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Abstract: A computational chemical study was conducted on the diastereoiso-
mers of hibiscus acid (HA) and garcinia acid (GA), investigating their docking
capabilities with the main protease (6LU7) of SARS-CoV-2. Electrostatic pot-
ential mappings unveiled negative charges associated with the carboxyl and
hydroxyl groups positioned at C-2 and C-3 for both hibiscus and garcinia acids.
However, the presence of more negative potentials around C-2 and C-3 of hib-
iscus acid, compared to garcinia acid, suggests that substituents in the (25,3R)
configuration possess a stronger electron-attracting capacity than those in the
(2S,35) configuration. Molecular docking studies indicated that both hibiscus
acid and garcinia acid bind to the main protease through the catalytic pocket.
Nonetheless, molecular dynamics simulations revealed that only HA remained
bound to the active site for 100 ns with an RMSD of less than 1 A, whereas GA
dissociated from the complex within the initial 16 ns. These findings illuminate
the differential binding behaviors of the two compounds, with implications for
potential therapeutic interventions against SARS-CoV-2. These findings shed
light on the differential binding behaviors of the two compounds, holding imp-
lications for potential therapeutic interventions against SARS-CoV-2.

Keywords: 6LU7; hibiscus; molecular docking; molecular dynamics.

INTRODUCTION

The rapid spread of the COVID-19 pandemic over the past three years has
highlighted the urgent need for developing effective treatments for this and other
diseases. This is possible, if effective and specific drugs are available against
specific viruses or bacteria. Nevertheless, it is well known that the design and
synthesis of specific drugs may take several decades. Different strategies have
been employed in the discovery of antiviral drugs against COVID-19.! These
strategies encompass drug repurposing, where approved or investigational drugs
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292 LOPEZ-OROZCO e dl.

are utilized beyond their original indications, alongside high-throughput screen-
ing, computer-assisted virtual screening and structure-based drug discovery
among others.!=3 In this regard, natural sources like plants and fruits may contain
bioactive compounds that have antiviral, antibiotic or anti -inflammatory pro-
perties useful against different diseases.*> It could lead to the development of
alternative treatments, which may become more accessible and affordable in a
shorter time. Thus, research on medicinal compounds of natural origin may lead
to the discovery of substances with antiviral or immunomodulatory properties,
which could be crucial for the development of effective treatments against
SARS-CoV-2 and its variants.5~12

Phytochemicals derived from Hibiscus sabdariffa 1322 and compounds ext-
racted from garcinia species,23-33 have been analyzed employing experimental
and computational approaches because have shown therapeutic potential against
SARS-CoV2.5-12 In this sense, it has been reported that the Garcinia kola,
Garcinia cambogia, Garcinia mangostana and H. sabdariffa extracts are able to
reduce cytokine storms during the late phase of SARS-CoV-2 infections by dec-
reasing S1-glycoprotein secretion.16:23 In addition, the therapeutic use of H.
sabdariffa in controlling the inflammatory response against COVID-19 by block-
ing the ACE-2 receptor has been proposed because it contains a number of com-
pounds structurally similar to hydroxychloroquine and mannose,!5:16:34 that
could act as agonists for ACE2 and MLB receptors.!> Also, in silico studies have
allowed for the analysis of the interactions of bioactive compounds like man-
giferin present in G. mangostana with the receptors spike RDM, helicase,
3CLpro and RdRp of SARS-CoV-2,24.28.35-37 and the biomolecules present in
H. sabdariffa with 3CLpro and PLppo.13:16-18.20.22 [y symmary, the results ind-
icate that various molecules from H. sabdariffa and Garcinia species exhibit
strong binding affinity to the main proteases of SARS-CoV-2, suggesting their
potential therapeutic use against SARS-CoV-2 infection.

