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ABSTRACT

Eleutherine americana has been shown to have many biological activities such as anti-inflammatory, antipyretic,
antiproliferation, antibiotic, and antivirus activities. Many chemical constituents of E. americana have also been
identified, of which several may be responsible for these biological activities. In this study, we investigated the
potential for these compounds to be developed as anti-inflammatory and antiviral agents through interaction study
using molecular docking simulations and in silico toxicity predictions. Four protein target molecules were used in the
study; cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) were used to screen potential compounds for anti-
inflammatory activity and polymerase acidic protein N-terminal domain (PAN) and polymerase basic protein 2 (PB2)
were used to screen for antiviral activity. One compound, B-sitosterol, was shown to have a high affinity for COX-1,
COX-2, and PB2; B-sitosterol returned a lower binding free energy score than celecoxib, and a binding free energy
score on par with pimodivir. Another compound, compound 9, was also identified as having a higher affinity for PAN
than baloxavir. Toxicity predictions of both of these compounds showed none to low toxicity, and thus these
compounds have the potential to be developed further as anti-inflammatory and antiviral agents.

Keywords: Eleutherine americana, Anti-inflammation, Antivirus, Molecular Docking, Toxicity Prediction
RASAYAN J. Chem., Vol. 14, No.2, 2021

INTRODUCTION

Inflammation is a protective response to tissue injury and infection caused by physical trauma, harmful
chemicals, or microbiological substances.! It occurs through several processes: vasodilation of blood
vessels increased capillary permeability and swelled (inflammation) tissue cells. This reaction arises due to
the release of several biological molecules such as histamine, bradykinin, serotonin, prostaglandins, the
complement system reaction products, and various hormonal substances (lymphokines) by sensitized T
cells.? Anti-inflammatory drugs, such as aspirin, celecoxib, and rofecoxib, inhibit the production and release
of the inflammatory mediator prostaglandin by inhibiting cyclooxygenase.

Influenza is an infection of the respiratory system caused by viruses, one of which is Influenza A, which
causes influenza in humans. According to the FDA, several medications have been developed for the
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treatment of influenza, namely oseltamivir, zanamivir, and peramivir. However, based on a recent study,
several viruses have become resistant to oseltamivir due to mutations in the neuraminidase protein.
Therefore, the development of antiviral drugs as inhibitors of Polymerase Basic 2 (PB2) cap-binding,
Polymerase Acid (PA) endonuclease and PB1 RNA synthesis have been carried out and are under clinical
trials.’

Eleutherine americana (EA) has several biological activities such as antibiotic, antivirus, anti-
inflammation, antipyretic, antiproliferation and cytotoxic effects, and have therefore been used widely by
the people of Borneo to deal with heart disease, inflammation, and tumors.*> To observe the molecular
interaction of the major chemical constituents found in EA to enzymes and receptors in the human body, in
silico studies can be conducted. Molecular docking studies, a method used in silico studies, attempts to
anchor drug candidates into the active site of a known target and predict the affinity of the compounds
based on the calculated binding free energy. This type of interaction study is typically employed in the early
stage of finding new drugs with the potential to be developed. The degree of toxicity of compounds can
also be predicted using an in silico approach. These interaction studies and toxicity predictions provide
useful insights in predicting compounds that are effective and relatively non-toxic before the synthesis
process so that the research conducted can be done more efficiently in terms of the cost and time spent in
the process of new drug discovery.

Therefore, an in silico study, consisting of interaction study and toxicity prediction, was performed to
predict the affinity and potential inhibitory activity of the major compounds found in EA on the
cyclooxygenase enzymes as one of the targets of commercial anti-inflammatory drugs, and polymerase
basic protein 2 (PB2) and polymerase acidic protein N-terminal domain (PAN) of Influenza A virus, which
play an important role in the process of transcription and replication of the virus, as a mechanism of
influenza antiviral drugs. These compounds exhibited promising results in this study and have the potential
to be developed as anti-influenza drug candidates.

EXPERIMENTAL
Macromolecule Preparation
Four macromolecules were used as targets for the interaction study (Table-1), namely cyclooxygenase
(COX) I, COX I, the polymerase basic protein 2 (PB2) of H5N1, and the polymerase acidic protein N-
terminal domain (PAN) of H5N1. Macromolecule structures were obtained from the Protein Data Bank.°
The structures were prepared by removing all water and ligand molecules from the protein.

