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Abstract: Natural products are vital and rich sources for plant-based drugs and new medicines. 

Recent studies emphasize secondary metabolites of natural products due to their unparalleled 

pharmacological action, biological activity and high usage cost. In addition, with the progress 

of investigation on biosynthesis and molecular metabolism of medicinal plants, the procedures 

for illustrating the pharmacological impacts and biological activity of these compounds are 

firmly developing. The principal section of the translation process is the synthesis of secondary 

metabolites. In this work, seven flavonoids, namely apigenine–7–glucoside, catechin, 

demethoxycurcumine, kaempferol, naringenin, oleuropein and quercetin have also previously 

been reported to inhibit RNA (Ribonucleic acid) replication and viral translation. Among 

applied extracted phytochemicals in this investigation, oleuropein’s has exhibited lowest Gibbs 

free energy of −1206.893 × 103 kcal/mol with high dipole moment of 6.1962 Debye. In this 

study, we combine CAM-B3LYP-D3 and NQR (Nuclear quadrupole resonance) for evaluating 

plant-derived anti-SARS-CoV-2 compounds through computationally estimating the binding 

mechanisms and thermodynamic stability of seven flavonoids against SARS-CoV-2’s TMH 

(Tyrosine 160–Methionine 161–Histidine 162) active site. 

Keywords: virus; natural products; Covid19; antiviral secondary metabolites; 

mechanobiology 

1. Introduction 

While commonly used antivirals often show limited efficacy and serious adverse 

effects, herbal extracts have been in use for medicinal purposes since ancient times 

and are known for their antiviral properties and more tolerable side effects [1–6]. Thus, 

naturally based pharmacotherapy may be a proper alternative for treating viral diseases. 

With that in mind, various pharmaceutical formulations and delivery systems 

including micelles, nanoparticles, nanosuspensions, solid dispersions, microspheres 

and crystals, self-nanoemulsifying and self-microemulsifying drug delivery systems 

have been developed and used for antiviral delivery of natural products [7–11]. These 

diverse technologies offer effective and reliable delivery of medicinal phytochemicals 

[12–16]. 

Many chemical compounds found in natural resources supply important 

directions for medicine products and can participate in antiviral therapy. The 

compounds extracted from natural resources have an essential function in medication 

exploration and the improvement of novel antiviral remedies. Natural products have 

emerged as a promising frontier in the research for novel antiviral treatments [17–19]. 

Various phytochemicals were isolated, purified, and identified from the crude 

extracts of alkaloids, terpenes, flavonoids, various glycosides, and proteins. 
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Compounds with antiviral activity are present in many plants, e.g., rutin, a flavonoid 

glycoside common in different plants, is effective against avian influenza virus, HSV-

1 (Herpes Simplex Virus), HSV-2, and parainfluenza-3 virus [20–22]. 

Quercetin, an aglycone of rutin, is a phytochemical abundant in plants and may 

diminish the replication of many viruses such as highly pathogenic influenza virus, 

rhinovirus, dengue virus type-2, poliovirus, adenovirus, Epstein-Barr virus, Mayaro 

virus, Japanese encephalitis virus, and respiratory syncytial virus. Its ability to limit 

the activity of some heat shock proteins produced by cells in response to exposure to 

stress which were involved in nonstructural protein 5A-mediated viral of internal 

ribosome entry site translation is one well-known mechanism [23]. 

Apigenin (4,5,7-trihydroxyflavone), an aglycone of the flavone class, is found in 

many plants and has broad antiviral activities against enterovirus-71, foot and mouth 

disease virus, African swine fever virus, and influenza A virus. Many flavonoids of 

plant origin have known antiviral properties. For example, out of 22 different 

flavonoids, six phytochemicals including apigenin, baicalein, biochanin A, 

kaempferol, luteolin, and naringenin were active against the avian influenza virus in 

human lung epithelial cells through inhibiting nucleoprotein production [24]. 

Baicalin (the glucuronide of baicalein) was also active against a wide range of 

viruses, containing enterovirus, dengue virus, respiratory syncytial virus, Newcastle 

disease virus, human immunodeficiency virus, and hepatitis B virus, and different 

mechanisms were suggested for its antiviral actions. Baicalin inhibits the production 

of HBV (Hepatitis B virus), the templates for viral proteins and HBV-DNA synthesis, 

and decreases IL-6 and IL-8 production without affecting IP-10 levels [25]. 

