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Abstract
Coronaviruses are viruses that often 

cause acute complications in the respiratory 
system with, symptoms similar to those of 
a cold. Traditions Medicine uses medicinal 
plants to treat various diseases, including 
infectious diseases. This research aims to 
determine the effective antiviral compounds 
of medicinal plants (Glycyrrhiza glabra, 
Echinacea purpurea, Panax ginseng, and 
Cichorium intybus) and the genes involved 
in their synthesis against coronavirus. In 
this study, the secondary metabolites were 
investigated in terms of the inhibition 
of COVID-19 through meta-analysis. In 
the database, the interaction of proteins 
concerning each other and hub genes was 
obtained from Cytoscape software. To study 
the ontology of genes from the Enrichr 
database and then Barsam HeatMap, the 
expression of the genes was measured 
relative to each other. As a result of the 
meta-analysis, 14 genes related to blood 
coagulation factors and the complement 
system (immune system) were determined. 
The compounds of medicinal plants with 
antiviral and antimicrobial effects were 
extracted from the PubChem database for 
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docking and then checked by the HeatMap 
database. As a result of the meta-analysis, 14 
genes related to blood clotting factors and 
the complement system (immune system) 
were found. The results obtained from the 
Kegg Pathway server were evaluated, and 
the two factors coagulation factor X (F10) 
and coagulation factor II thrombin (F2) as 
the reactivity of human cells when exposed 
to the virus and spike protein and main 
protease as the coronavirus receptor were 
extracted from the PDB database. Receptor 
(1A2C, 6lu7, 4Y79, 6VXX)-ligand docking 
(secondary combinations) was confirmed 
by the coach-d protein-ligand server. In the 
end, their validation was done by performing 
molecular dynamics using Gromax software. 
According to these results, by reducing the 
expression of thrombin factor and factor x, 
it prevents blood clotting, and by inhibiting 
the spike protein and the main protease of the 
Coronavirus, it prevents the multiplication 
of the virus using the antiviral extract of 
these plants.
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Introduction
Severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) has 
rapidly spread worldwide, leading to the 
unprecedented emergence of coronavirus 
disease 2019 (COVID-19) on a global scale 
(Nuraskin et al., 2019). Coronaviruses 
(CoVs) cause a variety of diseases, 
including respiratory, intestinal, kidney, 
brain, and nervous diseases, in humans and 
animals (Nuraskin et al., 2019). The New 
Coronavirus 2019 (nCov2019) (recently 
referred to as COVID-19) appeared as a 
pathogen in China with initial symptoms 
such as fever, severe respiratory disease, 
and pneumonia (Tallei et al., 2020) from the 
beginning. Although there are no approved 
drugs for COVID-19, several clinical trials 
are underway (Hayashi et al., 2003). The 
SARS-CoV-2 virus has a spike (S) protein, 
which consists of two subunits and performs 
a vital part in binding to receptors and 
membrane of cells attachment. Scientists in 
all related fields are working to produce an 
effective vaccine or medicine for this virus 
around the world. Until now, some drugs 
have been used in the form of combined 
drugs to control the disease of COVID-19 
in the world, but researchers are still 
looking for a vaccine or a special drug to 
treat this disease because the prescribed 
drugs alone are not effective in completely 
controlling the disease or have many side 
effects on body cells and tissues (Shakeran 
et al., 2018). Plants are one of the sources of 
active medicinal compounds that are widely 
used in the treatment of diseases caused 
by microbes (Shakeran et al., 2018; Earlia 
et al., 2019; Mustafa et al., 2019). Many 

of the reported bioactive plant compounds 
have anti-fungal, anti-bacterial, and anti-
viral activities (Cheng et al., 2006, Nuraskin 
et al., 2020, Ou et al., 2020). Compared to 
conventional treatment methods, plants and 
plant-derived products have advantages such 
as simplicity, greater safety, less toxicity, 
lower cost, a higher speed of action, and 
compatibility with the environment (Huang 
et al., 2020). Herbal compounds, having 
many medicinal properties such as anti-
cancer, anti-oxidant, anti-inflammatory, anti-
viral, anti-bacterial, and protective of the 
immune system and liver, have attracted the 
attention of researchers. In previous studies, 
the potential to inhibit the multiplication of 
viruses and their infectiousness It has been 
observed (Pratiwi et al., 2015; Khwaza et 
al., 2018). Today, to reduce the cost and 
time of drug production, a lot of attention 
has been paid to pre-studies in drug design 
using bioinformatic methods. In this 
method, the use of bioinformatics tools and 
calculation methods that predict with a high 
confidence coefficient the effectiveness of 
medicinal compounds and their potential 
toxicity have been greatly appreciated in 
recent years (Benet et al., 2017; Ding et al., 
2017). Molecular docking, simulation, and 
spot determination.
Aim and chemical stability studies are 
two of the most important bioinformatics 
methods used in drug design. Using 
computational methods to predict the 
effectiveness of pharmaceutical compounds 
and their physicochemical properties before 
the laboratory synthesis of these compounds 
has speeded up the process of designing 
pharmaceutical compounds (Huang and 
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Zou, 2010). According to the previously 
confirmed reports regarding the potential 
of bioactive compounds in the prevention 
and treatment of viral infections, several 
bioactive compounds known as effective 
drug candidates to overcome the acute 
symptoms of the COVID-19 virus have been 
investigated with the use of meta-analysis.