Ligand Preparation

Thirty-one chemical constituents of Eleutherine americana (EA) were previously identified>’'° and their
structures are drawn (Supplementary Information Table S2) using GaussView 6.0. Quantum mechanical
calculations, including geometry optimization and calculations of atomic partial charges, were performed
in the Gaussian software package.!! The calculations were performed using the density functional theory
(DFT) method and the Becke three-parameter Lee-Yang-Parr (B3LYP) hybrid functional at the 6-31G basis
set level. Also, four ligands from each of the macromolecule structures (Table-1), used for validation of the
docking parameters, as well as four-drug compounds used in anti-inflammation and antiviral therapy, used
as reference compounds with which the 31 EA compounds were compared, were prepared in the same way.
After geometry optimization, the conformations with the lowest energy were chosen for further interaction
study with the macromolecule targets.

Ligand-target Interaction Study through Molecular Docking

Molecular docking simulations were performed using the AutoDock'? software suite to study the
interactions between the ligands and the four protein targets. Preparation of the ligands for the docking
study was performed using AutoDockTools'?; partial charges for the protein targets were calculated using
the Kollman method'®, whereas results of the DFT calculations were used to assign partial charges to the
atoms of the ligands. Polar hydrogens were also added to the ligand structures. The areas of interest for the
docking study were determined by selecting a grid box centered on the protein-bound ligands of each target,
and resizing the grid box to fully encompass the binding site, using a grid spacing of 0.375 A. This resulted
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in grid box sizes of (40x40x40), (72x40x46), (40x48x58), and (48x48x50) for the COX-1, COX-2, PAN,
and PB2 targets, respectively. The Lamarckian genetic algorithm was used for the docking simulation, with
100 iterations and 25 million evaluations for each iteration.

Table-1: The Macromolecule Target-bound Ligands used for Validation of the Docking Parameters, and the Drugs
used in Anti-inflammation and Antiviral therapy used as Reference. Structures of the Ligands are drawn in

Supplementary Information Table S1.

Protein Target PDB ID Note Ligand
Cyclooxygenase 1 (COX-1) 1EQG Target-bound crystal Ibuprofen (IBP)
structure & anti-
inflammatory drug
Cyclooxygenase 2 (COX-2) 1CX2 Target-bound crystal 1-phenylsulfonamide-3-
structure trifluoromethyl-5-
parabromophenylpyrazole
(S58)
Anti-inflammatory drug Celecoxib
H5NI1 polymerase basic protein 4CB5 Target-bound crystal 9-n-(3-carboxy-4-
2 (PB2) structure hydroxyphenyl)-ketomethyl-7-
n-methylguanine (93G)
Antiviral drug Pimodivir
HS5NI1 polymerase acidic protein | 3HWS Target-bound crystal Adenosine monophosphate
N-terminal domain (PAN) structure (AMP)
Antiviral drug Baloxavir

Validation of the docking parameters was performed before docking the test ligands. This was performed
by redocking the protein-bound ligands to their respective targets and evaluating the RMSD score between
the docking conformation and the crystal structures of the ligands. A high similarity between the two,
defined as an RSMD score of less than 2 A, would suggest valid docking parameters.'*

Toxicity Prediction
Ligands that showed a higher affinity for the targets compared to the reference ligands, as shown by lower
binding free energy calculated from the docking simulations, were assessed for their toxicity using a
software-based method. The ADMET Predictor™ software was used to predict the toxicities of these
compounds. Toxicity calculations were performed at physiological pH for the following parameters:
endocrine toxicity, cardiotoxicity, hepatotoxicity, respiratory and skin toxicity, carcinogenicity, and
mutagenicity.

RESULTS AND DISCUSSION
Redocking of Reference Compounds to Respective Targets
The four protein targets used in this study were cyclooxygenase 1 (COX-1), cyclooxygenase 2 (COX-2),
the polymerase basic protein 2 (PB2) of HSN1, and the polymerase acidic protein N-terminal domain (PAN)
of H5N1. The bound ligands in the crystal structure of these proteins were separated and redocked to
validate the docking parameters used. The redocking process returned ligand conformations that closely
match that of the respective crystal structures, with RMSD values of less than 2A. Hence, the docking
parameters used in the redocking process were deemed valid and were used throughout the study.

