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ARTICLE INFO ABSTRACT

Keywords: Natural products play an essential role in new drug discovery. In the present study, we deter-
Anti-SARS-CoV-2 mined the anti-SARS-CoV-2 (severe acute respiratory syndrome-related coronavirus-2), antioxi-
Antimicrobial dant, antiplasmodial, and antimicrobial activities of Pterocarpus macrocarpus Kurz. heartwood and
Antioxidant . . .

. . structurally characterized the bioactive compounds. P. macrocarpus Kurz. heartwood was
Antiplasmodial . i N
Homopterocarpin macerated with n-hexane, ethyl acetate, and ethanol, respectively, for 7 days, three times. The
Malaria compounds were isolated by recrystallization with n-hexane and evaluated by thin-layer chro-

Pterocarpus macrocarpus Kurz. matography (TLC), gas chromatography-mass spectrophotometry (GC-MS), Fourier transform
infrared spectroscopy (FITR), and nuclear magnetic resonance (NMR) spectroscopy. Ethyl acetate,
ethanol, n-hexane extracts, and homopterocarpin exhibited antiplasmodial activity at 1.78, 2.21,
7.11, and 0.52 pg/ml, respectively, against P. falciparum 3D7 with low toxicity (selectivity index/
SI > 28.46). GC-MS identified compound showed in silico anti-SARS-CoV-2 binding affinity with
stigmasterol and SARS-CoV-2 helicase of —8.2 kcal/mol. Ethyl acetate extract exhibited the best
antioxidant activity against DPPH (0.76 + 0.92 pg/ml) and ABTS (0.61 + 0.46 pg/ml). They also
demonstrated antimicrobial activity against B. subtilis, ethanol and ethyl acetate extracts against
E. coli and C. albicans, and ethanol extract against S. aureus with diameter zone of inhibition of
more than 1 cm. The results highlighted antiplasmodial activity of extracts and homopterocarpin
from P. macrocarpus Kurz. heartwood and its potent binding in silico to anti-SARS-CoV-2 proteins
with low toxicity. This study also confirmed that extracts exhibited antioxidant and antimicrobial
activities. Further studies are needed to assess the safety and clinical trial of P. macrocarpus Kurz.
for development as new drug candidate.

1. Introduction

Severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2) is currently a serious worldwide health problem, with
more than 205 million people afflicted with this virus and the occurrence of more than 4 million deaths. To reduce the harmful
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sequelae of this infection, efforts are underway to identify agents for preventive, supportive, and therapeutic care against SARS-CoV-2
[1]. Moreover, the emergence and spread of drug- or antimicrobial-resistant pathogens is another major threat that has increased the
morbidity and mortality of infectious diseases, especially for artemisinin-resistant Plasmodium falciparum malaria [2]. These strains are
resistant to nearly all available antimalarial drugs, which reinforces the need to identify new antimalarial and antimicrobial agents.
Researchers are currently exploring the efficacy of phytochemicals from medicinal plants as a source of active compounds to reduce the
time and cost of developing new synthetic drugs [3].

Herbal medicine and therapy were the best options according to traditional folklore. WHO estimates that around 80% of the
world’s population uses herbal medicines to treat health problems because they have many benefits, such as low costs, positive
complementary effects, and negligible side effects [4]. Many plants that have been used in traditional medicine exhibit antiviral
properties. The anti-SARS-CoV-2 activity of plant extracts and their components has been evaluated, such as bioactive compounds
from Centella asiatica [5], Vitis amurensis [6], and Boesenbergia rotunda [7]. Some reports showed that many plants have been explored
for combating COVID-19 [8, 9]. They have been also explored in many bioactivities studies, including antioxidant and antimicrobial
activity [10-14]. Many plants have also been used in traditional medicine exhibited antiviral activity, such as Artocarpus sericicarpus,
Artocarpus dadah, Eusideroxylon zwageri, and Neolitsea cassiaefolia, having potential inhibition for anti-hepatitis C virus (anti-HCV) with
ICsp range 0.08 + 0.05 to 12.01 + 0.95 pg/mL [15]. In traditional medicine, some herbs are important multipurpose, such as Ziziphus
mucronata Willd. [16], Sonchus arvensis L. [17], and Glycyrrhiza glabra L. [18].

Pterocarpus macrocarpus Kurz. belongs to Fabaceae, which primarily grows in Laos, Thailand, Myanmar, and Vietnam. The benefits
of P. macrocarpus Kurz. is associated with its heartwood, which provides visual enjoyment and psychological pleasure because of its
unique woody flavor [19]. In addition, medicinal properties are associated with the extracts from this plant including human blood
circulatory, antimicrobial [20], detoxification [21], Alzheimer’s disease, anti-spasmodic, anticancer [22], immunomodulatory [23],
and insecticide activities [24]. Although P. macrocarpus Kurz. is known for its pharmaceutical benefits, the chemical structures, and
properties of its extracts against artemisinin-resistant Plasmodium falciparum malaria and SARS-CoV-2 remain to be explored.

In this report, we evaluated the biological activities of the extracts and the purified homopterocarpin from P. macrocarpus Kurz.
heartwood, including the antioxidant, antimicrobial, and antimalarial activities, and used computational analysis to determine the
potency of these extracts and homopterocarpin against SARS-CoV-2 proteins. Their activities were then compared with those of the
bioactive commercial compounds. The cytotoxicity test of the extracts and homopterocarpin was also conducted.

