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Abstract: Since the emergency of coronavirus disease 2019,
no specific drug has been developed within the fighting
program against its spread. In Cameroon, it has been
reported that the dish “yellow soup” can significantly
curb the progress of the disease, while no chemical inves-
tigations have been done so far to support that conclusion.
Chemical investigations of four selected spices of that dish led
to the isolation of a total of 44 distinct pure compounds, which
were identified using spectroscopic data. Furthermore, the
docking scores of the isolated compounds were inspected by
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AutoDock4.2.6 software toward SARS-CoV-2 multi-targets
involving main protease (MP*°), helicase, papain-like pro-
tease (PLP*), and human angiotensin-converting enzyme 2
(ACE2). The most potent isolated compounds underwent mole-
cular dynamics (MD) simulations over 100 ns. Stigmasterol
demonstrated outstanding potency toward MP™ and PLP™
with AGpinging Values of -35.6 and -36.6 kcal/mol, respectively,
compared to nirmatrelvir. Nevertheless, 3p-taraxeryl acetate
revealed good binding affinity against helicase and lupeol
unveiled superior binding energy toward ACE2 compared to
nirmatrelvir. Post-MD analyses manifested great steadiness of
the isolated compounds within the binding pockets of SARS-
CoV-2 targets throughout 100 ns MD simulations. Stigmasterol,
3B-taraxeryl acetate, and lupeol are recommended for further
in vivofin vitro tests toward SARS-CoV-2 multi-targets.

Keywords: phytochemical study, Cameroonian spices,
COVID-19, MD simulations, docking computations

1 Introduction

A medical emergency has been brought on by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which was initially discovered in December 2019 in Wuhan,
China. Until now, coronavirus disease 2019 (COVID-19) has
been responsible for almost 7 million deaths and was classi-
fied as an international pandemic by the World Health
Organization [1]. Numerous virus variants, such as Alpha,
Delta, or Omicron, with greater virulence to humans and
mutations, have been recorded in several regions worldwide.
These variants increase the concern about the virus’s resis-
tance to human bodies and therefore keep urgent the search
for potent molecules that can serve as leads to control the
virus spread beyond the prescription of vaccines [2]. During
the pandemic, several debates on possible curative modes of
the disease and numerous suggestions of non-conventional
or pharmaceutical medicines have been widely divulgated
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through several media. Amongst them, Oben and co-workers
reported in 2020 that the Cameroonian functional food ‘star
yellow’ might be used to prohibit the prevalence of COVID-19.
The authors indicated that the ‘star yellow’ has been prepared
by adding Cucumeropsis mannii and Allium sativum to the
common “yellow soup,” which contains spices displaying
well-known antibacterial/antiviral activities [3]. Notably, no
chemical and computational investigations have been per-
formed so far to identify the chemical constituents of those
main spices and their identification as potent leads in the
control of the disease. Since the outbreak of COVID-19 infection,
a recent study demonstrated the efficiency of herbal extracts
and spices to inhibit SARS-CoV-2 and prohibit this infection [4].
In seeking inhibitors to combat SARS-CoV-2 reproduction, four
spices were investigated. These spices commonly used in the
Cameroonian dish “yellow soup”, responsible for its taste,
namely Tetrapleura tetraptera (Schum. & Thonn.) (Fabaceae),
Zanthoxylum gilletii (De Wild) P.G. Waterman (Rutaceae),
Afrostyrax lepidophyllus (Mildbr.) (Huaceae), and Piper gui-
neense (Schumach. & Thonn.) (Piperaceae). Therefore, this
work was set out to assess the bhinding affinities of the 44
isolated compounds against SARS-CoV-2 multi-targets by Auto-
Dock4.2.6 software. Based on the predicted docking scores, the
most promising isolated molecules subsequently underwent
molecular dynamics (MD) simulations throughout 100 ns. The
steadiness and binding affinities of the investigated compounds
were inspected during the 100 ns MD simulations. These out-
comes shine new light on the significance of the identified
molecules, which could be investigated in vivofin vitro to
combat the worldwide impendence of COVID-19 infection.

