9. The complex interplay of A. flava compounds provides a comprehensive 

understanding of their metabolism process. Several compounds demonstrate the potential 

inhibition effect of some CYP450 isoform, which often leads to increased pharmacokinetic-

related drug interaction probability due to the accumulation of drugs or their metabolites [39].  

The excretion profile of A. flava compounds was assessed by examining their total 

clearance and potential as renal organic cation transporter 2 (OCT2) substrates, crucial factors 

affecting drug bioavailability and half-life, influencing dosage and treatment regimens. Table 

5 shows all A. flava compounds with total clearance exceeding 1 mL/min/kg, categorizing them 

as high clearance compounds (CLtot > 1 mL/min/kg). This classification is based on a three-

tier system: high (>1 mL/min/kg), medium (0.1-1 mL/min/kg), and low (≤0.1 mL/min/kg) 

clearance [40,41]. Additionally, none of A. flava compounds are predicted to act as renal OCT2 

substrates. OCT2, a key renal transporter, plays a vital role in the elimination of both 

endogenous molecules and drugs. The status as an OCT2 substrate is significant, as it increases 

the potential for drug interactions when administered concurrently with OCT2 inhibitors, an 

important consideration in drug development and clinical use.  

Lastly, the toxicity profile of A. flava compounds was evaluated to assess their impact 

on organismal cells and tissues. This study examined several toxicity parameters, including 

lethal dose 50 (LD50), mutagenicity (AMES toxicity), and hepatotoxicity. Table 5 shows that 

A. flava compounds have LD50 values ranging from 2.138 mol/kg to 3.03 mol/kg. According 

to Table 4, these compounds have molecular weights (MW) between 238.242 g/mol and 

356.374 g/mol. Converting the LD50 values from mol/kg BW to g/kg BW yields a range of 

520.321 mg/kg BW to 1079.813 mg/kg BW for the A. flava compounds in this study. Loomis 

and Hayes [42] classified compounds with LD50 values between 500 mg/kg BW and 5000 

mg/kg BW as relatively less toxic. However, despite these high LD50 values, some A. flava 

compounds are predicted to have hepatotoxic and mutagenic potential. Specifically, one 

compound (berberine) is predicted to be both mutagenic and hepatotoxic, while several others 

(fibleucin, jatrorrhizine, 13-hydroxy-berberin, and pachybasin) are predicted to be either 

hepatotoxic or mutagenic only. 
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4. Conclusions 

The mechanistic elucidation has observed that A. flava contributes to the anti-

inflammation by modulating the Th17 cell differentiation and IL-17 signaling pathways along 

with COX-1 and COX-2 as the core targets. The compound 1-3-hydroxy-berberine has 

emerged as a promising candidate for COX-1 and COX-2 inhibition, demonstrating impressive 

binding energies of -42.08 kcal/mol and -37.58 kcal/mol, respectively. Its interactions with 

these enzymes involve a complex network of bonds, including hydrogen, CHB, pi-alkyl, and 

amide pi bonding with various amino acid residues. Notably, this compound adheres to 

Lipinski's rule, suggesting its potential as a viable pharmaceutical agent. Pharmacokinetic 

predictions paint a favorable picture, with high intestinal absorption and moderate cell 

permeability, although it shows limited distribution to the central nervous system. 

Metabolically, 1-3-hydroxy-berberine can be processed by several cytochrome P450 enzymes, 

excluding CYP1A2, and interacts with the OCT2 transporter. Safety assessments further 

bolster its drug candidate profile, as it demonstrates non-mutagenicity, low acute toxicity, and 

minimal risk of skin sensitization or environmental harm. These characteristics collectively 

position 1-3-hydroxy-berberine as a compelling subject for further investigation in the realm 

of COX-1 and COX-2 inhibitor development, potentially opening new avenues for therapeutic 

interventions. 
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