2. Materials and methods
2.1. Plant material collection and identification

P. macrocarpus Kurz. was obtained from a traditional market in Bangkok, Thailand. The sample was authenticated in the Plant
Systematic Laboratory, Department of Biology, Faculty of Science and Technology, Universitas Airlangga. A voucher specimen was
deposited in the Plant Systematic Laboratory, Department of Biology, Faculty of Science and Technology, Universitas Airlangga (No.
PM.0210292021).

2.2. Extraction and phytochemical screening

The heartwood (1 kg) of P. macrocarpus Kurz. was air-dried, ground into powder (40 mesh size), and macerated sequentially in
polar organic solvents including n-hexane, ethyl acetate, and ethanol. Each maceration was done for 7 days, 3 times at room tem-
perature (28 + 2 °C). The resulting extracts were filtered through filter paper, evaporated with a rotary evaporator at 60 °C to acquire a
dry residue, weighed to calculate the yield of each extract, and stored at 4 °C. The crude extracts were screened for phytochemical
content by standard methods including the Wilstatter "cyanidin" test for flavonoids, Mayer’s test for alkaloids, the ferric chloride test
for tannins, the Liebermann-Burchard test for terpenoids, and the foam test for saponins [25,26].

2.3. Isolation and structural analysis of bioactive compounds

The n-hexane extract of P. macrocarpus Kurz. was crystallized by dissolving 1 g of sample into 20 ml of n-hexane, shaking for 10 min,
and incubating at 4 °C for 24 h. The crystals were separated by filtration through filter paper, weighed to calculate yield, and
recrystallized. The process was repeated until the color of the crystals had become white. The thin-layer chromatography (TLC) with a
mixture of n-hexane: ethyl acetate (4:1 v/v) as a mobile phase was used to separate the chemical constituents of the n-hexane extract
before and after crystallization. The samples were dissolved in n-hexane and spotted (5 pL, equivalent to crude extract weight of 250 pg
of sample) on asilica gel precoated plate. The plate was developed in vanillin-sulfuric acid and heated (105 °C) until purple-blue nodes
were revealed on the plate as terpenoids [27]. Gas chromatography-mass spectrophotometry (GC-MS) was used to establish compound
profiles from the n-hexane extract during the recrystallization steps. GC-MS analysis was performed using an Agilent GC-MSD (Agilent
190915-433UI) equipped with a capillary column (30 m x 250 pm x 0.25 pm) and a mass detector was operated in electron impact
(EI) mode with full scan (50550 amu). Helium was used as the carrier gas at a flow rate of 3 ml/min with a total flow rate of 14 ml/min.
The injector was operated at 280 °C and the oven temperature was programmed at an initial temperature of 60 °C and increased 3 °C
per minute to obtain a final temperature at 250 °C. The peaks in the chromatogram were identified based on their mass spectra. The
compounds were analyzed using a nuclear magnetic resonance (NMR), JEOL JNM-ECS instrument, at 400 MHz in chloroform (CDCl3)
solvent, including the proton (1H), carbon (13C), heteronuclear multiple bond correlation (HMBC), and heteronuclear single quantum
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correlation (HMQC) NMR spectra. The melting point was analyzed using a melting point tester (Stuart SMP30) and confirmed by
Fourier transform infrared spectroscopy (FITR, Shimadzu IR Tracer 100).

2.4. Insilico anti-SARS-Cov-2

2.4.1. Protein and ligand sample preparation

The proteins used in this study involved in entry, replication, and assembly of the SARS-CoV-2 virus in humans. The crystal
structures of these proteins were obtained from the protein data bank (PDB), (https://www.rcsb.org), such as helicase (PDB ID 6ZSL),
receptor binding domain (RBD) of spike glycoprotein (RBD-spike; PDB ID 6LZG), RNA dependant RNA polymerase (RdRp; PDB ID
6M71), and main protease (Mpro; PDB ID 7ALH) were identified as potential drug targets in this study. Molnupiravir (control with
compound identification number (CID) 145996610) and PF-07321332 (control 2; CID 155903259) were used as control anti-SARS-
CoV-2 drugs. To evaluate anti-SARS-CoV-2 activity, the three-dimensional structures of the identified compounds from the n-hex-
ane extracts of P. macrocarpus Kurz., including butylated hydroxytoluene (CID 31404), 2-naphthalene methanol (CID 74128),
homopterocarpin (CID 101795), pterocarpin (CID 1715306), campesterol (CID 173183), y-sitosterol (CID 133082557), and stig-
masterol (CID 5280794), were downloaded from PubChem database (https://pubchem.ncbi.nlm.nih.gov). The compounds (or li-
gands) were subjected to energy minimization using the PyRx 0.9.9 tool to increase the flexibility and optimize binding. The native
ligands were then removed through sterilization by PyMol version 2.5 [28]. The drug-likeness of these compounds was analyzed using
Lipinski’s rule of five on the SCFBIO web server (http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp). The rule requires a
molecular mass >500 Da, high lipophilicity <5 Da, hydrogen bond donor <5 Da, and a hydrogen bond acceptor <10 Da [29]. The
compounds that were identified as drug candidates with drug-like molecule properties were selected for further analysis [30].

2.4.2. Molecular docking simulation

The docking of selected compounds to target proteins was performed using PyRx version 0.9.9 software. The docking type was
screened with a control molecule to ignore the functional side of the target protein, while the analysis focused on the binding energy.
The binding energy was expressed as binding affinity (kcal/mol), which is the energy formed when a molecule interacts with another
molecule. This energy indicates the level of bonding activity and the interaction pattern with a ligand [31].

