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In-silico Computational Investigations of AntiViral Lignan
Derivatives as Potent Inhibitors of SARS CoV-2
Dipen K. Sureja,*[a] Ashish P. Shah,[b] Normi D. Gajjar,[a] Shwetaba B. Jadeja,[a]
Kunjan B. Bodiwala,[a] and Tejas M. Dhameliya*[a]

Due to alarming outbreak of pandemic COVID-19 in recent
times, there is a strong need to discover and identify new
antiviral agents acting against SARS CoV-2. Among natural
products, lignan derivatives have been found effective against
several viral strains including SARS CoV-2. Total of twenty-seven
reported antiviral lignan derivatives of plant origin have been
selected for computational studies to identify the potent
inhibitors of SARS CoV-2. Molecular docking study has been
carried out in order to predict and describe molecular

interaction between active site of enzyme and lignan deriva-
tives. Out of identified hits, clemastatin B and erythro-
strebluslignanol G demonstrated stronger binding and high
affinity with all selected proteins. Molecular dynamics simu-
lation studies of clemastin B and savinin against promising
targets of SARS CoV-2 have revealed their inhibitory potential
against SARS CoV-2. In fine, in-silico computational studies have
provided initial breakthrough in design and discovery of
potential SARS CoV-2 inhibitors.

Introduction

According to the World Health Organization (WHO), a pneumo-
nia-like illness of unknown cause was detected in Wuhan city
of China dated December 31, 2019. Later on, it was found to be
caused by a new coronavirus which was identified as 2019
novel coronavirus (2019-nCoV), then renamed as severe acute
respiratory syndrome coronavirus 2 (SARS CoV-2), and the
disease was then named coronavirus disease 2019 (COVID-19).
The WHO has declared this outbreak as a public health
emergency of international concern and subsequently pan-
demic on January 30, and March 11, 2020, respectively.[1]

According to WHO, there have been an estimated 543,352,927
cases and 6,331,059 deaths due to COVID-19 till June 29,
2022.[2] COVID-19 has led the world into a new era of recession
by locking down the people in their homes through strict
quarantines/isolations. The panic of COVID-19 has been more
aggravated, wherein no therapeutic panacea for COVID-19
affected patients has been identified.[3–5]

Although no specific drugs have been approved by the
United States Food and Drug Administration (USFDA) to treat
COVID-19, several approaches have been proposed, such as
lopinavir/ritonavir (400/100 mg, orally, twice a day), chloro-

quine (500 mg, orally, twice a day), and hydroxychloroquine
(loading dose-400 mg, orally, twice a day followed by a
maintenance dose of 200 mg, orally, twice a day). However,
hydroxychloroquine and chloroquine show serious side effects
like nausea, vomiting, diarrhea, and highly cardiotoxic effects
like arrhythmia, hypokalemia, hypotension, etc.[6] As of April 21,
2020, more than 500 clinical trials have been registered
worldwide in response to the COVID-19 emergency.[7] These
clinical trials include efficacy evaluation of various drugs like
favipiravir, a combination of hydroxychloroquine and azithro-
mycin, remdesivir, IL-6 inhibitors (tocilizumab and sarilumab),
etc. against SARS CoV-2 infection. However, to date, no new
drug has been discovered and developed to treat COVID-19
disease as well the vaccines discovered against COVID-19[8]

have not been found to offer life-long immunization.
The process of traditional drug discovery (also known as

phenotypic) is highly laborious, risky, expensive, and time-
consuming. Numerous strategies like computational chemistry,
high throughput screening, fragment approaches, and -omics
methodologies like functional and structural genomics, proteo-
mics, metabolomics, etc.[7–10] can be utilized to accelerate the
drug discovery process. Drug repositioning, repurposing, or
reprofiling has been considered one of the best approaches to
speed up the drug discovery process by identifying a novel
therapeutic use of drugs previously approved by USFDA.[9] In
the quick search of these agents, virtual screening of com-
pounds has been identified as the most important and
innovative approach.[10,11]

Several natural products have been reported as the
therapeutic agents in treatment and management of SARS
CoV-2.[12] Among these, lignan and its derivatives are of utmost
importance due to their presence in highly diversified plant
species. Lignans, secondary metabolites of plants, contain a
basic scaffold of two or more phenylpropanoid units. Among
the lignan derivatives, anti-neoplastic podophyllotoxin, and its
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synthetic derivatives, teniposide, and etoposide, have drawn
significant attention in medicinal chemistry.[13] Further lignans
have been identified as essential pharmacophoric features for
diverse pharmacological activities such as anti-SARS-CoV,[14]

antioxidant,[15] anti-inflammatory,[16] antimalarial,[17] and
anticancer.[18] Lignans have also been found as the key scaffolds
for antiviral activities among the diversely substituted natural
products.[19,20]

In the absence of a specific SARS CoV-2 inhibitor, it is an
urgent need of an hour to identify the repurposed drug for the
treatment of COVID-19 during these extremely alarming
situations. Keeping this in mind and continuing our research
endeavour in search of newer SARS CoV-2 inhibitors,[21–23] we
studied the potential of lignan derivatives as SARS CoV-2
inhibitors through in-silico based virtual screening, molecular
dynamics (MD) simulations and druggability analysis.

