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Novelty Statement
This study provides an overview of some of the secondary metabolites of the plant Curculigo latifolia, reported previously to describe in silico predicted antiaging abilities with several protein targets, including elastase, TNF-alpha, and tyrosinase. Elastase, TNF-alpha, and tyrosinase are part of several pathways related to skin aging. In silico molecular interaction, studies carried out in the three pathways have not been fully reported in previous studies. We hope this study can complete the database of C. latifolia compounds through an in silico approach that can be used as a candidate for developing antiaging agents.

ABSTRACT
Curculigo latifolia Dryand.Ex W. T. Alton is a plant reported to have pharmacological effects. Several studies have shown that C. latifolia extract has the ability as an antioxidant and anti-aging. Previous studies have been conducted in silico studies with target proteins associated with antiaging. This study examines the in silico activity of phytochemical compounds reported as antiaging using unreported target proteins, including elastase, TNF-alpha, and Tyrosinase. Testing was carried out in silico using AutoDock 14.0 software. A total of 46 compounds were successfully anchored to each target protein. The test results showed that, in general, the reported compounds of C. latifolia had negative bond-free energy values. Still, only a few reported compounds had the most negative bond-free energy values and interacted with the target protein similar to native ligands. Compounds 4 (mundulone), 11 (orcinol glucoside), 12 (orcinol glucoside B), 14 (curculigoside B), 15 (curculigoside C), 23 (5,2,6-Trihydroxy-7,8 dimethoxyflavone-2-0-β-D-glucoside), 29 (aviprin), 30 (guaiacol), 34 (quercetin), 38 (monobenzone) and 42 (stigmastan 3,6 dione) were shown to have an inhibitory effect on one  target proteins. However, compound 2 (pomiferin) and compound 40 (frangulin B) were predicted to be able to interact with multitarget on target proteins that cause anti-aging. Compounds 2 and 40 tend to fulfill the Lipinski rule, pharmacokinetics and toxicity requirements in silico so that they can be developed for further research. The confirmed compound of C. latifolia active in silico still needs in vitro and in silico studies to be developed as a candidate anti-aging drug.
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1. Introduction
The skin is the outermost organ that covers the entire human body and has the function of protecting the body from various things that can be harmful. Healthy skin is everyone's dream. However, the skin can experience complex biological phenomena involving unavoidable and persistent physiological processes that cause skin aging (Nur et al., 2021; Yousef et al., 2020; Zhang & Duan, 2018a). Skin tissue slowly loses its capacity to replenish or regenerate itself, retain its structure, and carry out its usual functions as it ages. Some people age with age, while others experience faster aging, known as premature aging (Amaro-Ortiz et al., 2014; Anggraini et al., 2020; Lukitaningsih et al., 2020; Zhi-ying et al., 1994). This is due to a combination of intrinsic aging, which is influenced by genetic factors related to chronological age, and extrinsic aging, which is influenced by environmental factors such as UV exposure, smoking, chemicals, and gravity. One of the most important factors in extrinsic aging is ultraviolet radiation (UV), which occurs in photoaging, where repeated exposure to sunlight can lead to reactive oxygen species (ROS) formation (Nur et al., 2023a, 2022; Otang-Mbeng and Sagbo, 2020; Purohit et al., 2016).
Reactive oxygen species (ROS) contribute significantly to the dermal extracellular matrix changes brought on by intrinsic aging and photoaging from a molecular perspective. (Shin et al., 2019). Biochemically in the body, ROS can be produced from a variety of sources, including the mitochondrial electron transport chain, peroxisomal and endoplasmic reticulum (ER) localized proteins, the Fenton reaction, and enzymes such as cyclooxygenase, lipoxygenase, xanthine oxidase, and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase (Oh et al., 2020; Snezhkina et al., 2020). Under normal conditions without ligand, receptor tyrosine kinase (RTK) activity on the cell surface is inhibited by receptor protein tyrosine phosphatase (RPTP), which dephosphorylates RTK. However, the cellular chromophore absorbs energy under UV radiation and becomes excited, generating oxidation products and ROS. ROS inhibit RPTP activity by binding to cysteine at the RPTP catalytic site, increasing levels of phosphorylated RTK and triggering downstream signalling pathways, including activation of mitogen-activated protein kinase (MAPK) and nuclear factor-kB (NF-kB) and transcription factor activator protein-1 (AP-1) (Nur et al., 2021b; Rittié & Fisher, 2015). In photoaged skin, activated NF-kB and AP-1 decrease collagen synthesis and enhance MMP gene transcription. In addition, the photoaging effect activates an increase in neutrophil elastase influx as a result of induction of the occurring angiogenesis so that the elastin network is degraded and triggers the appearance of wrinkles on the skin (M. Kim & Park, 2016; Y. H. Kim et al., 2008). Another effect caused by photoaging is the activation of tyrosinase, which causes the formation of eumelanin and hyperpigmentation clinically associated with aging (Resat Apak et al., 2017; Reşat Apak et al., 2010; Solano, 2020).
Cosmetics are commonly used to deal with premature aging, but most are made of synthetic materials whose continued use allows for adverse effects. Products made from natural ingredients with mild side effects allow them to be developed as an agent to prevent aging (Hoang et al., 2021; Michalak, 2022). Various plants are rich in antioxidant compounds that can protect the skin from various negative effects of the environment and biological processes in the body, so they correlate with preventing premature skin aging (Petruk et al., 2018). One of the plants that can be developed as an anti-aging drug candidate is Curculigo latifolia. Previous studies reported that C. latifolia is a plant rich in antioxidant compounds. In addition, C. latifolia extract has been reported to have antidiabetic, antibacterial, and generally potent antioxidant effects. Previous studies have shown that extracts from C. latifolia can protect the skin from UV exposure in vitro (Nur et al., 2022; Zabidi et al., 2019, 2021). The presence of antioxidant activity and protective effects against UV radiation is information supporting the development of C. latifolia as an anti-aging agent. Several studies reported that C. latifolia contains phenolic compounds, phenolic glycosides, flavonoids, and steroid/terpenoid groups, namely cycloartan derivatives. These compounds allow for anti-aging biological activity on the skin (Nur et al., 2022; Nur et al., 2023b).
Chemical compounds derived from natural ingredients offer attractive and effective bioactivity in providing biological activity, especially anti-aging. Therefore, a screening test for the potential of phytoconstituent as candidate molecules capable of inhibiting multiple target proteins that modulate premature aging was performed in this study. The structure-based design of drug molecules using phytochemical compounds provides a rapid predictive profile of the compounds' biological activity and reduces the associated ambiguity. Therefore, this research focuses on developing drug candidates that can be used as anti-aging agents from the previously reported phytochemical content of the C. latifolia plant. The in silico molecular docking assay model was chosen to investigate the binding affinity of the selected compounds to multiple target proteins involved in the mechanism of premature aging. This work may aid in generating candidate compounds with anti-aging biological activity for future testing.
2. Methods
2.1 Materials
The materials used were the 3D structure of the ligand binding domain (LBD) of elastase, TNF-alpha, and tyrosinase obtained from the Protein Data Bank online database (www.pdb.org) and compounds from C. latifolia (Table 1). Compounds from C. latifolia were obtained from research previously reported by (Mad Nasir et al., 2021; Umar et al., 2021; Wang et al., 2021; Zabidi et al., 2021; Zabidi et al., 2019). The instruments used were Acer Aspire-5 computer hardware with a Ryzen 5 processor technical specifications, 8 GB DDR3 memory (RAM), HD Graphics 1080, 15 HD monitor, 500 GB hard drive, and Windows 11 Ultimate operating system. The software package used was Chemdraw Ultra® 8.0 (www.cambridgesoft.com), Hyperchem® 8, ArgusLab® (www.arguslab.com), Discovery Studio® and the AutoDock Tools® application complete with AutoDock and Autogrid programs.
2.2 Ligands Preparation
The ligands used in this study were 46 compounds from the C. latifolia plant. The ligand preparation was started by creating a 2D structure with the ChemDraw Ultra 8.0 program in the ChemOffice v.8.0 package, followed by a 3D ligand structure created with Chem3D v.8.0 in the ChemOffice v.8.0 package and presented in (*mol ) file format. The 3D structure was then optimized for geometry using the HyperChem Release v8.07 program. The geometry optimization was performed by adding H and model builds and semi-empirical calculations with an AM1 force field in the HyperChem v8.07 program package with an RMS slope value of 0.001. The optimized ligand structure was then analyzed for its molecular properties, saved in file format (*.hin) and converted into a file format (*.pdb) using the ArgusLab program package for further use in the AutoDock Tools v.4.2 program package. With the help of the program package AutoDock Tools v.4.2, the ligand compounds All Hydrogen were given, then Compute Gasteiger and Merge Non-Polar were entered, and the file was saved in (*.pdbq) format, followed by Torsion Input, set several Torsions and selected atoms, which were then saved in (*.pdbqt) format (Nur et al., 2023b; Nursamsiar et al., 2020).
2.3 Protein preparation
The 3D structure of the enzymes elastase (1B0F), TNF alpha (3EWJ) and tyrosinase (5M8N) as target proteins was presented in the program package Discover Studio Visualizer v17.2.0. The elastase and TNF-alpha proteins were composed of 2 molecules (monomers), chain A and chain B, and then chain A was selected for elastase and chain B for TNF-alpha. The chain was separated from the water molecule and its natural ligands and stored in the (*.pdb) file. While protein tyrosinase is a tetramer consisting of 4 molecules (monomers), chains A, B, C and D. Chain B was selected based on the same sequence of each chain, so one chain can be selected. The chain structure was separated with the AutoDock Tools 4.2 program and provided with polar hydrogen atoms. At the same time, the partial charge of each atom was calculated using Kollman's add, which is included in the Autodock Tools 4.2 program package. Then the chain structure was saved in a (*.pdbqt) file. (Nur et al., 2023b; Nursamsiar et al., 2020).
2.4 Docking Method Validation
Validation was performed to demonstrate that the selected docking parameters can dock the androgen receptor ligands. Validation is carried out by recoupling natural ligands into the active centre of the receptor or protein. Docking was done with the default software conditions, with no changes to run or grid.
2.5 Ligand Docking Simulation
Using the AutoDock 4.2 package, a grid was formed with the appropriate dimensions, which was used during the validation process to cover all amino acid residues involved in ligand binding with the enzymes elastase (1B0F), TNF alpha (3EWJ), and tyrosinase (5M8N). The grid was formed at the site of the bound ligand structure. The information about target proteins and ligands and grid dimensions were saved in (*.gpf) format files. The electrostatic potential map, AutoGrid 4.2 grid map and calculation results were saved in (*.glg) format. Then select Docking Tools, select Lamarckian GA and then save it to a file in (*.dpf) format. Docking simulation results were saved in (*.dlg) format. (Nur et al., 2023b; Nursamsiar et al., 2022).
2.6 Analysis Data of Docking Simulation
The evaluation parameters consisted of the orientation of the ligand structure, hydrophobic interactions, the hydrogen bond formed, and the free energy value of the molecular docking process of each ligand.

