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Rotavirus-induced gastroenteritis is a global health concern and the leading cause of death in low-income
countries and children under the age of five. While rotavirus A (RVA) vaccines are available, there
accessibility and efficacy remain challenging, especially in the third world countries. This has
necessitated the need to develop therapeutics to manage RVA infection. This study investigated gas
chromatography-mass spectrometry-derived Phyllosticta capitalensis metabolites as potential
therapeutics against the key structural proteins [VP8* portion of the VP4 (spike protein), the VP7
(capsid protein), and the VP1 (RNA-dependent RNA polymerase)] of RVA using molecular docking
and ADME approaches. The results revealed that four [lup-20(29)-en-one, A'-neogammacer-22(29)-ene,
stigmasta-4,7,22-trien-3-a-o0l, and fucosterol] of the 67 metabolites had favourable affinity for the three
structural proteins and belonged to classes of metabolite of antiviral importance. Further analysis and
pharmacokinetic profiling showed that the pentacyclic triterpenoids, lup-20(29)-en-one and A'-
neogammacer-22(29)-ene, had the potential to be developed as antivirals against RVA infection and
effort is underway in this direction.

Keywords: Anti-rotavirus metabolites; Molecular docking; Pharmacokinetics; Rotavirus; Structural

proteins

INTRODUCTION

Rotavirus A (RVA) infections are a global public health
concern and a leading cause of severe, dehydrating gastroen-
teritis in children < 5 years, accounting for approximately 128
500 deaths annually (Troeger et al., 2018). In 2015 alone, an esti-
mated 190,000 children aged < 5 years died from RVA diar-
rhoea, with majority of these occurring in low-income
countries of Africa and Asia (GBD, 2018). While the number
of RVA deaths in paediatric patients is declining globally
due to vaccine introduction and use, RVA-associated gastro-
enteritis remains a significant health challenge in sub-
Saharan Africa, where there is lack or limited access to vacci-
nation (Troeger et al., 2018). Even with access to the existing
RVA vaccine(s), the efficacy has remained in the range of 50
to less than 90% in severe diarrhoea with moderate efficacy
in lower socioeconomic countries (Troeger et al., 2018).
Another concern consistent with the available RVA vaccines
is the slightly elevated risk of a rare, serious condition- intus-
susception, which may provoke potentially fatal bowel
obstruction (Nyaga et al. 2020). Unfortunately, except for the
application of oral rehydration therapy (ORT) for the manage-
ment of acute diarrheal cases, there is lack of an FDA
approved drug for treatment/management RVA- induced
diarrhoea to date. Hence, the development of novel drug can-
didates that can stand the test of time in offering therapeutics

that will be globally acceptable, affordable, and easily accessi-
ble, is crucial. Drug development from endophytes has been
demonstrated against several debilitating diseases including
viral infections (Li et al, 2008; Kaul et al., 2012; Linnakoski
et al, 2018; Peters, 2020) and studies have lent credence to
exploration of secondary metabolites of plants and endo-
phytes as leads against druggable targets of diseases using
computational approaches (Rajamanikyam et al., 2007; Jamiu
et al., 2021; Shode et al., 2021; Li et al., 2022).

Of the druggable targets in RVA replication and pathogenesis,
the structural proteins such as the VP7 (Glycoprotein [G-type]),
VP4 (Protease Sensitive [P-type]) and VP1 (Viral RNA-depen-
dent RNA Polymerase (RdRp) [R-type]) are crucial (Estes and
Kapikian, 2007). While the VP7 is highly immunogenic,
induces the formation of neutralising antibodies, and essential
in viral attachment to the host cell (Nyaga et al., 2020; Rasebotsa
et al., 2020), the VP4, also immunogenic, plays a major role in
attachment and cellular penetration of the host cell (Jayaram
et al., 2004). In the presence of trypsin, VP4 splits into VP5*
and VP8%, which increases the viral infectivity and penetration
of the virus into the host cell (Nyaga et al., 2020). Therefore,
these RVA structural proteins could be said to represent attrac-
tive targets for the development of RVA therapeutics against the
viral genome as they are implicated in the attachment, replica-
tion, and pathogenesis of the virus.
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Figure 1.