Figure 1. The 3D interactions of amino acid residues of main protease (PDB ID: 6M2N) with clemastatin B (a) and erythro-strebluslignanol G (b).

Figure 2. The 3D interactions of amino acid residues of spike glycoprotein with ACE-2 (PDB ID: 6LZG) with clemastatin B (a) and diphyllin (b).

Figure 3. The 3D interactions of amino acid residues of non-structural proteins (PDB ID: 6W4H) with secoisolariciresinol (a) and sesamin (b).
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Results and Discussion

Protein Structures and Ligands Selection

Following the literature search,[24] various enzymes like main
protease/chymotrypsin-like protease (Mpro/3CLpro), papain-
like protease (PLpro), surface spike glycoprotein with ACE-2 (S),
RNA-dependent RNA polymerase (RdRp), and non-structural
protein 16 (2’-O-methyltransferase, Nsp10/16) as targets for

docking of lignan derivatives against SARS CoV-2 have been
identified. In search of potent antiviral agents exhibiting
multiple modes of action against different targets, virtual
screening was performed using previously reported twenty-
seven lignans (Table 1) as natural products against the selected
enzymes (PDBs: 6M2N, 6W6Y, 6WRH, 6LZG, 7BV2, and 6W4H).

Figure 4. The 3D interactions of amino acid residues of papain-like protease (PDB ID: 6WRH) with clemastatin B (a) and nordihydroguaiaretic acid (b).

Figure 5. The 3D interactions of amino acid residues of papain-like protease (PDB ID: 6W6Y) with savinin (a) and cleistantoxin (b).

Figure 6. The 3D interactions of amino acid residues of RdRp (PDB ID: 7BV2) with clemastatin B (a) and silymarin (b).
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Molecular Docking Studies

Molecular docking has been a type of structure-based drug
design (SBDD) technique used to identify molecular interac-
tions between the lowest energy conformations of molecules
and amino acids of the selected protein. Maestro interface
(Schrödinger Suite, LLC, NY) and Biovia Discovery studio were

used to visualize and analyze the molecular interactions of
docked ligands with proteins. A docking score was used to
assess the binding affinity of the ligands with the receptor.
Docking scores of the lignan derivatives and drugs like arbidol,
lopinavir, and remdesivir with the selected PDBs have been
described in Table 2. As per the obtained results in the
molecular docking study, clemastanin B has got the highest
docking score against four proteins (6M2N, 6LZG, 6WRH and

Figure 7. Result of the selected lignan derivatives against different violations for the rules of druggability and drug-likeness.

Figure 8. The schematic plots of RMSD� L (a), RMSD� P (b), RoG (c), SASA (d),
and HB (e) for the complex of PLpro with clemastanin B.

Figure 9. The schematic plots of RMSD� L (a), RMSD� P (b), RoG (c), SASA (d),
and HB (e) for the complex of PLpro with savinin.
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7BV2) out of selected six proteins. These results show that
Clemastanin B have the potential to inhibit multiple targets of
the virus. Apart from this, cleistantoxin, diphyllin, silymarin,
erythro-strebluslignanol G, hinokinin, arctigenin, peperomin A,
and savinin also have the satisfactory docking score against the
various targets.

Next, we studied the binding mode of the most potent
compounds against the selected target and studied their
interactions. The 3D poses generated using Biovia Discovery
Studio[54] have been presented in the respective figures.
Clemastanin B and erythro-strebluslignanol G have been
identified as the hit molecules with the docking score of � 8.19
and � 7.50, respectively, against the SARS CoV-2 main protease
(PDB ID: 6M2N). Due to multiple hydroxyl groups in the
structure, clemastanin B forms hydrogen bonds (HB) with the
amino acids Thr24, Thr26, His41, Thr190, and Gln192 (Fig-
ure 1a). Similarly, hydroxy groups of erythro-strebluslignanol G
form HB with the amino acid residues Gly143, Glu166, Thr190,
and Gln192 (Figure 1b).

Clemastanin B and diphyllin were found to inhibit the
native spike protein with ACE-2 (PDB ID: 6LZG) with the
docking score � 6.17 and � 5.82, respectively. Both lignans were
found with superior docking scores than that of remdesivir
(� 5.41) and a comparable docking score to lopinavir (� 6.56).
The key residues such as Lys309, Gln325, and Gly354 from

chain A and Asp405 from chain B were found to interact with
the hydroxyl groups of the clemastanin B (Figure 2a). Whereas
Gln325 residue from chain A forms HB with the ethereal
oxygen and Gly504 residue from chain B forms HB with the
ketones of diphyllin (Figure 2b).

Secoisolariciresinol and sesamin, with the respective dock-
ing scores of � 5.44 and � 5.34 against the non-structural
proteins (nsp10 and nsp16) of the SARS CoV-2, found superior
to remdesivir (docking score of � 5.11) and highly significant
than lopinavir (docking score of � 3.69). Lys6836 residue of
chain A and Gln4289, Ile4291, and Cys4294 residues of chain B
were found to form HB with hydroxyl groups of the ligand
secoisolariciresinol (Figure 3a). Ethereal oxygen of sesamin
interacted through HB interactions with Cys4294 and Lys4296
residues of the chain B against the Nsp 10/16 (Figure 3b).