Interaction Study of Eleutherine Americana Compounds with Cyclooxygenase, PB2, and PAN

The interactions of Eleutherine americana (EA) compounds with the four target molecules were studied
through molecular docking simulations. The binding free energies calculated from each target-ligand
complex were used to rank the compounds and to assess the affinity of the compounds for each target
molecule; a low binding free energy corresponds to high affinity and a stable target-ligand interaction.'?
In this study, COX-1 and COX-2 were selected as targets to assess the potential of EA compounds for
preventing inflammation through the inhibition of prostaglandin. COX-2 is involved in the arachidonic acid
pathway which results in the synthesis of prostaglandin, an important mediator of inflammation and pain.'
Inhibition of COX-2 is the main mechanism of many anti-inflammatory drugs, especially non-steroidal
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anti-inflammatory drugs (NSAIDs). COX-1, on the other hand, is not directly involved in the inflammatory
response, and thus its inhibition typically does not result in anti-inflammatory activity and even causes
unwanted side effects. Hence, in this study, EA compounds were screened for high affinity towards COX-
2, and low affinity towards COX-1, if possible, to discover compounds that selectively target COX-2. To
assess the affinity of the EA compounds, ibuprofen and celecoxib were used as reference compounds for
binding with COX-1 and COX-2, respectively. These compounds are widely used anti-inflammatory agents
that act on the respective target molecules.

In addition to screening for anti-inflammatory potential, we assessed the potential for EA compounds to act
as antiviral agents through the inhibition of two protein targets that are essential for viral viability. These
proteins are PB2, which is involved in the recognition of the cap of host mRNA, and PAN, which is an
endonuclease that cleaves the bonds between the cap and host mRNA. Both of these proteins are involved
in the transcription of viral genetic material. Pimodivir and baloxavir!”, drugs used in antiviral therapy that
inhibit PB2 and PAN, respectively, were used as reference compounds.

Table-2: Binding Free Energy of the Four-drug Compounds used as Reference

Drug Compound Protein Target Binding Free Energy (kcal/mol)
Ibuprofen COX-1 -7.82
Celecoxib COX-2 —10.32
Baloxavir PAN —6.23
Pimodivir PB2 —8.91

Table-3: Docking Scores, denoted as Binding Free Energy in kcal/mol, of the 31 EA Compounds
Compound Binding Free Energy (kcal/mol)
COX-1 COX-2 PAN PB2
1 —8.12 —7.56 —5.36 —6.50
2 —7.66 -7.47 —6.12 —7.64
3 —6.77 —6.65 —5.05 —6.56
4 —6.83 —6.77 —5.09 —6.61
5 —6.90 —6.78 -5.02 —6.74
6 —7.56 —7.38 —5.62 —7.43
7 —6.50 —6.38 —6.34 —7.12
8 —6.69 —6.59 -5.02 —6.40
9 —8.14 —-7.59 —6.71 —6.49
10 —8.46 -7.22 —6.50 —6.73
11 —6.82 -7.07 —5.85 —6.85
12 —8.07 —6.94 —6.57 -7.25
13 —6.96 —7.43 —6.08 —6.94
14 —5.99 —7.85 -5.12 —7.24
15 =7.70 —6.97 —8.08 —6.87
16 —2.33 —8.93 —5.01 —6.37
17 —8.34 —7.85 —6.48 —6.75
18 —9.11 —8.51 —7.08 —7.76
19 —6.71 —7.01 —6.55 —7.37
20 —6.09 —6.87 —5.55 —6.11
21 —7.69 -7.39 —6.96 —8.02
22 —6.41 =7.75 —4.57 —7.63
23 —5.83 —6.57 -1.42 —4.35
24 -7.11 =7.10 -7.02 —7.36
25 —10.66 —10.66 —6.53 —8.19
26 —9.45 —9.58 —6.21 —8.59
27 —7.43 —7.21 —5.22 —6.91
28 —6.95 —6.56 —6.31 —6.98
29 2.12 —7.98 —4.57 —6.03
30 —6.90 -7.42 —=5.10 —6.81
31 —6.36 —6.60 —5.89 —7.30
847
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Molecular docking simulations of 31 EA compounds to COX-2 resulted in a variety of binding free energies
(Table 3). However, only compound 25 (—10.66 kcal/mol) was predicted to have a higher affinity towards
COX-2 compared to celecoxib (—10.32 kcal/mol) (Table 2). Other compounds that returned binding free
energies close to that of celecoxib were compound 16 (—8.93 kcal/mol), 18 (—8.51 kcal/mol), and 26 (—9.58
kcal/mol). Meanwhile, compounds that are unique to EA, namely compounds 1-5 and 11, did not result in
higher affinity for COX-2, but also returned low binding free energies. To confirm whether these
compounds did indeed have a lower affinity for COX-2 compared to celecoxib, an independent t-test was
performed. The results show statistically significant differences (p<0.05) between the binding free energies
of these compounds and that of celecoxib, except for compound 25.