3. Result
3.1 Visualisation of ligands and receptors
Based on the investigation of the chemical constituents reported from the C. latifolia plant, 46 compounds were determined to be applied in the current study (Table 1). Ligands, which are C. latifolia compounds, were obtained from studies that reported the compound content of C. latifolia root extract (Mad Nasir et al., 2021; Nur et al.,2023b; Wang et al., 2021; Zabidi et al., 2021; Zabidi et al. 2019). The 46 compounds were ligands visualized using the Software Discovery Studio Visualizer v4.5 program package. The target proteins used are the enzymes elastase (Papaemmanouil et al., 2022; Shin et al., 2019), TNF alpha (Khotimah et al., 2021), and tyrosinase (Papaemmanouil et al., 2022) which are types of receptors involved in the pathology of premature aging. The visualization of the target protein can be observed in Figure 1. The 3D structure of the enzymes elastase (1B0F) and TNF alpha (3EWJ) consists of two 2 molecules (monomers), namely chain A and chain B, while tyrosinase (5M8N) consists of 4 molecules (monomers) with chains A, B, C, and D. 
3.2 Docking Method Validation
Validation of the analytical method was carried out by redocking native ligand 1-{3-methyl-2-[4-(morpholine-4-carbonyl)-benzoylamino]-butyryl}-pyrrolidine-2-carboxylic acid (3,3,4,4, 4-Penta fluoro-1-isopropyl-2-oxo-butyl)-amide (1), (1S,3R,6S)-4-oxo-6-{4-[(2-phenylquinolin-4-yl)methoxy]phenyl}-5-azaspiro[2.4]heptane-1-carboxylic acid (2), and mimosine (3) at the active site of the receptor are elastase, TNF alpha, and mimosine, respectively. This process aims to compare the position of the native ligand to the target protein tested with ligand copy. The visualization results show that each ligand copy has the same conformation as native ligands (Figure 2).

In the conformational overlay results for each native ligand before and after validation, the RMSD value of native ligands of 1B0F, 3EWJ, and 5M8N were 1.678, 0.78, and 1.65  Å, respectively. These results show that the conformation of the copy ligands was close to that of the native ligands. The results of the conformation of the copy ligands that were close to the native ligands can occur because the results of the RMSD value obtained are less than 2 Å, thus showing the copy ligand with the position of the atoms that are not much different from the position of the native ligands (Nursamsiar et al., 2022; Nursamsiar, et al., 2020).  The smaller RMSD value indicates the position of the ligand from the redocking results, which is getting closer to the position of the ligand obtained from the crystallography results (Kontoyianni et al., 2004). The results of the validation of the docking method of each ligand for proteins 1B0F, 3EWJ, and 5M8N obtained RMSD values of less than 2 A with binding free energies (ΔG value) of -7.69, -15.86, and -6.44 kcal/mol, respectively. Each of these interactions used a grid box size of 34x54x20 Å (1B0F), 24x40x44 Å (3EWJ), and 40x40x40 Å (5M8N) with x,y,z coordinates of 69,048 Å, 51,487 Å, and 55,179 Å for proteins 1B0F, -44.320 Å, 25.911 Å, -19,073 Å  for 3EWJ and 16.34 Å; -5.955 Å; 25,418 Å for 5M8N. The size and coordinates of each grid box were implemented against C. latifolia ligands.
3.3 Ligands Docking Simulation
This study used 46 test ligands tethered to each target protein. Each tested ligand will produce 10 conformations ranked based on the best ΔG value and then compared with the amino acids in the native ligands. In addition, this study will evaluate the interaction distance of the hydrogen bond formed, which is measured based on its ionization potential, which shows how much energy is needed to remove electrons from the highest molecular orbital to cause electron donor-acceptor transfer between the native ligand and the test ligand from C. latifolia (Nursamsiar, et al., 2020; Pratami et al., 2022). Many hydrogen bonds formed indicate a strong interaction between the native and test ligands. It shows similar interactions that describe similar activities (Nursamsiar et al., 2022; Savitri et al., 2023). The results of the docking simulation analysis of the 46 compounds from C. latifolia against the target proteins 1B0F, 3EWJ, and 5M8N can be seen in Tables 2, 3, and 4.

