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ABSTRACT
The study aims to identify the bioactive secondary metabolites from the leaves of Papuacedrus papuana that have not
been reported yet so far. Two main antibacterial compounds, ferruginol, and trans-communic acid were isolated from
the leaves of the plant through several chromatography techniques, including a TLC-direct bioautography technique.
The antibacterial activity of abietane and labdane diterpenes were categorized as strong. The values of MIC were 16
and 4 µg/mL for ferruginol and 8 and 16 for trans-communic acid against E. coli (InaCC B5) and S. aureus (InaCC
B4), respectively. In addition, only ferruginol showed a moderate antioxidant activity with an IC50 value of 116.12
μg/mL. By docking studies, both compounds showed their more stable interaction with structural SARS-CoV-2
proteins, i.e., 6vxx Spike glycoprotein and 6m0j spike receptor compared to non-structural proteins such as 3CLpro,
Mpro, and RdRp proteases.
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INTRODUCTION
In our work in the search for bioactive constituents from Indonesia biodiversity, it was found that the nhexane soluble part of methanol extract of P. papuana (Cupressaceae) leaves collected from the highland
of Papua showed strong antibacterial and antioxidant activities (unpublished results). Papuacedrus
papuana (P. papuana) is the only species in the genus of Papuacedrus.1,2
This plant is endemic to eastern Indonesia, distributed from the Moluccas archipelago to New Guinea, and
grows in montane areas at altitudes from 900 to 3,600 m above sea level. 3,4 The timber was exploited by
local people in Papua for house construction, and the bark was used for roofing material. 5 A study on
phytochemical constituents from Papuacedrus papuana was extremely rare. To the best of our knowledge,
only one article reported of quercetin, myricetin, and some flavonoid glycosides from herbarium material
of P. papuana collected from Mt. Kenive, Papua New Guinea.6
None of the chemical constituents of the non-herbarium sample was reported to date, especially the plant
sample from the Papua region (Indonesia). Here, we report for the first time that abietane and labdane type
diterpenes from an n-hexane extract of P. papuana leaves are responsible for antibacterial and antioxidant
activities. Terpenoids are known to have antioxidant and antibacterial activity. 7 Furthermore, the labdanetype and abietane-type diterpenoids displayed specific and significant anti coronavirus 1 (SARS-CoV-1) in
in-vitro experiments.8,9
Due to that fact, in this study, the potency of both compounds as anti-SARS-CoV-2 was evaluated through
a docking study.
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EXPERIMENTAL
Plant Materials
Papuacedrus papuana leaves were collected from high land Wamena, Papua, Indonesia, with an altitude
of 3500 m asl. The plant specimen (voucher) was deposited in Herbarium Bogoriense (Collection No. AK
2102), Research Center for Biosystematic and Evolution, National Research and Innovation Agency
(BRIN), Republic of Indonesia.
Extraction
The dried leaves of P. papuana (87 g) were exhaustively extracted by methanol maceration at room
temperature with methanol. The methanol extract was fractionated three times using an equal volume of nhexane. Finally, the n-hexane layer was pooled together and dried by a rotary evaporator. The dark brown
crude extract was obtained with a weight of 1.92 g.
TLC-Direct Bioautography
Screening using TLC-direct bioautography was carried out to assess the antibacterial activity of P. papuana
extract against E. coli (InaCC B5) and S. aureus (InaCC B4).10 Ten µL of the extract was transferred onto
a TLC plate (silica gel 60 F254 plates (Merck, Germany)), then the plate were dried. The air-dried plate was
immersed into the suspension of bacteria before being incubated in the humidified chamber at 37 °C for 18
h. After completing the incubation process, it was followed by spraying the plates with a solution of
Iodonitro tetrazolium p-violet (INT) (Sigma, Germany) at concentration of 4 mg/mL. A clear area around
the extract signed the inhibition of bacterial growth. The bioactive extracts were then analyzed by eluting
with a mobile phase mixture of n-hexane – EtOAc (5:1) and then exposing the eluted plate with INT.
Isolation of the Active Compounds
The n-hexane extract of leaves (1.09 g) was applied onto column chromatography of stationary phase (silica
gel 60 70-230 mesh) (Merck, Germany) and eluted consecutively with n-hexane - ethyl acetate (H: E)
(100:1); (70:1); (50:1); (1:1) and lastly washed by methanol. The fractions collected were grouped into ten
fractions (F.1 – F.10). The F.4 (116.7 mg) was subjected to another silica gel chromatography column (CC)
and stepwise eluted with n-hexane - chloroform (2:1); (1:1); (1:2); and methanol. It resulted in 6 fractions
(F.4.1 – F.4.6). Compound 1 (19.5 mg, 1.79%) was obtained after another column chromatography of F.4.1
(28.5 mg) that was stepwise eluted with (H: E) (200:1); (100:1); (50:1); (1:1); and methanol. The F.5 (213.3
mg) was then separated to another silica gel CC and eluted consecutively with H: E (10:1); (1:1); and
methanol. Sixteen fractions were obtained (F.5.1 – F.5.16) in which F.5.2 contained single compound 2
(68.3 mg, 6.27%). Compounds 1 and 2, appeared as colorless amorphs were subjected to 1H and 13C-NMR
spectroscopic analyses (JOEL ECA-500 spectrometer, Japan). The 13C NMR and 1H data for compounds 1
and 2 are shown in Table-1 and 2, respectively.
Antibacterial Assay
The isolated compounds were assessed for their MIC (minimum inhibitory concentration) values against
tested bacteria (S. aureus (InaCC B4) and E. coli (InaCC B5) in a sterile 96-well microtiter plate (Thermo
Scientific, China).11 Each test was performed in triplicate. Each well in row A was filled with 100 µL of
growth medium of Mueller-Hinton Broth (MHB) (BD Difco, France) medium and 100 µL of tested
compounds dissolved in sterile distilled water (2048 µg/mL). Sequentially, wells in rows B – H initially
filled with 100 µL MHB received 100 µL of a homogenized medium-tested compounds mixture from the
previous row to achieve a serial concentration of the tested compounds. After the dilution process, 100 µL
of bacteria (105 CFU) was added to the wells. The final concentrations of the tested compounds in the MIC
measurements were 4-512 µg/mL. A similar procedure was performed for chloramphenicol (SigmaAldrich, Germany) as the positive control and MHB media as the negative control. The plate was stored for
20 hours at 37 oC. After incubation, 10 µL INT was added. The absence of purple color indicates the absence
of bacterial growth. The value of MIC was determined as the smallest concentration in which the clear
wells were observed.
Antioxidant Assay
The IC50 of the active extract against DPPH (2,2-Diphenyl-1-picrylhydrazyl) (TCI, Japan) was performed
by using a serial microdilution assay in a 96-well microtiter plate with minor modification. 12 Every well in
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row A was filled with methanol (150 µL) (Merck, Germany) and 150 µL extract (1000 µg/mL).
Sequentially, wells in rows B – H initially filled with 150 µL methanol received 150 µl of the methanolextract mixture from the previous row to achieve a serial concentration of tested compounds. After the
dilution process, 100 µL DPPH in methanol (400 µg/mL) was added to the wells. Each test was performed
in triplicate with the final concentrations of the extract from 5.86 – 750 µg/mL. A similar procedure was
applied for (+)-catechin (Sigma Chemical, USA) as the positive control and methanol (Merck, Germany)
as the negative control. The plate was incubated in a dark condition for 30 minutes before measuring the
absorbance with microplate reader Varioscan Flash (Thermo Scientific, Finland) at 517 nm. The percentage
of DPPH inhibition was calculated as follows:

The 50% inhibition concentration (IC50 value) was calculated with an equation of linear regression.
Docking Studies
Ligand Preparation
All of the Ligand structures were downloaded in SDF format from open-source PubChem
(https://pubchem.ncbi.nlm.nih.gov/) with CID numbers 442026 and 637125 for ferruginol (C 20H30O) and
trans-Communic acid (C20H30O2), respectively. The USFC CHIMERA (1.15 version) molecular
visualization software transformed ligand from SDF into PDB format. The pdbqt files were generated by
Autodock tools (MGLtools 1.5.6), and those files were the input ligand files for further process. The
PDBQT generation, the Gasteiger charge, and the number of torsions (set to 8) were added. Ligands were
kept flexible for the docking process.
Protein Preparation
The Protein structures used in this experiment were obtained from the Protein Data Bank website
(https://www.rcsb.org/pdb/home/home.do). The pdb code for each protein is written in Table-1. First, the
non-standard ligands and water were removed from the protein structure using Autodock tools (MGLtools
version 1.5.6) software. Next, the missing atoms were restored, and the hydrogen atom was altered to the
protein structure. The structure was then preserved before being saved in the pdb format, and then charges
(gasteiger) were applied automatically to the structure leading to the formation of the pdbqt form.
Grid Formation
The grid formation was designed to determine the docking site. The generation of the grid box is completed
in the Autodock tools (MGLtools 1.5.6). The targeted docking was applied for PDB id 6m2n, 6lu7, and
7d4f classified as non-structural proteins. The docking site was built around the native ligand coordinate.
In addition, blind docking was employed for 6vxx, and 6m0j to allow the ligand likely to be docked to all
parts of the receptors. The optimized grid box for each protein is described in Table-1.
No
1
2
3
4
5

