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ABSTRACT

The goal of this paper was determining the physical and chemical properties of some medicinal plants which are used against the Covid19 symptoms. In this work,
seven medicinal species for the most frequently symptoms of Covid19 disease such as fever, cough, sore throat, shortness of breath, anorexia, muscle-joint pain,
headache and Nausea-vomiting based on the fidelity level index has been accomplished.

Positive stranded RNA viruses, coronaviruses (CoVs), can infect humans and multiple species of animals through enteric, respiratory, and central nervous system
diseases with attractive targets for designing anti- Covid19 conjunction. In this work, it has been investigated the compounds of kaempferol, quercetin,
demethoxycurcumine, naringenin, apigenine-7-glucoside, oleuropein and catechin as a probable anti pandemic Covid19 receptor derived from medicinal plants.

Anti-Covid19 through the hydrogen bonding using the physicochemical properties including heat of formation, Gibbs free energy, electronic energy, charge
distribution of active parts in the hydrogen bonding, NMR estimation of medicinal ingredients jointed to the database amino acids fragment of Tyr-Met-His as the
selective zone of the Covid19, positive frequency and intensity of different normal modes of these structures have been evaluated. The theoretical calculations were
done at various levels of theory to gain the more accurate equilibrium geometrical results, and IR spectral data for each of the complex proposed drugs of N-terminal
or O-terminal auto-cleavage substrate were individually determined to elucidate the structural flexibility and substrate binding of seven medicinal plants jointed to
active site of Covid19 molecule. A comparison of these structures with two configurations provides new insights for the design of substrate-based anti-targeting
Covid19. This indicates a feasible model for designing wide-spectrum of anti- Covid19 drugs. The structure-based optimization of these structures has yielded two
more efficacious lead compounds, N and O atoms through forming the hydrogen bonding (H-bonding) with potent anti- Covid19.

Finally, two medicinal ingredients of apigenine-7-glucoside and demethoxycurcumine jointed to TMH have directed to a Monte Carlo (MC) simulation. The results
strongly suggest that the different data observed in the apigenine-7-glucoside and demethoxycurcumine in the solvent is principally due to basis set functions, induced
by a change in polarity of the environment. It is clear that an increase in the dielectric constants enhances the stability of these anti-Covid19 drugs.

Keywords: Covid19, kaempferol, quercetin, demethoxycurcumine, naringenin, apigenine-7-glucoside, oleuropein, catechins.

INTRODUCTION Besides, MERS-CoV declares SARS-like symptoms due to human infections
including malaise, rigors, fatigues and high fevers, signs like influenza, but it has

The SARS-CoV-2 variant: B.1.1.529 was monitored and evaluated by experts been seen later developement to a typical pneumonia in most cases [18].

of the technical advisory group on SARS-CoV-2 Virus Evolution in 2021. The
epidemiological situation in South Africa has been identified by three different
peaks in announced cases, the latest of which was predominantly the Delta
variant. Then, infections have increased sharply, simultaneously with finding
B.1.1.529 variant.

In some researches, it has been discovered that a prototype of the
Coronaviridae family is an infectious bronchitis virus (IBV) which relates to the
genetic group Il of CoV, and causes severe economic defeat for the poultry
industry in the world [19-22]. Actually, the scientists have not discovered any
vaccine or specific antiviral treatment by management concerning care of
symptoms, supportive treatment, and experimental data [23].The results have
shown the sample between 1% to 3% [24,25].

This variant has a grand number of mutations, some of which are worrying.
There is an increased risk of reinfection with this variant comparing to other
VOCs. So, current SARS-CoV-2 PCR diagnostics can find this variant. Some
experiments have shown that for one large PCR test, one of the three target genes Environmental elements can greatly affect the secretion of secondary
is not found and this test can be applied as a sign for this variant, waiting  metanolites from tropical plants. Therefore, great attention has been paid to the
sequencing approval. By this method, this variant has been found at more rapid  gecondary metabolites secreted by plants in tropical regions that may be
amounts than previous waves in infection, recommending that this variant might  geveloped as medicines [26-28]. Several compounds, such as flavonoids, from
have a growth privilege. medicinal plants, have been reported to have antiviral bioactivities [29-31]. In
the present study, we investigated kaempferol, quercetin, demethoxycurcumine,
naringenin, apigenine-7-glucoside, oleuropein and catechin as the probable anti-
Covid19 receptor derived from medicinal plants (Table 1).