Clemastanin B and nordihydroguaiaretic acid were found to
inhibit the papain-like protease enzyme (PDB ID: 6WRH) of the
SARS CoV-2 with docking scores of � 6.28 and � 5.80,
respectively. Their higher docking scores were quite good than
remdesivir (� 5.36) and comparable to lopinavir (� 6.62). The
hydroxy groups of the clemastanin B interacted by forming the
HB with residues Tyr35, Asp40, and Val159 (Figure 4a). Total
four hydroxy groups present in the nordihydroguaiaretic acid
formed HB with Tyr35, Asp40, Arg82, and Val159 residues
(Figure 4b).

Several heterocycles have been reported as anti-infectious
agents against pathogemic microorganisms[55–59] with their
greener synthesis.[60–63] Following this, heterocyclic ligands such
as savinin and cleistantoxin showed the inhibition of papain-
like protease (PDB ID: 6W6Y) with docking scores of � 8.05 and
� 7.66, respectively, which are superior to the remdesivir
(docking score of � 7.37). In the savinin, ethereal oxygen
formed HB with the amino acid Val49, and carbonyl oxygen
formed HB with the residue Leu126 (Figure 5a). The hydroxyl
group of cleistantoxin was found to form HB with the Ala154
amino acid (Figure 5b).

Clemastanin B with the docking score � 6.89 inhibited the
RNA replicase enzyme (PDB ID: 7BV2) more significantly than all
the known inhibitors such as arbidol, lopinavir, and remdesivir.
Nucleotides Ade13, Ade14, and Tyr546 (Chain A) formed HB
with the hydroxy groups whereas, Cyt15 and Lys545 formed HB
with ethereal oxygen. Along with this, Lys500 interacted with
the π-cation interaction (Figure 6a). With the docking score of
� 4.93, hydroxy groups of the silymarin formed HB with the
nucleotides (Urd12 and Cyt15) and amino acid residues of
chain A (Asn496 and Glu857, Figure 6b). We did not observe a
common interaction between the co-crystallized ligand, remde-
sivir and our identified hits including clemastatin B and
silymarin in a common pocket occupied by them. However,
clemastatin B has been found to interact with other nucleotide
residues of the RdRp protein which can be attributed to its
superior docking scores as compared to that of remdesivir.

ADMET and Drug Likeliness Analysis

Next, we studied the Lipinski parameters for the selected hits
to study their drug likeliness.[64] The physicochemical properties

Figure 10. The schematic plots of RMSD� L (a), RMSD� P (b), RoG (c), SASA (d),
and HB (e) for the complex of RdRp with clemastanin B.
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like logP (� 5 to 5), molecular weight (less than 500 Dalton), H-
bond donors (less than 10), and H-bond acceptors (less than 5)

of the drug molecules have close resemblance with the oral
bioavailability of a drug.[64] The polar surface area (7–200 Å2)

Table 1. Antiviral lignan derivatives used for docking study in the present work.

Compounds IUPAC Name Biological source

(Family)

Active

against[a]
Ref.

Arctigenin (3R,4R)-4-(3,4-dimethoxybenzyl)-3-(4-hydroxy-3-methoxybenzyl)dihydrofuran-2(3H)-one Arctium lappa
(Compositae)

IAV
HIV-1

[25]

Bicyclol

(Synthetic analogue

of Schizandrin C)

methyl 5’-(hydroxymethyl)-7,7’-dimethoxy-[4,4’-bibenzo[d][1,3]dioxole]-5-carboxylate Fructus Schisandrae

(Magnoliaceae)

ZIKV

HBV

HCV

[26]

Cleistantoxin (5R,5aR,8aR,9R)-9-(1,3-benzodioxol-5-yl)-5-hydroxy-4-methoxy-5a,6,8a,9-tetrahydro-5H-[2]benzofuro[6,5-

f][1,3]benzodioxol-8-one

Cleistanthus indochinen-

sis (Euphorbiaceae)

Virus [27]

Clemastanin B 2-(hydroxymethyl)-6-(4-(3-(hydroxymethyl)-4-(3-methoxy-4-((3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-

pyran-2-yl)oxy)benzyl)tetrahydrofuran-2-yl)-2-methoxyphenoxy)tetrahydro-2H-pyran-3,4,5-triol

Isatis indigotica

(Cruciferae)

IAV [28]

Diphyllin 9-(benzo[d][1,3]dioxol-5-yl)-4-hydroxy-6,7-dimethoxynaphtho[2,3-c]furan-1(3H)-one Haplophyllum tele-

phioides

(Rutaceae)

ZIKV

IAV

[29,30]

Erythro-Streblusligna-

nol G

1,1’-(6,15-diallyltetrabenzo[b,d,g,i][1,6]dioxecine-3,12-diyl)bis(propane-1,2-diol) Streblus asper

(Moraceae)

HBV [31]

Hinokinin (3R,4R)-3,4-bis(1,3-benzodioxol-5-ylmethyl)oxolan-2-one Chamecyparis obtusa

(Cupressaceae)

SARS-CoV

HBV
HIV

[14,32,33]