According to D’Mello et al.'8; COX-2 inhibitors interact with their target at three main binding sites: (1) a
hydrophobic pocket with amino acid residues Tyr385, Trp387, Phe518, Tyr248, and Leu 352; (2)
hydrophilic amino acid residues Argl120, Glu524, and Tyr355, which are located at the entrance of the
binding site; and (3) a side pocket with His90, Arg513, and Val523. Celecoxib interacts with COX-2 by
forming hydrogen bonds with four amino acid residues, three of which are residues identified as crucial to
COX-2 inhibitory activity (Fig.-1a). In addition to hydrogen bonds, other important interactions that formed
were m-sulfur and n-cation bonds, which further stabilized the celecoxib-COX-2 complex. Interestingly,
compound 25 did not form any strong hydrogen bonds with COX-2, but the strong interactions between it
and the binding site were mostly contributed to by hydrophobic interactions, especially n-alkyl bonds (Fig.-
1b). It formed non-bonded interactions with Trp387, Tyr385, Leu352, Phe518, Tyr355, and Val523, which
are all amino acid residues that are part of the three main binding sites for COX-2 inhibition. This is more
than that of celecoxib-COX-2 interactions, which may explain why compound 25’s affinity is on par with
celecoxib.
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Fig.-1: (a) Binding of Celecoxib at the COX-2 binding site results in the formation of several important interactions:
four hydrogen bonds (dotted green lines) with the Arg513, His90, GIn192, and Leu352 amino acid residues; a nt-
sulfur bond (dotted yellow line) with His90; and four n-cation bonds (dotted purple lines) with Ser353, Val523,
Val349, and Ala527. (b) Compound 25 bound strongly with COX-2 at the binding site by forming numerous, strong
hydrophobic interactions (dotted pink lines).

The six compounds unique to EA formed several hydrogen bonds and hydrophobic interactions with amino
acid residues of the COX-2 binding site (Fig.-S1 in the Supplementary Information). However, the binding
free energy of the interaction between these compounds and COX-2 was not as low as that of celecoxib;
these EA compounds resulted in free energy values in the range of —6.65 to —7.56 kcal/mol, compared to
celecoxib’s —10.57 kcal/mol. This may be explained by the fact that celecoxib cannot only form more
hydrogen bonds with the COX-2 binding site than these EA compounds but also form more interactions in
general.

Interactions between the 31 EA compounds with COX-1 show that only eight compounds have a higher
affinity for COX-1 compared to the reference compound, ibuprofen. Similar to its affinity for COX-2,
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compound 25 showed a higher affinity for COX-1 compared to the reference, although here it is much
higher (—10.32 vs —7.82 kcal/mol), which suggests non-selective binding to cyclooxygenase. Thus,
compound 25 has the potential to be explored further as an anti-inflammatory drug candidate.