Flavonoids contain a common phenylchromen-4-one scaffold which can be 

substituted with a phenyl ring at C2 or C3 to give the flavone and isoflavone backbone 

structure. In this article, we investigated apigenine–7–glucoside, catechin, 

demethoxycurcumine, kaempferol, naringenin, oleuropein and quercetin with similar 

structure extracted from Goji berries, Green tea, Turmeric, Chinese cabbage, Citrus 

fruit, Olive and Chili pepper, as the probable “anti-Covid19” receptor taken from 

natural products (Table 1).  

Table 1. Medicinal ingredients of apigenine–7–glucoside, catechin, 

demethoxycurcumine, kaempferol, naringenin, oleuropein and quercetin as the 

probable anti-Covid19 receptor. 
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Table 1. (Continued). 

Ingredient Chemical structure Origin 
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The results of this research article conduct the scientists to discover the 

appropriate medications against Covid19 by quantum mechanics approaches to figure 

out the influence of H-bonding in various linkage through the natural products of 

apigenine–7–glucoside, catechin, demethoxycurcumine, kaempferol, naringenin, 

oleuropein and quercetin attached to the active site of “Covid19” protein (Figure 1). 

Given the challenges and possibilities of antiviral treatment, this research article 

provides verified data on the medicinal plants and related herbal substances with 

antiviral activity, as well as applied of these plant extracts and biologically active 

phytochemicals. This study aims to computationally evaluate the binding mechanisms 

and thermodynamic stability of seven flavonoids against the SARS-CoV-2 Tyr160–

Met161–His162 (TMH) active site using DFT and NQR analyses. 

 

Figure 1. The connection of phenolic compounds as an “anti-Covid19” drug through 

O21 atom to TMH (Tyr160–Met161–His162) by H-bonding.  

2. Materials and methods  

In DFT, as it is applied for theoretical chemistry, the hybrid functional Becke 3-

parameter Lee-Yang-Parr (B3LYP) is observed to propose the greatest contribution. 

A novel hybrid exchange–correlation functional as Coulomb-Attenuating Method 

with CAM-B3LYP is suggested which merges the hybrid qualities of B3LYP and the 

long-range correction [26]. Furthermore, in the DFT–D3 method of Grimme et al. [27], 

the following expression for the “Van Der Waals (vdW)-dispersion energy-correction 

term is used: 

𝐸disp = −
1

2
∑ ∑ ∑ (𝑓𝑑,6(𝑟𝑖𝑗,𝐿)

𝐶6𝑖𝑗

𝑟𝑖𝑗,𝐿
6 + 𝑓𝑑,8(𝑟𝑖𝑗,𝐿)

𝐶8𝑖𝑗

𝑟𝑖𝑗,𝐿
8 )𝐿

𝑁𝛼𝑡
𝑗=1

𝑁𝛼𝑡
𝑖=1   (1) 

The dispersion coefficients 𝐶6𝑖𝑗 are geometry dependent as they are adjusted 

based on the local coordination surrounding atoms i and j. Thus, a series of quantum 

mechanical calculations using the DFT-D3 (Density Functional Dispersion Correction) 

method was performed for seven SARS-CoV-2 inhibitor complexes owing to 

discovering the minimized parameters of the best compounds of medicinal plant–
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Tyr160–Met161–His162 medication design template with IR computations by 

Gaussian 16 revision C.01 program [28]. 

The junction of apigenine–7–glucoside, catechin, demethoxycurcumine, 

kaempferol, naringenin, oleuropein and quercetin attached to the active site of 

Covid19 protein was performed in this research article by building stable structures 

through the H-bonding. It was displayed that polarization functions on the pragmatic 

basis set in the calculation status represent us a significant success on the 

modeling/simulation theoretical steps [29–33]. Normal mode implement is the 

adjustment of harmonic potential wells by analytic approaches which hold the motion 

of all elements at the same time in the vibration time scale conducting to a natural 

illustration of vibrations in molecules [34–37]. Hence, the minimized structure of 

medicinal components-TMH clusters into the medication design was done through the 

active site of demonstrated “O, N, H” (Figure 1). Torsion angles were constrained 

using Gaussian 16’s [28] relaxed potential energy scan at the B3LYP/6–31G(d) level. 

Molecular docking was performed using AutoDock Vina v1.2.0 [38] with a grid box 

centered on TMH residues (x = −0.2615, y = 0.3570, z = −4.4615). Validation included 

RMSD calculations (< 2 Å) against co-crystallized ligands. 

3. Results and discussion 

3.1. Background: Viral-host interactions and flavonoid mechanisms 

Viruses use the cellular passages and resources of their respective host cells to be 

alive and replicated. The method of viruses for applying the metabolic abilities of host 

cells for their own replication can differ. The most common metabolic alterations 

operated by viruses impact the central carbon metabolism of infected host cells, 

especially the tricarboxylic acid cycle, glycolysis and the pentose phosphate pathway. 