Honokiol 3’,5-diallyl-[1,1’-biphenyl]-2,4’-diol Magnolia officinalis

(Magnoliaceae)

SARS-CoV [14]

Magnolol 5,5’-diallyl-[1,1’-biphenyl]-2,2’-diol Magnolia officinalis

(Magnoliaceae)

SARS-CoV [14]

Niranthin 6-(3-(3,4-dimethoxybenzyl)-4-methoxy-2-(methoxymethyl)butyl)-4-methoxybenzo[d][1,3]dioxole Phyllanthus niruri

(Euphorbiaceae)

HBV [32,34]

Nordihydroguaiaretic

acid

4,4’-(2,3-dimethylbutane-1,4-diyl)bis(benzene-1,2-diol) Larrea tridentate

(Zygophyllaceae)

DENV

HCV

WNV/ZIKV

[35–37]

Patentiflorin A 9-(1,3-benzodioxol-5-yl)-6,7-dimethoxy-4-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-methyloxan-2-yl]oxy-3H-
benzo[f][2]benzofuran-1-one

Justicia gendarussa
(Acanthaceae)

ZIKV
HIV-1

[29,38]

Peperomin A 4-(bis(7-methoxybenzo[d][1,3]dioxol-5-yl)methyl)-3-methyldihydrofuran-2(3H)-one Peperomia pellucida

(Piperaceae)

HIV-1 [39]

Peperomin B 4-((7-methoxybenzo[d][1,3]dioxol-5-yl)(3,4,5-trimethoxyphenyl)methyl)-3-methyldihydrofuran-2(3H)-one Peperomia

pellucida (Piperaceae)

HIV-1 [39]

Phillyrin 4-((1S,3aR,4R,6aR)-4-(3,4-dimethoxyphenyl)tetrahydro-1H,3H-furo[3,4-c]furan-1-yl)-2-methoxyphenol Fructus forsythiae

(Oleaceae)

IAV [40]

Phyllamycin B 1-(1,3-benzodioxol-5-yl)-6,7-dimethoxy-3-(methoxymethyl)naphthalene-2-carbaldehyde Phyllanthus myrtifolius

(Phyllanthaceae)

HIV-1 [41]

Podophyllotoxin (5R,5aR,8aR,9R)-9-hydroxy-5-(3,4,5-trimethoxyphenyl)-5,8,8a,9-tetrahydrofuro[3’,4’:6,7]naphtho[2,3-d][1,3]dioxol-

6(5aH)-one

Podophyllum peltatum

(Berberidaceae)

HSV

IAV
HIV

[42]

Retrojusticidin B 4-(1,3-benzodioxol-5-yl)-6,7-dimethoxy-3H-benzo[f][2]benzofuran-1-one Phyllanthus myrtifolius

(Phyllanthaceae)

HIV-1 [41]

Rubrifloralignan A (9R,10S)-4,5,14,15-tetramethoxy-9,10-dimethyltricyclo[10.4.0.02,7]hexadeca-1(16),2,4,6,12,14-hexaene-3,16-diol Schisandra rubriflora

(Schisandraceae)

HIV-1 [43]

Savinin (R,E)-4-(benzo[d][1,3]dioxol-5-ylmethyl)-3-(benzo[d][1,3]dioxol-5-ylmethylene)dihydrofuran-2(3H)-one Chamaecyparis obtuse

(Cupressaceae)

SARS-CoV [14]

Schinlignan G (7R)-2,3,10,11,12-pentamethoxy-6,7-dimethyl-5,6,7,8-tetrahydrodibenzo[a,c][8]annulen-1-yl methacrylate Schisandra chinensis

(Schisandraceae)

HBV [44]

Secoisolariciresinol (2R,3R)-2,3-bis(4-hydroxy-3-methoxybenzyl)butane-1,4-diol Justicia procumbens

(Acanthaceae)

HIV-1 [45]

Sesamin (1S,3aR,4S,6aR)-1,4-bis(benzo[d][1,3]dioxol-5-yl)tetrahydro-1H,3H-furo[3,4-c]furan Sesamum indicum

(Pedaliaceae)

H1 N1 [46]

Silymarin (2R,3R)-3,5,7-trihydroxy-2-[(2R,3R)-3-(4-hydroxy-3-methoxyphenyl)-2-(hydroxymethyl)-2,3-dihydro-1,4-benzodiox-
in-6-yl]-2,3-dihydrochromen-4-one

Silybum marianum
(Compositae)

HCV
IAV

[47,48]

Terameprocol 4,4’-(2,3-dimethylbutane-1,4-diyl)bis(1,2-dimethoxybenzene) Larrea tridentate

(Zygophyllaceae)

WNV/ZIKV

Poxvirus HSV

HIV
HPV

[37,49–

51]

Tiegusanin G [(8S,9S,10S,11R)-9-hydroxy-3,4,5,19-tetramethoxy-9,10-dimethyl-11-[(E)-3-phenylprop-2-enoyl]oxy-15,17-

dioxatetracyclo[10.7.0.02,7.014,18]nonadeca-1(19),2,4,6,12,14(18)-hexaen-8-yl] (Z)-2-methylbut-2-enoate

Schisandra propinqua

(Schisandraceae)

HIV-1 [52]