Specifically, hibiscus acid (HA, (2S,3R)-3-hydroxy-5-oxooxolane-2,3-dicar-
boxylic acid), see Fig. 1a, which is found in H. sabdariffa,3® and Hibiscus schizo-
petalus3® and garcinia acid (GA, (25,3S5)-3-hydroxy-5-oxooxolane-2,3-dicarbo-
xylic acid)), see Fig. 1b (present in G. cambogia),33:40 have been shown to have
a vasorelaxant effect in addition to inhibiting the neuraminidase of influenza.41:42
Also, it has recently been reported that their anti-inflammatory and antioxidant
properties are able to treat the symptoms of COVID-19.16.20.22 Additionally, iso-
lated HA has proven to be neither clastogenic nor cytotoxic,38 whereas G. kola
extract has shown antigenotoxic activity and the ability to repair damage caused
by mutagenic agents.23 Thus, in this study, we analyze the binding of HA and
GA to the Mprotease of SARS-CoV-2 through molecular docking to identify
whether HA and GA are suitable candidates for acting as antiviral medicines
against SARS-CoV-2. Additionally, we conducted dynamic molecular (MD) stu-
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dies. We believe that this research may prove valuable in understanding the role
of HA and GA in inhibiting the ACE2 receptor for SARS-CoV-2.
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Fig. 1. Chemical structure of hibiscus acid ((25,3R)-3-hydroxy-5-oxooxolane-2,3-dicarboxylic
acid) and garcinia acid ((2S5,3S5)-3-hydroxy-5-oxooxolane-2,3-dicarboxylic acid).

EXPERIMENTAL

The HA and GA structures were subjected to full geometrical optimization employing
the B3LYP/6-311G (d,p) level of theory.*3 Vibrational frequencies were calculated to ensure
that the stationary points correspond to a minimum on the potential energy surface. Protein—
—ligand docking studies of the HA and GA ligands with the 3CL-MP™ enzyme of SARS-CoV-2
(PDB ID: 6LU7) were performed via the web server SwissDock.** Visualizations of the pro-
tein—ligand complex were performed through the programs Chimera* and Discovery Studio
Visualizer 2019,%¢ while molecular dynamics calculation and visualization were performed
using the programs GROMACS*7 and VMD,*? respectively. The OPLS/AA force field was
employed in all of the MD simulations.** To perform the MD study, a simulation box was
generated, and the complex protein—ligand was placed in the center of the box. At least 1.0 nm
from the rim of the protein ligand to the boundary of the cubic box was kept and it was filled
with water molecules modelled using the TIP;P equation.’® Also, 4 Na* for both molecules
were added to the simulation box to equilibrate the charges in the system. The integration of
the motion equations was performed at a time step of 2 fs with fully periodic boundary con-
ditions (PBC). Prior to the MD simulation, an energy minimization process was performed to
ensure a reasonable starting structure in terms of geometry and solvent orientation. Then equi-
libration was conducted in two stages. The first one was conducted under an NVT ensemble
until the temperature of the system reached a plateau at the desired value. In the second one,
the equilibrium of pressure was conducted under an NPT ensemble for 1 ns. Then a MD for
100 ns was conducted to analyze the stability of the protein—ligand complex.

RESULTS AND DISCUSSION
Lipinski’s rule of five and ADMET prediction

By predicting the physicochemical and pharmacological properties of com-
pounds, it is possible to evaluate the ability of molecules as potential drugs using
parameters related to their oral bioavailability and their administration in the
body. Lipinsky’s rule of five and the ADMET parameters of HA and GA were
evaluated using ADMETIab 2.0,5! see Table I. HA and GA obey Lipinsky’s rule
of five, which includes the following properties (optimal values in paren-
theses):32 log P from —0.40 to —0.33 (<5), number of AHB hydrogen bond
acceptors of 7 (<10), number of DHB hydrogen bond donors equal to 3 (<5),
number of rotational bonds equal to 2 (<10), and molecular weight of 190 g/mol
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(<500). On the other hand, the two acids showed Caco-2 permeability and total
clearance values lower than the limit. However, they do not show hepatoxicity,
mutagenicity, oral toxicity in rats or carcinogenicity. Also, they have a good half-
-life. Finally, for their metabolism, it was predicted that the acids would act as
substrates for the cytochrome P450 C9 subtype.