Table-1: The SARS-Cov-2 Proteins and the Grid Parameters were used in the Docking Study
Protein PDB id
Center (x, y, z)
Grid box (x, y, z), Spacing 1oA
6m2n (protease of SARS-CoV-2)
-35.787, -64.489, 37.673
13, 14, 15
6lu7 (SARS-CoV-2 Main Protease)
-9.768, 11.436, 68.904
14, 20, 12
7d4f (- RdRp of SARS-CoV-2)
126.277, 130.151 ,148.100
20, 22, 20
6vxx (SARS-CoV-2 spike
197.830, 223.381, 207.336
92, 80, 120
glycoprotein)
6m0j (spike receptor SARS-CoV-2
-26.886, 18.475, -14.037
68, 74, 120
bound with ACE2)

Protein-Ligand Docking
Autodock Vina 1.0 is used to conduct In silico docking. The docking parameter consists of an
exhaustiveness value of 8, and the energy range was 4.13 The rest of the program parameters were
maintained as default in the software. The config file consisting of prepared ligands and proteins data in
pdbqt format, grid parameters, exhaustiveness, and energy range was used as input for the docking process.
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The protein was established as rigid, and the ligand was maintained flexible. The docking result was
identified as binding affinity (kcal/mol). LIGPLOT v.4.5.3 software analyzed the 2D interaction between
particular amino acids tested.14 The docking result was then visualized by the Pymol 1.8.6.0.
Validation of Docking Parameters for Targeted Docking
The targeted docking process was validated by measuring the RMSD value of the re-docked native ligand.
The native ligand of each protein was re-docked using the designated parameters, and the RMSD value was
evaluated using Pymol 1.8.6.0. The acceptable range of RMSD values is <2 oA. Therefore, all of the used
parameters for targeted docking were validated and showed the RMSD value <2 oA.

RESULTS AND DISCUSSION
The rapid screening for antibacterial properties of the n-hexane soluble part from MeOH extract of the
leaves of P. papuana showed bacterial inhibition activity on a dot-blot TLC-bioautography method (data
not shown). Further analysis by eluted direct TLC-bioautography method revealed that the extract has two
spots indicating growth inhibition against E. coli and S. aureus. The active spots were signed by a white
circle area formation on the purple background (Fig.-1). By applying chromatography techniques, two
compounds 1 and 2 responsible for the antibacterial activity of the extract were successfully isolated. The
1
H-NMR spectra of 1 (Table-2) exhibited the existence of two singlet aromatic protons at H 6.63 (1H, s)
and H 6.84 (1H, s), while the 13C-NMR spectra showed six aromatic carbon at C 150.8, 148.8, 131.6,
111.1, 127.4, and 126.8. The result of the DEPT experiment inferred that signals at C 150.8, 148.8, 131.6,
and 127.4 were quarternary carbon; therefore, it can be deduced that the aromatic ring was four substituted
and one of them is hydroxy-substituted. The 13C-NMR spectra of 1 showed that the compound is a C-20
compound. The DEPT experiment showed that signals at C 39.5, 19.5, 41.8, 19.4, and 29.9 were secondary
carbon, while C 33.6 and 37.6 were identified as quarternary carbon. According to those data, compound
1 was proposed as a diterpene containing three rings. The correlation between signals at H 1.25 and C
131.6 and 148.8 appeared in the HMBC analysis, while HMQC spectra showed that the signals at H 1.25
(6H, m) were correlated to c 22.7 and 22.9. This data indicated an isopropyl substitution at C-13. Based
on the above 1D- and 2D-NMR data of compound, and after comparing the published data elsewhere, it
was deduced that compound 1 was identified as ferruginol.15,16