Yatein (3R,4R)-4-(benzo[d][1,3]dioxol-5-ylmethyl)-3-(3,4,5-trimethoxybenzyl)dihydrofuran-2(3H)-one Chamaecyparis obtuse

(Cupressaceae)

HSV-1 [53]

[a] DENV-Dengue Virus; H1N1-Influenza A virus subtype H1N1; HBV-Hepatitis B Virus; HCV-Hepatitis C Virus, HIV-Human Immunodeficiency Virus, HIV-1-Human Immunodeficiency Virus-1; HPV-

Human Papilloma Virus; HSV-Herpes Simplex Virus; HSV-1-Herpes Simplex Virus-1; IAV-Influenza A Virus; SARS-CoV-Severe Acute Respiratory Syndrome-related Corona Virus; WNV-West Nile Virus;
ZIKV-Zika Virus.
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Table 2. Docking score of lignan derivatives with different PDBs.

Compound Mpro (6M2N) Spike glycoprotein (6LZG) Nsp 10/16 (6W4H) PLpro (6WRH) PLpro (6W6Y) RdRp (7BV2)

Arctigenin � 6.00 � 3.63 � 4.63 � 5.35 � 7.12 � 3.62
Bicyclol � 6.16 � 4.52 � 4.15 � 4.21 � 6.10 � 3.11
Cleistantoxin � 5.60 � 4.42 � 2.90 � 3.76 � 7.66 � 2.95
Clemastanin B � 8.19 � 6.17 – � 6.28 � 5.90 � 6.89
Diphyllin � 6.59 � 5.82 � 4.23 � 3.25 � 6.68 � 3.41
Erythro-Strebluslignanol G � 7.50 � 5.53 � 5.30 � 4.71 � 6.63 � 4.71
Hinokinin � 7.29 � 4.95 � 4.85 � 5.10 � 6.91 � 2.84
Honokiol � 6.31 � 4.30 � 3.83 – – � 3.64
Magnolol � 5.14 � 4.29 � 3.51 � 3.99 � 5.15 � 4.55
Niranthin � 6.86 � 4.14 � 4.35 � 5.09 � 6.41 � 2.97
Nordihydroguaiaretic acid � 6.74 � 4.18 � 4.14 � 5.80 � 7.36 � 4.21
Patentiflorin A � 7.37 � 4.20 – � 3.94 � 5.72 � 3.73
Peperomin A � � 3.99 � 5.00 � 5.35 � 7.55 � 3.27
Peperomin B � 6.54 � 4.05 � 4.78 � 5.78 � 5.94 � 3.60
Phillyrin � 5.94 � 3.84 – � 4.56 � 4.45 � 3.64
Phyllamycin B � 6.72 � 5.11 – � 4.35 � 6.19 � 3.56
Podophyllotoxin � 5.90 � 4.20 � 2.77 � 4.33 � 5.20 � 3.32
Retrojusticidin B � 6.25 � 4.51 � 4.22 � 5.04 � 6.18 � 3.11
Rubrifloralignan A � 5.47 � 3.22 � 3.52 � 4.38 � 4.92 � 2.85
Savinin � 7.36 � 4.74 � 4.89 � 4.97 � 8.05 � 3.80
Schinlignan G � 5.34 � 3.63 � 3.41 � 2.70 � 5.91 � 3.62
Secoisolariciresinol � 5.36 � 3.33 � 5.44 � 4.26 � 7.54 � 3.50
Sesamin � 6.86 � 4.69 � 5.34 � 5.22 � 5.79 � 3.16
Silymarin � 6.75 � 3.62 � 4.18 � 5.31 � 5.90 � 4.93
Terameprocol � 6.57 � 4.36 � 4.12 � 5.15 � 6.50 � 3.11
Tiegusanin G � 0.1 � 0.76 � 0.82 � 3.76 � 3.67 � 3.21
Yatein � 6.24 � 4.58 � 3.24 � 5.04 � 7.04 � 4.10
Arbidol � 5.99 � 3.34 � 3.30 � 3.28 � 3.91 � 2.72
Lopinavir � 8.70 � 6.56 � 3.69 � 6.62 � 6.27 � 5.51
Remdesivir � 8.65 � 5.41 � 5.11 � 5.36 � 7.37 � 6.02

Table 3. Calculated physicochemical properties of lignan derivatives.