As an effort to develop anti-RVA drugs, the current study
adopted a computational structure-activity relationship approach
exploring 67 secondary metabolites from Phyllosticta capitalensis-
an endophytic fungus, with proven therapeutic benefits against
several diseases (Zonno et al., 2008; Ai et al., 2014; Chukeatirote
etal.,2015), focusing on the key druggable RVA structural proteins.

MATERIALS AND METHODS

Collection and authentication Phyllosticta capitalensis
Phyllosticta capitalensis was collected from the stock in Plant
Pathology Laboratory of the Department of Plant Biology,

20.0 28.0
min

GC-MS chromatogram of methanol and ethyl acetate extract of endophytic Phyllosticta capitalensis.

University of Ilorin, Ilorin, Nigeria. The identification of the
endophytic fungus had been previously authenticated using
morphological and molecular methods (Lateef et al., 2019)
and kept under the voucher specimen number UIL/MYCOL-
OGY2018/PM004.

Extraction and profiling of secondary metabolites from
Phyllosticta capitalensis

Fungal inoculums obtained from pure culture of
P. capitalensis were inoculated into 250 ml Erlenmeyer flask
containing 100 ml potato dextrose broth and incubated for
18 d at 29 = 1°C at 120 rpm/min with intermittent shaking.

Table 1. Docking scores of the top metabolites and reference standards against the binding pockets of the VP8*, epitopes A, C, and D of the

VP7, and the VP1.

Docking score (kcal/mol)

Rank Compound VP8* VP7 VP1
A C D

1 lup-20(29)-en-3-one -71 -5.1 -7.9 -7.2 -10.5
2 A’-neogammacer-22(29)-ene -6.0 -5.1 -8.0 -6.7 -10.5
3 stigmasta-4,7,22-trien-3-a-ol -6.2 -5.1 -7.3 -6.2 -9.3
4 Fucosterol -6.0 -5.6 -7.3 -6.2 -9.1
5 Stigmasterol - -54 -7.5 -6.3 -9.0
6 stigmasta-5,22-dien-3-ol, acetate, (3-B)- - -5.0 - -6.2 -9.1
7 B-amyrin -6.8 -5.0 -8.2 - -

8 4,4,6a,6b,8a,11,11,14b-octamethyl-1,4,4a,5,6,6a,6b -6.3 - -8.0 -6.5 -

9 campesterol - — — - -8.9
10 y-tocopherol - -5.6 - - -
11 9,19-cyclolanostan-3-ol, 24-methylene-(3-f)- - -5.4 - - -
12 cyclohexane, [6-cyclopentyl-3-(3-cyclopentylpropyl)hexyl] - -5.2 - - -
13 benzeneacetic acid, 3-pentadecyl ester - -5.1 - - -
14 bis (cyclohex-3-enylmethyl) amine - -5.1 - - -
control sofosbuvir - - - - -7.7
control remdesivir — - - — -75
control tizoxanide -54 -4.4 -5.9 -4.6 -

—: Not applicable
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The fungal culture was filtered. Equal volume of methanol
was added and homogenised. The secondary metabolites
were extracted with ethyl acetate (1:1 ratio). The organic
phase was evaporated and stored at 4°C for further use
(Garuba et al., 2018b).