The docking simulation results in Table 3 show that compounds from C. latifolia can inhibit the action of elastase (1B0F) in silico. This can be observed from the negative bond free energy value generated between the ligands and the target protein. Even so, only a few of them have a bond-free energy value that is more negative and close to or even more negative than the bond-free energy value of the native ligand (ΔG -7.69 kcal/mol). These compounds include compounds 2 (pomiferin), 4 (mundulone), 29 (aviprin), 11 (orcinol glucoside), and 38 (monobenzone), with bond-free energy values of -8.35, -7.60, -6.03, -6.46, and -6.01 kcal/mol, respectively. The fifth compounds were selected not only based on bond-free energies similar to native ligands but also observed based on hydrogen interactions with the same key amino acids as native ligands, namely Tyr362, Arg374, and Ser394 (Figure 3). Compounds curculigosaponin F (20), 1,1,6-Trimethyl-1,2-dihydro naphthalene (25), and ubiquinone (41) showed no interaction with the target protein, which means that these compounds were not active in inhibiting elastase enzyme was observed in silico. However, in the docking analysis in this study, data was obtained that the stigmastan 3,6-diones (42) compound has a bond-free energy value (-8.27 kcal/mol) that is more negative than the native ligand. Still, the interactions with the key amino acids differ from those with the native ligand. Therefore, in this study, these compounds were not selected. The interaction between the active ligand from C. latifolia and the target protein 1B0F can be seen in Figure 3. 
The molecular docking native ligand for protein 3EWJ has a bond-free energy value of -13.05 kcal/mol, which interacts via hydrogen bonding to the amino acid residues Leu348 and Gly349. The bond distance between them ranges from 2.86 to 3.0 Å. It was found that there were 2 hydrogen donors and 2 hydrogen acceptors for the 3EWJ amino acid residue. This information is then compared with the interaction that occurs between the ligands of the C. latifolia compound and the 3EWJ target protein.
Table 3 shows the molecular docking results of C. latifolia compounds against TNF alpha protein. These results indicate that compound 42 (stigmastan 2.6 dione) and compound 2 (pomiferin) produce bond-free energy values close to native ligands of -11.60 and -11.43 kcal/mol, respectively. These compounds have the same hydrogen bonding interactions with the amino acid residues Leu348 and Gly349 as native ligands. The number of hydrogen donors and hydrogen acceptors in each compound was similar to that of the native ligand. This shows that the mechanism of inhibition that occurs in the compound and the native ligand for the 3EWJ protein are thought to have similarities. Apart from compounds 42 and 2, compounds 40 (frangulin B), 15 (curculigoside C), and 23 (5,2,6-Trihydroxy-7,8 dimethoxyflavone-2-0-β-D-glucoside) were also found which interact with hydrogen with the amino acid residues Leu348 and Gly349 with bond-free energy values of -9.81, -7.99, and -7.81 kcal/mol, respectively. Even though these compounds have the same interaction with the native ligand, the bond-free energy value is still greater than that of the native ligand. However, this does not rule out the possibility that these compounds can still be categorized as active in silico in inhibiting the activity of the 3EWJ target protein.
The results of the docking simulation analysis between the C. latifolia ligand and the target protein tyrosinase (5M8N) can be seen in Table 4. The 43 C. latifolia compounds exhibited inhibitory interactions with the target protein with negative bond-free energy values. However, two of these compounds, including compound 25 (1,1,6-trimethyl-1,2-dihydro naphthalene) and compound 37 (Lucialdehyde B), gave negative ΔG values. Still, the two compounds did not have hydrogen (polar) interactions that occurred in target proteins. Whereas compounds 20 (curculigosaponin F), 21 (curculigosaponin I), and 41 (ubiquinone) did not provide good interactions with the target protein, indicating that their potency was not active in silico.
Although, in general, these compounds provide inhibitory interactions with the target protein, not all of these compounds provide interactions similar to native ligand (mimosine). It is known that the native ligand provides interaction with a binding free energy value for the 5M8N protein of -6.44 kcal/mol. Hydrogen interactions occur at the 5M8N amino acid residues, namely Tyr362, Arg374, Gln390, Ser394, and Gly388, with the number of donor and acceptor hydrogens, respectively, i.e., 5 and 3 with the bond distance between 2.1 -3.2 Å.
Based on the docking analysis results, compounds 2 (pomiferin), 14 (curculigoside B), 40 (frangulin B), 29 (quercetin), and 12 (orcinol glycoside B) give bond-free energy values close to mimosine and even more negative than mimosine (-6.44 kcal/mol). The five compounds have free energy values of -7.00, -6.52, -6.50, -5.90, and -5.47 kcal/mol, respectively. In addition, the hydrogen interactions that occur are generally at the same key amino acids as mimosine, namely Tyr362, Arg374, Gln390, Ser394, and Gly388 (Figure 5). The five compounds also provide almost the same number of hydrogen donors, acceptors, and bond distance (1.7 – 3.2 Å) as native ligands.