Compound MW[a] QPlogPo/w[b] HBA[c] HBD[d] RB[e] PSA[f] Lipinski
violations

Arctigenin 372.42 3.54 6 1 7 85.69 0
Bicyclol 390.35 2.25 9 1 6 107.69 0
Cleistantoxin 398.37 1.79 8 1 2 102.84 0
Clemastanin B 684.69 � 1.57 16 9 12 240.49 3
Diphyllin 380.35 2.58 7 1 3 95.13 0
Erythro-Strebluslignanol G 564.68 5.86 6 4 8 95.50 2
Hinokinin 354.36 2.49 6 0 4 77.63 0
Honokiol 266.34 4.97 2 2 5 40.65 0
Magnolol 266.34 4.96 2 2 5 40.65 0
Niranthin 432.51 3.27 7 0 12 58.60 0
Nordihydroguaiaretic acid 302.37 2.61 4 4 5 88.43 0
Patentiflorin A 526.50 1.32 11 3 5 151.61 2
Peperomin A 414.41 2.62 8 0 5 94.11 0
Peperomin B 430.45 3.36 8 0 7 90.30 0
Phillyrin 534.56 1.46 11 4 8 140.92 2
Phyllamycin B 380.40 3.21 6 0 6 74.55 0
Podophyllotoxin 414.41 2.45 8 1 4 101.16 0
Retrojusticidin B 364.35 2.76 6 0 3 76.63 0
Rubrifloralignan A 388.46 4.35 6 2 4 68.97 0
Savinin 352.34 2.12 6 0 3 77.94 0
Schinlignan G 470.56 5.52 7 0 8 65.59 1
Secoisolariciresinol 362.42 2.35 6 4 9 102.03 0
Sesamin 354.36 1.65 6 0 2 54.96 0
Silymarin 482.44 1.82 10 4 4 167.20 0
Terameprocol 358.48 5.26 4 0 9 31.36 1
Tiegusanin G 660.72 7.37 11 1 11 122.69 3
Yatein 400.43 3.67 7 0 7 82.12 0

[a]MW: Molecular weight, [b]QPlogPo/w: Partition coefficient, [c]HBA: Hydrogen bond donors; [d]HBD: Hydrogen bond donors; [e]RB: Rotational bonds;
[f]PSA: Polar surface area.
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and rotatable bonds (0-15) present in the molecule also plays a
vital role in the oral bioavailability of the drug.[65] The essential
parameters with their results obtained from Qikprop have been
presented in Table 3. As per Lipinski’s rule of five, a maximum
of two violations is allowed for an orally active compound.
Most of the identified hits successfully passed the Lipinski filters
with the good oral bioavailability within the permissible limits
except clemastanin B and tiegusanin G. However, about half of
united states food and drug administration (USFDA) approved
drugs do not comply with rule along with the marketed natural
products and their semisynthetic derivatives.[66] Hence, the
strict adherence to Lipinski’s rule of five should not be a
limiting factor for the search of potent SARS CoV-2 inhibitors.

Next, we have analyzed several ADMET (absorption, distri-
bution, metabolism, excretion and toxicity) parameters such as
water solubility (Ali log S), molar refractivity (MR), CaCO-2 cell
permeability, intestinal absorption, volume of distribution (Vd),
unbound fraction of drug and ability to inhibit the P-
glycoprotein substrate for the identified hits (Table 4). Most of
the molecules have qualified with all the required criteria.
Sufficient human intestinal absorption indicated their better
oral bioavailability along with desired values of Vd. Further, we
analyzed the additional parameters to predict the metabolism,
excretion and toxicity profile (Table 5). None of the ligands

except niranthin and sisamin was not found to inhibit the
CYP2D6 metabolic enzymes. However, some of the compounds
were found to inhibit the metabolic enzyme, CYP3A4 and P-
glycoprotein substrate, indicating the need of reduction in
dosages of these agents. They have medium renal clearance
along with no ability of inhibiting the substrates for renal
uptake transporter in proximal convoluted tubule (OCT2). All
the molecules were found nontoxic from there toxicity profile
like cytotoxicity (hERG cell line) and dermal toxicity (skin
sensitization) and also found safe in terms of oral rat acute
(LD50), and chronic (LOAEL) toxicity. Hence, these compounds
might be good and successful drug candidates in the future.
The analysis of AMES toxicity revealed their non-mutagenic
nature except bicyclol, retrojusticidin B and sesamin.

Apart from Lipinski’s rule of 5, additional rules for the drug-
likeliness such as Ghose rule, Veber’s rule, Egan’s rule and
Muegge’s rule have been also studied and the results have
been analyzed to ensure the drug-likeliness of selected lignan
derivatives (Figure 7). As per the Veber’s rule, compound
should have the polar surface area less than 140 Å2 to have the
better oral bioavailability.[70] Seven compounds out of the
twenty-seven have found violated Veber’s rule indicating good
oral bioavailability of others. All hits except six qualified the
criteria provided by the Egan rule [tPSA (0–132 Å2) and logP

Table 4. Predicted absorption and distribution properties of selected lignans using pkCSM.[a]

Compound Ali log
S[b,c]

MR[b,d] CaCO-2
permeability[e]

Human intestinal absorption (%
absorbed)[f]

VDss

(Human)[g]
Fraction unbound
(Human)[h]

P-gp
inhibition
(yes/no)[i]

Arctigenin � 4.84 100.6 1.27 96.65 � 0.50 0 Yes
Bicyclol � 3.85 94.4 1.518 100 � 0.38 0.09 No
Cleistantoxin � 3.62 96.93 1.69 100 � 0.58 0.07 No
Clemastanin B � 3.48 161.34 � 0.98 5.04 � 0.23 0.25 No
Diphyllin � 5.06 99.78 1.17 96.50 � 0.90 0.10 Yes
Erythro-Streblusligna-
nol G