Ibuprofen forms two strong hydrogen bonds with COX-1, both with the Arg120 residue, at 1.674 and 1.750
A (Figure 2a). Also, it forms a -sigma bond with Ile523. As for the interaction between compound 25 and
COX-1, similar to its interaction with COX-2, numerous hydrophobic interactions are the primary reason
for the high affinity exhibited (Figure 2b). Of the six compounds unique to EA, with the sole exception of
compound 1, all resulted in lower affinities towards COX-1 compared to ibuprofen; compound 1 resulted
in binding free energy of —8.12 kcal/mol while ibuprofen returned —7.82 kcal/mol. However, this does not
necessarily mean that compound 1 shows the potential for anti-inflammatory activity since COX-1 is not
involved directly in the inflammation process.

In addition to the high predicted affinity of compound 25 to COX-1 and COX-2, as well as the
intermolecular interactions formed, it is interesting to note this may be because compound 25 (B-sitosterol)
is a steroid compound with high similarity to corticosteroids, which are known, anti-inflammatory agents.
Corticosteroids exhibit anti-inflammatory activity through the inhibition of phospholipase A2 and
preventing the production of arachidonic acid".
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Fig.-2: (a) Ibuprofen Forms two hydrogen bonds (dotted green lines) with COX-1 and many hydrophobic
interactions (dotted pink lines). (b) Interaction of compound 25 with COX-1. Although no hydrogen bonds were
observed, many hydrophobic interactions between compound 25 and COX-1 amino acid residues were formed.

The docking results of compounds unique to EA (compounds 1-5 and 11) suggest that they do not have a
higher affinity for COX-2 compared to the reference compound used, celecoxib. However, these
compounds were shown to have anti-inflammatory properties, albeit through a different mechanism of
action, namely the inhibition of inducible nitrous oxide synthase (iNOS)%.

Out of the 31 compounds used in the docking study, 12 returned predicted affinities towards PAN higher
than that of the reference compound, baloxavir (Fig.-3). Toxicity predictions were performed for these 12
compounds, and the least toxic compounds were screened and used for further analysis (Table-4). Four
compounds with a high affinity for PAN were determined to be the least toxic, namely compounds 9, 10,
17, and 25. However, compound 9 is predicted to have the highest affinity for PAN, as shown by the
docking score, and as such was chosen as the potential candidate for further development. Compound 9
exhibited a lower binding free energy (—6.71 kcal/mol) when docked to the binding site of PAN compared
to that of baloxavir (—6.23 kcal/mol) (Fig.-3). It formed five hydrogen bonds with amino acid residues of
the PAN binding site, namely two bonds with Lys234 and one bond each with Tyr130, Argl24, His41
(Figure 3b). Also, it formed two m-cation bonds with His41, strengthening their interaction. Similarly,
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baloxavir interacts with the binding site of PAN by forming three hydrogen bonds and two m-cation bonds.
Interestingly, two of these hydrogen bonds are formed with the same amino acid residues as those
compound 9 formed bonds with, namely Tyr130 and Lys134 (Fig.-3a), and the two n-cation bonds formed
are also with His41. However, the fewer number of hydrogen bonds formed by baloxavir (three) compared
to that formed by compound 9 (five) with PAN may explain the slightly higher affinity for PAN of
compound 9. None of the six compounds unique to EA (compounds 1-5 and 11) showed a higher affinity
for PAN compared to baloxavir (Table-3). Although these compounds interacted with the PAN binding site
by forming hydrogen bonds and m-cation bonds (Figure S2, Supplementary Information), similar to
baloxavir and compound 9, the number of bonds formed were fewer and this may be a contributing factor
to the lower affinity.

Docking simulations of the 31 test compounds on PB2 did not result in any compound with a higher affinity
for PB2 compared to the reference compound, pimodivir (Fig.-3). However, three compounds resulted in
binding free energies that were similar to that of pimodivir (—8.91 kcal/mol), namely compound 21 (—8.02
kcal/mol), 25 (—8.19 kcal/mol), and 26 (—8.59 kcal/mol). An independent t-test statistical test was
performed to determine whether these compounds exhibited a different affinity for PB2 compared to
pimodivir, and the results show that the binding free energies of these three compounds were not
significantly different from that of pimodivir, with a confidence interval of 95%.
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Fig.-3:(a) Baloxavir Forms three hydrogen bonds (dotted green lines) with amino acid residues of the PAN binding
site: 1le120, Tyr130, and Lys134; and two ©-cation bonds with His41. (b) Compound 9 is predicted to have a higher
affinity for PAN compared to baloxavir. It forms four hydrogen bonds (dotted green lines) with His41, Argl124,
Tyr130, and Lys 134; and two n-cation bonds with His41.