2.4.3. Molecular interaction analysis

BIOVIA Discovery Studio 2017 software was used to analyze the interactions and positions of chemical bonds in the docked
molecular complex. Weak bonds consisting of hydrophobic, Van der Waals, hydrogen, electrostatic, and -alkyl are shown by the
software. Weak bonds are formed when ligands and proteins interact to initiate specific biological responses, such as activation and
inhibition. Pocket binding domains on target proteins have a key role in this regard because they consist of specific amino acids [32].
The results of the molecular docking simulation in this study were displayed by PyMol software (https://pymol.org/2/), the structure
of the ligand-protein molecules consisted of cartoons, surfaces, and sticks that underwent staining selection [33].

2.5. Invitro antioxidant activity

2.5.1. The 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) inhibition assay

The DPPH inhibition assay was done according to Prieto [34] with modifications. Samples (100 pl) at different concentrations from
1.075 to 200 pg/ml in methanol were mixed with 100 ul DPPH reagent (0.2 mM) and incubated for 30 min at room temperature.
Ascorbic acid and trolox were used as positive controls. The inhibition of DPPH was measured at 517 nm by the microplate reader
(Thermo Scientific, USA). The percentage of DPPH inhibition was calculated by the equation (Equation (1)):

(Acomml‘Asample) / Acomrol x 100% (1)

Where Agample is the absorbance from the mixture of DPPH reagent and the sample, whereas Acontrol is the absorbance from the DPPH
reagent. The percentage of inhibition at each concentration was plotted and regressed linearly to obtain the half-maximal inhibitory
concentration (ICsq) value.

2.5.2. The 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) inhibition assay

The ABTS inhibition assay was conducted according to the method of Fu et al. [35]. The ABTS reagent was prepared by mixing 7
mM ABTS solution with 2.4 mM potassium persulphate solution and stored at room temperature for 12-16 h in the dark. Then, the
absorbance of the solution at 734 nm was measured (0.70-0.72). The sample (100 pl) at different concentrations from 1.075 to 200
pg/ml in methanol was mixed with 100 pl ABTS reagent. Ascorbic acid and trolox were used as positive control. The absorbance was
measured at 734 nm after incubating for 5 min in the dark at room temperature by the microplate reader (Thermo Scientific, USA). The
percent inhibition and ICsg value were calculated as described for the DPPH inhibition assay.

2.6. Invitro antimalarial assay

An in vitro antimalarial assay using cultures of Plasmodium falciparum strain 3D7 (Trager and Jensen 1972) was carried out, which
was adapted from Wahyuni et al. [36]. The composition of the medium included human O red blood cells, 5% hematocrit in Roswell
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Park Memorial Institute 1640 (RPMI 1640) (Gibco BRL, USA), 22.3 mM N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid (HEPES)
(Sigma), hypoxanthine, sodium bicarbonate (NaHCO3), and 10% human O™ plasma. Chloroquine diphosphate was used as a positive
control. Sample (1 mg) was dissolved in 100 pl of dimethyl sulfoxide (DMSO), 10 mg/ml, and used as a stock solution from which serial
dilutions were prepared. The parasites used in this test were synchronous (ring stage) with +1% parasitemia (5% hematocrit). Test
solution (2 pl) at various concentrations was placed into each wheel (96 wheels) and 198 pl of the parasite was added (the final
concentration of the test material was 100 pg/ml, 10 pg/ml, 1 pg/ml, 0.1 pg/ml, and 0.01 pg/ml). The test well was placed into the
chamber and exposed to a gas mixture (O3 5%, CO2 5%, and N3 90%). The chamber containing the test wells was incubated for 48 h at
37 °C. The cultures were then harvested, and a thin blood film was prepared by 20% Giemsa staining. The number of infected
erythrocytes per 1000 normal erythrocytes was counted under a microscope (1000X). The data was used to calculate the percent
growth and percent inhibition using the following formulas (Equations (2) and (3)):

% Growth = % Parasitemia — DO (2)
Percent inhibition = 100% - [(Xu/Xk) x 100%] 3)

Where DO is the percentage of growth at the 0-h, whereas Xu and Xk are the percentage of growth in the test solution and negative
control, respectively. Based on the percent inhibition data, statistical analysis was carried out using Probit analysis of the SPSS version
20 program to determine the ICsg value or the concentration of the test material that inhibits parasitic growth by 50%.

2.7. Invitro cytotoxicity assay

A tetrazolium (MTT) cytotoxicity assay was carried out in vitro on hepatocyte-derived cellular carcinoma cell line (Huh7it-1 cells)
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide as described by Fonseca et al. [37] and Ferreira et al. [38]. The
Dulbecco’s modified Eagle’s medium (DMEM) medium was supplemented with 3.7 g of sodium bicarbonate (NaHCOs) and adjusted to
a pH of 7-7.2. A complete medium was made from 500 ml of DMEM media containing 50 ml of fetal bovine serum (FBS), 5 ml of
nonessential amino acid (NEAA), and 6 ml of penstrep (penicillin-streptomycin) was used in this study. The cells at a concentration of
2.5 x 10* per well were distributed into 96 wells, except for control well. The samples (100 pL) were dissolved in DMSO and then
diluted to various concentrations (0.1, 0.5, 1, 5, 10, 50, 100, 500, and 1000 pg/ml). The cells were incubated at 37 °C under an at-
mosphere of 5% of carbon dioxide and 95% humidity for 48 h, after which 15 pL of 5 mg/mL MTT solution (thiazolyl blue tetrazolium
bromide, Sigma-Aldrich Chemie GmbH, Steinheim, Germany) in phosphate saline buffer (PBS) to each well. The cultures were
incubated for 4 h. Next, the solution was removed with 100 uL. DMSO to solve the precipitated. The assay was done in duplicate wells.
The viability of the cells was determined by measuring the absorbance at 560 nm and 750 nm with a multiplate reader. The percentage
of cell viability was calculated using the formula (Equation (4)):

% viability: (Asample/Acontrol) X100% ()]

where Agample Was absorbance at 560 nm-750 nm and Acontrol is the absorbance of DMEM medium. The half cytotoxic concentration
(CCsp) was determined by plotting the percent cell viability and regressing linearly using Microsoft Excel version 20.0 (IBM Corpo-
ration, Armonk, NY, USA).