It has been approved that a detrimental change in COVID-19 epidemiology
should be determined as a VOC, and the WHO has determined Covid19.

People are reminded to take measures to decrease their risk of COVID-19
consisting of public health and social measures such as wearing masks, hand
hygiene, physical distancing, increasing ventilation of inside spaces, preventing
crowded spaces, and getting vaccinated [1-3].

The findings of the present study will provide other researchers with
opportunities to identify the right drug to combat Covid19 using theoretical
methods to estimate the impact of hydrogen bonding in different linkage through
seven medicinal plants of kaempferol, quercetin, demethoxycurcumine,
naringenin, apigenine-7-glucoside, oleuropein and catechin jointed to the active

As a matter of fact, CoV closely corresponds to intense breathing syndrome ) . Y]
site of Covid19 protein (Fig.1).

CoV (SARS-CoV) which is an epidemic with short period at its living time.
SARS-CoV and MERS-CoV relate to the family Coronaviridae’s family as
enveloped, positive stranded RNA viruses with around 30,000 nucleotides. It has
been reported that the global outbreak of a life-threatening typical pneumonia
caused about 800 deaths which was world identified as the harsh syndrome CoV
(SARS-CoV) [4-8]. Moreover, developed investigations have indicated that the
origin of SARS-CoV based on the phylogenic analysis is mostly likely from bats
which are transferred to human aerosols due to intermediate hosts like infectious
palm civets by the virus [9-11].

Thus, the animal disease of CoV due to its power of intermediate transition
into persons is a threat which has been summarized with the novel MERS-CoV
suggesting bats and dromedary camels as the storage for this virus [12-17].
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Tablel. Medicinal ingredients of kaempferol, quercetin, demethoxycurcumine, naringenin, apigenine-7-glucoside, oleuropein and catechin as the probable
anti — Covid19 receptor derived from medicinal plants.

Naringenin

Compound Molecular structure Sources
Kaempferol Spinach,Cabbage,Dill, Chinese cabbage,
Katuk
H
o]
. Dill, Fennel leaves, Onion, Oregano,
Quercetin o L
4 Chili pepper
[0}
N\ o,
. 74 CHz .
Demethoxycurcumine My O O Turmeric, Curcuma
0
H
H

Citrus fruit

Apigenine-7-glucoside

Star fruit, Goji berries, Celery, Olive

Oleuropein

Olive

Catechin

H”

o}

Green tea

The findings of the present study will provide other researchers with opportunities to identify the right drug to combat Covid19 using theoretical methods to estimate
the impact of hydrogen bonding in different linkage through seven medicinal plants of kaempferol, quercetin, demethoxycurcumine, naringenin,

apigenine-7-glucoside, oleuropein and catechin jointed to the active site of Covid19 protein (Fig.1).
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Figure 1. The junction of kaempferol as an anti-Covid19 drug through 021 atom to TMH (Tyr160-Met161-His162) by hydrogen bonding.

MATERIAL AND METHOD

The junction of kaempferol, quercetin, demethoxycurcumine, naringenin,
apigenine-7-glucoside, oleuropein and catechin jointed to the active site of
Covid19 protein has been accomplished in this work by forming relatively stable
complexes through the hydrogen bonding. Thus, a series of quantum theoretical
methods of m062x/cc-pvdz pseudo=CEP for complexes of seven inhibitors for
Covid19 has been done due to finding the optimized coordination of the best
structures of medicinal plant-Tyr160-Met161-His162 drug design model with
infrared computations using the Gaussian09 program package [32].

It has been indicated that polarization functions into the applied basis set in
the computation always introduce us an important achievement on the modeling
and simulation theoretical levels. Normal mode accomplishment is the verdict of
harmonic potential wells by analytic methods which maintain the motion of all
atoms at the same time in the vibration time scale leading to a natural explanation
of molecular vibrations [33-38]. Therefore, the optimized geometry coordination
of medicinal ingredients-TMH complexes toward the drug design has been run
through the active site of indicated oxygen, nitrogen and hydrogen atoms in the
junction of bond and torsion angles (Table 2, Fig.1).