TABLE L. In silico study of the ADMET properties of hibiscus acid and garcinia acid

Property Model name Optimum value Hibiscus Garcinia

acid acid
Absorption Caco-2 permeability >-5.15 (log (Papp in 10 cm/s)) —6.105 —6.139
Intestinal absorption (human) % Absorbed 0.176 0.029
Distribution ~ Plasma protein binding <90 % 13.24 15.37
Volume distribution 0.04-20L/Kg 0.218 0.281
Metabolism CYPA2 Inhibitor Categorical (Yes/No) No No
CYPAZ2 Substrate No No
CYP2C19 Inhibitor No No
CYP2C19 Substrate No No
CYP2C9 Inhibitor No No
CYP2C9 Substrate Yes Yes
CYP2CD6 Inhibitor No No
CYP2CD6 Substrate No No
CYP3A4 Inhibitor No No
CYP3A4 Substrate No No
Excretion Clearance High >15 1.894 2.176
Moderate 5-15
Low <5 (log ml min'! kg')
Tin Long half-life > 3h 0.825 0.727
Short half-life < 3h
Toxicity Human hepatotoxicity Category: positive, negative  Negative Negative
AMES toxicity Negative Negative
Rat oral acute toxicity Low 0 0.01 0.011
High 1 (log mg kg_bw! day'!
Carcinogenicity Probability 0.009 0.014

Analysis of interfering compounds

Molecules that contain substructures with a high potential to interfere with
biological assays are known as Pan-assay interference compounds (PAINs).53
Although this is not valid in all cases, care should be taken if an active compound
contains some substructures.>3 In this sense, there are databases that allow the
comparison of compounds with known PAIN molecules. In the present work, the
structures of hibiscus acid and garcinia acid were analyzed using the ZINC
database,>* and no interfering structures or substructures were identified in either
case.
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Mapping of the electrostatic potentials

Understanding the electrostatic potential of molecules is crucial for elucid-
ating their interaction mechanisms, especially in the context of ligand—protein
binding. Electrostatic interactions play a significant role in molecular recognition
and binding processes. Fig. 2 shows the MEP of the molecules hibiscus acid and
garcinia acid evaluated at the B3LYP/6-311G (d,p) level of theory. In this figure,
the negative potential areas (red color) represent electron-abundant zones, while
the positive potential areas (blue color) show a relative lack of electrons. Note the
presence of negative potential areas, particularly around the carboxyl and hydro-
xyl groups, which suggests regions of high electron density that could participate
in interactions with positively charged residues on the protein surface. From Fig.
2, the carboxyl and hydroxyl groups at C-2 and C-3 of HA exhibit more negative
potential values than those of GA, indicating that the substituents in the (2S5,3R)
conformation are more electrophilic compared to those in the (25,35) conform-

ation.
a) b) I

o I T

Fig. 2. Mapping of the electrostatic potentials evaluated at the B3LYP/6-311G (d,p) level of
theory on a density isosurface (valor = 0.002 e/a.u.?) for: a) HA and b) GA.

Docking study

In order to analyze the ability of HA and GA to inhibit the replication of
SARS-CoV-2, A molecular docking study was performed to study the binding of
HA and GA to the main protease (6LU7) of this virus, see Figs. 3 and 4. Since
6LU7 has been identified as a target for inhibition of viral replication, Fig. 3a
shows the HA-6LU7 configuration, where the binding energy was —6.76 kcal*
mol~! and Fig. 4a shows the GA-6LU7 configuration. Garcinia acid interacts
with 6LU7 with a binding energy of —6.93 kcal mol-!. These binding energy
values compare favorably with those found for caffeoylshikimic acid, chloro-
genic acid, cianidanol and kaempferol when they are docked with strong affinity
to the 3CLpro main protease of SARS-CoV-2.13 Also, the delta energy binding
may be associated with the formation of different numbers of hydrogen bonds and

*1 kcal =4184 ]
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Fig. 3. a) HA binding site in the 6LU7 of SARS-CoV-2, b) 2D mapping of ligand/6LU7
configuration interactions for HA.
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Fig. 4 a) GA binding site in the 6LU7 of SARS-CoV-2, b) 2D mapping of ligand/6LU7
configuration interactions for GA.