Subsequently, the metabolite profiling of the extract
obtained was achieved using Gas Chromatography- Mass
Spectrometry (GCMS) as described by Garuba et al. (2018a).
Briefly, the homogenised extract of P. capitalensis was treated
with methanol until it was fully dissolved and the GCMS
analysis was carried out using Agilent Technologies 7890A
Gas Chromatograph equipped with a mass detector Agilent
Technologies 5975C inert MSD with Tripple-Axis Detector, 30
m X 0.25 mm ID X 1 um of capillary column. The instrument
was set to an initial temperature of 110°C and maintained at
this temperature for 2 min. At the end of this period the
oven temperature rose to 280°C, at the rate of an increase of
5°C/min, and maintained for 9 min. Injection port tempera-
ture was ensured as 250°C and Helium flow as one ml/min.
The ionisation voltage was 70 eV. The samples were injected
in spilt mode as 10:1. Mass spectral scan range was set at
45-450 m/z. Using computer searches on a National Institute
Standard and Technology (NIST v2.1 MS) data library and
comparing the spectrum obtained through GC-MS, com-
pounds present in the sample were identified. The names,
retention time, molecular formula of the components of the
test materials were ascertained.

In silico evaluation
Ligand and protein acquisition and preparation

The 3D structures of the 67 ligands (metabolites from GC-
MS analysis) were obtained from PubChem [https:/www.
pubchem.ncbi.nlm.nih.gov (accessed on 23 July 2022)]. For
ligands without 3D representations their 2D structures were
converted to the optimised 3D versions using Avogadro soft-
ware v1.95 (Hanwell et al., 2012). For the structural proteins,
the crystal structures of the VP8* (ID: 4DS0) portion of the
VP4, VP1 (ID: 3FMG) and VP7 (ID: 2R7Q) were obtained
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Binding Pocket

from the RSCB Protein Data Bank [https:/www.rcsb.org/
pdb/ (accessed on 23 July 2022)] (Lu et al., 2008; Aoki et al.,
2009; Hu et al., 2012) and prepared through the removal of
nonstandard molecules and chains using UCSF Chimera
v1.16 (Butt et al., 2020). Thereafter, the proteins, ligands, and
reference standards (tizoxanide for the VP8* and VP7 epi-
topes, and sofosbuvir and remdesivir for the VP1) were opti-
mised using PyRx v0.8 (Dallakyan and Olson, 2015).

Grid preparation and molecular docking

The amino acid residues of the binding pocket of VP8* were
elucidated from the A-type histo-blood group antigen - VP8*
co-crystal using Discovery Studio 2021, whilst those for the
VP7 epitopes and VP1 active site were acquired from litera-
ture (Lu et al., 2008; Aoki et al., 2009; Ghosh et al., 2012; Hu
et al., 2012; Sabiu et al., 2021) and presented in Supplementary
Table S1. Thereafter, the ligands and reference standards were
docked with the respective protein target at their binding
pockets using the Autodock vina plugin in PyRx v0.8 (Dallak-
yan and Olson, 2015). The individual ligand poses for each
metabolite and protein structure were evaluated based on
estimated free binding energy (AG — kcal/mol) within the
binding pocket. Thereafter, a comparative analysis was done
to determine which ligands interacted strongly and efficiently
with the VP8*, VP7 and VP1 and the intermolecular inter-
actions between the top-ranking ligands across the structural
protein binding pockets were visualised using Discovery
Studio 2021 to determine the nature and strength of the inter-
actions (Sabiu et al., 2021).

Autodock vina validation

The molecular docking validation was done to ensure the
confidence of the docking scores and intermolecular inter-
actions obtained. Briefly, the top-ranked metabolites and
reference standards were re-docked across the binding
pockets of each structural protein as earlier reported (Dallak-
yan and Olson, 2015) before superimposition on UCSF
Chimera v1.16 (Butt ef al., 2020) and the results obtained

m lup-20(29)-en-3-one

® A-neogammacer-
22(29)-ene

® stigmasta-4,7,22-trien-3-

a-ol
fucosterol
m sofosbuwir

B remdesivir

m fizoxanide

Figure 2. Docking scores of the four putative leads and reference standards against the binding pockets of the VP8*, VP1 and epitopes A, C,

and D of the VP7.
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Figure 4. 2D interaction plots of (A) lup-20(29)-en-one, (B) A’-neogammacer-22(29)-ene, (C) stigmasta-4,7,22-trien-30-ol, and (D) fucosterol

interacting with the active site amino acid residues of the VP1.

were evaluated on the accepted range of 0-2 A deviation
(Diller and Merz, 2001).