Fig.-1: The TLC-Bioautography Pattern of the n-Hexane Soluble Part of the MeOH Extract of P. papuana Leaves.
TLC analysis was run on a Normal Phase Silica Plate, Eluted with a solvent mixture of n-Hexane-EtOAc (5:1). A:
Overlay with E. coli suspension, B: Overlay with S. aureus Suspension, C: Sprayed with 1% Vanillin/H2SO4. 1:
Ferruginol, 2: Trans-Communic Acid

The 1H-NMR spectra of compound 2 (Table-3) showed the presence of conjugated alkenes proton at H
5.39, 6.31, and 4.86, and two alkene protons at H 4.82 and 4.45. The 13C-NMR spectra of compound 2
showed that the compound is a C-20 compound. The DEPT experiment exhibited that signals at C 40.5,
44.3, 133.6, 148.1, and 183.9 were quartenary secondary carbon, while C 20.1, 23.4, 25.9, 38.1, 38.6, 39.4,
107.8, and 110.1 were secondary carbon. Based on those data and comparison with published data,
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compound 2 was assigned as trans-communic acid. Its chemical structure was depicted in Fig.-2.17,18
Ferruginol is classified as abietane diterpene. This type of compound is characterized by C 20 carbon having
three cyclic structures. Abietane diterpene has an interesting biological activity, especially for medicinal
uses. Ferruginol was isolated for the first time from Podocarpus ferruginous, a New Zealand native plant,
in 1939.19 The compound was found later to have many activities, including antitumor, anticancer,
antimalarial, and antibacterial. As antimalarial, ferruginol has a temperate selectivity index against
chloroquine-resistant strain.16 Ferruginol was reported to have moderate antibacterial activity indicated by
MIC value of 16 μg/mL against Bacillus subtilis and Micrococcus luteus 64 μg/mL against Staphylococcus
epidermidis and >256 μg/mL against E. coli.20 In this study, we demonstrated that ferruginol and transcommunic acid have high activity for antibacterial. Both compounds showed inhibition of bacterial growth
against S. aureus with MIC values of 4 and 16 μg/mL, respectively, while MIC values against E. coli are
16 and 8 μg/mL, respectively. The difference in antibacterial activity reported by Matsushita et al. with our
results probably lies in the difference in the strain of tested bacteria used, and the method applied. 20 In an
antioxidant assay using DPPH radical, ferruginol was active with IC50 value 116.12 μg/mL, while transcommunic acid was inactive with IC50 > 1000 μg/mL. The mechanism of the antioxidant reaction of
ferruginol has been studied and it was proposed through quinone methide formation. 21 In 2007, Wen et al.
reported that abietane-type and labdane-type natural diterpenoids demonstrated their potential to suppress
the multiplication of the SARS-CoV-1 virus in vitro.9 Ferruginol is one of the abietane-type diterpene
compounds that shows an inhibitory effect on developing the SARS-CoV-1 virus up to a concentration of
3.3 µg/mL. Furthermore, the two isolated diterpenes from the leaves of P. papuana were investigated for
their activity as anti-SARS-CoV-2 virtually through a docking experiment. The docking analysis between
tested compounds, ferruginol, and trans-communic acid with 5 kinds of SARS-CoV-2 proteins, i.e., 6m2n
(3CLpro), 6LU7 (Mpro), 7d4f (RdRp), 6vxx (spike glycoprotein), and 6m0j (spike receptor-binding domain
bound with ACE2) were presented in Table-2. The analysis results (Table-3) show that the highest binding
affinity is found in the interaction of ferruginol with 6vxx Spike glycoprotein with a value of -7.5 kcal.
Furthermore, the binding affinity value of ferruginol with 6vxx spike protein was higher than transcommunic acid (6.5 kcal) with the same protein. These results showed that ferruginol was more active in
inhibiting the 6vxx spike glycoprotease activity of SARS-CoV-2 than trans-communic acid.
Table-2: The 13C-NMR (125 Mhz) and 1H-NMR (500 Hz) Data of Compound 1 and Ferruginol