2 Materials and methods

2.1 General instrumentation

The chemical investigations of the plant extracts, including
the isolation of the compounds and their structural identi-
fication, have been done using similar instruments as
described in our recently published work [5]. More speci-
fics linked to general instrumentation can be obtained
from the supplementary material.

2.2 Plant material

The four spices investigated during this study have been
harvested or purchased in several localities of Cameroon.
For instance, the plant material of Tetrapleura tetraptera
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(Schum. & Thonn.) Taub. (roots and stem bark) was har-
vested in March 2020 at Bafang (GPS coordinates: longitude
10°11'28"E, latitude 5°09'32"N, elevation: 1,280 m). The stem
bark of Zanthoxylum gilletii (De Wild.) P.G. Waterman was
harvested at Bana-Tentcheu (GPS coordinates: longitude 10°1741"
E, latitude 5°0757'N, elevation: 1,412 m), West region, Cameroon,
in April 2021. However, the seeds of Afrostyrax lepidophyllus
Mildbr. and Piper guineense Schumach. & Thonn. were pur-
chased in the Mokolo market (GPS coordinates: latitude 3°52'
28"N, longitude 11°30'6"E, elevation: 192m) in June 2021. Mr.
Victor Nana, a botanist, identified the plants by comparing
them to plant material included in the database of the
National Herbarium of Cameroon. Specimens for each plant
were kept under the voucher numbers 31310 HNC, 38960
HNC, 39020 HNC, and 43129 HNC for T. tetraptera, Z. gilletii,
A. lepidophyllus, and piper guineense, respectively.

2.3 Extraction and isolation

Forty-four unique chemicals were isolated as a result of the
four plants that were collected being chemically examined.
The protocol for their segregation can be obtained from the
supplementary data related to this manuscript.

2.4 Computational methodology
2.4.1 SARS-CoV-2 multi-targets preparation

The crystal structures of main protease (MP™), papain-like pro-
tease (PLP™), helicase, and angiotensin-converting enzyme 2
(ACE2) (PDB IDs: 6LU7 [6], 6W9C [7], 5RMM [8], and 6MOJ [9],
respectively, were downloaded and used as templates for all in
silico computations. For the preparation purpose, all ligands,
water, and ions were extracted. To build the missing residues,
Modeller software was used [10]. The protonation states of the
inspected targets were also assigned using the H++ server [11].
All missing hydrogens were added.

2.4.2 Ligand preparation

In SDF format, the 44 chemical structures were obtained
from the PubChem database (https://pubchem.ncbinlm.
nih.gov). The three-dimensional structures of the isolated
compounds were generated utilizing Omega2 software
[12,13]. Utilizing the MMFF94S inside the SZYBKI software,
the created structures were optimized [14,15]. The evaluated
compounds’ atomic charges were assigned using the Gasteiger
method [16].
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2.4.3 Docking computations

All docking computations were conducted by AutoDock4.2.6
software [17]. The SARS-CoV-2 multi-targets were prepared
as described in Ref. [18-20]. The GA (genetic algorithm) was
adjusted to 250. The eval (maximum number of energy eva-
luations) was set to 25,000,000. Other docking parameters
were kept at their default values. The size of the grid box
was 60 A x 60 A x 60 A. The grid box was positioned at the
center of SARS-CoV-2 multi-targets. A grid spacing of 0.375 A
was used. The grid maps were generated using the AutoGrid
program.