2.8. Selectivity index (SI)

The SI value was calculated by comparing the ICsq value of the extract with that of P. falciparum strain 3D7. The SI was used to
describe the selective activity of the extract against P. falciparum strain 3D7 compared with the results of its cytotoxicity on human
hepatocyte cells [39].

2.9. Antimicrobial assay

The well diffusion method was performed to analyze antimicrobial activity against representatives from gram-positive bacteria
(Bacillus substilis TISTR 1248 and Staphylococcus aureus ATCC 25923), gram-negative bacteria (Escherichia coli ATCC 25922), and yeast
(Candida albicans ATCC 10231) [40]. Nutrient agar media was used to culture the bacteria, whereas potato dextrose agar was used for
cultivating yeast. The 30 mL sterilized medium was poured into sterile Petri plates (¥ = 10 cm) and the 100 pL of inoculate (OD = 0.1)
from each strain was spread onto the agar plates after solidification. A stock solution of extract was prepared and serially diluted (25%
and 50%). The well, 5 mm in diameter, was made in the solidified medium. Twenty percent of DMSO was used as negative control.
Chloramphenicol and nystatin were used as positive controls, for antimicrobial and antifungal respectively. All wells were filled with
30 pL of extract and control. Antibacterial activity was evaluated by measuring the diameter of the inhibition zone around the well.
The percentage of inhibition (PI) was calculated as follows (Equation (5)):

PI = the inhibition zone of the sample (cm) / the zone of positive control (cm) x 100% 5)
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2.10. Data analysis

Data are expressed as the mean + standard deviation. Probit analysis was used to calculate the ICsq values for in vitro antimalarial
activity using IBM SPSS Statistics for Windows, version 20.0 (IBM Corporation, Armonk, NY, USA) [27]. The ICs values for in vitro
antioxidant and cytotoxicity were calculated by linear regression using Microsoft Excel version 20.0 (The Microsoft Corporation,
Redmond, Washington, USA) [34,36,38].

3. Results and discussion
3.1. The yield of extracts and phytochemical screening

Dried heartwood from P. macrocarpus Kurz. was sequentially extracted with different polar organic solvents. One kilogram of
sample yielded 2.5 + 0.3, 10.2 + 0.2, and 42.9 + 0.3 g of extract from the n-hexane, ethyl acetate, and ethanol fractions, respectively.
According to phytochemical analysis, each fraction contained flavonoid, alkaloid, terpenoid, and as secondary metabolites at different
amounts, whereas phenolics were found in the ethyl acetate and ethanolic fraction, and then saponins were only found in the ethanolic
fraction (Table 1). Some studies showed alkaloids, terpenoids, flavonoids, and saponin were produced by plants of Pterocarpus,
however, there was no report for alkaloids compound from P. macrocarpus Kurz [41,42]. Morimoto et al. [24] reported that
P. macrocarpus Kurz. contained flavonoids and terpenoids. Phytochemical screening on P. mildbraedii leaves revealed alkaloids, fla-
vonoids, tannins, terpenoids, and saponins [43]. The n-hexane extract contained an abundance of terpenoids. Based on the previous
study, n-hexane also revealed pterocarpan as major compound [20,24]. Therefore, crude extracts from the n-hexane fraction were
selected for the isolation of bioactive compounds, for anti-viral screening (in silico anti-SARS-Cov2) and for antiplasmodial assay.

3.2. Isolation and structural analysis of bioactive compounds

Recrystallization was performed to isolate the bioactive compounds. The yield, color, and number of spots on TLC plates from each
cycle of recrystallization are listed in Table 2. The effectiveness of this isolation technique may be observed by the reduction of spots on
the TLC from 6 (1st cycle) to 3 spots (2nd — 4th cycle), until one spot (5th cycle). The different retention factor (Rf) values for every
stain indicated the diversity of the compounds [44]. The yield of each cycle showed varied of weight. The highest white crystals that
yielded 596 mg/g of crude extract were obtained at the 5th cycle and the single spot with an Rf value of 0.69 was also identified by TLC
(Supplementary Data I). The results indicated a high purity of the compound. Based on the GC-MS analysis, the compound is
homopterocarpin as major compound (Table 3). This report agreed with GC-MS analysis result by Chen et al. [22]. Morimoto et al. [24]
also reported that homopterocarpin is major compound of P. macrocarpus Kurz.

A GC-MS chemical analysis was used to identify the diverse compounds in the n-hexane extract from the four cycles of recrys-
tallization. A total of 7 compounds were identified from the first crystallization, 3 from the second, and only 2 compounds were
identified from the third cycle. Of these, homopterocarpin and pterocarpin were found at each cycle as major components (Table 3,
Fig. 1 (A-E), Supplementary data II). These compounds have been reported as bioactive molecules in previous studies [45-48].

