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SUMMARY

Introduction: The probe for ideal medications with absolute antiviral activity against SARS-CoV-2 is
still in place, and attention has been recently drawn to medicinal plants. Aims: To evaluate the several
molecular targets as points of therapeutic intervention. Methods: Clusters of metal ions of Mg, Al*>,
Ga*, Sn*, Cr, Fe* joined to anthocyanins in water media were studied for unraveling the color shifting
of different complexes of these structures in the low ranges of pH using DFT/B3LYP/6-31G (d,p)
method. Results: It has been studied the metal cations diffusing of deprotonating for the anthocyanin
(B)-ring of Mal, Peo, Del, Pet, Cya in water and applying the IR method for getting the physico-chemical
specifications of intensity, frequency, and absorbance of the compounds, respectively. It has been seen
that by increasing the pH, the frequency of Al*Cya, Ga*Cya, MgCya complexes increase between pH
=1.1-1.5. The change in Gibbs free energy change (AG) may be the best indicator of the protection offered
by dietary stabilizers on anthocyanins, which demonstrated the best stabilizer among dietary com-
pounds as Del with AG =-2.92x105 kcal/mol. Furthermore, the partial charges and spin density have
been gained by matching the electrostatic potential to atomic charge of O*7, O*s, and O* ions for
Mm(31)Cya, M™(32)Del and M™(35)Pet, respectively. Conclusions: The anthocyanins discussed in this
article indicate robust binding affinities and strong inhibitory molecular interactions with the target
proteins and could be well exploited as potential medication candidates with potent multiple antiviral
impacts against COVID-19 virus.

Keywords: COVID-19; anthocyanins; ion chelation; DFT.

RESUMEN

Efeito antiviral de antocianinas em vegetais e frutas contra doencas virais: uma visao do projeto de
medicamentos por meio de abordagens de quimica computacional

Introduccion: La investigacion de medicamentos ideales con actividad antiviral absoluta contra el
SARS-CoV-2 atin esta en marcha, y recientemente se ha llamado la atencién sobre las plantas medicina-
les. Objetivos: Evaluar los diversos objetivos moleculares como puntos de intervencidn terapéutica.
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Métodos: Se estudiaron grupos de iones metalicos de Mg?, Al*, Ga®, Sn?, Cr?, Fe3* unidos a antocia-
ninas en medios acuosos para desentrafiar el cambio de color de diferentes complejos de estas estructu-
ras en los rangos bajos de pH utilizando el método DFT/B3LYP/6-31G (d,p). Resultados: Se ha estu-
diado la difusién de cationes metalicos de desprotonacion para el anillo de antocianina (B) de Mal, Peo,
Del, Pet, Cya en agua y se ha aplicado el método IR para obtener las especificaciones fisicoquimicas de
intensidad, frecuencia y absorbancia de los compuestos, respectivamente. Se ha visto que al aumentar
el pH, la frecuencia de los complejos Al**Cya, Ga3*Cya, Mg?Cya aumenta entre pH =1,1-1,5. El cambio
en el cambio de energia libre de Gibbs (AG) puede ser el mejor indicador de la proteccion ofrecida por
los estabilizadores dietéticos sobre las antocianinas, que demostraron ser el mejor estabilizador entre
los compuestos dietéticos como Del con AG =-2.92x10% kcal/mol. Ademas, las cargas parciales y la den-
sidad de espin se han obtenido al hacer coincidir el potencial electrostatico con la carga atémica de los
iones O*17, O*16 y O*7 para M™(31)Cya, M™(32)Del y M (35)Pet, respectivamente. Conclusiones: Las an-
tocianinas analizadas en este articulo indican afinidades de unidn robustas y fuertes interacciones mo-
leculares inhibitorias con las proteinas objetivo y podrian ser bien explotadas como posibles candidatos
a medicamentos con potentes impactos antivirales multiples contra el virus COVID-19.

Palavras-chave: COVID-19; antocianinas; quelacion iénica; DFT.