Material and methods
Operations of meta-analysis of transcriptome 
data

After downloading Series Matrix and 
GPL from the NCBI database, they were 
analyzed, and quality was measured using 
R software. Data quality control was done 
using Limma, ggplot packages, and several 
libraries from Bioconductor. In meta-
analysis, we are faced with a problem called 
the test effect, which was used to remove 
the test effect from the COMBAT statistical 
method and the SVA package in the RStudio 
software (Wadood et al., 2013). To evaluate 
the correction of the testing effect, PCA 
was drawn after removing the batch effect 
in two normalization methods, COMBAT, 
and Quantile, and compared. Finally, the 
data from different experiments were 
merged, and a comparative analysis between 
treatment and control samples was done to 
find genes with differential expression using 
the LIMMA package in RStudio software.
Protein interaction network and finding hub 
genes
In order to identify hub genes, all genes with 
differential expression were determined. 
The STRING database contains a lot 
of information on protein interactions 
(Jensen et al., 2009). By entering the genes 

identified as differentially expressed genes, 
a protein network is drawn according to the 
information available in this database and 
provides protein connections in an output 
file. This output file is entered into the 
Cytoscape 3.8.2 software (Shannon et al., 
2003), and by using the CytoHubba package 
and MNC algorithm, genes with the most 
interactions were introduced as hubs. The 
obtained results were presented in the form 
of a heatmap diagram, which was a graphic 
representation of data expression using 
colors drawn using CIMminer software 
(https://discover.nci.nih.gov). Pathway 
enrichment analysis was performed to 
identify the pathways in which differentially 
expressed genes are involved using the 
KEGG database (Kanehisa and Goto, 2000).
Molecular docking operations
After downloading the three-dimensional 
structure of the SARS-CoV-2 enzyme from 
the PDB database and the compounds’ 
secondary metabolites of selected plants 
from the PubChem database, they were 
minimized in terms of energy and structure 
using UCSF chimera software and PyMOL. 
To interact with the compounds, molecular 
docking was used with the COACH-D 
method (online server). Enzyme compounds 
and molecules that were optimized were 
selected as input to the COACH website. 
After docking, Discovery Studio software 
was used to show the connection with the 
enzyme.
Molecular dynamics operations
The bound peptide-protein structures and 
their flexibility in conformation were 
evaluated using simulations of molecular 
dynamics in the YASARA mechanics 
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program. The AMBER14 field of forces 
was employed in this investigation, and 
the complexes with docking were sterilized 
first, followed by hydrogen bond orientation 
and optimization for experimentation. 
 A cubic modeling box measuring 110 × 
110 × 110 A3 was stuffed with molecules 
of water at a concentration of 0.9899 g/
cm3 and normalized with 0.9% NaCl. 
The TIP3P water system was utilized to 
solve the problem. The amino acids in 
the compound had their acid dissociation 
constant value (pKa) determined. The 
SCWRL methodology, paired with the 
use of hydrogen bond optimization in 
networks, was used to keep every residue 
of amino acids in the optimal protonation 
condition. The particulate mesh Ewald 
technique was used to determine long-range 
electrostatic relationships with a cutoff 
distance of 8 A. Maintaining the periodic 
boundary constraint, the simulated cell box 
was 20 A bigger than the peptide-protein 
combination to enable maximum freedom of 
motion. By employing the greatest descent 
gradient techniques (5000 cycles) with 
computerized annealing techniques, the 
energy of each computational system was 
reduced to the lowest possible value. For 
every system, a position-restrained 
simulation of molecular dynamics running 
at 80 ps was conducted at an equilibrium 
temperature of 310 K and pressure of 1 
atm. Pressure pairing was done utilizing a 
manometer to perform the technique with a 
base pressure of 1 atm, and thermal pairing 
was done utilizing a Berendsen thermostat 
with a thermal coupling constant of 0.1 
ps. 1.25 fs was selected as a duration scale 