4. Discussion
Dermal aging is a condition of skin problems caused by various factors, both chronological aging and external factors (Nur et al., 2023a). Rapid changes in skin structure that cause wrinkling, sagging, and reduced skin elasticity are manifestations of skin aging. External factors largely influence Molecularly premature skin aging (Zhang & Duan, 2018b). Exposure to UV rays is one of the biggest factors causing premature skin aging. Exposure to UV light can increase ROS, disrupting the molecular and metabolic systems in skin tissue. ROS can activate extracellular matrix degradation, which includes matrix metalloproteinase (MMP) (Nur et al., 2023b). Elastase is one of the enzymes that are part of MMP, which can degrade elastin tissue so that it manifests the occurrence of wrinkles on the skin (Desmiaty et al., 2020). ROS can also activate cytokine release so that it will manifest in the formation of proinflammatory cytokines, including interleukins and tumour necrosis factor-alpha (TNF alpha). TNF alpha has a role in proinflammatory processes, induces the production of MMPs, and inhibits collagen synthesis in fibroblasts (Borg et al., 2013; Youn et al., 2011). In addition, exposure to UV rays will activate melanin due to overexpression of tyrosinase, causing skin hyperpigmentation (Di Petrillo et al., 2016). The effects of these problems will manifest in premature skin aging. Therefore, this study assessed the in silico bioactivity of C. latifolia compounds as antiaging agents in inhibiting elastase, TNF alpha, and tyrosinase as target proteins.
This study aimed to determine the activity profile of the C. latifolia molecule, which is predicted to have an antiaging effect on the skin through in silico molecular docking. The success of the in silico studies that have been carried out provides an overview for researchers to carry out further in vitro and in vivo so that study failures can be minimized (Ferreira et al., 2015). The ability of the C. latifolia compound to inhibit the target protein elastase, TNF alpha, and tyrosinase that cause skin aging can be observed based on the free energy value of the bond between the ligand and the residual amino acid of the target protein. The more negative the bond-free energy value, the greater the molecule's activity (Nur et al., 2023b; Nursamsiar et al., 2020). In this study, the ability of the compound molecule as an inhibitor of the target protein can be compared with that of each native ligand. The closer to the docking simulation results of C. latifolia compounds with native ligands, the greater the activity. These parameters are a reference to describe the in silico activity of C. latifolia compounds.
Several compounds from C. latifolia were identified to have the ability to inhibit target proteins elastase, TNF alpha, and tyrosinase. The existence of a bond-free energy value of the C. latifolia compound, which is negative and has similarities with each native ligand, so that the C. latifolia compounds were predicted to be able to inhibit the target protein. In addition, the number of hydrogen donors and acceptors is also an indicator of the compound's success in inhibiting the target protein. The number of hydrogen bonds formed determines the strength of the interaction between the ligand and the target protein. Ligands with hydrogen bonds will provide higher bond stability than ligands that do not have hydrogen bonds (Chen et al., 2016; Nursamsiar et al., 2022). In general, the active compounds interacting with each target protein have hydrogen bonds, so the bonding ability between the ligand and the protein is more stable. The docking simulation results show that pomiferin (2) and frangulin B (40) are predicted to work as multitarget. Pomiferin inhibited the activity of protein elastase, TNF-alpha, and tyrosinase in vitro which were observed based on the free energy value of the bonds, interactions with residual amino acids, donors, and acceptors of hydrogen which had similarities to each of the native ligands. The frangulin B compound is predicted to inhibit the activity of the target proteins elastase and tyrosinase but not TNF-alpha (Figures 3 and 5). Meanwhile, compounds 4, 11, 12, 14, 15, 23, 29, 34, and 38 were predicted only to be able to work on one of the target proteins (Figures 3, 4, and 5). 
The activity of the pomiferin and frangulin B compounds can work by inhibiting multitarget proteins that cause aging in the skin. These compounds have antioxidant activity both in vitro and in vivo. Several studies have reported that these two compounds have a strong antioxidant effect. Pomiferin is a phenylated isoflavone derivative compound that supports its bioactivity as a strong antioxidant (Zabidi et al., 2019). The same applies to the compound frangulin B, a flavonoid derivative rich in hydroxyl groups to stabilize free radicals (Tims, 2017). Their activity as antioxidants in vitro and in vivo from the pomiferin and frangulin B compounds make it possible to be used as skin antiaging through the mechanism of reducing or inhibiting ROS so that they can inhibit the induction of enzymatic proteins, including elastase and tyrosinase as well as TNF alpha cytokines which play a role in modulating the formation of premature aging. This information is in line with in silico studies that have been conducted showing that pomiferin and frangulin B compounds can be developed as antiaging skin markers that work in a multitarget manner. Previous studies have also reported that pomiferin compounds can inhibit the action of collagenase target proteins (MMP-13) and gelatinase (MMP-9) in silico, both enzymes that also have a role in the pathophysiology of aging in the skin (Nur et al., 2023b). Based on the docking simulation analysis that has been carried out, it can be said that pomiferin and frangulin B are compounds that can be developed for further research. 
Although the pomiferin and frangulin B compounds are active in silico in inhibiting target proteins that cause aging in the skin, this study needs to be further investigated in vitro and in vivo. In addition, these compounds' physicochemical characteristics, pharmacokinetic profile, and toxicity need to be observed. This study conducted an in silico assessment of the physicochemical, pharmacokinetic, and toxicity profiles of pomiferin and frangulin B compounds.
Physicochemical evaluation of pomiferin and frangulin B compounds with several drug-likeness parameters, including partition coefficient (Log P), molecular weight, hydrogen donor, hydrogen acceptor, and molar rotation, where these five parameters are known as the rule of five (Lipinski rule). The Lipinski rule provides requirements for drug candidates in the form of molecular weight <500 Da, hydrogen bond donors <5, hydrogen bond acceptors <10, octanol/water partition coefficient (MLogP) <5, rotatable bonds <10, and TPSA <140 Å2 (Adianingsih et al., 2022; Lipinski, 2004; Nur et al., 2023b). The Lipinski rule is a general guide in developing new agents and drug candidates related to a molecule's pharmacokinetic parameters and physicochemical properties. The two active compounds showed relevant results and complied with Lipinski's rules so that characteristically these two compounds could be developed as new targets with promising biological activity as antiaging (Table 5). 
In silico pharmacokinetic analysis of pomiferin and frangulin, B compounds were evaluated based on the parameters HIA (Human Intent Absorption), Caco2 (Human colon adenocarcinoma), MDCK (Mandin darby canine kidney), plasma protein binding, skin permeability and its interaction with CYP metabolic enzymes (Adianingsih et al., 2022; Nur et al., 2023; Riwu et al., 2022). The pomiferin compound shows positive criteria in human intestinal absorption (HIA), meaning it can be absorbed in the intestinal tract > 30%. In silico permeability in Caco 2 cells shows that both compounds have moderate permeability with values ranging from 4-70 nm/sec. At the same time, the MDCK cells obtained the result that the two compounds had weak permeability (<1 x 10-6). in the distribution phase, it was shown that the pomiferin compound had a plasma protein binding value of >90%, which meant that the molecule was strongly bound to plasma proteins so that it was less in the blood so that the pomiferin compound might have a toxic effect. It differs from the compound frangulin B, which has a plasma protein binding value of 70% (<90%), indicating that this compound's presence in the blood is large enough to have an effect. Distribution prediction using PPB (plasma protein binding) parameters, which are drug fractions available in free form for distribution to different tissues, and by QSAR (Quantitative Structure-Activity Relationship) analysis, which aims to determine the estimated degree of plasma protein binding based on molecular structure parameters and physicochemical properties of compounds. (Sun et al., 2018; Yuan et al., 2020). This study found that pomiferin and frangulin B compounds showed low permeability in the skin. Nevertheless, these two compounds do not rule out the possibility of being developed as drug candidates orally and topically.
Based on predictions at the metabolic phase, pomiferin and frangulin B are CYP 2C19, CYP 2C9, and CYP 3A4 inhibitors. Drugs that are CYP2C19 and CYP2C9 inhibitors can increase plasma protein concentrations and sometimes cause side effects (Lynch & Price, 2007). This is in line with the prediction of protein binding, which is quite high. Meanwhile, compounds that can inhibit CYP 3A4 are enzymes that play a major role in metabolism in the liver, which is responsible for the oxidation process of small organic molecules (xenobiotics), such as poisons and drugs, so that they can be excreted from the body (Yanes-Roca et al., 2014). Pomiferin and frangulin B compounds are neither inhibitors nor substrates of CYP 2D6. The CYP parameters indicated that the two active compounds from C. latifolia generally did not adversely affect the metabolic phase. Based on the prediction of the toxicity of the pomiferin and frangulin B compounds through the Ames test and carcino mouse, it showed that the two compounds were identified as non-mutagenic. 
In contrast, in carcino rats, the pomiferin compound was positively mutagenic. If it is observed from the toxicity prediction, it must be considered in the oral use of pomiferin compounds. But it does not rule out the possibility of modifying the structure if it is to be developed as an antiaging candidate so that these compounds can be used orally or topically.
5. Conclusion
Curculigo latifolia compounds were successfully docked in elastase, TNF-alpha, and Tyrosinase target protein pockets. The results of molecular simulations of the 46 compounds predict that several compounds have activity in interacting with and inhibiting target proteins that are similar to native ligands. Compounds 4 (mundulone), 11 (orcinol glycoside), 29 (aviprin), and 38 (mundulone) were predicted to be able to inhibit the elastase target protein (1B0F). Compounds 15 (curculigoside C), 23 (5,2,6-Trihydroxy-7,8-dimethoxy-flavone-2-0-β-D-glucoside), and 42 (stigmastan 3,6 dione). Meanwhile, compounds 12 (orcinol glycoside B), 14 (curculigoside B) interact with TNF-alpha protein (3EWJ), and 34 (quercetin) were predicted to interact with tyrosinase protein (5M8N) with the most negative bond free energy value. Compound 2 (pomiferin) and compound 40 (frangulin B) were predicted to have the ability to interact with all three target proteins, including elastase, TNF-alpha and tyrosinase with binding free energy and interactions with amino acid residues similar to each native ligand. According to the drug-likeness prediction, pharmacokinetics and toxicity, the pomiferin and frangulin B compounds showed results under the requirements so that they could be developed in further research as antiaging drugs both orally and topically.
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Table 1. Compounds of C. latifolia plant
	Compound No.
	Molecul Name 
	Molecule Formula
	References