The chromatogram profile of TCL and GC-MS analysis showed the chromatogram profile differences. It means there were differ-
ences in the distinguishing ability of the compound, however, TLC profile was analyzed based on the clear spots appeared after running
with n-hexane:ethyl acetate (4:1) as the mobile phase. Then, the GC-MS analyzed the compound based on the boiling point of sub-
stance, so, GC-MS will show the metabolite profile of sample which is a thermally stable molecule [49].

The FTIR spectrum of the isolated products from the fifth recrystallization revealed absorption bands (cm™?) for C-H alkane at
2949.16, 2908.65, and 2841.15; the C-H bending aromatic compound at 1876.74; C—C conjugated alkene at 1618.28; C—C cyclic
alkene at 1587.42, O-H phenol at 1381.03 and 1344.38; C-O stretching alkyl aryl ether/aromatic ester/at tertiary alcohol 1197.79 and
1271.09; C=C stretching aliphatic ether at 1149.57 and 1130.29; and the C—=C alkene at 973.40, 794.67, 723.31, and 682.80
(Supplementary data IIT). The integration of the 'H NMR spectrum (Table 4) showed the presence of two aromatic rings in the benzene
skeleton at 5y 7.43 (1H, d, 8.6Hz), 6.64 (2H, dd, 8.6Hz; 2.5Hz), 6.47 (1H, d, 2.5Hz) and 7.13 (1H, d, 8.5Hz), 6.46 (2H, dd, 8.5Hz;
2.3Hz), 6.44 (1H, d, 2.3). The two ether cyclic groups were at 6y 3.64 (3H, t, 11.0Hz), 4.25 (2H, dd, 11.0Hz; 5.3Hz), and 3.53 (m). The
appearance of singlets at 5y 3.77 (s) and 3.79 (s) confirmed the presence of two OCHjs groups on the aromatic ring (Supplementary data
IV). There were 17 carbon signals in the 13¢ NMR spectrum (125 MHz, CDCl3, based on HMQC and HMBC experiments; Table 4).
Signals at §¢ 156.7 and 60.8 resulted from benzene carbons bonded to the ether group. The signals at §¢ 131.9, 109.3, 101.7, 39.6,

Table 1
Phytochemical screening of Pterocarpus macrocarpus Kurz. heartwood extracts.
No Phytochemicals n-Hexane” Ethyl acetate Ethanol
1 Terpenoids +++ ++ +
2 Flavonoids + ++ +++
3 Alkaloids ++ ++ ++
4 Saponin - - +
5 Phenolics - + +++

@ Note: + +, Strongly positive; +, Weakly positive; —, Not detected.
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Table 2

The yield of crystals at each step of crystallization of the n-hexane extract of Pterocarpus macrocarpus Kurz. heartwood.
Cycle Number of spots Rf value for major spot Yield (mg/g) Color
1 6 0.125, 0.375, 0.563, 0.625, 0.688, 0.938 290 +£ 5 orange
2 3 0.125, 0.688, 0.938 80+ 2 orange
3 3 0.125, 0.688, 0.938 12 +10 orange
4 3 0.125, 0.688, 0.938 10 +£ 10 orange
5 1 0.688 592 + 30 white

Note: The data were represented as mean + SD, n = 3. The TLC analysis used n-hexane:ethyl acetate (1:4) and sprayed vanillin sulfuric acid (105 °C)
until purple-blue nodes were revealed on the plate as terpenoids. Rf = retention factor.

Table 3
Phytochemical components identified from GC-MS analysis of Pterocarpus macrocarpus Kurz. heartwood n-hexane extract at each crystallization cycle.
No. Identified compound Retention Time (min) Relative area percentage (peak area relative to the total peak area (%))
hexane extract Crystallization
1st 2nd 3rd 4th
1 Butylated hydroxytoluene 44.04 3.81 9.04
2 2-Naphthalenemethanol 51.53 32.17 57.85 4.03
3 Homopterocarpin 90.40 100.00 100.00 100.00 100.00 100.00
4 Pterocarpin 94.14 23.34 20.64 13.34 31.17 23.42
5 Campesterol 113.64 7.93 19.70
6 Stigmasterol 114.64 21.24 43.03
7 y-sitosterol 116.50 27.87 55.97

124.8,106.4, 97.1, and 78.7 indicated an aromatic CH, whereas signals at §c 112.4 and 119.2 were assigned to aromatic carbons. The
other two signals at ¢ 161.2 and 161.1 belong to a benzene carbon with methoxy groups. Two signals at §¢ 55.6 and Cg 55.5 were
confirmed as methoxy carbons. The signal at §¢c 66.7 was a carbon ether cyclic with two hydrogen atoms. The data from the char-
acterization of the compounds were compared with that reported in the literature [50]. Homopterocarpin exhibited white crystals and
yielded 0.592 + 0.003 g (0.059%, w/w). The melting point of this compound was 83.6 °C. Furthermore, a mass spectra analysis
showed that the compound had an m/z of 284.1 and the molecular formula was C17H;604 (Fig. 2).

3.3. Insilico anti-SARS-CoV-2 activity

The identified compounds include butylated homopterocarpin, pterocarpin, hydroxytoluene, 2-naphthalenemethanol, campes-
terol, y-sitosterol, and stigmasterol from P. macrocarpus Kurz. n-hexane extract was used as the ligands to analyze their potential
activity as drug-like molecules according to the Lipinski Rule of Five. All compounds that act as drug candidates may trigger the
activity of the target protein if they satisfy more than two of the Lipinski rules (Table 5).