RESUMO

Efecto antiviral de las antocianinas en verduras y frutas contra enfermedades virales: informacion
sobre el disefio de medicamentos mediante enfoques de quimica computacional

Introducdo: A sonda para medicamentos ideais com atividade antiviral absoluta contra SARS-CoV-2
ainda estd em andamento, e a atengdo foi recentemente atraida para plantas medicinais. Objetivos:
Avaliar os varios alvos moleculares como pontos de intervengao terapéutica. Métodos: Clusters de ions
metalicos de Mg?, Al*, Ga3*, Sn2*, Cr3, Fe* unidos a antocianinas em meio aquoso foram estudados
para desvendar a mudanca de cor de diferentes complexos dessas estruturas nas baixas faixas de pH
usando o método DFT/B3LYP/6-31G (d,p). Resultados: Foi estudada a difusdo de cations metalicos de
desprotonagao para o anel de antocianina (B) de Mal, Peo, Del, Pet, Cya em agua e aplicando o método
IR para obter as especificagdes fisico-quimicas de intensidade, frequéncia e absorbancia dos compostos,
respectivamente. Foi observado que ao aumentar o pH, a frequéncia dos complexos Al*Cya, Ga*Cya,
Mg?*Cya aumenta entre pH =1,1-1,5. A mudang¢a na mudanca de energia livre de Gibbs (AG) pode ser o
melhor indicador da protegao oferecida pelos estabilizadores dietéticos em antocianinas, que demons-
traram o melhor estabilizador entre os compostos dietéticos como Del com AG = -2.92x10% kcal/mol.
Além disso, as cargas parciais e a densidade de spin foram obtidas ao combinar o potencial eletrostatico
com a carga atdmica dos ions O*17, O*16 e O7para M™(31)Cya, M™(32)Del e M™(35)Pet, respectivamente.
Conclusoes: As antocianinas discutidas neste artigo indicam afinidades de ligacao robustas e fortes in-
teracdes moleculares inibitorias com as proteinas alvo e podem ser bem exploradas como potenciais
candidatos a medicamentos com multiplos impactos antivirais potentes contra o virus COVID-19.

Palabras clave: COVID-19; antocianinas; quelagao ionica; DFT.

1. INTRODUCTION

A recent pathogen severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread
worldwide and become pandemic with thousands new deaths and infected cases globally [1-
6]. Natural drugs and herbs with their anti-inflammatory properties might have pleiotropic
functions in COVID-19 treatment [7-11]. Some antibodies extracted from plants are supposed
to answer very quickly to the emergence of recent variants of COVID-19 [12-19]. Anthocyanins
are one of the four subclasses of Flavonoids which represent various beneficial impressions
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consisting of antidiabetes, anticancer, antiallergy, antimutagenesis, cardioprotection, and an-
tiviral activities [20-22]. One of the beneficial methods for discovering proper medication
against COVID-19 can be molecular docking approach. This method can analyze the confor-
mation and orientation of molecular structures into the binding zones of a macromolecular
object [23]. Many research works have been remarked on the application of molecular docking
method to determine or foretell the drug-object binding tendency with the viral protease [24—
32]. The color of natural anthocyanins is changeable with concentration of H* in the liquid
medium including weak acidic (Fig.1).

Fig. 1. Linkage of Mg, Al*, Ga¥, Sn%, Cr¥, Fe? to anthocyanins.

Antioxidants are extremely valuable food ingredients for our health as they fight against the
famous free radicals, responsible for oxidative stress [33-35]. For example, the chelation of A’
by anthocyanins was more investigated owing to its dependence with the blue coloration of
hydrangea floral structures. The complexes with acceptable stability between delphinidin and
aluminum were found to produce acidified ethanol and a wide range of pH [36-39]. Phenolic
plant seems to have multiple mechanisms of action in combating cancer including angiogene-
sis denying vascular tumors required for proliferation, inhibiting DNA synthesis, inducing
apoptosis, and cellular differentiation inhibiting cancer progression. Regular consumption of
raspberry anthocyanins is also reported to improve cognitive brain functions, age-related de-
generation of eyesight and influence cardiovascular disease [40, 41].

Applying this approach, it can be remarked these dietary structures belong to the subclass
of anthocyanin, which demonstrate the main ingredients in vegetables and fruits, as rich in-
hibiting agents of the main protease and targeting the receptor-binding domain (RBD) of S-
protein for SARS-CoV2. In addition, molecular docking assigns swift diagnosis of the amino
acid sequences for SARS-CoV-2 [42-44].