2.4.4 MD simulations

All MD simulations were carried out using the AMBER16
software [21]. The applied MD simulations’ technical details
are characterized elsewhere [22,23]. In an abridged, the
isolated compounds were parameterized using the General
AMBER force field (GAFF2) [24]. The studied targets were
characterized utilizing AMBER force field 14SB [25]. Using
the Gaussian09 software, the isolated compounds were
optimized at the HF/6-31G* level [26]. Restrained electro-
static potential (RESP) approach was employed to assign
the atomic charges of the isolated compounds [27]. For
preparation purposes, all complexes were centered in an
octahedron box of the TIP3P water model. To make the
complexes electrically neutral, the Na+/Cl- counterions
were inserted. Energy minimization for 5,000 cycles was
employed to remove any steric clashes. After that, all mini-
mized systems were smoothly annealed up to 310K over
50 ps. All heated systems were then equilibrated for 10 ns.
Ultimately, the production runs were executed for 100 ns.
All MD simulations were executed by the GPU-accelerated
pmemd.cuda version of the AMBER16 software package on
the CompChem hybrid GPU/CPU cluster (hpc.compchem.
net). All molecular interactions were visualized utilizing
BIOVIA Materials Studio [28].

2.4.5 Binding energy evaluation

The binding energy (AGpinging) between the isolated com-
pounds and SARS-CoV-2 multi-targets was estimated by
employing the Molecular Mechanics-Generalized Born
Surface Area (MM-GBSA) approach [29]. The calculation
formula is as follows:

AGbinding = GComplex - (Glnhibitor + GReceptor);

where the G (energy factor) is computed from:
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G = Gsp +Ggp + Evaw + Eeles

Ggg refers to electrostatic solvation-free energy. Gs, is the
nonpolar solvation-free energy. E. is the electrostatic
energy. Eyqw is the van der Waals energy. A single-
frame method was employed, in which the coordinates
of each inhibitor, receptor, and inhibitor-receptor were
obtained from a single frame. The entropy contribution
(S) is ignored because of the greatest in-silico costs and
time [30,31].

3 Results and discussion

3.1 Phytochemical investigation

The phytochemical investigations carried out in this work
consisted of the search for chemical constituents of four
spices commonly used for cooking the Cameroonian dish
“yellow soup” which was claimed a functional food capable
of controlling the pathology of the SARS-CoV-2 [3]. Their
chemical investigations led to the isolation of 44 different
molecules; some isolated from more than one spice. The
results indicated that 16 specialized compounds (1-16)
were separated from the bark and roots of Tetrapleura
tetraptera (Figure 1) [32]. Nine compounds (11, 16, 17-23)
were separated from the seeds of Afrostyrax lepidophyllus
(Figure 2). The chemical analysis of the methanol extract of
Zanthoxylum gilletii bark resulted in the separation and
characterization of thirteen compounds (24-36) (Figure
3). Nine compounds (30, 37-44) were obtained from the
seeds of Piper guineense (Figure 4).

Taken together, the 44 distinct molecules have been
characterized according to their spectroscopic data (‘H,
2D-NMR, and C) data, and these data were compared
with those reported in the literature. Therefore, the iso-
lated compounds were identified as rhusopolyphenol F
(1) [33], butein (2) [34], lupeol (3) [35,36], lupenone (4)
[37], betulin (5) [38], betulinic acid (6) [39], maslinic acid
(7), arjungenin (8) [40], aridanin (9) [41], hederagenin-3-O-
a-1-arabinopyranoside (10) [42], ursolic acid (11) [34], tormentic
acid (12) [43], 3p-taraxeryl acetate (13) [44], rhaponticin (14)
[35], stigmasterol (15), stigmasterol-3-O-p-p-glucopyranoside
(16) [45], B-amyryl acetate (17) [46], palmitic acid (18) [47],
tripalmitin (19) [48], sucrose (20) [49], monomethyl citrate
(21) [50], 1,3-dioxepane (22) [51], sitosterol-3-O-B-p-gluco-
pyraonosyl-O-6-palmitate (23) [46], 5-hydroxynoracrony-
cine (24) [46], decarine (25) [52], oxychelerythrine (26)
[53], arnottianamide (27) [54], trans-fagaramide (28) [55],
cis-fagaramide (29) [56], sesamin (30) [57], scoparone (31)
[58], scopoletin (32) [46], fridelin (33) [59], erythrodiol-3-
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Figure 2: Chemical structures of some compounds (11, 17-23) isolated from A. lepidophyllus.
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Figure 3: Chemical structures of some compounds (24-36) isolated from Z. gilletii.