for the simulation investigation. Using the 
SHAKE method, the chemical lengths of 
bonds containing hydrogen bond molecules 
were determined. The modeling process was 
permitted to run for 250 ns after achieving 
a state of equilibrium at 1 ns, with the 
simulation paths being stored every 100 ps. 
The RMSD, root-mean-square fluctuation 
(RMSF), radius of gyration (Rg), solvent-
accessible surface area (SASA), and 
hydrogen bonds were all analyzed using the 
median values from the pathways, which 
were run three times. Moreover, binding 
free energy computations using MM-PBSA 
techniques were applied to the modeling 
snapshots. The MM-PBSA binding energy 
was computed using the YASARA macro; a 
positive potential suggests a better binding. 
The kinetics of hydrogen bonds between 
receptor and protein concerning time 
dictated the durability of ligand-protein 
interactions. The graphs were created using 
the XMgrace tool.
Examining compounds with Lipinski’s law
Lipinski’s law was considered for all 
compounds to predict the absorption rate. 
Lipinski’s law predicts that low absorption 
or penetration occurs in cases where the 
compound in question has characteristics 
such as a molecular weight greater than 500 
daltons, a lipophilicity factor (LogP) greater 
than 5, several hydrogen acceptor atoms 
greater than 10, and more than 5 hydrogen 
donor atoms. Therefore, a combination that 
does not have these characteristics and has 
Lipinski’s law has more absorption and 
effectiveness (Leek et al., 2012).
Physicochemical properties of compounds
Having suitable physicochemical properties 
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makes the compound effective and selects it 
as a suitable drug candidate. Therefore, in 
this research, in addition to LogP in Lipinski, 
other characteristics such as solubility in 
water (Logs), the degree of polarity of the 
compound (TPSA), the degree of digestive 
absorption (GI absorption) of Panax ginseng 
L., Cichorium intybus L., Glycyrrhiza glabra 
L., and Echinacea purpurea compounds 
using the Swiss ADME server at (http://
www.swissadme.ch) were investigated.

Results
quality control checks of selected samples

The quality control of the samples of 
different experiments with the help of a 
boxplot showed that all the samples of an 
experiment were not in the same approximate 
range. We converted the data to the normal 
state with the ComBat operation, and all the 
samples were in the same range (Figure 1).
meta-analysis of transcriptome data
Among the set of 4 microarray studies 
of control and treated with the secondary 
metabolites of candidate plants (Panax 
ginseng L., Cichorium intybus L., 
Glycyrrhiza glabra L., and Echinacea 

purpurea), which were subjected to meta-
analysis, a total of 14 genes with differential 
expression between the control and treatment 
groups were identified. As shown in Table 
1, several differentially expressed genes are 
shown.
KEGG pathway enrichment analysis
The investigation of the pathways in which 
differentially expressed genes are involved 
was done using the KEGG site, and the 
results showed that these genes are mostly in 
the coagulation and complement pathways 
(F2, F3, F5, F7, F8, F9, F10, F11, F12, C2, 
C3, C6, and C9), Coronavirus disease (C2, 
C3, C6, C9, and F2), Lupus erythematosus 
(C2, C3, C6, C9), Pertussis, Staphylococcus 
aureus infection, and Prion disease (C6, and 
C9) are involved (Figure 2).
Specifying hub genes using Cytoscape 
software and drawing a Heatmap diagram
To identify the key genes responding to 
secondary metabolites, hub gene analysis 
was performed on all differentially 
expressed genes. The STRING database 
contains a lot of information on interactions 
between proteins. By entering the genes 
identified as differentially expressed genes, 
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a protein network is drawn according to the 
information in this database and provides 
protein connections in an output file. This 
output file was entered into the Cytoscape 
2.8.3 software, and using the CytoHubba 
package and the MNC algorithm, genes 
with the most interactions were introduced 
as hubs (Figure 3). All input genes have 

interactions and mutual and effective 
relationships with each other, and the f2 
and f10 genes interact with all genes. F2 
and f10 genes with the most interactions 
were introduced as hub genes (having the 
most connections with other genes). Gene 
expression profiles often represent a vector 
of numerical values and usually A heatmap 



1203

 Plant, Algae, and Environment, Vol. 7, Issue 2, 2023

image (Figure 3) is shown, where the props 
with high expression are marked in red and 
the props with low expression are marked in 
blue (Table 2).
Heatmap drawing
The gene expression profile often represents 
a vector of numerical value and is usually 
shown with an image (Figure 4), where the 
high props are marked in red and the low 
props are marked in blue. According to the 
results, factor C3 is an important component 
in strengthening the body’s immune system 
due to its increased expression, and factors 
F10 and F2, which were identified as hub 
genes, are the important factors of blood 
clotting, and their expression was reduced 
due to the chemical compounds of selected 
medicinal plants. Therefore, it was chosen 
as a candidate gene to prevent thrombosis 
caused by Coronavirus disease (Figure 4).