2. MATERIAL AND METHODS

Herein, comprehensive computational investigations were performed to identify new lead
compounds against main protease enzyme. Geometry optimization of Mg*Cya, Al*Cya,
Ga*Cya, Sn**Cya, Cr**Cya, and Fe*Cya chelation complexes through their B ring in water at
300K have been calculated using Gaussian 16 revision C.01 program [45]. In addition, the prop-
erties of Bader charge and thermodynamic parameters of Mg>*ACN, AP*ACN, Ga*ACN,
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Sn**ACN, Cr*ACN, and Fe**ACN chelation through their B ring in aqueous medium at 300K
have been computed (Fig. 2 a, b, c).

Fig. 2. Optimized structures of (a) Fe3**ACN, (b) Mg?*ACN, (c) Sn?*ACN through remarking O == M
and bond angle of O ==Mm==0 bond lengths.

For accomplishing a stable structure of Mg?>*ACN, AI**ACN, Ga*ACN, Sn>*ACN, Cr**ACN,
and Fe3*ACN chelation of Mal, Peo, Del, Pet, and Cya pigments, geometry optimization plus
frequency calculations were done; the frequency and intensity of the vibrational modes were
calculated with the QM theoretical method, and the principal vibrational modes were ana-
lyzed by their changes of Gibbs free energy in water at 300K. The data has been achieved from
thermodynamic parameters of AG, AH and AS for the solute-solvent model of Mg?*ACN,
AI*ACN, Ga*ACN, Sn>*ACN, Cr*ACN, and Fe**ACN chelation. Thus, geometry coordina-
tion, Bader charge and thermodynamic attributes of three Al**—anthocyanin chelation of Cy,
Dp, and Pt pigments through their B ring in gas and aqueous media at 300K have been esti-
mated in a periodic box of H20O molecules.

The optimized geometries include the bond length of oxygen - Mg? = (1.9A) and the
bond angle of oxygen - Mg? - oxygen = (112°) while it has been exhibited the bond length of
oxygen - M* = (1.8A) and bond angle of oxygen - M3 - oxygen = (120°) for trivalent metal ions
of Mg?, AI**, Ga*, Sn*, Cr* and Fe*. Our computations have been carried out due to the con-
ceptual DFT/B3LYP/6-31G (d,p) method using the projector— augmented-wave (PAW) meth-
odology [46—49]. The theoretical computations have been run to attain more valid equilibrium
geometrical data and infrared spectral information for each of the recognized complexes.

3. RESULTS AND DISCUSSION

In this study, the candidate anthocyanin-derived compounds were filtered considering anti-
viral characteristics of anthocyanins. The structure-based pharmacophore modeling was de-
veloped based on the co-crystallized structure of the enzyme with its biological active inhibitor
[50-52]. The thermodynamic properties including AG, AH, AS, Electronic Energy and Core-
Core for conjunction of Mal, Peo, Del, Pet, and Cya with cations of Mg?, Al*, Ga*, Sn*, Cr%,
Fe® in different pH have been measured using Gaussian 16 revision C.01 [45] program in aque-
ous medium (Table 1).
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Table 1. Thermochemical specifications for Cya, Del, Mal, Pel, Peo, pet in aqueous medium at 300 K.

. AH =103 AG x10° Ebinding [53 Eelectronicx 106 | Ecore-corex10-

Pigment (kcal/mol) | (kcal/mol) (kcal/n[loli AS 10 (kcal/mol) (kcal/mol) In Kx10°
Cya -1.54 -2.85 -6.4 9.44 -2.80 2.51 2.85
Del -1.57 -2.92 -6.5 9.69 -2.89 2.60 4.90
Mal -9.07 -2.11 -6.4 7.00 -1.86 1.65 3.54
Pel -1.26 -2.45 -6.9 8.14 -2.25 2.01 1.37
Peo -1.42 -2.72 —6.4 9.03 -2.61 2.33 4.56
Pet -1.47 -2.80 - 9.28 -2.75 2.47 4.69

The difference of AH (kcal/mol) among the chelated complexes of Mg*ACN, AI**ACN,
Ga*ACN, Sn*ACN, Cr**ACN, and Fe**ACN (Fig. 3) has been observed owing to double bonds
and carbonyl groups through the chelation of B ring for Cya, Del and Pet anthocyanins in
water that illustrates the stability and color of Mg>*ACN, AI*ACN, Ga*ACN, Sn>*ACN,
Cr>*ACN, and Fe*ACN chelation of Cya, Del, and Pet pigments in a weak acidic condition.
The consequences of AH for formation of [Mg?*, Al*, Ga*, Sn*, Cr*, Fe**— Cya, Del, Pet] che-
lation complexes have been shown by Fig.3 and reported data in Table 1.
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Fig. 3. Enthalpy reaction (AH, kcal/mol) for formation of Mg? ACN, AI**ACN, Ga*ACN, Sn*ACN,
Cr**ACN, and Fe**ACN complexes.