The upregulation of these procedures is targeted to enhance the reserve of amino acids, 

lipids and nucleotides because these metabolic products are vital for impressive viral 

replication. But this manipulation might impact multiple zones and regulatory 

mechanisms of host-cell metabolism, relating not only to the viruses but also to the 

kind of infected host cells. So, it pursued metabolic situations and reprogramming in 

various human organs, tissues and host cells which are desirable for sharp and 

continuous SARS-CoV-2 infection. This science may be essential for the progress of 

host-directed treatments [39–42]. 

The genome of SARS-CoV-2 carries information for four structural proteins, the 

spike glycoprotein, the envelope protein, the membrane protein, and the nucleocapsid 

protein for 16 non-structural proteins and for 9 small accessory proteins [43]. In fact, 

the viral proteins that may affect the metabolism of the infected host cells can be 

considered the entry of SARS-CoV-2 into host cells and the exit of intact virus 

particles [44]. Generally, phenols are discovered in all herb organs and are strong 

ingredients of legumes, fruits, cereals, and beverages. Some famous phenolic 

structures with resulting antiviral functions contain phenolic acids, tannins, and 

flavonoids [45]. 

In this article, phenolic compounds including apigenine–7–glucoside, catechin, 

demethoxycurcumine, kaempferol, naringenin, oleuropein and quercetin are the most 
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broadly spread secondary metabolites in plants and are synthesized as an adaptive 

reply to unpleasant situations [46].  

Regarding survival strategy, plants’secondary metabolites are produced versus 

adverse status and perform physiological functions. It can be seen different parameters 

applied in characterizing the categorization of secondary metabolites in herbal 

products consisting of composition of elements, chemical structure, and their 

solubility in water or other solvents. The phenolic compounds indicate various 

phytochemical ingredients and pharmacological impacts against different viral 

compounds. The noticed mechanisms of operation of plant-extracted secondary 

metabolites versus viruses consisting of virus entry attachment, inhibition of viral 

replication, protein synthesis inhibition, modulation of the host’s immune system, 

modulation of cellular signaling pathways, and direct virucidal activity (Figure 1).  

The process of operation of phenols versus viruses is related to the kind of 

phenolic compound and the aimed virus. The phenols are famous to prevent viral 

infection of an aimed host cell in a diversity of paths [47,48], containing the disruption 

of the virus lipid bilayer covers and prohibiting viral linkage to the host cell [49]. In 

addition, the prevention of diverse viral protein activities includes the disconnection 

of the viral life cycle that inhibits the replication and liberation of the virus [50]. 

Furthermore, the molecular modeling method between active sites of medicinal 

ingredients jointed to the database amino acids fragment of Tyr160–Met161–His162 

through hydrogen bonding formation which is a special type of dipole-dipole attraction 

between molecules was also used to predict the antiviral effects of medicinal plants 

against SARS-CoV-2 (Figure 1). 

3.2. Chemical shielding insight through nuclear magnetic resonance 

spectrum 

Nuclear magnetic resonance (NMR)-based metabolomics has many usages in 

natural science. Metabolomics can be applied in functional genomics to distinguish 

natural products from various origins and after various remedies. The principal benefit 

of NMR metabolomic analysis is the feasibility of recognizing metabolites by 

evaluating NMR data with references or by structure illustration [51,52]. The 

heterocyclic antiviral phytochemicals have approximately exhibited the equal manner 

from 20 to 300 ppm for different atoms of these phytochemicals (Figure 2a–g). The 

nuclear magnetic resonance spectrum displayed the steepest peak in 40 ppm and the 

fragile peaks of nuclear magnetic resonance have approximately in 100–200 ppm for 

all antiviral phytochemicals (Figure 2a–g).  

The nuclear magnetic resonance analysis shows the critical points of the principal 

components of medicinal plants for binding to the Tyr160–Met161–His162 (TMH) 

due to producing the antivirus drugs, while each active atom of O and N as the 

electronegative atoms for binding to the H remarks the maximal shift in all steps in the 

NMR spectrum (Figure 2a–g).  
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Figure 2. NMR spectra of: (a) apigenine–7–glucoside; (b) catechin; (c) demethoxycurcumine; (d) kaempferol; (e) 

naringenin; (f) oleuropein; (g) quercetin bonded to TMH (Tyr160–Met161–His162) COVID19. 