O-palmitate (34) [60], vanillic acid (35) [55], hesperidin 3.2 Spectroscopic data of isolated molecules
(36) [61], piperine (37) [62], piperic acid (38) [63], wisanine

(39) [64], okolasine (40) [64,65], dihydrowisanidine (41) Spectroscopic data of the isolated molecules (1-44) are
[64], guineensine (42) [64], tyrosyl palmitate (43) [66], found in the supplementary material associated with this
and palmityl ferulate (44) [67]. article (Figures S1-S83).
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Figure 4: Chemical structures of some compounds (37-44) isolated from P. guineense.
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Table 1: Estimated binding energies for nirmatrelvir and the most
potent compounds complexed with viral and human targets during
100 ns MD simulations

Compound name MM-GBSA-binding energy (kcal/mol)

MPre PLP™ Helicase ACE2
Nirmatrelvir -326 -28.6 -42.7 -314
Stigmasterol -35.6 -36.6 -2 -2
3B-Taraxeryl acetate -? -2 -43.5 -2
Lupeol -2 -2 -2 -39.1

No binding energy was calculated.

3.3 In silico drug discovery
3.3.1 Molecular docking

To predict the binding scores and poses of 44 isolated mole-
cules toward SARS-CoV-2 multi-targets, the molecular docking
technique was used. The isolated molecules were prepared
and docked into the binding pockets of the MP™, PLP, heli-
case, and ACE2 with the assistance of AutoDock4.2.6 software.
Docking scores and two-dimensional (2D) chemical structures
are gathered in Table S1. From Table S1, the investigated
compounds with MP™, PLP™, helicase, and ACE2 demon-
strated a broad range of binding scores with values ranging
from -4.1 to -9.4, from -3.7 to —11.5, from -2.7 to -10.2, and
from -3.8 to —10.2 kcal/mol, respectively. Stigmasterol, unsa-
turated phytosterol obtained from plant fats or oils, revealed
promising binding scores toward MP™ and PLP* with values
of 9.4 and -11.5 kcal/mol, respectively (Table S1 and Figure 5).
The outstanding potentiality of stigmasterol as MP* and PLP™
inhibitor is ascribed to its capability of exhibiting hydro-
phobic, pi-based, and vdW (van der Waals) interactions
with the essential residues within the binding pockets
of MP™ and PLP™ (Figure 5). Notwithstanding, 3-taraxeryl
acetate unveiled surpassed potentiality docking score against
helicase enzyme with a value of -10.2 kcal/mol (Figure 5).
Specifically, 3p-taraxeryl acetate showed an H-bond
with TYR148 residue (2.63 A) within the binding pocket of
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helicase (Table S1 and Figure 5). Lupeol, a pentacyclic tri-
terpenoid, manifested a good docking score toward ACE2
protein with a value of —10.2 kcal/mol. Lupeol formed an H
bond with ALA378 residue (2.114) and a carbon-H bond
with GLU546 residue. Lupeol also exhibited alkyl interac-
tions with ALA81, LEU77, VAL191, and LYS544 residues
(Table S1 and Figure 5).

Nirmatrelvir, whose role as an orally active protease
inhibitor developed by Pfizer, was utilized as a reference
drug because the U.S. Food and Drug Administration
allowed an emergency utilize authorization to nirma-
trelvir/ritonavir (Paxlovid®) [68,69]. Nirmatrelvir dis-
played good docking scores with values of -9.1, -6.5,
-7.2, and -8.4 kcal/mol toward MP™®, PLP™, helicase, and
ACE2, respectively (Table S1 and Figure 5). Nirmatrelvir
exhibited five H bonds with THR26, GLY143, CYS145,
GLU166, and GLN189 residues inside the binding pocket of
the MP™ with bond lengths of 2.57, 1.71, 2.26, 1.83, and 2.51 A,
respectively (Figure 5). Nirmatrelvir formed three H bonds
with ARG159 (2.30 &), TYR257 (3114), and TYR261 (232 A);
SER484 (1.81A), ASN515 (2.18 A), and THR531 (2.28 A); and
LYS544 (2.25 &), TRP548 (2.08 &), and GLU190 (2.76 A) within
the binding pocket of PLP™, helicase, and ACE2, respectively (Figure
5). A docking comparison of nirmatrelvir with stigmasterol, 3p-tar-
axeryl acetate, and lupeol disclosed docking scores proposing the
prospectivity of the three isolated compounds as inhibitors of SARS-
CoV-2 multi-targets.