After identifying all steps of the cation trapping reaction and the associated energy features,
the overall Gibbs free energy profile was analyzed and shown in Table 1. The reactions in
protons had to be fitted due to computational difficulty on the dissolution free energy of the
proton. The effect of metal ions of Mg?, Al*, Ga*, Sn*, Cr*, Fe** joined to anthocyanins, which
was modeled as an aqueous food system, was illustrated using thermodynamic computation.
The equilibrium constant and free energy of the binding reaction between anthocyanins and
stabilizers were theoretically important. The change in free energy change (AG) may be the
best indicator of the protection offered by dietary stabilizers on anthocyanins, which was
demonstrated the best stabilizer among dietary compounds as Del with AG=-2.92x10-
5 kcal/mol (Table 1).
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Recently, it was evaluated the ability of eighteen compounds derived from anthocyaninin
for the inhibition of the main protease (61u7) and the receptor-binding domain of spike glyco-
protein of SARS-CoV-2 [53]. Cyanidin-3-arabinoside exhibited significant binding stability
and interaction, with key residues within the binding site of coronavirus main protease (61u?).
According to their study, the ligand cyanidin-3-arabinoside, which shows potential inhibition
of SARS-COV-2 in silico, was observed in high concentration in black chokeberries, bilberries, lin-
gonberries, gooseberries, rubus, blackcurrants, while pelargonidin-3-glucoside found in raspberry
and strawberry. Therefore, they can prevent virus infection. Depending on the docking scores
and binding energies, Cyanidin-3-arabinoside exhibits docking scores of -7.5 and -5.5
kcal/mol, so it is a potential inhibitor for SARS-CoV-2. Considering the achieved results, reg-
ular consumption of berry fruits can inhibit and control COVID-19 disease by suppression of
propagation and pathogenicity of SARS-CoV-2 [53].

The absorbance (A) of chelated cations including Mg?, Ga*, Cr%, Fe*, and AlI** with Cya,
Del, and Pet pigments in aqueous periodic box has been calculated through the beer-lambert
law which is related to the concentration (c¢/ mol/L) of H* (Table 2). The data have been shown
based on equation of A =loguo (I./I) = €lc, where A is the absorbance; I, intensity of current; ¢,
molar absorptivity coefficient and ¢, concentration of solution (Table 2).

Table 2. Measured absorbance (A), Frequency and Dipole moment of metal —»anthocyanin chelation of
Cya, Del, and Pet in various pH