Table 2. Optimized geometry coordination with m062x/cc-pvdz pseudo=CEP pseudo=CEP for kaempferol, demethoxycurcumine, naringenin, apigenine-7-
glucoside, and catechins jointed to TMH active site through the drug design method.

Medicinal ingredients - Covid19 active site Bond length A) Bond/Torsion angle ©)
N79-H80 10.367
Kaempferol -TMH H80-021 0.9961 N79- H80-021 177.056
021-C12 13.667 N79-H80-021-C12 155.865
N91-H92 10.316
Demethoxycurcumine-TMH H92-025 0.9955 N91-H92-025 178.611
025-C6 13.714 N91-H92-025-C6 899.018
N80-H81 10.351
Naringenin-TMH H81-020 0.9963 N80- H81-020 176.623
020-C12 13.675 N80-H81-020-C12 -174.489
N99-H100 10.311
Apigenine-7-glucoside — TMH H100-020 0.9953 N99-H100-020 177402
020-C12 13.707 N99-H100-020-C12 -170.878
N83-H84 10.314
Catechins —- TMH H84-020 0.9955 N83-H84-020 178.786
020-C12 13.697 N83-H84-020-C12 -333.594

Therefore, for accomplishing a stable structure of medicinal plant linkage of
Covidl9 active site, geometry optimization plus the NMR estimation, the
frequency and intensity of the vibrational modes were calculated with the
quantum mechanical method, and the principal vibrational modes were analyzed
by their changes of Gibbs free energy at 300K [39, 40].
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Besides, the data has been achieved from thermodynamic parameters of AG,
AH and AS for medicinal plant - Covid19 drug design. Thermochemistry analysis
follows the frequency and normal mode data. The zero-point energy output in
Gaussian-09 has been expanded and corrected as: Thermal correction to energy,
thermal correction to enthalpy and thermal correction to the Gibbs free.



In addition the total energies can be calculated as sum of electronic and zero
point energies, sum of electronic and thermal energies, sum of electronic and
thermal enthalpies and sum of electronic and thermal Gibbs free energies.

The theoretical calculations were done at various levels of theory to gain the
more accurate equilibrium geometrical results and IR spectral data for each of
the identified compounds. It is supposed that an additional diffuse and
polarization functions into the basis set applied in the computation conduct us to
the magnificent progress on the results of theoretical methods.

The simulation indicates the approaches which produce a common template of
a model at a special temperature by computing all physicochemical properties
among the partition function [34].

Each part of the systems including medicinal ingredients-TMH has been
optimized using ab-inito via density functional theory including ECP
calculations with pseudo=CEP basis sets. In addition, those systems have been
evaluated via QM/MM approach through an ONIOM method. In our study,
differences of force fields are debated through comparing density and energies
with OPLS and AMBER via Monte Carlo optimization. In addition, a
Hyperchem professional release 7.01 program has been applied for some
additional keywords such as PM3MM, PM6 and pseudo=CEP [41, 42].

Moreover, Monte Carlo simulation (MC) has been accomplished on the anti-
Covid19 drugs This method is a class of computational algorithms that is based
on repeated random sampling to estimate the results which is often applied in
simulating physical and mathematical systems.

@)
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Computation of random or pseudo-random numbers causes the accuracy of
calculation especially for unfeasible or impossible to compute an exact result
with a deterministic algorithm [43]. It doesn’t always need random numbers to
use deterministic, pseudo-random sequences, making it easy to test and re-run
simulations [44]. The new configuration is accepted if the energy decreases and
with a probability of e“FXT if the energy increases. This Metropolis procedure
ensures that the configurations in the ensemble obey a Boltzmann distribution,
and the possibility of accepting higher energy configurations allows MC methods
to climb uphill and escape from a local minimum [44].

MC simulations require only the ability to evaluate the energy of the system,
which may be advantageous if calculating the first derivative is difficult or time-
consuming. Furthermore, since only a single particle is moved in each step, only
the energy changes associated with this move must be calculated, not the total
energy for the whole system. A disadvantage of MC methods is the lack of the
time dimension and atomic velocities, and they are therefore not suitable for
studying time-dependent phenomena or properties depending on momentum
[44].