The results of a molecular docking simulation indicated that all the selected compounds had a higher negative binding affinity for
each SARS-CoV-2 protein compared with that of molnupiravir (Control 1) and PF-07321332 (Control 2) (Table 6). Stigmasterol was
the most effective compound predicted to bind with all SARS-CoV-2 proteins including helicase, RBD-spike, RdRp, and Mpro with
negative binding affinities of —8.2, —7.8, —7.8 and —7.3 kcal/mol, respectively. Campesterol is another active compound that
exhibited a more negative binding affinity with all target SARS-CoV-2 proteins compared with the two control drugs. The molecular
docking simulation results were displayed in 3D with transparent surfaces, cartoon structures with the target proteins, and a ligand
with stick views (Fig. 3A-D). The weak bonds in the molecular complex from the docking simulation consisted of hydrogen, alkyl, Van
der Waals, hydrophobic, and electrostatic interactions. The presence of weak binding interactions can activate specific biological
responses in proteins, such as inhibition through specific domains [51]. The seven bioactive compounds in this study could theo-
retically bind to specific protein domains through weak binding, such as alkyl, hydrogen, pi sigma, and Van der Waals interactions
(Fig. 4A-D). The results suggest that each bioactive compound may inhibit SARS-CoV-2 protein activity.

3.4. Antioxidant activity

DPPH and ABTS assays were done to assess the antioxidant activities of the extracts. The ICs values of the crude extracts prepared
with each solvent are shown in Table 7. From lowest to highest, the ICso values for ABTS were 0.61 + 0.46, 0.75 + 0.42, and 68.93 +
4.34 pg/ml for the ethanol, ethyl acetate extract, and n-hexane extract, respectively, whereas the ICs( values for DPPH were 0.76 +
0.92, 2.12 + 0.97, and 27.70 + 4.29 pug/ml for the ethanol, ethyl acetate extract, and n-hexane extracts, respectively. In addition, the
ICso of homopterocarpin was 194.90 + 34.96 pg/ml for DDPH assay and 30.94 + 8.00 pg/ml for the ABTS assay. Compared with the
control, the ICs( for ethyl acetate and ethanol extracts were lower compared with that of trolox and ascorbic acid for both assays. The
potent antioxidant activity of the crude extract of P. macrocarpus Kurz. was likely due to the presence of active ingredients with
antioxidant activities, such as polyphenols and flavonoids, especially in the ethanolic and ethyl acetate crude extracts (Table 2) [52]. In
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Fig. 1. Chromatogram of n-hexane extracts of Pterocarpus macrocarpus Kurz. heartwood at each crystallization cycle. A. n-hexane extract, B.
first crystallization, C. second crystallization, D. third crystallization, E. fourth crystallization. black arrow: 2-naphthalenemethanol; green arrow:
homopterocarpin; blue arrow: pterocarpin; yellow arrow: stigmasterol; red arrow: y-sitosterol.
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Table 4
The observed 'H and'*C NMR homopterocarpin (3,9-dimethoxypterocarpan) compound in CDCl3.
No. C Homopterocarpin of Pterocarpus macrocarpus Kurz.
Type Sy (mult, J Hz) 8¢

1 CH 7.43 (d, 8.6) 131.9

2 CH 6.64 (dd, 8.6; 2.5) 109.3

3 C - 161.2

4 CH 6.47 (d, 2.5) 101.7

4a C - 156.7

6 CH2 3.64 (t, 11.0) 4.25 (dd, 11.0; 5.3) 66.7

6a CH 3.53 (m) 39.6

6b C - 119.2

7 CH 7.13 (d, 8.5) 124.8

8 CH 6.46 (dd, 8.5; 2.3) 106.4

9 C - 161.1

10 C 6.44 (d, 2.3) 97.1

10a C - 160.8

11a CH 5.51 (d, 6.8) 78.7

11b C - 112.4

3-OCH3 C-OCH3 3.77 (s) 55.6

9-OCH3 C-OCH3 3.79 (s) 55.5

OCH;
Fig. 2. The structure of homopterocarpin.
Table 5
Prediction results of target compound activity.

Compound MW (Dalton) LOGP HBD HBA MR Probability
Butylated hydroxytoluene 220.000 4.295 1 1 70.243 Drug-like molecule
2-Naphthalenemethanol 158.000 2.332 1 1 49.870 Drug-like molecule
Homopterocarpin 284.000 3.313 0 4 77.592 Drug-like molecule
Pterocarpin 298.000 3.033 0 5 77.163 Drug-like molecule
Campesterol 400.000 7.634 1 1 123.599 Drug-like molecule
y-sitosterol 414.000 8.024 1 1 128.216 Drug-like molecule
Stigmasterol 412.000 7.800 1 1 128.122 Drug-like molecule

MW: Molecular Weight; LOGP: High Lipophilicity; HBD: Hydrogen Bond Donor; HBA: Hydrogen Bond Acceptor; MR: Molar Refractivity.

the previous study showed homopterocarpin from Pterocarpus erinaceus as antioxidant [48]. Compared to the other studies that have
been previously reported as having high antioxidant compounds, the heartwood extract from P. macrocarpus Kurz. was lower than
Centella asiatica L. leaf [53], plants, and callus of Trifolium pratense L. [54], and Callisia fragrance leaf juice [55].