	1
	Phloridzin
	C21H24O10
	(Zabidi et al., 2019)

	2
	Pomiferin
	C25H24O6
	(Zabidi et al., 2019)

	3
	Scandenin
	C26H26O6
	(Zabidi et al., 2019)

	4
	Mundulone
	C26H26O6
	(Zabidi et al., 2019)

	5
	Dimethylcaffeic acid
	C11H12O4
	(Zabidi et al., 2019)

	6
	Protocatechuic acid
	C7H6O4
	(Ooi et al., 2016)

	7
	Syringic acid
	C9H10O5
	(Ooi et al., 2016)

	8
	Cinnamic Acid
	C9H8O2
	(Ooi et al., 2016)

	9
	Ferulic Acid
	C10H10O4
	(Ooi et al., 2016)

	10
	Orcinoside H
	C27H36O14
	(Wang et al., 2021)

	11
	Orcinol Glucoside
	C13H18O7
	(Umar et al., 2021)

	12
	Orcinol Glucoside B
	C15H21O8
	(Umar et al., 2021)

	13
	Curculigoside A
	C22H26O11
	(Wang et al., 2021)

	14
	Curculigoside B
	C21H24O11
	(Umar et al., 2021)

	15
	Curculigoside C
	C22H26O12
	(Wang et al., 2021)

	16
	Curculigoside D

	C22H26O11
	(Wang et al., 2021)

	17
	Curculigenin A
	C30H50O4
	(Umar et al., 2021)

	18
	Curculigosaponin A
	C36H60O9
	(Umar et al., 2021)

	19
	Curculigosaponin D
	C42H70O14
	(Umar et al., 2021)

	20
	Curculigosaponin F
	C48H80O19
	(Umar et al., 2021)

	21
	Curculigosaponin I
	C48H80O18
	(Umar et al., 2021)

	22
	4-0-caffeoylquinic acid-1
	C16H18O9
	(Nur et al., 2023)

	23
	5,2,6-Trihydroxy-7,8 dimethoxyflavone-2-0-β-D-glucoside
	C23H22O13
	(Nur et al., 2023)





Table 1. Continue
	No
	Ligand 
	Molecule Formula
	References

	24
	5,7,3,5-Tetrahydroxyflavanone
	C21H22O11
	(Nur et al., 2023)

	25
	1,1,6-Trimethyl-1,2-dihydronaphthalene
	C13H16
	(Nur et al., 2023)

	26
	Malvalic acid
	C18H32O2
	(Nur et al., 2023)

	27
	Methyl-3-hydroxy-4-methoxybenzoate
	C9H10O4
	(Nur et al., 2023)

	28
	Sugiol
	C20H28O2
	(Nur et al., 2023)

	29
	Aviprin
	C16H16O6
	(Nur et al., 2023)

	30
	Guaiacol
	C7H8O2
	(Nur et al., 2023)

	31
	Smilaxin
	C17H16O6
	(Nur et al., 2023)

	32
	3-Tert-butyl-4-methoxyphenol
	C11H16O2
	(Nur et al., 2023)

	33
	Stearidonic acid
	C18H28O2
	(Nur et al., 2023)

	34
	Quercetin
	C15H10O7 
	(Nur et al., 2023)

	35
	Azedarachin C
	C32H42O10 
	(Nur et al., 2023)

	36
	Trichosanic Acid
	C18H30O2
	(Nur et al., 2023)

	37
	Lucialdehyde B
	C30H44O3
	(Nur et al., 2023)

	38
	Monobenzone
	C13H12O2
	(Zabidi et al., 2019)

	39
	Hidrokuinon
	C6H6O2
	(Zabidi et al., 2021)

	40
	Frangulin B
	C20H18O9
	(Zabidi et al., 2021)

	41
	Ubiquinone
	C59H90O4
	(Zabidi et al., 2019)

	42
	Stigmastan 3,6 dione
	C29H48O2
	(Umar et al., 2021)

	43
	2,3-dihydroxypropyl oleate
	C21H40O4
	(Umar et al., 2021)

	44
	Hordatine A
	C28H38N8O4
	(Zabidi et al., 2021)

	45
	Emmotin A
	C16H22O4
	(Zabidi et al., 2019)

	46
	Rubratoksin B
	C26H30O11
	(Zabidi et al., 2019)





Table 2. Results of molecular docking analysis of C. latifolia compounds against elastase target protein (1B0F).
	Ligands
	Molecular docking simulation 

	
	ΔG value
	H- bond donor
	H-Acceptor
	Bond-Distance (Å)
	H-bond residue

	NL 1 (1B0F)
	-7.69
	6
	1
	2 - 3.2
	Phe41, Cys42, His57, Leu99b, Leu167, Phe192, Gly193, Ser195, Ser214, Phe215, Val216, Arg217