& & & & &
z e | 2 e | 2 | 2 | 2 | 2
a | < =8 £ | < £. & | < & & | < & & | < B B
o [ 0 a) ] [ ] @) ] @)
521 521 =~ =~ =~
Cya Mg2=10- Ga¥x103 Cr3+x103 Fe3*x103 Al3x10-3
1.17 0.10 3.922 3.05 | 0.25 3.925 18.65 0.22 3.926 994 | 0.13 3.925 025 | 0.25 3.924 18.65
1.30 1.20 3.927 3.24 1.32 3.925 16.74 0.96 3.931 8.39 1.06 3.926 1.32 1.32 3.925 16.74
10.3
1.40 191 397 153 0.64 3.926 16.35 0.65 3.926 1 0.95 3.926 0.64 | 0.64 3.926 16.35
1.48 1.89 4.014 527 | 1.87 4.008 13.82 0.68 3.926 8.59 1.19 3928 1.87 | 1.87 4.008 13.82
1.54 1.89 4.012 391 1.85 4.007 6.69 1.90 4.009 9.59 1.90 4.012 1.85 1.85 4.007 6.69
Del
o © Mg2=10- Ga3x103 Cr3+x10-3 Fe3*x1073 Al¥+x10-3
P
1.17 0.70 3.926 6.71 0.42 3.925 18.78 0.89 3.933 9.04 | 0.89 3.767 790 | 3.59 3.925 16.19
1.30 1.20 3.929 3.67 | 1.25 3.927 14.94 0.89 3.933 9.04 | 3.93 3.945 747 | 1.07 3.929 17.15
1.40 2.81 5.816 2.60 1.24 3.928 12.99 1.07 3.935 6.40 | 0.89 3.928 6.87 | 1.12 3.929 16.10
1.48 1.24 3.930 491 3.75 4.041 15.99 1.92 4.018 7.38 1.92 4.018 554 | 1.86 4.015 17.01
1.54 1.92 4.018 3.75 1.90 4.014 13.14 1.84 4.015 9.03 1.95 4.016 6.38 1.80 4.013 16.86
Pet
o < Mg2=10- Ga3x103 Cr3+x10-3 Fe3*x1073 Al¥+x10-3
P
1.2 0.61 3.926 17.77 1.47 3.767 266 0.39 3.925 8.2 1.22 3.764 17.84
’ 0.39 3.925 8.2 ’ ’ ’ ’ ’ 7 ’ ’ ’ ’ ’ ’
1.30 3.59 3.925 789 | 057 3.926 16.37 0.27 3.926 9.77 | 3.59 3.925 7.89 | 3.59 3.930 16.22
1.40 0.97 3.938 6.59 1.04 3.936 15.78 1.02 3.945 934 | 097 3.938 6.59 | 8.0 7.744 19.27
1.48 0.96 3.941 5.34 1.07 3.935 17.38 0.86 3.940 6.89 | 0.96 3.941 5.34 | 1.06 3.954 16.27
1.54 1.00 3.940 6.52 1.89 4.014 12.82 0.92 3.943 6.21 1.00 3.941 6.52 1.96 4.013 15.92

The reduction in absorbance might be related to reduced solubility of M™—ACN complexes
which eventuate in precipitation of some complexes. The large increments in absorbance
might be treated to convert as the colorless forms of ACN to those which absorb and reflect
visible light as well as the M induced linked to ACN compounds (Fig. 4 a,b). Furthermore,
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the complexes of Ga*Pet, Cr*Pet, Mg?* Pet (Fig. 4a) and Al**Cya, Ga*Cya, Mg*Cya (Fig. 4b)
have indicated the maximum absorbance in the low concentration.
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2.
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204 ey
OcCr3+
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1.0 1 i
! |
........... i
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0.0 l l_‘ T — I T T
0.0667 0.0500 0.0400 0.0333 0.0286
Concentration

Fig. 4. The graphs of Absorbance versus concentration for complexes of (a) Ga*Pet, Cr>*Pet, Mg?Pet
and (b) Al**Cya, Ga*Cya, Mg?>Cya complexes.

In all pH, the frequency, intensity, absorbance, and thermodynamics specifications of ACN-
chelation were found to be significantly different with each metal treatment (Al**, Ga*>, Mg?").
In calculations, Al**was identified to displace Mg? in Mg*ACN complexes, Cya based and
produces more stable complexes (Table 2). The nucleophilic index and dipole moment in dif-
ferent pH were applied to quantify van der Waals interaction between anthocyanins and sta-
bilizers. It has been seen that by increasing the pH, the frequency of Al**Cya, Ga*Cya, Mg*Cya
complexes increase between pH =1.1-1.5. The maximum frequency for Al**Cya, Ga*Cya,
Mg?*Cya complexes is in the pH between 1.50 to 1.55 of weak acidic medium (Table2). The
frequency vibrational modes were indicated based on the stability and color of different cati-
ons—anthocyanin chelation (Table 2). Then, the Bader charge of indicated atoms in Mg?*ACN,
Ga**ACN, Cr3*ACN, Fe**ACN, and AIZ*ACN chelation has been measured as the active zones
of the structures which represent a significant function for the electron charge transfer towards
generating a range of different colors in aqueous medium (Table 3).
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Table 3. Bader charge for some particles of Mg?* ACN, Ga**ACN, Cr¥*ACN, Fe**ACN, and AI*ACN in
aqueous medium.