interactions between ligand and receptor, caused by the change in the orientation
of the carbonyl substituent in HA and GA diasteroisomers. Similar behavior has
been observed in the case of diastereomers of nelfinavir, which are identified as
potent inhibitors of dimeric SARS-CoV-2 MP0,55 hydrazones trans-E and cis-E
when docked into the binding pocket of 7BQY protease,’® and remdesivir
diastereoisomeric derivatives.5’ In this sense, the Gibbs energy change of bind-
ing between an antigen and its receptor is of great relevance for the interaction
and entry of a virus into its host on the cell surface.>8-2 Due to infecting a host
cell, the virus must have an antigen with a negative Gibbs energy change of
binding to the host cell receptor, e.g., the glycoprotein in the receptor for SARS-
-CoV-2.93 According to biothermodynamics, the Gibbs free energy change of
binding involved in virus—host interactions at the membrane level can help to

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



HIBISCUS COMPOUNDS AGAINST SARS-COV-2 297

better understand these interactions.5® Thus, a higher Gibbs free energy change
of binding results in a faster binding rate, more rapid entry of viruses into host
cells, and therefore increased infectivity.92 Based on the above and the fact that
HA and GA show negative Gibbs binding energy change with 6L.U7, it is pos-
sible to suggest that these diasterecoisomers can bind to 6LU7 to inhibit the
SARS-COV-2 virus. In addition, the interactions around 3 A were identified, and
a 2D plot was performed as shown in Figs. 3b and 4b. It is observed that hibiscus
acid and garcinia acid have van der Waals interactions with residues of the cat-
alytic site of 6LU7 reported,®4 ASN142, HSD163, MET165 and GLU166. Int-
erestingly, the (25,3S) conformation of garcinia acid improves the complex inter-
actions and favors hydrogen bond stabilization with PHE140[O—H:--N] and the
catalytic dyad residue CYS145[O---N] with a distance of 4.74 and 4.13 A.

Molecular dynamics simulation study

To analyze whether the HA-6LU7 and GA-6LU7 complexes derived from
the docking study are stable, we performed a molecular dynamics study at 100
ns. Fig. 5 depicts the docked structures at 0 and 100 ns, respectively, for the
docking of garcinia acid at the 6LU7 site. It is clear that GA is not stable at the
initial pocket site (see Fig. 5a and b), because GA docked at the original site (Fig
5a), and at the end of 100 ns, it docked at a new site (see Fig. 5b). This can also
be seen in the RMSD plot (Fig. 5c), where at approximately 16 ns the RMSD
increases significantly, greater than 3 A, suggesting the mobilization of garcinia
acid away from another active site, which has not been identified with the asso-
ciated site in 6LU7 to prevent SARS-COV-2 virus replication.

b) c)
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Fig. 5. Molecular dynamics simulation results for GA: a) initial docking configuration,
b) docking configuration at 100 ns and ¢) The RMSD profile depicts the equilibrium
trajectory of the GA-6LU7 complex through 100 ns.

In the case of the HA-6LU7 complex, in Fig. 6, the structures HA docked at
6LU7 are shown at 0 and 100 ns, respectively. It is clear that HA remains in the
pocket site during the 100 ns, suggesting that the complex formed is stable (see
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Fig. 6a and b). The last one is corroborated by the RMSD graph (Fig. 6¢), which
shows that the RMSD is less than 1 A. The last results suggest the formation of
the HA-6LU7 complex is stable.

<08 1
206
Zo04

t/ns

Fig. 6. Molecular dynamics simulation results for HA: a) initial docking configuration,
b) docking configuration at 100 ns and c¢) the RMSD profile depicts the equilibrium
trajectory of the HA-6LU7 complex through 100 ns.

In addition, Fig. 7 shows the behavior of the potential energy of the com-
plexes during the MD simulation. It can be seen that the potential energies of the
GA-6LU7 and HA-6LU7 complexes are in the range of —9.49x10° to —9.43x10°
kJ mol! and reach a constant level from the beginning of the simulation. The
latter illustrates the energetically stable nature of the GA-6LU7 and HA-6LU7
complexes.
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Fig 7. Potential energy graph illustrates the energetic stability of: a) GA and b) HA.