3.3.2 MD simulations

The dynamic nature of the receptor-inhibitor complex has
been vastly investigated using MD simulations for exam-
ining conformational variances, receptor—inhibitor steadi-
ness, and internal motions [70,71]. Stigmasterol complexed
with MP™ and PLP™, 3pB-taraxeryl acetate-helicase, and
lupeol-ACE2 complexes were further investigated by MD
simulations during 100 ns. According to gathered trajec-
tories throughout the production phase of 100ns, the
binding energies (AGyinaing) Were evaluated utilizing the

Table 2: The evaluated binding energy (AGpinging) and the corresponding individual energy terms for stigmasterol-MP™, stigmasterol-PLP™, 3p-
taraxeryl acetate-helicase, and lupeol-ACE2 complexes throughout 100 ns MD simulations

Compound name

MM-GBSA binding energy (kcal/mol)

AEvdw AEele AEGB AESUR AGgas AGsolv AGbinding
Stigmasterol-MP™® -43.8 -2.6 15.6 -4.7 -46.4 10.8 -35.6
Stigmasterol-PLP™ -46.0 -1.5 16.3 -5.4 -47.5 10.9 -36.6
3pB-Taraxeryl acetate-helicase -57.5 -1.9 224 -6.4 -59.2 16.0 -43.5
Lupeol-ACE2 -50.0 -10.2 26.6 -5.8 -60.2 20.8 -39.4
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Figure 6: Computed binding energies per trajectory for investigated compounds (in black) and nirmatrelvir (dark cyan) complexed with SARS-CoV-2
and human targets over 100 ns MD simulations. (a) MP™, (b) PLP™, (c) helicase, (d) ACE2.

MM-GBSA approach and are compiled in Table 1. Stigmas-
terol complexed with MP™ and PLP™ demonstrated promising
AGpjinging With values of -35.6 and —36.6 kcal/mol, respectively
(Table 1). However, 3p-taraxeryl acetate with helicase mani-
fested good AGpinging With a value of -43.5 kcal/mol (Table 1).
Lupeol complexed with ACE2 revealed outstanding AGpinging
with a value of -39.1kcal/mol (Table 1). Compared to nirma-
trelvir (calc. —32.6, —28.6, —42.7, and —31.4 kcal/mol toward MP*,
PLP™, helicase, and ACE2, respectively), the binding energy of
nirmatrelvir was similar to that of 3p-taraxeryl acetate com-
plexed with helicase, while stigmasterol complexed with MP™
and PLP™ and lupeol complexed with ACE2, in fact, disclosed a
considerably greater binding affinity.

To explore the nature of the predominant interactions,
the computed AGyinging and the energy components of the
most promising compounds complexed with SARS-CoV-2
and human targets estimated by the MM-GBSA approach
are listed in Table 2. Binding energy was dominated by van
der Waals (Eyqy) forces for stigmasterol complexed with
MP™ and PLP™, 3B-taraxeryl acetate-helicase, and lupeol-
ACE2 complexes with average values of -43.8, -46.0, -57.5,
and -50.0 kcal/mol, respectively. Electrostatic (E) forces
provided favorable contributions in the binding energy of
stigmasterol complexed with MP™ and PLP™, 3B-taraxeryl
acetate-helicase, and lupeol-ACE2 complexes with average
values of -2.6, -1.5, 1.9, and -10.2 kcal/mol, respectively
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Figure 7: RMSD of the backbone relative to the initial complexes over 100
cyan) complexed with SARS-CoV-2 and human targets. (a) MP™, (b) PLP™,

(Table 2). Together, these results provide quantitative data
on stigmasterol, 3p-taraxeryl acetate, and lupeol as anti-
COVID-19 drug candidates.