Molecular docking study
The results of molecular docking between 
plant compounds with the main protease, 
protein S, factor X, and thrombin factor 
are shown (Table 4). Among the 22 
candidate herbal compounds, the inhibitory 
effects of glabridin, glabroisoflavanone 
A, paratocarpin B, and hemileiocarpin 
compounds had inhibitory energies of -7.8, 
-7.7, -7.4, and -7.3 kJ, respectively, compared 
to the used standard drugs. Like Remdesivir 
and Favipiravir, it is stronger on the main 
protease, with inhibition energies of -7.3 and 
-5.1 kJ, respectively. Next, Hemileiocarpin, 
Paratocarpin B, Lupeol, Glabroisoflavanone 
B, and Stigmasterol have inhibition energies 
of -6.4, -6.3, and -6.1, respectively. -5.9 and 
-5.8 kJ are more potent than the standard 
drugs Remdesivir and Favipiravir on spike 
protein. Hemileiocarpin, chicoric acid, beta. 
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- Sitosterol and Kanzonol Y are stronger on 
factor X with linked energies of -9.3, -8.5, 
-8.5, and -8.43 kJ, respectively, than standard 
drugs such as Rivaroxaban with linked 
energies of -8.1 kJ. Stigmasterol, Paratocarpin 
B, Hemileiocarpin, Glabroisoflavanone 
A, Glabridin, and Hispaglabridin B with 
linked energies of -6.5, -6.3, -6.1, -5.9, -5.6, 
and -5.6 kJ, respectively, compared to the 
standard drugs used, such as Dabigatran 
etexilate with linked energies of -5.1 kJ, are 
stronger on the thrombin factor (Table 4).
Finally, the results showed that compared 
to the standard drugs used, the candidate 
herbal compounds have a suitable inhibitory 
power for the main protease, spike protein, 
and down-regulate the expression of the 
factor X and thrombin factor.
According to Figure 5, amino acids involved 
in hydrogen bonding SER185, ARG137, 
MET11, ASP755, SER768, and SER144 

were used as key amino acids.
Examining the binding energy and 
ferrochemical properties of the studied 
drugs as a positive control
The results of the study of the drugs used 
as positive controls show the strong 
interaction of 3 of them, namely Remdesivir, 
Rivaroxaban, and Dabigatran etexilate, 
respectively, with negative linked energy 
of -7.3, -5.8, -8.1, and -5.1 with spike 
protein, main protease enzyme, factor X, 
and thrombin factor, respectively (Table 5). 
Remdesivar drug with inhibitory energy of 
-7.3 and -5.1 kJ has a stronger inhibitory effect 
due to having energy It has more negative 
inhibition on the main protease enzyme and 
spike protein, respectively. Rivaroxaban and 
dabigatran etexilate have stronger inhibition 
in terms of negative inhibition energy on 
factor X and thrombin factor, respectively. 
Among the candidate chemical drugs, 
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Remdesivir, rivaroxaban, and dabigatran 
etexilate with the most molecular interaction 
and the best orientation as ligands are inside 
the protein complex of the virus and blood 
as receptors for the treatment of COVID-19 
and acute symptoms (thrombosis).
Study of molecular dynamics
The simulations for Hemileiocarpin-F10, 
Paratocarpin B-F2, Glabridin-Main 

protease, and Paratocarpin B-spike protein 
complexes were done separately, and their 
results were compared (Figure 6). The 
simulation provided a better picture of 
the stability of ligands in interaction with 
proteins. Root-mean-square deviation 
(RMSD), radius of gyration (Rg), and 
H-bonds are used to check the stability of the 
model system. RMSD is a critical parameter 
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for MD equilibrium analysis. The RMSD 
of the protein backbone atoms is plotted as 
a function of time to check the stability of 
each system throughout the simulation. The 
RMSD values were calculated based on the 
simulation time scale (10 ns), and the results 
are shown in Figure 6. The values of RMSD 
have values between 0.1-0.35. From time 8 
to the stability of fluctuations, it is minimized 

and shows stability. Intermolecular hydrogen 
bonding between protein and ligand plays an 
essential role in stabilizing the protein-ligand 
complex. The hemileiocarpin-F10 complex 
showed 1-2 hydrogen H bonds during the 
formation period. While the paratocarpin 
B-F2 complex showed a hydrogen bond 
during the formation period.
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Discussion
In the present study, the effectiveness of 