RESULTS AND DISCUSSION

NMR calculations on the database of amino acids in beta sheet conformation
of Tyrl60-Met161-His162 and the two main ingredients of medicinal plants
including oleuropein and quercetin have been estimated to unravel the indicated
atoms of H, N, O in the active sites of these anti-virus drugs through the
formation of hydrogen bonding by indicating the attack zone of TMH (Fig.2 a,b).

(b)

Figure 2. NMR spectra of a) oleuropein and b) quercetin jointed to TMH Covid19 active site through the drug design method by indicating the active zone of TMH

in the drug design process.
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Then two main ingredients of medicinal plants including kaempferol and
naringenin have been computed for stabilizing the junction of Tyr160-Met161-
Hisl62 as the anti- Covidl9 through the drug design method using IR
spectroscopy using Gaussian09 (Fig.3 a,b).

The NMR measurements demonstrate the active sites of main ingredients of
medicinal species for linking to the Tyr160-Met161-His162 (TMH) in forming
the anti-virus drugs while each active atom of oxygen and nitrogen as the
electronegative atoms for attaching to the hydrogen denotes the maximal shift in
all levels in the NMR spectra (Fig.2 a,b).
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Figure 3. IR spectrum of a) kaempferol and b) naringenin jointed to TMH through the drug design method calculated by m062x/cc-pvdz pseudo=CEP.

Therefore, the thermodynamic properties of AG, AS, Electronic Energy and Core-Core interaction have determined the stable anti- Covid19 complexes of main
ingredients of medicinal species-TMH through the H-bonding formation using the drug design method (Table3 and Fig.4).

Table 3. Physical and thermochemical properties of kaempferol, demethoxycurcumine, naringenin, apigenine-7-glucoside, and catechin jointed to Covid19 active
site (TMH) complexes at 300 K.

-4 ) -4 -4
Main ingredient - Covid19 active site AG x10 AS Eetectronc*10 Eoorecorex10
(kcal/mol) (kcal/K.mol) (kcal/mol) (kcal/mol)
Kaempferol -198.840 6.628.135 -2.171.694 1.972.853
Demethoxycurcumine -208.574 6.954.001 -2.239.025 2.030.451
Naringenin -192.830 6.427.278 -2.110.448 1.917.618
Apigenine-7-glucoside -245.884 8.190.807 -2.979.143 2.733.259
Catechin -200.337 6.675.284 -2.293.383 2.093.046
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Figure 4. Changes of AG for the stable anti- Covid19 complexes of kaempferol, demethoxycurcumine, naringenin, apigenine-7-glucoside, and catechin jointed to
TMH through the H-bonding formation using the drug design method.

Moreover, the difference of AH:among kaempferol, demethoxycurcumine, naringenin, apigenine-7-glucoside, and catechin jointed to Covid19 has been discussed
the H-bonding due to the database of amino acids in beta sheet conformation; Tyr160-Met161-His162 as the active site of the COVID-19 molecule (Table 4, Fig.5).
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Table 4. The Heat of formation, AHg (kcal/mol), among kaempferol, demethoxycurcumine, naringenin, apigenine-7-glucoside and catechin jointed to Covid19

active site (TMH) complexes at 300 K.

AHKaempferoI AH(Kaempfercl -TMH) AHFX]-O-4 :AH(Kaempferol -TMH) — (AHKaempfercl + AHTMH)
-1.350.602 37.482 -258.104
AH Demethoxycurcumine AH( Demethoxycurcumine -TMH) AHFX]-O-4 :AH( Demethoxycurcumine - TMH) — (AH Demethoxycurcumine+AHTMH)
= -426.411 460.237 -258.153
I E
o=
;I| § AH Naringenin AH( Naringenin -TMH) AHF ><]-Or4 = AH( Naringenin -TMH) — (AH Naringenin + AHTMH)
s
:" g -999.081 -116.632 -258.154
<
& AH Apigenine-7-glucoside AH(Apigenine-7-glucusicle -TMH) AHF x]-OrA =AH( Apigenine-7-glucoside -TMH) — (AH Apigenine-?-glucoside+ AHTMH)
-2.523.143 -1.597.850 -258.149
AH Catechin AH( Catechin -TMH) AHFX]-O-4 :AH(Catechin -TMH) — (AH Catechin + AHTMH)
-1.614.606 -784.647 -258.159
100
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Figure 5. The difference of AHramong kaempferol, demethoxycurcumine, naringenin, apigenine-7-glucoside, and catechin jointed to Covid19 active site (TMH)

complexes at 300 K.