� 8.12 165.92 0.26 100 � 1.90 0.32 Yes

Hinokinin � 4.67 91.23 1.00 98.59 � 0.34 0 Yes
Honokiol � 5.57 84.14 1.73 91.94 0.50 0 No
Magnolol � 5.57 84.14 1.62 92.67 0.36 0.03 No
Niranthin � 5.72 88.02 0.95 88.44 0.25 0.23 No
Nordihydroguaiaretic
acid

� 5.14 117.25 1.27 100 � 0.10 0 Yes

Patentiflorin A � 4.95 130.74 0.53 89.02 � 1.42 0.08 Yes
Peperomin A � 5.03 104.21 1.31 100 � 0.51 0.07 No
Peperomin B � 5.17 111.13 1.35 100 � 0.42 0.04 No
Phillyrin � 2.64 131.49 0.24 58.24 � 0.88 0.09 No
Phyllamycin B � 4.69 104.68 1.08 100 � 0.27 0.15 Yes
Podophyllotoxin � 3.58 103.85 0.08 100 � 0.42 0 Yes
Retrojusticidin B � 5.01 97.76 1.11 99.93 � 0.28 0.16 Yes
Rubrifloralignan A � 5.96 108.94 1.15 96.56 0.38 0.05 Yes
Savinin � 4.64 91.54 1.09 98.79 � 0.17 0 No
Schinlignan G � 7.3 132.02 1.33 100 � 0.04 0 No
Secoisolariciresinol � 4.25 99.28 1.09 67.35 � 0.17 0.12 Yes
Sesamin � 3.5 90 1.17 98.22 � 0.34 0.04 No
Silymarin � 4.78 120.55 0.25 66.91 � 0.58 0 Yes
Terameprocol � 8.58 177.51 1.04 100 � 0.95 0.08 Yes
Tiegusanin G � 6.15 105.90 1.07 96.30 0.39 0 Yes
Yatein � 4.96 104.64 1.22 98.83 � 0.53 0 Yes

[a] Parameters calculated using pkCSM[67,68], [b] AlilogS and MR were calculated using SwissADME[69], [c] Aqueous solubility descriptor (�0), [d] molar
refractivity (�155), [e] Caco-2 cell permeability (log Papp in 10� 6 cm/s>0.09), [f] absorption (human, % >30), [g] volume of distribution (human, log L/kg)
(low if < � 0.15 and high if >0.45), [h] fraction unbound, and [i] ability to inhibit the P-glycoprotein.
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(� 1 to 6)].[71] Muegge’s filter includes several parameters for
confirming the dug likeliness such as MW (200–600), lip-
ophilicity (XLOGP3, � 2 to 5), tPSA (�150), cyclic rings (�7),
carbon atoms (>4), heteroatoms (>1), RB (�15), HBA (�10),
and HBD (�5)[72] and nine compounds were found to violate it.
Ghose rule specified the desired requirements of MW (160—
480 Da), LogP (� 0.4 to 5.6), MR (40-130) and atoms (20–70) to
be the good drug candidate[73] and eight molecules were
violated this rule. Being phytochemicals, most of the selected
lignan derivatives have potential to become the good drug
candidate requiring further modifications through pharmacoki-
netic analysis and or QSAR.

MD Simulation

With a view of exploring the stability of ligand into the active
site of protein through various statistical parameters, molecular
dynamics (MD) simulations[74,75] were carried out for 10 ns.[76–81]

The hit complexes obtained from docking analysis were
incorporated for MD simulations at various time points up to
10 ns using GROMACS 2020.1.[82,83] MD simulation was per-
formed for complexes of Mpro with clemastanin B, spike
glycoprotein with clemastanin B, Nsp 10/16 with secoisolaricir-
esinol, PLpro with clemastanin B/savinin, and RdRp with

clemastanin B. The graphical representation of plots for the MD
simulations of the complex of PLpro with clemastanin B have
been presented in Figure 8. The complex of clemastanin B with
PLpro was found with a root mean square deviation (RMSD) of
an average of 0.273 nm (Figure 8a) for the ligand and 0.182 nm
(Figure 8b) for the protein indicating the stability of the ligand
without significant deviation in the binding site. The radius of
gyration (RoG) ranging from 2.34 to 2.42 nm with an average of
2.383 nm (Figure 8c) showed the compactness of the present
complex. The surface area accessed by the solvent molecules
(SASA) was found within the acceptable range from 164–
172 nm2 with an average of 167.79 nm2 (Figure 8d). Maximum
six hydrogen bonds (HB) were observed between the ligand
and receptor from the plot of the number of HB vs. time.
(Figure 8e). The average short-range Coulombic interaction
energy (Coul-SR) was � 78.69�10 kJmol� 1. The short-range
Lennard-Jones energy (LJ-SR) was � 104.93�1.8 kJmol� 1 in-
dicating the significant contribution from van der Waals/
Hydrophobic interactions over for electrostatic interactions.