	Compound 1
	-4,84
	4
	5
	1.8 - 3.2
	Arg177, Ser195, Val216, Ser214

	Compound 2
	-8,35
	3
	1
	2 - 3.1
	Ser195, Val216

	Compound 3
	-6,66
	2
	1
	2 – 2.9
	Val216,Gly218

	Compound 4
	-7,60
	3
	0
	2.9 – 3.1
	Gly193, Ser195, Val216

	Compound 5
	-4,99
	10
	6
	1.9 – 2.96
	Gly193, Asp194, Ser195, Val216

	Compound 6
	-4,78
	5
	3
	2 – 3.2
	Gly193, Asp194, Ser195, Val216

	Compound 7
	-5,05
	3
	2
	2 – 2.94
	Gly193, Ser195, Val216


	Compound 8
	-4,72
	1
	1
	1.9 – 3.15
	Val216

	Compound 9
	-5,11
	5
	2
	1.8 – 2.83
	Gly193, Asp194, Ser195, Val216


	Compound 10
	-5,32
	6
	2
	1.9 – 3.12
	Gly193, Asp194, Ser195, Val216


	Compound 11
	-6,03
	5
	2
	1.88 – 3.13
	Gly193, Asp194, Ser195, Val216


	Compound 12
	-6,01
	5
	1
	1.96 – 3.2
	Ser195, Val216


	Compound 13
	-4,90
	3
	2
	1.8 – 2.9
	Gly193, Ser195, Val216


	Compound 14
	-5,18
	3
	4
	1.9 – 2.9
	Gly193, Ser195, Val216, Phe41


	Compound 15
	-3,64
	4
	1
	2 – 2.89
	Gly193, Ser195, Val216


	Compound 16
	-5,59
	4
	3
	1.99 – 3.01
	Gly193, Ser195, Val216, His57, Ser214


	Compound 17
	-6,84
	1
	1
	1.8 – 2.5
	Ser195, Ser214

	Compound 18
	-6,88
	2
	1
	2.2 – 3.1
	Ser195, Arg217, Ser214

	Compound 19
	-6,41
	3
	2
	2.1 – 3.2
	Arg177, Ser195, Arg217, Val216, Ser214

	Compound 20
	-
	-
	-
	-
	-


	Compound 21
	-5,18
	1
	1
	1.8 – 2.88
	Rg177, Ser214


	Compound 22
	-5,27
	3
	3
	2 – 3.14
	Ser195, Val216


	Compound 23
	-4,27
	5
	2
	1.9 – 3.00
	Gly193, Ser195, Val216


	Compound 24
	-5,74
	7
	4
	1.72 – 3.0
	Gly193, Api194, Ser195, Ala227, Val216


	Compound 25
	-5,65
	-
	-
	-
	-

	Compound 26
	-3,43
	2
	0
	2.8 – 3.11
	Arg177, Arg177

	Compound 27
	-4,71
	3
	0
	2.8 – 3.05
	Gly193, Ser195, Val216

	Compound 28
	-6,68
	2
	2
	1.7 – 2.62
	Gly193, Ser195

	Compound 29
	-6,46
	4
	2
	1.9 – 3.12
	Gly193, Ser195, Val216






Table 2. Continue
	Ligands
	Molecular docking simulation

	
	ΔG value
	H- bond donor
	H-Acceptor
	Bond-Distance (Å)
	H-bond residue

	Compound 30
	-4,18
	3
	1
	2 – 2.6
	Gly193, Ser195

	Compound 31
	-5,26
	5
	2
	2.1 – 3.16
	Gly193, Ser195, Val216, Gly218

	Compound 32
	-5,76
	3
	1
	1.87 – 2.9
	Gly193, Ser195, Val216

	Compound 33
	-4,08
	0
	1
	2.03
	Val216

	Compound 34
	-6,06
	6
	2
	2 – 3.2
	Gly193, Asp194, Ser195, Gly219


	Compound 35
	-5,30
	2
	0
	2.76 – 2.77
	Gly193, Ser195

	Compound 36
	-4,57
	2
	1
	2.12 – 3.21
	Gly218, Gly219, Val216

	Compound 37
	-6,81
	1
	0
	3.14
	Ser195

	Compound 38
	-6,01
	5
	1
	2 – 3.12
	Gly193, Asp194, Ser195, Val216

	Compound 39
	-4,57
	2
	1
	1.9 – 3.15
	Arg177, Arg217, Asn180

	Compound 40
	-5,66
	4
	2
	2 – 3.11
	Arg177, Val216


	Compound 41
	-
	-
	-
	-
	-

	Compound 42
	-8,27
	2
	0
	2.5 – 3.1
	Arg217, Gly218

	Compound 43
	-2,23
	2
	0
	3.1
	Arg177, Arg217

	Compound 44
	-5,21
	1
	6
	2 – 2.74
	Val216, Leu167, Cys182, Asn180, Ser195, Ser214


	Compound 45
	-5,49
	2
	1
	2 – 3.1
	Val216, Ser214

	Compound 46
	-4,43
	1
	1
	1.9 – 2.99
	Val216, Val216


Note: (-) indicates that the compound does not interact with the target protein. The hydrogen bond column in bold shows the compound binding to amino acid residues similar to the native ligand.



Table 3. Results of molecular docking analysis of C. latifolia compounds against TNF-alpha target protein (3EWJ).
	Ligands
	Molecular docking simulation 

	
	ΔG value
	H- bond donor
	H-Acceptor
	Bond-Distance (Å)
	H-bond residue

	NL 2 (3EWJ)
	-13.05
	2
	2
	2.86 – 3.0
	Leu348, Gly349

	Compound 1
	-9.43
	2
	2
	2.2 -2.89
	Gly394. Asn447

	Compound 2
	-11.43
	2
	2
	2.89 – 2.91
	Leu348, Gly349

	Compound 3
	-10.46
	1
	0
	1.86
	Gly349

	Compound 4
	-9.71
	-
	-
	-
	-

	Compound 5
	-5.58
	3
	3
	2.2 3.1
	His405, Lys432

	Compound 6
	-4.41
	2
	3
	1.9 – 3.1
	His405, Val440

	Compound 7
	-4.40
	0
	2
	1.8 – 2.3
	Ile438, Glu398

	Compound 8
	-5.13
	4
	2
	0.97 – 3.1
	Lys432, lys432, Asn447

	Compound 9
	-5.70
	1
	2
	1.9 -3.1
	Lys432, Val440, Val44

	Compound 10
	-7.63
	3
	2
	1.87 – 3.2
	Se441, Gly442, Glu398

	Compound 11
	-7.84
	2
	3
	1.88 – 3.3
	Ile438,Val440,Tyrr438, Tyr433, Ile438

	Compound 12
	-8.12
	2
	2
	1.9 – 2.93
	His405, Val440,Glu406, Leu401, Asn447

	Compound 13
	-7.94

	3
	4
	1.8 – 2.91
	Ile438,Ala439, Pro437, Met345, Ala439, Gly349

	Compound 14
	-7.64
	3
	4
	1.8 – 3.1
	Leu348, Ile438,, Ala439,Pro437, Tyr436,Glu406

	Compound 15
	-7.99
	5
	6
	1.7 – 3
	Leu348, Gly349, His405, Tyr436, Val440, Glu406, Val434, Tyr433, Ile438

	Compound 16
	-8.63
	1
	2
	1.9 – 3.2
	Val440, Glu406, Glu402

	Compound 17
	-11.38
	1
	3
	1.8 – 2.7
	Gly349, Glu406, Pro437, Met345

	Compound 18
	-10.97
	0
	5
	1.8 – 2.2
	Tyr433, Tyr436, Gly346

	Compound 19
	-8.37
	2
	4
	1.8 – 2.6
	Val440, Ser441, Tyr443, Val440, Tyr246, Gly349