In kaempferol, quercetin demethoxycurcumine, naringenin, apigenine-7-glucoside, oleuropein and catechin jointed to the database of amino acids in beta sheet
conformation, Tyr160-Met161-His162, as the active site of Covid19 protein in the process of drug design, the frequency and intensity of various infrared normal
modes of medicinal ingredients-TMH complexes have been found to be significantly different through the stability of H-bonding formed between active site of
COVID-19 and medicinal ingredients which found the anti- Covid19 (Table 5 & Fig.6).

Table 5. Calculated frequency and intensity of kaempferol, quercetin demethoxycurcumine, naringenin, apigenine-7-glucoside, oleuropein and catechin as anti-
Covid19 drugs in different normal modes of infrared spectra.

. . Frequency Intensity Dipole
Anti-Covid19 drug Normal mode
(1/cm) (km/mol) (Debyes)

Kaempferol 87 3765.82 1.539.303 2.934
Quercetin 90 3765.78 1.456.379 4.178
Demethoxycurcumine 123 3649.43 169.291 5.347
Naringenin 90 3650.34 141.187 3.520
Apigenine-7-glucoside 147 3768.93 866.522 3.616
Oleuropein 204 3772.69 682.212 8.522
Catechin 99 3722.79 133.225 2.400
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Figure 6. IR spectrum for medicinal plants of kaempferol, quercetin, demethoxycurcumine, naringenin, apigenine-7-glucoside, oleuropein and catechin as anti-

Covid19 drugs in different normal modes (Table 5).

The frequency and intensity TMH-junction were found to be significantly
different with each medicinal ingredient treatment including kaempferol,
quercetin demethoxycurcumine, naringenin, apigenine-7-glucoside, oleuropein
and catechin.

It has been seen that by increasing the activity of atoms in the active site of
medicinal ingredients, the frequency and intensity of medicinal ingredients-
Tyrl60-Met161-His162 junction also have increased from 3649.43 to 3765.82
1/cm (demethoxycurcumine/kaempferol) and from 6.82212 to 16.9291 km/mol
(oleuropein/ demethoxycurcumine), respectively, with forming hydrogen
bonding (Table 5 & Fig.6).

Although we have little information about the interaction of medicinal drugs
with Covid19, database amino acids fragment of Tyr160-Met161-His162 as the
selective zone of the COVID-19 molecule were found to induce frequency and
intensity of spectra.

In the next step, the atomic charge of indicated atoms of oxygen junction of
kaempferol, quercetin, naringenin, oleuropein, demethoxycurcumine, apigenine-
7-glucoside, and catechin with Tyr160-Met161-His162 have been evaluated in
the zone of H-bonding formation (Table 6).

Table 6. The values of atomic charge for labeled oxygen atoms in the attachment of kaempferol, quercetin, naringenin, oleuropein, demethoxycurcumine, apigenine-

7-glucoside, and catechins with Tyr160-Met161-His162.

Kaempferol charge Quercetin charge Naringenin charge Oleuropein charge
09 -0.0778 09 -0.0758 09 -0.1846 08 -0.3197
017 -0.2046 017 -0.2097 017 -0.2226 09 -0.3288
018 -0.2224 018 -0.2218 018 -0.1917 010 -0.2619
019 -0.1821 019 -0.1823 019 -0.3132 016 -0.2164
020 -0.3305 020 -0.3299 020 -0.2296 018 -0.4192
021 -0.2327 021 -0.2303 019 -0.2427
025 -0.2473 026 -0.2572
035 -0.2324
036 -0.2504
Demethoxycurcumine charge Apigenine-7-glucoside charge Catechin charge
010 -0.2979 09 -0.0975 09 -0.1790
013 -0.2952 017 -0.1846 017 -0.3148
022 -0.1927 018 -0.1841 018 -0.2275
024 -0.2396 019 -0.3368 019 -0.2312
025 -0.2267 020 -0.2243 020 -0.2133
022 -0.2310 021 -0.2130
028 -0.3197
029 -0.3255
030 -0.3250
031 -0.3149