Pharmacokinetic evaluation

The SwissADME web tool [http:/swissadme.ch/index.php
(accessed on 03 August 2022)] was utilised to predict the
absorption, distribution, metabolism, and excretion (ADME)
properties of the putative leads and reference standards,
while the ProTox-II webserver [https:/tox-new.charite.de/
protox_II/ (accessed on 03 August 2022)] was used to deter-
mine their toxicity profiles (Aribisala et al., 2021).

RESULTS AND Discussion

GS-MS analysis

The GC-MS chromatogram of Phyllosticta capitalensis extract,
showed the presence of 67 secondary metabolites with phytol
(9.57%) being the most abundant, followed by B-sitosterol
(9.08%) (Figure 1, Supplementary Table S2).

Molecular docking analyses

Molecular docking provides insight into the interplay
between a ligand and a receptor molecule. This is measured
by assessing the possible poses a ligand can take within a desig-
nated binding pocket and ranking them from the highest to
lowest negative value (Aribisala and Sabiu, 2022). The pose

ranking is done to determine the ligand conformation with
the best affinity (lowest free binding energy) to the receptor
inrelation to the physical forces that mediate the ligand-recep-
tor interactions (Kitchen et al., 2004). The docking scores of all
the metabolites identified in the GC-MS analysis are presented
in Supplementary Table S2. Thereafter, the metabolites were
ranked based on the top five docking scores within a binding
pocket, and their occurrence within the top five docking
scores across the binding pockets (Table 1). The docking
scores per binding pocket ranged from —7.1 to —6.0 kcal/mol,
—5.6 to —5.0 kcal/mol, —8.2 to —7.3 kcal/mol, —7.2 to —6.2 kcal/
mol, and —10.5 to —8.9 kcal/mol against VP8%, epitopes A, C,
and D of the VP7, and VPI, respectively (Table 1). The
docking scores of the reference standards used in this study
are also presented in Table 1 with sofosbuvir and remdesivir
scoring —7.7 and —7.5 kcal/mol for VP1, respectively, and tizox-
anide scoring —5.4, —4.4, —5.9, and —4.6 kcal/mol for VP8* and
epitopes A, C, and D of the VP7, respectively. It was interesting
to note that the docking scores of the ranked metabolites were
far greater than that of the reference standards. The nucleotide
analogues, sofosbuvir and remdesivir, were chosen for the VP1
standard as they can disrupt the RdRp of RNA viruses (De
Clercq, 2004), while the other reference standard, tizoxanide
was selected as it is the bioactive form of nitazoxanide which
has been proven to have the potential to manage RVA infection
(Rossignol et al., 2006).
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Figure 3. 2D interaction plots of (A) lup-20(29)-en-one, (B) A’-neogammacer-22(29)-ene, (C) stigmasta-4,7,22-trien-3a-ol, and (D) fucosterol

interacting with the recognition site amino acid residues of the VP8*.

It was noteworthy that four [lup-20(29)-en-one, A'-neo-
gammacer-22(29)-ene,  stigmasta-4,7,22-trien-3-a-o0l,  and
fucosterol] of the top-ranked metabolites had broad-spec-
trum activity against the three RVA structural proteins inves-
tigated in this study (Table 1). This could mean that the
metabolites are the most promising leads for RVA treatment
and could serve as potential inhibitors of VP8*, VP7, and
VP1. Lup-20(29)-en-one had the highest docking score for
the VP8* (-7.1 kcal/mol) and maintained the trend for the
VP1 (-10.5 kcal/mol) alongside A’-neogammacer-22(29)-ene
(Figure 2). Interestingly, all the three epitopes of the VP7 dis-
played variable degree of affinities toward the top-ranking
leads with fucosterol (—5.6 kcal/mol), A-neogammacer-22
(29)-ene (—8.0 kcal/mol) and lup-20(29)-en-one (-7.3 kcal/
mol) being the most active against epitopes A, C and D,
respectively (Figure 2). The putative leads can be classified
into two metabolite classes, pentacyclic triterpenoids (lup-
20(29)-en-one and A'-neogammacer-22(29)-ene) and sterols
(stigmasta-4,7,22-trien-3-0-o0l and fucosterol). These metab-
olite classes have displayed antiviral activity against
viruses like Hepatitis B and C, HIV1 and 2, and SARS-
CoV-2 (Rezanka et al., 2009; Zhou et al., 2010; Shady et al.,
2021). A study by Shady et al. (2021) demonstrated that the
pentacyclic triterpenoid, 1B-hydroxyaleuritolic acid 3-p-
hydroxybenzoate had a broad protein range as it yielded
high docking scores for both viral [viral main protease
(8.5 kcal/mol) and papain-like protease (—8.0 kcal/mol)]
and non-viral [adapter protein 2 associated kinase