Toxicity predictions were performed on compounds 21, 25, and 26 to select the least toxic compound for
further analysis (Table-4), and the results show that compound 25 is predicted to be the least toxic, and thus
was selected for further analysis.

Pimodivir interacts strongly with PB2 due to the formation of three hydrogen bonds with the amino acid
residues Arg355, His357, and Glu361 (Fig.-4a). It also forms six n-m stacked interactions with Phe323,
His357, and Phe404, which contribute significantly to the overall strength of the interaction. In addition to
the strong interactions formed between pimodivir and the PB2 binding site, pimodivir’s chemical structure
greatly determines its strong inhibitory activity towards PB2. Pimodivir contains a 7-azaindole structure,
which has been shown in vivo experiments to be the main factor for influenza A antiviral activity?'. Unlike
pimodivir, compound 25 forms a single hydrogen bond with the PB2 binding site, and no n-n interactions
(Fig.-4b). However, it interacts strongly with PB2, having a similar affinity with pimodivir. This may be
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explained by the fact that compound 25 forms many hydrophobic interactions with many amino acid
residues of the PB2 binding site.

In-silico Toxicity Predictions

Molecular docking simulations of the EA compounds to COX-2 showed that compound 25 was the only
compound predicted to have the same affinity for COX-2 as celecoxib. Thus, in addition to the six
compounds unique to EA, compound 25 was used in the in silico toxicity prediction.

Although the results of the toxicity prediction show that compound 25 may increase gamma glutamine
transferase (GGT) and lactate dehydrogenase (LDH) concentrations, predictions of the TOX AlkPhos,
TOX SGOT, and TOX SGPT values were negative (non-toxic) (Table-4). Meanwhile, all of the
compounds unique to EA except for compound 11 returned negative results for prediction of hepatotoxicity;
compound 11 is predicted to be able to increase LDH and SGOT concentrations, resulting in potential
hepatotoxicity. Furthermore, these compounds were predicted to be non-toxic for endocrine toxicity,
although compounds 5 and 11 may be able to slightly increase androgen concentrations. Likewise,
predictions of cardiotoxicity, respiratory toxicity, and skin irritation activity returned negative results for
these compounds.

Prediction of the carcinogenicity of the six compounds unique to EA and compound 25 was also performed;
the prediction parameter used was the tumor dose 50 (TDso) in rats and mice, which shows the dose required
for inducing tumors in 50% of the sample tested. The results returned high TDso values, suggesting that
these compounds are not carcinogenic?. Typically, carcinogenic compounds have a TDsg value of less than
25 mg/kg/day and 4 mg/kg/day for mice and rats, respectively (Table-4). The mutagenic potential of the
compounds was assessed by predicting the results of the Ames Test using different strains of Sa/monella
typhimurium (Table-4). A compound is predicted to be mutagenic if it returns a positive Ames Test result
with at least one strain in each of the whole compound and metabolite tests. The results show that only
compound 25 is predicted to be non-mutagenic. Considering the overall results of all toxicity predictions
performed, compound 25 is forecast to be less toxic compared to the six compounds unique to EA.
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Fig.-4: (a) Pimodivir Forms three hydrogen bonds (dotted green lines) with Arg355, His357, and Glu361 at the PB2
binding site, and six n-n stacked interactions (dotted purple lines) with Phe323, His357, and Phe404. (b) Compound
25 forms a single hydrogen bond (dotted green line) with Glu361 at the PB2 binding site but interacts strongly
through many hydrophobic interactions (dotted pink lines).

The results of the docking study showed that 12 tested compounds were predicted to have a higher affinity
for PAN compared to baloxavir. Toxicity predictions were performed for these compounds to assess their
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endocrine toxicity, cardiotoxicity, hepatotoxicity, skin irritation potential, respiratory toxicity,
carcinogenicity, and mutagenicity (Table-4). The endocrine toxicity and cardiotoxicity predictions returned
negative for all 12 compounds. Meanwhile, compound 12 returned positive for skin irritation and
respiratory toxicity, and compounds 24 and 28 returned positive for respiratory toxicity and skin irritation
predictions, respectively. Therefore, we excluded these compounds from further study. From the remaining
compounds, four of them namely compounds 9, 10, 17, and 25, were predicted to be the least toxic
compounds.