	Compound 20
	-
	-
	-
	-
	-

	Compound 21
	-0.44
	6
	3
	1.6 2.3
	Thr34, Leu348, Asn389, His415, Val440, Gly442, Thr347, Val434, Ile438

	Compound 22
	-7.18
	4
	2
	1.9 – 3.1
	Leu348, Tyr436, Val440, Asn447, Val434, Val440

	Compound 23
	-7.81
	6
	3
	2.1 – 3.1
	Leu348, Gly349, Ala349, Glu406

	Compound 24
	-8.83
	1
	4
	1.8 – 3.2
	Gly349, Ile438, Asn447, Glu406, Pro437

	Compound 25
	-7.55
	-
	-
	-
	-

	Compound 26
	-5.95
	3
	1
	1.8 – 3.0
	Leu348, Gly349

	Compound 27
	-5.95
	1
	1
	2.85
	Val440

	Compound 28
	-10.49
	2
	1
	2.45 – 3.17
	Val440, Ser441

	Compound 29
	-8.51
	1
	2
	1.9 – 2.8
	Val440




Table 3. Continue
	Ligands
	Molecular docking simulation

	
	ΔG value
	H- bond donor
	H-Acceptor
	Bond-Distance (Å)
	H-bond residue

	Compound 30
	-4.91
	1
	1
	2.9
	Val440

	Compound 31
	-8.26
	0
	2
	1.93
	Glu406, Val440

	Compound 32
	-6.26
	0
	1
	1.96
	Tyr436

	Compound 33
	-7.16
	3
	1
	2 – 3.1
	Leu348, Gly349

	Compound 34
	-8.72
	2
	4
	1.7 – 3.1
	Val402, His405, Asn447, Pro437, Glu406c

	Compound 35
	-7.65
	1
	1
	2 – 3.1
	Thr337, Leu348, Ala439, Gly346

	Compound 36
	-7.28
	3
	1
	2 – 3.2
	Leu348, Gly349

	Compound 37
	-4.97
	-
	-
	-
	-

	Compound 38
	-7.41
	2
	1
	2.1 – 2.9
	Leu348, Gly349

	Compound 39
	-4.79
	1
	2
	1.8 – 3.1
	Val440, Asn447

	Compound 40
	-9.81
	4
	2
	1.7 – 3.1
	Leu348, Gly349, Ile438, Gly349

	Compound 41
	-
	-
	-
	-
	-

	Compound 42
	-11.60
	2
	2
	2.8 – 3.0
	Leu348, Gly349

	Compound 43
	-7.97
	3
	2
	2 – 3.0
	Asn389, Tyr390, Ala439, Met345, Gly346

	Compound 44
	-9.49
	2
	8
	1.8 – 3.1
	Asn389,Val402, Val440, Ile438, Ile438, Val440, Gly346, Ala439, Ala439

	Compound 45
	-8.51
	1
	1
	2.9
	Val440, Val434

	Compound 46
	-7.98
	4
	1
	2 – 2.9
	Asn389,Val402, Val440, Ile438, Ile438, Val440, Gly346, Ala439, Ala439


Note: (-) shows no interaction with the protein target. The bold letter indicates the C. latifolia compounds interact with the target protein key amino acid, similar to the interaction of the native ligand with the protein 3EWJ.


Table 4. Results of molecular docking analysis of C. latifolia compounds against tyrosinase target protein (5M8N).
	Ligands
	Molecular docking simulation 

	
	ΔG value
	H- bond donor
	H-Acceptor
	Bond-Distance (Å)
	H-bond residue

	NL 3 (5M8N)
	-6,44
	5
	3
	2.1 – 3.2
	Tyr362, Arg374, Gln390, Ser394, Gly388

	Compound 1
	-6,34
	3
	3
	2.1 – 3.0
	Tyr362, Arg374, Thr391, Asp212, His215

	Compound 2
	-7,00
	5
	1
	2.2 – 3.1
	Tyr362, Arg374, His381, Thr391, Ser394

	Compound 3
	-8,46
	2
	2
	2.1 2.7
	Arg374, Thr391, His192

	Compound 4
	-5,60
	3
	0
	2.9 – 3.0
	Arg321, Thr391

	Compound 5
	-6,21
	5
	1
	2.2 – 3.1
	Tyr362, Arg374, His381, Ser394

	Compound 6
	-4,58
	5
	3
	2.1 – 3.0
	Tyr362, Arg374, Thr391, Gly389

	Compound 7
	-4,70
	2
	1
	2.1 – 3.0
	Tyr362, Arg374

	Compound 8
	-5,86
	3
	1
	2.1 – 3.1
	Tyr362, Arg374

	Compound 9
	-5,84
	5
	1
	2.1 – 3.1
	Tyr362, Arg374, Ser394

	Compound 10
	-6,21
	5
	3
	1.7 – 3.1
	Tyr362, Arg374, Thr391, Gly389

	Compound 11
	-5,75
	4
	3
	1.9 – 3.1
	Tyr362, Arg374, Thr391, Gly389

	Compound 12
	-5,47
	4
	2
	2 – 3.2
	Tyr362, Arg374, His381, Gln390, Gly388

	Compound 13
	-3,76
	4
	4
	2.1 – 3.0
	Arg321, Arg324, Thr391, Gly389, Asn378

	Compound 14
	-6,52
	8
	4
	2.2 – 3.17
	Tyr362, Arg374, His381, Gln390, Gly388, Th391, His392

	Compound 15
	-4,83
	7
	4
	1.96 – 3.0
	Tyr362, Thr391, His392, Asn378, Glu360

	Compound 16
	-4,93
	5
	3
	2 – 3.0
	Tyr362, Arg374, Thr391, Glu216

	Compound 17
	-6,82
	0
	2
	1.8 – 2.31
	Gly389, Asp212

	Compound 18
	-4,42
	4
	1
	1.9 – 2.9
	Tyr362, Arg374, Thr391, His392

	Compound 19
	-0,29
	4
	0
	2.5 – 2.8
	Tyr362, Arg374, Thr391, His392

	Compound 20
	-
	-
	-
	-
	-

	Compound 21
	-
	-
	-
	-
	-

	Compound 22
	-4,63
	7
	4
	2 – 3.17
	Tyr362, Arg374, Thr391, Ser394, Gln390

	Compound 23
	-5,50
	4
	4
	1.9 – 3.14
	Tyr362, Arg374, Thr391, Gly389, Asp212, Val196

	Compound 24
	-6,74
	3
	2
	1.9 – 3.12
	Arg374, His381, Thr391, Gly388, Glu216

	Compound 25
	-6,71
	-
	-
	-
	-

	Compound 26
	-4,68
	3
	1
	2.3 – 3.12
	Tyr362, Arg374

	Compound 27
	-5,24
	3
	1
	1.97 – 3.2
	His381, Gln390, Ser394, Gly388

	Compound 28
	-7,05
	2
	1
	1.94 – 3.12
	Thr391, Asn378

	Compound 29
	-5,20
	3
	2
	1.82 – 2.96
	Arg374, Thr391, Gly389





Table 4. Continue
	Ligands
	Molecular docking simulation

	
	ΔG value
	H- bond donor
	H-Acceptor
	Bond-Distance (Å)
	H-bond residue

	Compound 30
	-4,34
	1
	1
	2.5 – 3
	Ser394, Gln390

	Compound 31
	-6,47
	3
	1
	1.84 – 3.15
	Arg374, His381, Thr391, Asn378, Gly389, Glu216