(9.1 kcal/mol), furin (—8.7 kcal/mol), and cathepsin L
(—8.1 kcal/mol)] targets related to SARS-CoV-2 pathogenesis.
This broad antiviral range and multi protein targeting corre-
lates to the broad-spectrum activity observed in this study.

Regarding the validation of the docking approach adopted
in this study, the four putative leads and the reference stan-
dards were re-docked, and their root-mean-square deviation
(RMSD) values are presented in Supplementary Table S3.
The VP8* was the only structural protein to yield RMSD
values below 2 A across all the re-docked ligands (100% con-
fidence), this was followed by epitope C of the VP7 (60%
confidence), the VP1 (50% confidence), epitope D of the
VP7 (20% confidence), and lastly epitope A of the VP7 (0%
confidence). The cumulative confidence of the re-docked
ligands is estimated to be approximately 46%, as 12 of the
26 RMSD values across the structural protein binding
pockets had RMSD values below 2 A (Supplementary
Table S3). This however was not surprising as it agrees
with the reports of Diller and Merz (2001), who affirmed
that when re-docking the top-ranked ligands utilising the
LibDock module only 46% are likely to have RMSD values
of <2 A when compared to their reference co-crystal struc-
tures. Overall, the ligand flexibility and the physiochemical
characteristics of the receptor binding pocket would be
major contributing factors to the overall pose deviance of
the putative leads and reference standards in relation to
their entropic binding capacity (Ferreira de Freitas and Scha-
pira, 2017; Wienen-Schmidt et al., 2018).



6 Taofeeq Garuba et al.

Interactions

[:] van der Waals

- Conventional Hydrogen Bond

2023

VAL

[ ot

Figure 5. 2D interaction plots of (A) lup-20(29)-en-one, (B) A’-neogammacer-22(29)-ene, (C) stigmasta-4,7,22-trien-30-ol, and (D) fucosterol

interacting with the VP7 amino acid residues of epitope A.

The intermolecular interactions that mediate the binding
affinity and overall inhibitory potential of the putative leads
are presented in Figures 3-7. Different degrees of bond inter-
actions between the ligands and the amino acid residues such
as van der Waals, alkyl, n-alkyl, n-sigma, hydrogen bonding,
and carbon-hydrogen bonding were observed with most of
them being van de Waals and hydrophobic. It has been
demonstrated that weak intermolecular interactions (i.e.,
hydrophobic) play a pivotal role in the energetic stabilisation
of a ligand on a protein interface. Similarly, hydrophobic
ligands, which is the case for the putative leads, bind to
their target at a higher efficiency than that of their hydrophilic
counterparts (Ferreira de Freitas and Schapira, 2017). The
docking score of lup-20(29)-en-one for the VP8* was
—7.2 keal/mol which is comparatively higher than that of the
other putative leads (Figure 2). The ligand-receptor complex
was stabilised by eight van der Waals interactions (Leul01,
Ile144, Leul46, Serl187, Tyr188, Tyrl89, Leul90 and Thrl91)
and one n-alkyl interaction (Tyr155) as shown in Figure 3(A).
The overall number and positioning of these interactions
could have contributed to why lup-20(29)-en-one yielded
such a high docking score relative to the other putative
leads (Figure 3). A similar trend was observed in the inter-
actions between the VP1 and lup-20(29)-en-one where the