3.5. In vitro antimalarial activity

The ICsq values of the crude extracts and homopterocarpin from P. macrocapus Kurz. at different doses are shown in Table 8. All
natural products are considered to have antimalarial activity at ICsq values less than 10 pg/ml. The compounds with ICsg values less
than 5 pg/ml are classified as exhibiting very active antimalarial activity, whereas ICs( values between 5 and 10 pg/ml are identified as
active antimalarial agents [56]. The results indicated that the ethyl acetate extract exhibited the highest in vitro antimalarial activity
with an ICsg value of 1.78 pg/ml, followed by the ethanol (2.21 pg/ml) and n-hexane extracts (7.11 pg/ml), whereas the ICso of
homopterocarpin was 0.52 pg/ml. Compared with other studies, the ICs( values for the P. macrocarpus Kurz. ethyl acetate extract was
lower compared with that of the DCM extracts from Commiphora africana (A. Rich.) Engl. stem bark and Dychrostachys cinerea (L.)
Wight & Arn. whole stem, which showed promising antiplasmodial activity with ICsq values of 4.54 + 1.80 and 11.47 + 2.17 pg/ml,
respectively [3]. These results were lower compared with that of the ethanolic extracts from Mussaenda erythrophylla, including stem
(29.6 £ 0.7 pg/ml) and leaves (3.7 + 2.6 pg/ml), and Mussaenda philippica Dona Luz x Mussaenda flava leaves ethanolic extract (5.9 +
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Table 6
Simulation results of molecular docking with SARS-CoV-2 proteins.

Target Ligand Binding Affinity (kcal/mol) AutoGrid (A)

Helicase Butylated hydroxytoluene -6.3 Center X:-14.723 Y:30.321 Z:-66.631
2-Naphthalenemethanol -6.2 Dimensions X:91.761 Y:98.670 Z:106.327
Homopterocarpin -7.2
Pterocarpin -7.7
Campesterol -7.7
y-sitosterol -7.4
Stigmasterol —8.2
Molnupiravir (Control 1) -7.1
PF-07321332 (Control 2) -7.1

RdRp Butylated hydroxytoluene -5.9 Center X:119.72 Y:117.282 7:117.111
2-Naphthalenemethanol -5.8 Dimension X:102.037 Y:108.952 Z:117.175
Homopterocarpin —6.5
Pterocarpin -7.2
Campesterol -7.6
y-sitosterol -7.1
Stigmasterol -7.8
Molnupiravir (Control 1) —6.8
PF-07321332 (Control 2) -7.5

MmPre Butylated hydroxytoluene -5.8 Center X:-26.283 Y:12.599 Z:63.866
2-Naphthalenemethanol -5.9 Dimension X:66.125 Y:72.942 7:61.258
Homopterocarpin —6.3
Pterocarpin -7.1
Campesterol -7.7
y-sitosterol -7.6
Stigmasterol -7.8
Molnupiravir (Control 1) -6.7
PF-07321332 (Control 2) —6.5

RBD-Spike Butylated hydroxytoluene -5.6 Center X:-32.325 Y:27.893 Z:21.076
2-Naphthalenemethanol -5.6 Dimension X:48.156 Y:59.612 Z:56.346
Homopterocarpin —6.4
Pterocarpin -7.1
Campesterol -6.9
y-sitosterol —6.7
Stigmasterol -7.3
Molnupiravir (Control 1) -6.7
PF-07321332 (Control 2) —6.6

0.4 pg/ml) [57]. In addition, they were lower than Pterocarpus erinaceus Poir. leaf methanolic extract (ICso = 14.63 pg/ml) [58].
Tajuddeen and Heerden [59] concluded that a bioactive compound is considered interesting and worthy of further investigation as an
antimalarial agent if the ICsq is 3.0 pg/ml.

3.6. In vitro toxicity and selectivity index

In vitro toxicity was evaluated by the MTT assay using Huh7it-1 cells and the SI was calculated by comparing the cytotoxicity
concentration at 50% (CCsg) and the ICs of the antiplasmodial activity of the natural product. The CCs of the crude n-hexane, ethyl
acetate, ethanol extracts, and homopterocarpin were 202.38, 67.24, 512.48, and 49.93 pg/ml, respectively. Moreover, the selectivity
indices for the n-hexane, ethyl acetate, and ethanol extracts of P. macrocarpus Kurz. heartwood and homopterocarpin were 28.46,
37.77, 231.89, and 96.02 respectively (Table 8). The drug’s effectiveness and safety for treating the diseases were indicated by the SI
value. Sinha et al. [60] described that the SI is investigational compound with relative effectiveness in inhibiting cell proliferation as
compared to inducing cell death, so the SI value is preferred higher. The extract or fraction with SI values ranging from 10 to 313 was
considered safe, regarding the effective concentration against a parasite and the toxic concentration toward human cells [40,60,61].
Therefore, all-natural products in this study were considered nontoxic to human cells and optimum selective antiplasmodial.
Compared to other studies, extracts and homopterocarpin isolated from P. macrocarpus Kurz. showed higher SI than leaf extract of
Vernonia amygdalina (Del.) [62], however, they are lower than malaria drug box (artesunate) [42].