	Compound 32
	-5,57
	1
	0
	2.5
	Thr391

	Compound 33
	-5,77
	4
	1
	2.2 – 3.2
	Tyr362, Arg374

	Compound 34
	-5,90
	6
	3
	2.2 – 3.1
	Tyr362, Arg374, His381, Ser394, Gly388

	Compound 35
	-5,76
	3
	1
	2 – 3.2
	Arg374, Glu216

	Compound 36
	-5,10
	3
	1
	2 – 3.0
	Tyr362, Arg374

	Compound 37
	-8,52
	-
	-
	-
	-

	Compound 38
	-6,21
	2
	1
	2.1 – 3.14
	Tyr362, Arg374

	Compound 39
	-4,49
	1
	1
	1.8 – 2.67
	Thr391

	Compound 40
	-6,50
	7
	4
	1.67 – 3.1
	Tyr362, Arg374, Thr391, His392, Asn378, Gly389

	Compound 41
	-
	-
	-
	-
	-

	Compound 42
	-8,09
	4
	0
	2.8 – 3.0
	His381, Leu382. Thr391

	Compound 43
	-3,13
	2
	0
	3.01
	Arg374

	Compound 44
	-4,87
	4
	2
	1.82 – 3.2
	Arg321, Thr391, His392, Asn378

	Compound 45
	-6,16
	5
	2
	2.3 -3.2
	Arg321, Thr391, His392, Asn378

	Compound 46
	-7,66
	0
	2
	1-8 -1.97
	Arg321, Thr391, His392, Asn378


Note: (-) indicates that the compound does not interact with the target protein. The hydrogen bond column in bold shows the compound binding to amino acid residues similar to the native ligand.


Table 5. Druglikeness, farmacokinetic and toxicity profile of active compounds from C. latifolia
	Parameters
	Compounds
	

	
	Pomiferin
	Frangulin B

	Druglikeness (rule of five)
	Suitable 
	Suitable

	ADME:
	
	

	a. HIA
	92.5
	57.25

	b. Caco2
	14.7
	18.15

	c. MDCK
	0.051
	0.644

	d. Plasma protein binding
	95.2
	71.22

	e. Skin permeability
	-2.28
	-4.47

	f. CYP 2C19 inhibition
	Inhibitor
	Inhibitor

	g. CYP 2C9 inhibition
	Inhibitor
	Inhibitor

	h. CYP 2D6 inhibition
	No
	No

	i. CYP 2D6 Substrat
	No
	No

	j. CYP 3A4 inhibition
	Inhibitor
	Inhibitor

	k. CYP 3A4 substrate
	Substrate
	Weakly

	Toxicity:
	
	

	a. Ames Test
	Non-mutagenic
	Non-mutagenic

	b. Carcino-Mouse
	negative
	negative

	c. Carcino-Rat
	Positive 
	negative





[image: ]
Figure 1. Visualization of elastase (A1) with native ligand 1-{3-methyl-2-[4-(morpholine-4-carbonyl)-benzoylamino]-butyryl}-pyrrolidine-2-carboxylic acid (3,3,4,4,4-pentafluoro-1-isopropyl-2-oxo-butyl)-amide (A2), TNF alpha (B1) with native ligand (1S,3R,6S)-4-oxo-6-{4-[(2-phenylquinolin-4-yl)methoxy]phenyl}-5-azaspiro[2.4]heptane-1-carboxylic acid (B2), and tyrosinase (C1) with native ligand mimosine (C2).
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Figure 2. Overlay of ligands copy to native ligands (A) 1-{3-methyl-2-[4-(morpholine-4-carbonyl)-benzoylamino]-butyryl}-pyrrolidine-2-carboxylic acid (3,3,4,4, 4-Penta fluoro-1-isopropyl-2-oxo-butyl)-amide (1B0F), (B) (1S,3R,6S)-4-oxo-6-{4-[(2-phenylquinolin-4-yl)methoxy]phenyl}-5-azaspiro[2.4]heptane-1-carboxylic acid (3EWJ), and Mimosine (5M8N).
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Native Ligan (1B0F)                  Compound 2 (pomiferin)             Compound 4 (mundulone)
[image: ][image: ][image: ]

    Compound 11 (orcinol glycoside)      Compound 29 (aviprin)               Compound 38 (monobenzone)

[image: ]
Note: Native ligands interact hydrogen with the amino acids Gly193, Ser195, and Val216. Van der Waals interactions with the amino acids Leu167, Ser214, and Phe192. Pi-pi stacked interactions with Phe215 amino acids. Alkyl/pi-alkyl interactions with Cys42, Leu99b, and Arg217 proteins. Interaction of halogens to the amino acids Phe41 and His57. Generally, compounds 2, 4, 11, 29, and 38 have hydrogen and van der Waals interactions similar to native ligands.


Figure 3. Interaction of native ligand and C. latifolia compound on elastase target protein (1B0F).
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        Native Ligan (3EWJ)                       Compound 2 (pomiferin)        Compound 15 (curculigoside C)

[image: ][image: ]
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Compound 23                                    Compound 40 (frangulin B)        Compound 42 (stigmastan 3,6 dione)
(5,2,6-Trihydroxy-7,8 dimethoxy-
[image: ]flavone-2-0-β-D-glucoside)








Note: Native ligands interact hydrogen with amino acid residues Leu348 and Gly349. Van der waals interactions with the amino acids Gly346, Thr347, Leu350, Ala351, Glu398, His415, Tyr433, Val434, Tyr436, Pro437, Ile438, Val440, Ser441, Gly442, and Asn447. Interaction of pi-sigma with the amino acids Ala439 and Leu401. pi-alkyl interactions with the amino acid Val402. Pi-pi stacked interactions with His405 amino acids and attractive charge interactions with Glu406. All compounds have similar hydrogen and van der Waals interactions with amino acid residues with native ligands. Meanwhile, the pi-alkyl interactions with the amino acid residue Val402 only occurred in compounds 15, 23, and 42. Compounds 2 and compound 40 were found to have the same interaction with the amino acid residue Glu406 (attractive charge) as the native ligand. Meanwhile, the pi-sigma interaction with His439 only occurs in compound 2 and has the same interaction with the native ligand. 


 Figure 4. Interaction of native ligand and C. latifolia compound on TNF-alpha target protein (3EWJ).
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Native Ligan (5M8N)                  Compound 2 (pomiferin)              Compound 14 (orcinol glycoside B)          
[image: ][image: ][image: ]




Compound 12 (curculigoside B)           Compound 34 (quercetin)              Compound 40 (Frangulin B)

[image: ]
Note: Native ligand 5M8N interacts with hydrogen to the amino acid,,


Figure 5. Interaction of native ligand and C. latifolia compound on tyrosinase target protein (5M8N)
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