3.3. Nuclear quadrupole resonance analysis 

The nuclear quadrupole resonance (NQR) is attached to the “multipole expansion” 

in “Cartesian coordinates as [53–60]:  

𝑉(𝑟) =  𝑉(0) +  [(
𝜕𝑉

𝜕𝑥𝑖
) |

0
 . 𝑥𝑖)] +  

1

2
 [(

𝜕2𝑉

𝜕𝑥𝑖𝑥𝑗
) |

0
. 𝑥𝑖𝑥𝑗)] + ⋯  (2) 
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After that, a simplification on the Equation (2), there are only the second 

derivatives related to the identical variable for the potential energy [53–60]: 

𝑈 = −
1

2
 ∫ 𝑑3 𝑟 𝜌𝑟𝒟

[(
𝜕2𝑉

𝜕𝑥𝑖
2) |

0
. 𝑥𝑖

2)] = −
1

2
 ∫ 𝑑3 𝑟 𝜌𝑟𝒟

[(
𝜕𝐸𝑖

𝜕𝑥𝑖
) |

0
. 𝑥𝑖

2)] = −
1

2
 (

𝜕𝐸𝑖

𝜕𝑥𝑖
)|

0
. ∫ 𝑑3 𝑟 [𝜌(𝑟). 𝑥𝑖

2] 
𝒟

  (3) 

There are two parameters which must be gotten from NQR experiments: the 

quadrupole coupling constant, 𝜒, and asymmetry parameter of the EFG tensor 𝜂: 

𝜒 =  
𝑒2𝑄𝑞𝑧𝑧

ℎ
⁄   (4) 

𝜂 =  
𝑞𝑥𝑥 − 𝑞𝑦𝑦

𝑞𝑧𝑧
⁄   (5) 

  

  

  

 
Figure 3. Electric potential (a.u.) versus Bader charge (e) through NQR calculation for: (a) apigenine–7–glucoside; 

(b) catechin; (c) demethoxycurcumine; (d) kaempferol; (e) naringenin; (f) oleuropein; (g) quercetin bonded to TMH 

(Tyr160–Met161–His162) COVID-19 active site.  
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The electric potential as the content of work energy through carrying over the 

electric charge from one status to another status in the being of electric field has been 

rated for apigenine–7–glucoside, catechin, demethoxycurcumine, kaempferol, 

naringenin, oleuropein and quercetin bonded to “TMH (Tyr160–Met161–His162) 

COVID-19” active site (Figure 3a–g).  

In Figure 3a–g, it has been sketched the electric potential of nuclear quadrupole 

resonance for some atoms of in the linkage bond between apigenine-7-glucoside, 

catechin, demethoxycurcumine, kaempferol, naringenin, oleuropein and quercetin and 

TMH (Tyr160–Met161–His162) COVID19 active site which has been calculated by 

CAM-B3LYP–D3. In Figure 3a–g, it has been described the influence of each active 

atom of O and N as the electronegative atoms for binding to the H atom. 

3.4. Thermodynamic properties analysis and infrared spectroscopy 

The parameters extracted from thermodynamic calculations for apigenine–7–

glucoside, catechin, demethoxycurcumine, kaempferol, naringenin, oleuropein and 

quercetin extracted from “Goji berries, Green tea, Turmeric, Chinese cabbage, Citrus 

fruit, Olive and Chili pepper”, was represented in Table 2.  

Table 2. Thermodynamic parameters for apigenine–7–glucoside, catechin, demethoxycurcumine, kaempferol, 

naringenin, oleuropein, quercetin and remdesivir and its inhibitors (L) [61] using density functional theory method. 

Phytochemicals 
∆Eo × 10−3 

(kcal/mol) 

∆Ho × 10−3 

(kcal/mol) 

∆Go × 10−3 

(kcal/mol) 
Reference Drug [61] 

ΔGBind  

(kcal/mol) [61] 

So 

(Cal/K.mol) 
Dipole moment (Debye) 

apigenine–7–glucoside −968.078 −968.077 −968.117 remdesivir −85.532 134.625 5.4672 

catechin −638.496 −638.495 −638.530 L3 −79.556 116.702 4.2660 

demethoxycurcumine −711.496 −711.495 −711.531 L5 −75.170 119.571 4.4508 

kaempferol −637.052 −637.051 −637.084 L2 −87.618 109.232 3.1205 

naringenin −591.276 −591.275 −591.307 L7 −85.047 106.656 2.6658 

oleuropein −1206.850 −1206.849 −1206.893 L8 −80.029 147.632 6.1962 

quercetin  −683.579 −683.578 −683.612 L12 −88.173 112.611 4.4357 

The alteration in stability energy for folding spans in globular proteins have been 

measured as −1206.893 × 103, −968.117 × 103, −711.531 × 103, −683.612 × 103, 

−638.530 × 103, −637.084 × 103, and −591.307 × 103 kcal.mol−1 for oleuropein, 

apigenine–7–glucoside, demethoxycurcumine, quercetin, Catechin, kaempferol, and 

naringenin, respectively. Table 2 has shown the minimum Gibbs free energy 

consisting of −1206.893×103 kcal.mol−1 for oleuropein versus dipole moment which 

can indicate the most stability of these structures of the antiviral natural medications. 