RMSD values with an average of 0.522 nm (ligand, Fig-
ure 9a) and 0.165 nm (protein, Figure 9b) have been observed
for the complex of savinin with PLpro, indicating enough
stability of the ligand. The RoG was found in the range of 1.5–
1.55 nm with an average of 1.529 nm (Figure 9c) supported the

Table 5. Metabolism, excretion and safety parameters of selected lignans.[a]

Compound CYP2D6
Inhibitor[b]

CYP3A4
inhibitor[c]

CLT
[d] Renal OCT2

substrate[e]
AMES
toxicity[f]

hERG I
toxicity[g]

LD50
[h] LOAEL[i] Skin

sensitization[j]

Arctigenin No Yes 0.22 No No No 2.11 1.47 No
Bicyclol No No 0.57 No Yes No 3.02 1.10 No
Cleistantoxin No No � 0.01 No No No 2.96 1.11 No
Clemastanin B No No 0.52 No No No 2.78 4.64 No
Diphyllin No Yes 0.31 No No No 2.52 0.65 No
Erythro-Streblusligna-
nol G

No No 0.29 No No No 2.84 2.76 No

Hinokinin No Yes � 0.07 No No No 2.72 1.44 No
Honokiol No No 0.32 No No No 1.89 1.76 No
Magnolol No No 0.37 No No No 2.00 1.99 No
Niranthin Yes No � 0.04 No No No 2.45 1.33 No
Nordihydroguaiaretic
acid

No Yes 0.47 No No No 2.57 1.45 No

Patentiflorin A No No 0.01 No No No 2.96 3.35 No
Peperomin A No Yes 0.02 No No No 3.24 1.09 No
Peperomin B No Yes 0.20 No No No 3.01 1.10 No
Phillyrin No No 0.56 No No No 2.89 3.12 No
Phyllamycin B No Yes 0.24 No No No 2.85 0.78 No
Podophyllotoxin No Yes 0.21 No No No 2.51 1.04 No
Retrojusticidin B No Yes 0.29 No Yes No 2.88 0.44 No
Rubrifloralignan A No Yes 0.18 No No No 2.31 1.89 No
Savinin No Yes 0.19 No No No 2.59 1.54 No
Schinlignan G No Yes 0.62 No No No 2.97 1.38 No
Secoisolariciresinol No Yes 0.25 No No No 1.81 1.64 No
Sesamin Yes Yes � 0.10 No Yes No 2.78 1.55 No
Silymarin No Yes � 0.08 No No No 2.56 3.40 No
Terameprocol No Yes 0.07 No No No 2.88 1.04 No
Tiegusanin G No Yes 0.23 No No No 2.27 1.99 No
Yatein No Yes 0.11 No No No 2.51 1.51 No

[a] Parameters calculated using pkCSM[67], [b] ability to inhibit CYP2D6 enzyme, [c] ability to inhibit CYP3 A4 enzyme, [d] total renal clearance; high (>1 mL/
min/kg), medium (>0.1 to <1 mL/min/kg) or low (�0.1 mL/min/kg), [e] ability to inhibit renal OCT2 substrate; [f] AMES toxicity; [g] hERG I toxicity; [h] oral
rat acute toxicity (LD50); [i] oral rat chronic toxicity (LOAEL); [j] skin sensitisation.
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compactness of this complex. The SASA ranged from 86–
91 nm2 with an average of 89.061 nm2 (Figure 9d), and the plot
of numbers of HB vs. run times showed a maximum of two HBs
were formed between the ligand and receptor within the
simulation time of 10 ns (Figure 9e). The Coul-SR and LJ-SR
were observed were � 37.41�7.6 kJmol� 1 and � 102.41�
11 kJmol� 1, respectively, indicating the pivotal role of hydro-
phobic or van der Waals to stabilize the complex.

Further, clemastanin B also has satisfactory stability in the
active site of the RdRp with the stable RMSD observed with an
average of 0.571 nm and 0.264 nm for the ligand and protein,
respectively (Figure 10a and Figure 10b). The compactness of
the complex was claimed by the slightest fluctuation in the
RoG plot ranging from 2.93–2.99 nm with an average value of
2.960 nm (Figure 10c). The SASA in the range of 449–462 nm2

with an average of 454.449 nm2 (Figure 10d) and a maximum
of six HB(Figure 10e) were observed for the said complex
during the MD run. The average short-range Coulombic
interaction energy (Coul-SR) with � 79.68�20 kJmol� 1 and the
short-range Lennard-Jones energy (LJ-SR) with � 74.20�
3.2 kJmol� 1 confirmed the stabilization of the complexes driven
by electrostatic forces over van der Waals/Hydrophobic inter-
actions, respectively.

Conclusions

The present in-silico computational studies have revealed the
naturally occurring lignans and their derivatives having remark-
able efficacy and potency against SARS CoV-2. Among these
lignans, clemastatin B, cleistantoxin, diphyllin, silymarin, eryth-
ro-strebluslignanol G, hinokinin, arctigenin, peperomin A, and
savinin have been identified with suitable binding affinity and
potential to inhibit SARS CoV-2 having a scope of fewer side
effects being phytochemical constituents. Clemastanin B and
savinin have been found with good stability, satisfactory
compactness and reliable uniqueness at the active site of the
promising targets during their MD simulations, warranting their
strong candidature for further study. In fine, these studies have
revealed the phytochemical inhibitors of SARS CoV-2 with the
potential of inhibiting the promising viral proteins to fight
against the deadly disease COVID-19.

Supporting Information Summary

Supporting information comprises of experimental procedures
adopted for molecular docking, ADMET, MD simulations along
with representative 2-dimensional poses of hits with their
docked complexes.
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