Then, in Fig.7, it has been plotted the changes of atomic charge for labeled
oxygen atoms through optimized kaempferol, quercetin, naringenin, oleuropein,
demethoxycurcumine, apigenine-7-glucoside, and catechin with Tyrl160-
Met161-His162 complexes due to formation of H-bonding; so, the results of table
6 in a polar zone have declared the stability of Covid19 drugs which have been
modeled using the drug design method .
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The largest fluctuation in Fig.7 has been seen for the samples of oleuropein/
apigenine-7-glucoside-Tyr160-Met161-His162 considering the oxygen as the
electronegative atoms in formation the H-bonding through using the drug design
method which has suggested the modeling of anti- Covid19.
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Figure 7. Comparison of atomic charge versus labeled of oxygen atoms in the junction of active sites of kaempferol, quercetin, naringenin, oleuropein,
demethoxycurcumine, apigenine-7-glucoside, and catechin with Tyr160-Met161-His162.

Thus the perspective of Fig.7 has proposed the reason for existing observed
various results of the atomic charge on medicinal plant- Covid19 complexes as
the anti- COVID-19 drugs which are principally related to the position of active
cites of indicated oxygen, nitrogen and hydrogen atoms in the junction of bond
angles. In fact, the spin density and partial charges have been obtained by fitting
the electrostatic potential to fix the charge of oxygen and nitrogen with high
electronegativity in junction of electrophilic group of hydrogen in the structures
of medicinal plant- Covid19 as the anti-virus drugs which conduct us toward the
industry of drug design.
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Then, apigenine-7-glucoside and demethoxycurcumine jointed to TMH have
directed to a Monte Carlo (MC) simulation by potential energy in 300K energy
via time scale (0-100) with max delta and time steps of 0.05 A, 1, respectively
(Fig.8a,b). Optimal values are close to 0.5. Differencing the step size can have a
large influence on the acceptance ratio. The MC options dialog box lets us
arrange the MC simulation parameters with 100 steps.
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Figure 8. Monte Carlo simulation of a) apigenine-7-glucoside b) demethoxycurcumine jointed to TMH as the anti-Covid19 drugs.
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Study of the solution state has invoked much interest among investigators and
a lot has been done in the study of solute-solvent interactions. Water is the main
solvent environment for a majority of biomolecules. It has been estimated the
potential of apigenine-7-glucoside and demethoxycurcumine with a simulated
model of solute-solvent in a periodic box with maximum number of water
molecules, minimum distance between solvent and solute molecules using
program package HyperChem 8 [45-49].

It has been shown the potential energy graph of apigenine-7-glucoside and
demethoxycurcumine in solvent via time scale (0-100) in 300 K using MC
method (Max delta =0.05 A, time steps=1).

The results of the above observations strongly suggest that the different data
observed in the apigenine-7-glucoside and demethoxycurcumine in the solvent
is predominantly due to basis set functions, induced by a change in polarity of
the environment. It is clear that an increase in the dielectric constants increases
the stability of these anti-Covid19 drugs.

CONCLUSION

Medicinal plants of kaempferol, quercetin, demethoxycurcumine, naringenin,
apigenine-7-glucoside, oleuropein and catechin are capable to join the database
amino acids fragment of Tyr160-Met161-His162 as the selective zone of the
Covid19 through indicating the shift in their frequency and intensity spectra after
estimation by NMR method which are affected by the atomic configuration of
the anti-virus.

The stability of H-bonding between several medicinal ingredients of
kaempferol, quercetin, demethoxycurcumine, naringenin, apigenine-7-
glucoside, oleuropein and catechin and Covid19 through the formation anti-
Covid19 through two probabilities of

N=—H and O—H with different atomic charges have been investigated using
IR methods. So, the thermodynamic properties of Gibbs free energy, enthalpy of
formation, Electronic Energy, Core-Core interaction have approved the stability
of anti- Covid19 due to H-bonding formation using the drug design method.

The simulations of medicinal ingredients-Covid19 show that the stabilization
energy has been affected by the Monte Carlo force field and different
temperature and the best results have been gained for potential energy vs.
temperature at MC force field and by increasing of temperature, our calculations
have demonstrated that such extrapolation schemes significantly overestimate
the medicinal ingredients-Covid19 by active site of molecule (N and O linkage)
which are the most active point at indicated structure.
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