15 van der Waals interactions (Ser704, Trp707, Asp708,
Phe763, Asn840, Ser846, Lys849, Arg850, GIn853, Ile854,
Leu857, Thr705, Argl077, Pro1079 and Asn1082) appear to
encircle the ligand thus facilitating its relatively high
docking score (Figure 4(A)). A-neogammacer-22(29)-ene
which had the same docking score as lup-20(29)-en-one
(—10.5 kcal/mol) for the VP1 appeared to have been stabilised
by the alkyl and n-alkyl forces (Trp707, Phe763 and Pro1079)
exerted on its hexane ring fixing it within the binding
pocket (Figure 2, Figure 4(B)). Similarly, most of the inter-
actions exerted on the putative leads for the VP7 epitopes
are typically van der Waals and hydrophobic, thus this
could have contributed to affinity, strength, and stability of
the resulting complexes (Figures 5-7). The results above
coincide with that of previous in silico studies detailing the
intermolecular interactions between pentacyclic triterpenoids
and sterols against their respective receptors. A study by
Chrobak et al. (2021) demonstrated that their top five 3,28-O,
O’-diacetylbetulin derivates were stabilised largely by van
der Waals and hydrophobic interactions against the Aktl
kinase. Another study by Raju et al. (2021) revealed that 7-
dehydrodiosgenin had the highest binding score (—10 kcal/
mol) across three protein targets and among the top-ranked
phytosterols when bound to the epidermal growth factor
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Figure 6. 2D interaction plots of (A) lup-20(29)-en-one, (B) A’-neogammacer-22(29)-ene, (C) stigmasta-4,7,22-trien-30-ol, and (D) fucosterol

interacting with the VP7 amino acid residues of epitope C.

receptor, furthermore the complex was solely stabilised by ten
van de Waals interactions. Considering the foregoing, it could
be suggested that lup-20(29)-en-one and A'-neogammacer-22
(29)-ene have the potential to be developed as probable thera-
peutics against RVA, with lup-20(29)-en-one capable of mod-
ulating the VP8*, epitope D of the VP7, and the VP1 and A-
neogammacer-22(29)-ene  exhibiting modulatory effect
towards epitope C of the VP7 and the VP1.

Pharmacokinetic properties

The classical drug discovery pipeline is often bottlenecked
by compounds that perform outstandingly in in vitro studies
but fail to meet the required attributes needed for a drug to
be suitable for administration. Therefore, the use of in silico
pharmacokinetic screening can drastically hasten the
process and minimise factors such as cost and time by
screening the compound’s likeness against a library of com-
pounds with known attributes (Ekins et al., 2007). In this
study, the four putative leads (lup-20(29)-en-one, A-neo-
gammacer-22(29)-ene,  stigmasta-4,7,22-trien-3-0-0l,  and
fucosterol) were subjected to Lipinski’s rule of five (Lipinski
et al., 2001), to estimate their physiochemical properties as
potential oral drugs relating to absorption and permeation
within the body. The results revealed that their molecular
weights (<500 g/mol), topological surface areas (<140 A?),
number of hydrogen bond donors (<5) and acceptors