3.7. Antimicrobial activity

The 5 microbial strains, including Bacillus substilis TISTR 1248, Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
and Candida albicans ATCC 10231, are used in this study as representatives of pathogenic bacteria and yeast which are commonly used
for antimicrobial assay in a number of researches [63-65]. Antimicrobial tests were carried out with all crude extracts against bacteria
and yeast (Table 9). All extracts showed active antibacterial activity against B. substilis TISTR 1248 with a PI of 39.50 + 2.08%, 37.90
+ 0.29%, and 38.70 + 3.27% for the n-hexane, ethyl acetate, and ethanol extracts, respectively. The ethyl acetate and ethanol extracts
showed active antimicrobial activity against C. albicans ATCC 10231 (29.75 + 1.53% and 27.40 + 6.13% of inhibition, respectively)
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(C) (D)

Fig. 3. The 3D visualization of the molecular docking results. Ligands are indicated by black circles (A) Stigmasterol Helicase (B) Stigmas-
terol_RdRp (C) Stigmasterol_Mpro (D) Stigmasterol_RBD-Spike.

and E. coli ATCC 25922 (48.82 + 7.48% and 57.76 + 7.48%, respectively). Only ethanol extract has antimicrobial activity against
S. aureus ATCC 25923 (44.78 + 0.42%). Compared to other studies, diameter of inhibition zone of P. macrocarpus Kurz. extract was
wider than P. indicus bark ethanolic extract against to C. albicans, E coli, and S. aureus [66]. The antimicrobial activity of the
P. macrocarpus Kurz. extracts seemed to be related to the presence of active ingredients with antimicrobial activities (Tables 2 and 3).
Jime’'nez-Gonza'lez et al. [67] reported that pterocarpans have antifungal activity. However, in the present study, the antimicrobial
activity of homopterocarpin was not determined because it did not show a significant inhibition zone against the tested microbes.
These results are consistent with that of Cuellar et al. [68] in which homopterocarpin exhibited weak antimicrobial activity against
E. coli, S. aureus, B. cereus, and E. faecalis.

It is important to note that the best antioxidant, antiplasmodial, and antimicrobial activities were found in the extracts from ethyl
acetate and ethanol fractions of P. macrocarpus Kurz. compared with those of n-hexane extract and a purified compound, homo-
pterocarpin. This result might be due to the high flavonoid contents in both ethyl acetate and ethanol extracts (Table 1), which have
been reported to play an essential role in antimicrobial and antioxidant activities [65,69]. In contrast, terpenoids were highly found in
n-hexane extract. Some compounds in this group have been reported to exhibit antiviral activity [70] that corresponded to the results
of molecular docking of compounds from n-hexane extract against SARS-Cov-2 proteins in this study. Nevertheless, it is suggested that
further in vivo experiments should be employed for ensuring the inhibitor’s effectiveness and warranty against SARS-Cov-2.

4. Conclusion

This report highlighted the anti-SAR-CoV-2 and antiplasmodial activities of the extracts and homopterocarpin derived from
P. macrocarpus Kurz. This study provided remarkable information regarding homopterocarpin isolation from P. macrocarpus Kurz. with
high yield by crystallization. Moreover, all extracts from P. macrocarpus Kurz. heartwood showed antimicrobial and antioxidant ac-
tivities with low toxicity as well. Thus, it could be expected to provide data for the further use of these extracts and homopterocarpin as
drug candidates for infectious diseases therapy with positive complementary effects and no toxicity.
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Table 7

In vitro antioxidant activity of Pterocarpus macrocarpus Kurz. heartwood extract.
No. Extract Antioxidant activity, ICso (pg/ml)

DPPH ABTS

1 n-Hexane 27.70 + 4.29 68.93 + 4.34
2 Ethyl acetate 2.12 £ 0.97 0.75 + 0.42
3 Ethanol 0.76 £+ 0.92 0.61 + 0.46
4 Homopterocarpin 194.90 + 34.96 30.94 + 8.00
5 Ascorbic acid 5.12 + 2.43 2.77 +1.30
6 Trolox 0.97 £ 0.30 0.86 + 0.97

Note: The data were represented as mean + SD, n = 3.
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Table 8
Invitro antimalarial activity, in vitro toxicity, and selectivity index (SI) of Pterocarpus macrocarpus Kurz. heartwood extracts against P. falciparum strain
3D7.

No  Extract Percentage of inhibition at each concentration (pg/ml) 1Cso (pg/ In vitro toxicity, CCso (ng/  Selectivity Index
100 10 1 0.1 001 o001 ™ mD (8D
1 n-Hexane 84.21 55.20 23.21 9.11 1.75 ND* 7.11 202.38 28.46
2 Ethyl acetate 88.26 65.99 38.12 23.28 11.54 ND 1.78 67.24 37.77
3 Ethanol 81.78 67.00 43.05 23.55 5.33 ND 2.21 512.48 231.89
4 Homopterocarpin - 97.98 78.68 52.16 30.30 15.39 0.52 49.93 96.02
5 Chloroquine 100.00 100.00 100.00 79.76 40.49 17.17 0.014
diphosphate

2 ND = not detectable.

Table 9
Diameter of inhibition zone and percentage of inhibition of heartwood extract of Pterocarpus macrocarpus Kurz.
No. Natural Products Bacillus substilis Candida albicans Escherichia coli Staphylococcus aureus
DIZ (cm) PI (%) DIZ (cm) PI (%) DIZ (cm) PI (%) DIZ (cm) PI (%)
1 n-Hexane extract 1.10 + 39.50 + - - - - 0 0
0.10 2.08
2 Ethyl Acetate extract 1.31 + 37.9 £ 0.29 1.20 + 29.75 + 1.03 + 48.82 + 0 0
0.29 0.08 1.53 0.17 7.48
3 Ethanol extract 117 + 38.7 + 3.27 1.03 + 27.40 + 1.06 + 57.76 + 1.20 + 44.78 +
0.17 0.12 6.13 0.17 7.48 0.11 0.42
4 Chloramphenicol 3.07 + - - - 1.59 + - 2.39 + -
0.39 0.27 0.81
5. Nystatin 3.65 + -
0.71

Note: The data are represented as mean + SD, n = 3. DIZ: diameter of inhibition zone (cm); PI: percentage of inhibition (%); positive control:
Chloramphenicol and Nystatin.
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