The molecular docking results show that compounds 21, 25, and 26 were found to have affinities for PB2
on par with that of pimodivir. Toxicity predictions were performed on these compounds to assess their
endocrine toxicity, cardiotoxicity, hepatotoxicity, skin irritation potential, respiratory toxicity,
carcinogenicity, and mutagenicity (Table-4). The results show that all three compounds were predicted to
be non-toxic for respiratory, skin irritation, and cardiotoxicity. As for hepatotoxicity predictions, compound
21 returned positive for three of the five parameters, while compounds 25 and 26 returned positive for two
parameters. Also, compound 26 returned positive for endocrine toxicity, and none of the compounds are
predicted to be carcinogenic or mutagenic, except for compound 21, which is predicted to be mutagenic
towards the 102+wp2 and 98 strains of S. typhimurium. Overall, of the three compounds tested, compound
25 is predicted to be the least toxic.

Table-4: In silico Toxicity Prediction for Hepatotoxicity, Carcinogenicity, Mutagenicity, and Endocrine Toxicity of
Compounds of Interest.

Compound Hepatotoxicity Parameters Carcinogenicity Mutagenicity Mutagenicity Endocrine
(Whole (Metabolite) Toxicity

Compound)
2Rl sele| L | 1 |E|Js|98|a]s|F]E|E
2P 822588 2| 2 |£|7° 4877|252
<= 9F 73 > = o = | =k <4
1 - - - - - | 11741 1625.43 - |+ - +| - - - - - -
2 - - - - + | 19247 | 1476.02 -+ O+ - - - - - - -
3 - - - + | + | 198.84 | 124597 - |+ + - - - + - - -
4 - - - + | + | 20590 | 1365.34 - |+ O+ - - - + - - -
5 - - + - - | 198.67 | 1028.56 + |+ - -+ - - - - -
7 - - + - - | 400.65 | 2104.57 + |+ - -+ - - - - -
9 - - - - - 29.35 5559.08 - - - - - - - - - -
10 - - - - - 38.47 3574.22 - - - - - - - - - -
11 - - + + - | 412.12 518.76 + |+ - -+ - + - - -
12 + + - + | + | 44836 29.78 - |- - - - - + - - -
15 - - + + | + 7.18 22761.54 -] - - - - - - - - -
17 - + + - - | 42495 736.44 -] - - - - - - - - -
18 - + - + | + | 11741 1211.03 -] - - - - - - - - -
19 - - - - - | 31213 702.81 -] - - +| - + - - - -
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21 - + o+ 1437 101559 | - |- - || - |+

24 - - - |+ | - | 68603 253687 | - |-| - |-| + | - |+ |+

25 - + + | - | - 42402 73668 | - |-| - |-

26 + + - | - | - |40165| 28188 | - |-| - |-|-|-|-1]-1]-"/o1
79

28 - - - | - | - | 67849 186496 | - |-| - |-| - | - |- |+

Note:
(+) predicted to have a toxic effect, (-) predicted to not have any effect.
Carcinogenicity stated in tumor dose 50 (TD50) (mg/kg body weight/day orally).

CONCLUSION

We have performed an in silico study investigating the potential for 31 compounds found in Eleutherine
americana to be developed as anti-inflammatory and antiviral agents. Our results show that B-sitosterol
(compound 25) has a high affinity for cyclooxygenase-1 and cyclooxygenase-2, as calculated through
molecular docking simulations, higher than that of celecoxib. Furthermore, we found that (2S)-1-(3-
hydroxy—5-methoxy—1,4-dioxo—1,2,3,4-tetrahydronaphthalen—2-yl) propan—2-yl acetate (compound 9) and
B-sitosterol also have a high affinity for the polymerase acidic protein N-terminal domain (PAN) and
polymerase basic protein 2 (PB2) of HSN1 influenza, respectively. Both compounds were predicted to be
non-toxic through in silico toxicity predictions.
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