(<10), as well as the number of rotatable bonds (<10)
were all within the acceptable limit (Table 2). However,
there was a single violation across the putative leads as
their lipophilicity (mlogP) was above the limit of 5 (Table
2). The absorption and permeation characteristics of the
reference standards (sofosbuvir, remdesivir, and tizoxanide)
on the other hand revealed that sofosbuvir and remdesivir
violated four of the five rules as their molecular weights,
topological surface areas, number of hydrogen bond accep-
tors, and number of rotatable bonds exceeded the accepta-
ble limit (Table 2). However, the inverse was observed
with tizoxanide as the compound obeyed all the rules
(Table 2). These results coincide with the predicted bioavail-
ability scores of the putative leads and reference standards.
The scores for the putative leads and tizoxanide were 0.55,
and this could be an indication that these compounds
have a moderate level of distribution within the body
(Table 2). The reason why tizoxanide had a moderate level
of bioavailability despite obeying Lipinski's rule of five
could be due to its topological surface area being extremely
close to 140 A% (Table 2). The other two reference standards,
sofosbuvir and remdesivir, had an extremely low bioavail-
ability of 0.17, and was highly expected due to their mul-
tiple Lipinski violations (Table 2). Potential drug candidates
that exhibit low to moderate levels of bioavailability are
often administered at higher does or augmented by drug
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Figure 7. 2D interaction plots of (A) lup-20(29)-en-one, (B) A’-neogammacer-22(29)-ene, (C) stigmasta-4,7,22-trien-30-ol, and (D) fucosterol

interacting with the VP7 amino acid residues of epitope D.

delivery systems to increase the likelihood of them reaching
their target location (Algahtani ef al., 2021).

The molecular weight and hydrogen bond characteristics
of a compound tend to determine its passive cell membrane
penetration and blood-brain barrier (BBB) permeation,
respectively, while its lipophilicity largely determines its
overall toxicity as there is an increased likelihood of the
compound binding to unwanted cellular components
(Meanwell, 2011; Aribisala et al., 2021). A study by Hughes
et al. (2008) demonstrated that lipophilic compounds tend
to have a higher degree of promiscuity and are more
likely to cause toxic side effects. The toxicity profiles of the
putative leads and reference standards are described in
Table 3. The pentacyclic triterpenoids, lup-20(29)-en-one
and A'-neogammacer-22(29)-ene, had a favourable toxicity
class score of 5 and a high predicted LDs; of 5000 mg/kg
(Table 3). They both also exhibited no predicted hepatoxicity,
immunotoxicity, cytotoxicity, mutagenicity, and carcinogeni-
city hence making them potentially safe for administration
(Table 3). The sterols on the other hand were predicted to
be immunotoxic, with stigmasta-4,7,22-trien-3-a-ol having a
toxicity class score of 5 and a predicted LDs, of 2100 mg/
kg, and fucosterol having a toxicity class score of 4 and a
predicted LDsy of 890 mg/kg (Table 3). The immunotoxic
potential of the sterols could be a result of their immunomo-
dulating capacity which appears to be highly prevalent in

this metabolite class (Salehi et al., 2021). A study by Desai
et al. (2009) demonstrated that when peripheral blood mono-
nuclear cells from individuals with multiple sclerosis were
cultured with 4 and 16 uM of B-sitosterol, there was a 27%
and 30% decrease in the T-helper cell 1-stimulating cytokine
interleukin 12, respectively. While this may prove beneficial
for individuals with autoimmune and inflammatory dis-
eases, healthy individuals could be at risk of a dampened
immune system if dosages of the drug are too high. The
nucleotide analogues, sofosbuvir and remdesivir, had vari-
able toxicity profiles with sofosbuvir having a toxicity class
score of 6, a predicted LDs5, of 12000 mg/kg, and the poten-
tial to be hepatoxic, while remdesivir had a toxicity class
score of 4, and a predicted LDs, of 1000 mg/kg (Table 3).
The other reference standard, tizoxanide, had a toxicity
class score of 4, a predicted LDs, of 1000 mg/kg, and
proved to have the potential to be mutagenic and carcino-
genic (Table 3).

Metabolism and potential interactions a drug may have
with cytochrome P450 (CYP) enzymes is an important par-
ameter used to determine a compound’s clearance and tox-
icity (McDonnell and Dang, 2013). The potential inhibitory
effect of the putative leads and reference standards are
described in Table 2. Among the compounds, stigmasta-
4,7,22-trien-3-a-ol, sofosbuvir, and remdesivir displayed
potential inhibitory activity against the CYP enzymes as
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Table 2. ADME and CYP-toxicity profiles of the investigated putative leads and reference standards.