CONCLUSION

Binding pose and binding energy were also analyzed for the HA-6LU7 and
GA-6LU7 configurations, where the formation of the complex at the active site
position was confirmed, with binding energies equal to —6.76 kcal mol-! and
—6.93 kcal mol1, respectively. Analysis of the interactions between HA and GA
with 6LU7 revealed that HA shows van der Waals-type interactions with
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ASN142, HSD163, MET165 and GLU166, and in the case of garcinia acid, the
interactions were with residues PHE140 [O—H-N-] and CYS145 [O-H-N-]. Fin-
ally, by molecular dynamics simulation, it was possible to verify the permanence
of hibiscus acid in the active site of 6LU7, whereas garcinia acid did not remain
in the protease active site.
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U3BOJ

PAYYHAPCKA CTYIHWJA ITOTEHUHUJATHE BMOAKTUBHOCTH XUBUCKYCHE U
IF'APCHUHHNJCKE KHCEJTMHE ITPOTHUB SARS-COV-2

WENDOLYNE LOPEZ-OROZCO, LUIS HUMBERTO MENDOZA-HUIZAR, GIAAN ARTURO ALVAREZ-ROMERO
u J. DE JESUS MARTIN TORRES-VALENCIA

Area Académica de Quimica, Universidad Auténoma del Estado de Hidalgo, carretera Pachuca—Tulancingo,
42184, Mineral de la Reforma, Hidalgo, México

PauyHapcko XeMmHjcKa CTyAuja je IpoBefieHa Ha NMjacTepPEOU30MEpUMa XUOHUCKYCHe
(HA) u rapcunmjcke (GA) xucenuse, HCTpaxujyhy mUXoBe CIOCOOHOCTH HOKOBama Ca IIaB-
HOM mnportea3oMm (6LU7) om SARS-CoV-2. Manupama eNeKTpOCTaTCKUX NOTEHIHjana Ccy
OTKpHJIa Jla Cy HeraTMBHa HaeleKTpucama IPUAPYKeHa KapOOKCHITHUM U XUIPOKCHUIIHUM IDy-
nama Ha nonoxajuma C-2 u C-3 u 3a XMOUCKYCHY U 3a rapCUHHUjKY KUCcennHy. MehyTum, mpu-
CyCTBO HeraTuBHHjer noreHuuana oko C-2 u C-3 xon xuduckycHe kucenuHe, y nopehemwy ca
TapCHHUjCKOM KHMCEJIMHOM, CYT€pHLIE Ja CYICTHUTYeHTH y (2S,3R) mocefyjy jaud €leKTPOH-
-TIPUBJIaYHH KaNaLuTeT of oHUX y (2S,3S) xoHdurypauuju. CTyguje MONEKyJICKOT JOKHUHTa
yKasyjy fa ce ¥ XMOUCKyCHa ¥ TapCHHHjCKa KUCEIHUHA Be3yjy 3a [TIaBHy IpOTeasy IMyTeM KaTa-
TUTUYKOT Lerma. Umak, cumynandje mMoseKyJicKkeOIUHaMuKe OTKpHBajy ma camo (HA) ocraje
Be3aHa 3a aKTHBHO MecTo TokoM 100 ns ca RMSD mamom on 1 A, nox (GA) mucocyje 13 KoM-
IJIeKca yHyTap nodeTHUX 16 ns. OBM Hanasu pacBeT/baBajy Pa3IMUMUTO BE3UBHO MOHAIIAHE
IBa je[UEHa, Ca MMIUVIMKALWjOM NOTEHLHWjaIHE TepaNnMjCKe HMHTEPBeHUMje NpoTuB SARS-
-CoV-2. OBy Hanasy dauajy CBETIO Ha Pa3lIMYUTO BE3UBHO MOHALIAWke ABA jeAUIBEHa, MOAP-
KaBajyhu UMIUTHKaLMje 3a TOTeHLMjaTHe Tepanyjcke HHTepBeHnuje npotuB SARS-CoV-2.

(ITpumsbeHo 28. anpuiia, peBUAUpaHo 5. jyHa, mpuxsaheno 21. asrycra 2024)
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