Cyanidin

atom Mg? Ga* Cr¥ Fe3+ AP+
O (10) -0.42 -0.37 -0.02 -0.16 -0.36
0 (17) -0.13 -0.16 -0.13 -0.14 -0.13
O (24) -0.20 -0.23 -0.21 -0.21 -0.18
O (25) -0.22 -0.22 -0.21 -0.22 -0.21
0O (26) -0.21 -0.21 -0.21 -0.21 -0.21
0 (27) -0.39 -0.34 -0.07 -0.13 -0.33
Mm(31) 0.76 0.76 0.45 0.07 0.02

Delphinidin

atom Mg?* Ga> Cr¥ Fe3+ Al

09 -0.39 -0.56 0.0 -0.14 -0.32
O*(16) -0.13 -0.13 -0.13 -0.13 -0.13
0 (23) -0.20 -0.18 -0.21 -0.20 -0.18
O (24) -0.21 -0.20 -0.20 -0.21 -0.20
0 (25) -0.21 -0.21 -0.21 -0.21 -0.21
O (26) -0.40 -0.63 -0.06 -0.12 -0.33
O (30) -0.21 -0.18 -0.21 -0.21 -0.19
Mr(32) 0.76 0.64 0.42 0.04 0.04

Petunidin

atom Mg? Ga* Cr> Fest Al

O(7) -0.13 -0.13 -0.13 -0.13 -0.13
0 (17) -0.40 -0.57 -0.03 -0.13 -0.33
0 (18) -0.39 -0.63 -0.04 -0.17 -0.33
0(19) -0.20 -0.19 -0.21 -0.21 -0.19
0 (20) -0.21 -0.19 -0.21 -0.20 -0.21
0 (21) -0.22 -0.21 -0.22 -0.22 -0.21
O (30) -0.15 -0.12 -0.15 -0.15 -0.13
Mr(35) 0.76 0.65 0.42 0.0 0.03

The IR vibrational frequencies have shown that the normal mode of the active zones owing to
cations—anthocyanin chelation of Al*Cya, Al**Del, and Al*Pet in optimized weak acidic me-
dia affirms the stability and color of these compounds. The alteration of Bader charge for func-
tionalized atoms through optimized complexes of Mg>*ACN, AI**ACN, Ga*ACN, Sn>*ACN,
Cr¥*ACN, and Fe**ACN have been plotted in Fig. 5(a, b).
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Fig. 5. Atomic orbital electron population for some atoms through optimized Mg ACN, AI**ACN,
Ga* ACN, Sn*ACN, Cr*ACN, and Fe*ACN chelation in aqueous medium.

As a matter of fact, the partial charges and spin density have been gained by matching the
electrostatic potential to atomic charge of O*17, O*, and O*7 ions for M™(31)Cya, M*(32)Del
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and M (35)Pet, respectively (Table 3 & Fig. 5a,b). Thus, the electrophilic groups of Cya, Del
anthocyanin pigments lead us to explore the cause for the activity and the stability of these
compounds in natural products. The perspective of Fig. 5(a,b) suggests the cause for observing
a variety of consequences for chelated complexes of MgZ*ACN, AI**ACN, Ga*ACN, Sn>*ACN,
Cr*ACN, and Fe**ACN which are attached to the location of active zones of functionalized
oxygen atoms and cations in these structures due to charge transferring in aromatic cyclic
chain.

CONCLUSIONS

The receptor-ligand complexes of the lead compounds were analyzed, and a hypothesis was
generated using the phase interface of DFT method to highlight the major properties that ac-
tively contribute to the characteristic binding of the lead ligands to the active sites of the target
proteins. This study evaluates the ability of these compounds for inhibiting the main protease
and the receptor-binding domain of spike glycoprotein of SARS-CoV-2 through molecular
modeling simulation. Applying beer-lambert proof on chelated complexes of Mg?ACN,
AI*ACN, Ga*ACN, Sn>*ACN, Cr**ACN, and Fe**ACN using theoretical approaches indicates
absorbance factor in gas and aqueous media and then explores the stabilization energy, ther-
modynamic specifications and the electronic structural of optimized cluster chelated of
Mg>ACN, APF*ACN, Ga*ACN, Sn*ACN, Cr*ACN, and Fe*ACN. In addition, it has been dis-
covered that [Mg?, Al**, Ga¥*, Sn*, Cr* and Fe*— anthocyanin] cluster chelation is related to
the axes of active areas of functionalized oxygen atoms and cations in these complexes which
alter the electronic charges in aromatic cyclic chains because of aqueous dielectric constant
compered to gas medium. Regarding the received results, regular consumption of some veg-
etables and fruits could be useful to monitor and inhibit COVID-19 disease by suppression of
propagation and pathogenicity of SARS-CoV-2.
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