This finding is in accordance with an in vitro study by Wen et al. that stated ferruginol did not show good
inhibitory activity for 3CLpro of SARS-CoV. Despite this, it showed promising activity in constraining the
growth of the SARS-CoV virus (EC50: 1.39).9 It indicates that ferruginol might target other SARS-CoV
proteins. It was known that SARS-CoV-2 3CLpro is preserved and shares 99.02% sequence identity with
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SARS-Cov-1 3CLpro and including with 12-segment-mutation.22 Inhibition of the 6vxx spike glycoprotein
and 6m0j spike receptor activity occurs by hydrogen bonds between the hydroxy (OH) in ferruginol and
the binding sites of the two SARS-CoV-2 proteins. Ferruginol and 6vxx protein hydrogen bonding occur
between the ferruginol hydroxy group and Arg190, as shown in Fig.-3a. Whereas with 6m0j protein,
hydrogen bonds are formed between the hydroxy group and Leu100 (Fig.-3b). On the other hand, the
carboxylic acid group of trans-communic acid forms two hydrogen interactions with amino acids Tyr38
and gly283 on the 6vxx spike glycoprotein and with Gln102 on the 6m0j spike receptor (Fig.-3c and 3d).
The presence of an aromatic ring makes the structural conformation of ferruginol less flexible than transcommunic acid. Therefore, the structural conformation of ferruginol is predicted to be more favorable or
fit than trans-communic acid with the docking site of 6vxx protein. That is hypothesized to promote the
better binding affinity of ferruginol in 6vxx. The structural conformation suggests that in trans-communic
acid, the aromatic ring was cleavage. The binding between the ligands, ferruginol and trans-communic
acid, with the three non-structural SARS-CoV-2 proteins, was observed lower than their affinity for the
6vxx spike protease 6m0j spike receptor of human ACE2. This phenomenon indicates that the inhibition of
trans-communic acid, especially ferruginol against SARS-CoV-2, is predicted to inhibit the attached virus
to human cells through inhibition of the activity of 6vxx spike protease and 6m0j spike receptor of human
ACE2. However, this prediction needs to be further proven through direct testing with SARS-CoV-2 either
in-vitro or in-vivo.
Table-3: The 13C-NMR (125 MHz) and 1H-NMR (500 MHz) Data of Compound 2 and Trans-Communic Acid

Fig.-2: Chemical Structure of Ferruginol (1) and Trans-Communic Acid (2)
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Table-4: Molecular Docking Analysis of Ferruginol and Trans-Communic Acid Against SARS-Cov-2 Proteins
Ligand
Native ligand
Proteins
Ferruginol trans-communic acid
3WL *
N3
binding affinity
-5.6
-5.3
-7.1
nt
Asn-142,
6m2n (3CLpro)
hydrophobic
Asn-142,
Asn-142
Gly-143,
interactions
Gly 143
Glu-166
binding affinity
-6.5
-6.3
nt
nt
6LU7 (Mpro)
hydrophobic
Arg188
Thr26
interactions
binding affinity
-6.3
-6.6
nt
-10.0
Gly143,
His163,
7d4f (RdRp)
hydrophobic
No
Thr591
Glu166,
interactions
interaction
Gln189,
Thr190
binding affinity
-7.5
-6.4
nt
nt
6vxx (Spike
hydrophobic
glycoprotein)
Arg190
Tyr38, gly283
interactions
binding affinity
-7.1
-6.5
nt
nt
6m0j (spike receptorbinding domain bound
hydrophobic
Leu100
Gln102
with ACE2)
interactions
CID number
442027
637125
5281605
182232
Molecular formula
C20H30O
C20H30O2
C15H10O5
C15H10O6
Molecular mass (g/mol)
286.5
302.5
270.24
290.27

Note: * (5,6,7-trihydroxy-2-phenyl-4H-chromen-4-one), nt: not tested.

Fig.-3: The Complex Visualization of Ligand and SARS-Cov-2 Spike Protein. A) Complex Ferruginol-6vxx, B)
Complex Ferruginol-6m0j, C) Complex Trans-Communic Acid-6vxx, D) Complex Trans-Communic Acid-6m0j

CONCLUSION
In summary, this study shows that the leaves of P. papuana can be used as a new source of two abietane
diterpenes, ferruginol, and trans-communic acid, with a relatively high content of 0.04 % and 0.14 %,
respectively. This study can also contribute to the further use of the plant, not only the timber for house
material but also the leaves for medicinal use, especially for the anti-SARS-CoV-2 candidate, but need to
be validated by an in-vitro and in-vivo experiments.
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