Moreover, infrared spectroscopy of major sesquiterpenes was performed due to CAM-

B3LYP–D3 method (Figure 4a–g). 
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Figure 4. IR spectra of: (a) apigenine–7–glucoside; (b) catechin; (c) demethoxycurcumine; (d) kaempferol; (e) 

naringenin; (f) oleuropein; (g) quercetin to TMH (Tyr160–Met161–His162) through the drug design method. 

The IR spectrum shows a frequency range 3600–3200 cm−1 that represents the 

O–H stretching vibration, which confirms the presence of phenolics. The peak under 

frequency ranges 3000–2850 cm−1 and 1680–1620 cm−1 represented C–H stretching 

vibration of alkanes containing aromatic compounds. The peak range 1680–1620 cm−1 

indicated the –C=C– stretching vibration, and confirmed the presence of alkenes. 

Presence of alcohol, esters and ethers are confirmed in frequency range 1320–1000 

cm−1. This range showed C-O stretching vibration at 1049.28 cm−1 peak (Figure 4a–

g).  

3.5. Frontier orbitals 

The Frontier orbitals have been estimated for some effective phytochemicals of 

apigenine–7–glucoside, catechin, demethoxycurcumine, kaempferol, naringenin, 
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oleuropein and quercetin extracted from “Goji berries, Green tea, Turmeric, Chinese 

cabbage, Citrus fruit, Olive and Chili pepper” (Table 3).  

Table 3. The Frontier orbitals’ parameters (eV) of antiviral phytochemicals 

including apigenine–7–glucoside, catechin, demethoxycurcumine, kaempferol, 

naringenin, oleuropein and quercetin. 

Molecule ELUMO  EHOMO ∆E = E LUMO − EHOMO  

apigenine–7–glucoside 1.6751 −2.8819 4.557 

catechin 3.1633 −2.6612 5.8245 

demethoxycurcumine 1.1276 −2.4406 3.5682 

kaempferol 1.6245 −2.7195 4.344 

naringenin 1.9946 −3.0422 5.0368 

oleuropein 2.3676 −0.9254 3.293 

quercetin 1.3570 −2.5780 3.935 

The “highest occupied molecular orbital energy (HOMO/'eV)”, the “lowest 

unoccupied molecular orbital energy (LUMO/eV)” and “band energy gap ∆E (eV)” 

exhibited the “pictorial description of positive and negative areas” that are a vital agent 

for identifying the molecular nominations of antiviral phytochemicals (Table 3).  

4. Conclusions 

It is concluded that herbal medications owing to effective active phytoingredients 

may grow a further potential species in the therapy of the recent coronavirus of severe 

acute respiratory syndrome coronavirus 2 accountable for coronavirus sickness. The 

physico-chemical qualifications from minimized frame of apigenine–7–glucoside, 

catechin, demethoxycurcumine, kaempferol, naringenin, oleuropein and quercetin 

extracted from Goji berries, Green tea, Turmeric, Chinese cabbage, Citrus fruit, Olive 

and Chili pepper, respectively, revealed to be intensive in depicting antiviral activities 

by disconnecting the viral habitance. Among applied extracted phytochemicals in this 

investigation, oleuropein’s has exhibited lowest Gibbs free energy of −1206.893 × 103 

kcal/mol with high dipole moment of 6.1962 Debye. Afterwards, these herbal 

medications might be either a novel and assured cure or even are engaged as antiviral 

nutraceuticals in raising immunity and tolerance to virus infections. Secondary 

metabolism is for ecological interactions and a significant source of natural products 

applied in pharmaceutics. Through the progress in bioinformatics tools and sequencing 

technologies, a high number of biosynthetic gene clusters of secondary metabolites 

have been explored from microbial genomes. But, owing to challenges from the 

difficulty of genome-scale process rehabilitation on secondary metabolism, the 

quantitative modeling of secondary metabolism is weakly performed. Modeling 

approaches will simplify quantitative investigation of secondary metabolism and 

design of engineering methods for medicinal plant production. 
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