3.3.3 Post-MD analyses

While docking computations and MD simulations, followed
by AGyinding COMputations, demonstrated the potentiality of
stigmasterol, 3B-taraxeryl acetate, and lupeol as anti-COVID-19
drug candidates, further post-MD analyses would be demanded
to unveil the energetical and structural steadiness for inhibitor-
receptor interactions. These analyses involved binding energy
per trajectory and root-mean-square deviation (RMSD).
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3.3.3.1 Binding energy per trajectory

Binding energy per trajectory for stigmasterol-MP™, stig-
masterol-PLP™, 3B-taraxeryl acetate-helicase, and lupeol-
ACE2 complexes were estimated and compared to nirma-
trelvir throughout 100 ns MD course (Figure 6). From Figure
6, comprehensive steadiness for stigmasterol-MP™, stigmas-
terol-PLP*°, 3B-taraxeryl acetate-helicase, and lupeol-ACE2
complexes was noticed over MD simulations with AGpinging
values of -35.6, -36.6, —43.5, and -39.4 kcal/mol, respectively.
Compared to stigmasterol-MP"°, stigmasterol-PLP™, 3p-tarax-
eryl acetate-helicase, and lupeol-ACE2 complexes, nirma-
trelvir demonstrated good stabilities toward MP™, PLP™,
helicase, and ACE2 with AGpinging values of -32.6, -28.6,
-42.7, and -314kcal/mol, respectively. These findings
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indicated the great constancy of the inspected compounds
complexed with SARS-CoV-2 and human targets.

3.3.3.2 RMSD

To check the conformational change of the stigmasterol-
MP™, stigmasterol-PLP™, 3B-taraxeryl acetate-helicase, and
lupeol-ACE2 complexes during the MD course, the RMSD of
the backbone atoms relative to their respective starting
positions was measured (Figure 7). Interestingly, the esti-
mated RMSD for the inspected complexes remained below
0.35nm over the simulated time. The stigmasterol-MP™, stig-
masterol-PLP™, 3p-taraxeryl acetate-helicase, and lupeol-ACE2
complexes reached the equilibration phase in the first 15ns
MD simulations and proceeded to stationary state till the end
of the simulations. Overall, these findings indicated that these
compounds are capable of binding steadily to SARS-CoV-2
and human targets without influencing the comprehensive
topology of the investigated targets.

4 Conclusion

The chemical investigations of four spices used for the
preparation of the Cameroonian functional food “yellow
soup” claimed to control the spread of COVID-19 led to
the extraction of forty-four different compounds belonging to
several classes of natural products. Utilizing AutoDock4.2.6 soft-
ware, the isolated compounds were inspected as putative com-
petitive inhibitors of SARS-CoV-2 MP™, helicase, PLP™, and
ACE2. Docking computations unveiled the promising docking
scores of stigmasterol with MP™ and PLP™, 3B-taraxeryl acetate
with helicase, and lupeol with ACE2 with values of -9.4, -11.5,
-10.2, and -10.2 kcal/mol, respectively. These compounds,
when submitted to MD simulations, manifested auspicious
binding energies toward MP™, PLP™, helicase, and ACE2
(calc. -35.6, —36.6, —43.5, and -39.4 kcal/mol, respectively).
Energetical and structural studies revealed high steadiness
of inhibitors in complex with SARS-CoV-2 and human tar-
gets. These findings revealed three compounds isolated
from Cameroon’s promising natural products, stigmasterol,
3B-taraxeryl acetate, and lupeol, as prospective inhibitors of
SARS-CoV-2 and human targets. The Cameroonian dish
“yellow soup” can be classified as a functional food that
might help to control the curve of SARS-CoV-2 infections
through its bioactive chemical constituents. However,
additional chemical, pharmacological, and pharmacoki-
netics studies might be important to provide further
insights into its proper formulation.
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