Ligands
lup-20(29)- A’-neogammacer-22 stigmasta-4,7,22-

Parameters en-one (29)-ene trien-3-a-ol fucosterol sofosbuvir remdesivir tizoxanide
Molecular weight (g/mol) 424.70 410.72 410.67 412.69 529.45 602.58 265.25
Topological surface area 17.07 0.00 20.23 20.23 167.99 213.36 136.28

(A%
Number of hydrogen bond 0 0 1 1 3 4 2

donors
Number of hydrogen bond 1 0 1 1 11 12 5

acceptors
Number of rotatable bonds 1 1 5 5 11 14 4
Lipophilicity (mlogP) 6.82 8.91 6.53 6.62 0.82 0.18 -0.21
Bioavailability score 0.55 0.55 0.55 0.55 0.17 0.17 0.55
CYP1A2 inhibition No No No No No No No
CYP2C19 inhibition No No No No No No No
CYP2C9 inhibition No No Yes No No No No
CYP2D6 inhibition No No No No No No No
CYP3A4 inhibition No No No No Yes Yes No
Synthetic accessibility 5.38 5.59 6.19 6.15 6.12 6.43 2.63
Table 3. Toxicity profiles of the putative leads, and reference standards.
Ligands

lup-20(29)- A’-neogammacer-22 stigmasta-4,7,22-trien-

Parameters en-one (29)-ene 3-a-ol fucosterol sofosbuvir remdesivir tizoxanide
Toxicity class 5 5 5 4 6 4 4
Predicted LD5q (mg/ 5000 5000 2100 890 12000 1000 1000

kg)
Hepatoxicity No No No No Yes No No
Immunotoxicity No No Yes Yes No No No
Cytotoxicity No No No No No No No
Mutagenicity No No No No No No Yes
Carcinogenicity No No No No No No Yes

the metabolite displayed inhibition against CYP2C9 and the
reference standards showed inhibition against CYP3A4
(Table 2). The inhibition of CYP enzymes could pose a
grave issue if the administered drug is co-administered
with other drugs resulting in drug-drug interactions and
an increase in serum concentrations of the competing drug
(Aribisala et al., 2021). The synthetic accessibility of the inves-
tigated metabolites is moderate and are ranked as follows:
lup-20(29)-en-one (5.38) > A'-neogammacer-22(29)-ene (5.59)
> fucosterol ~ (6.15) > stigmasta-4,7,22-trien-3-0-ol ~ (6.19)
(Table 2). The cumulative pharmacokinetic data between
the putative leads and reference standards indicates that
lup-20(29)-en-one and A-neogammacer-22(29)-ene have the
potential to be developed into therapeutic agents to treat
RVA infection due to their favourable ADME and toxicity
profiles.

CONCLUSION

In the present study, the metabolites from P. capitalensis were
elucidated through GC-MS analysis and docked against the
major RVA structural proteins. The four putative leads (lup-
20(29)-en-one, A'-neogammacer-22(29)-ene, stigmasta-4,7,22-
trien-3-a-0l, and fucosterol) of the 67 metabolites outclassed

the reference standards and exhibited potential broad-spec-
trum activity against RVA. Majority of the intermolecular
interactions were mediated by van der Waals and hydro-
phobic interactions and the pentacyclic triterpenoids (lup-20
(29)-en-one and A-neogammacer-22(29)-ene) had the most
promising binding affinities of the four putative leads. The
ADME and toxicity profiles of the putative leads proved to
be more favourable than those of the reference standards,
however they exhibited a high degree of lipophilicity. The
sterols (stigmasta-4,7,22-trien-3-0-ol and fucosterol) were pre-
dicted to be immunotoxic and it was also observed that stig-
masta-4,7,22-trien-3-0-ol had the potential to be a CYP2C9
inhibitor. However, based on the cumulative data lup-20(29)-
en-one and A'-neogammacer-22(29)-ene look to be extremely
promising in the development of a broad-spectrum antiviral
drug to combat RVA. This will need to be followed up with
in vitro and in vivo studies to validate their efficacy as drugs
and their pharmacokinetic properties.
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