the active compounds of medicinal plants, 
whose antiviral properties have already been 
confirmed in various articles, was evaluated 
in reducing the expression of candidate 
genes (f2 and f10) using meta-analysis 
of microarray data. The results show that 
these compounds can effectively reduce 
the expression of blood clotting factors. In 
this study, the evaluation of plant inhibitors 
in terms of physicochemical properties 
was evaluated by Lipinski’s law using the 
SWISSADME online tool. This evaluation, 
as a basis, helps to predict the success or 
failure of a particular pharmaceutical or 
biological combination as a drug with a high 
probability (Balkrishna et al., 2020).
To aid in the execution of logical drug 
design, molecular docking techniques can 
be utilized to determine the binding affinity 
of different ligands for the target protein 
structure (Kanehisa and Goto, 2000). This 
method can help comprehend the fluctuation 
of interactions and possible binding 
processes, which can be used to apply more 
stringent inhibition (Nuraskin et al., 2020). 
Our method yielded improved structural 
correctness, accurate binding relationships, 
and affinity calculations by merging multiple 
docking programs and techniques (Benet et 
al., 2017).
A semi-flexible technique known as docking 
treats the ligand as a dynamic object while 
treating the protein’s structure as a rigid 
entity (albeit specific remains, not the entire 
protein, are considered flexible). According 
to Khwaza et al. (2018), molecular docking is 
unable to replicate the physiological behavior 

of proteins or complexes of protein-ligand 
molecules. Since the majority of biological 
processes occur under the influence of 
water, MD simulation is a great and more 
suitable instrument for comprehending 
the characteristics of rigidity, adaptability, 
rigidity, protein-folding, and ligand-induced 
conformational modifications in aqueous 
conditions to mimic the biological roles 
of proteins or complexes between them 
(Shannon et al., 2003).
A docking investigation may shed some 
light on the binding locations by elucidating 
the relationship between binding and 
conformational modifications that arise 
during engagement. A molecular dynamics 
simulation can be utilized to investigate 
additional receptor or bound complex 
modifications by adjusting the pressure 
and temperature, which can reduce the 
expense of carrying out those studies in 
a lab setting (Nuraskin et al., 2020). The 
findings of docking can be validated using 
a combination of docking and molecular 
dynamics techniques (Shakeran et al., 
2018). To verify the stiffness of the structure 
and authenticate the docking results for 
the structures, simulations using molecular 
dynamics were applied to the peptide 
and SARS-CoV-2 Mpro compounds. 
The C-alpha atoms’ RMSD values were 
investigated to comprehend structural 
stiffness. According to Jiahua et al. (2020), 
the SASA characteristics of the peptide-
protein complexes showed comparatively 
steady trends with little volatility, suggesting 
that the protein complexes did not expand or 
shrink throughout the modeling period.
According to Lipinski’s law and the 
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definition of law 5, it is possible to predict 
the absorbability of compounds by oral route 
based on molecular weight, lipid affinity 
factor, and the number of hydrogen bond 
donor and acceptor atoms. Logp. It shows 
the amount of lipophilicity of the substance, 
which should be between 1 and 5 (Leif, 
2020), so if its value is greater than 5, the 
level of lipophilicity of the substance will 
be greater and its digestive absorption will 
be less. Logs. It also shows the amount of 
solubility of the substance; the amount above 
zero indicates high solubility, and the amount 
less than -10 indicates the insolubility of the 
desired substance. Another important factor 
that plays a direct role in the permeability 
of bioactive compounds is the area of the 
polar parts of the molecule (TPSA) (Leif, 
2020). Based on the conducted studies, the 
permeability of the compounds increases 
with the increase in mass of the substance 
and the decrease in PSA. Compounds that 
have a PSA greater than 140 angstroms do 
not have proper permeability. Cytochromes 
are important enzymes in the body that are 
mainly found in the liver and intestines and 
oxidize small foreign organic molecules 
such as poisons or drugs so that they can be 
removed from the body. Therefore, the study 
of these cytochromes is very effective in the 
absorption and effectiveness of the drug, 
and if the candidate compound is not an 
inhibitor of these cytochromes, it can be said 
that the drug has good digestive absorption 
and can be consumed orally. Finally, for 
the effectiveness of a drug in oral form, 
intravenous injection, or skin absorption, the 
results of the mentioned factors should be 
considered. According to Table No. 4, despite 

the high binding energy of remdesivir and 
dabigatran etexilate drugs, these drugs have 
relative solubility, poor permeability, and 
low gastrointestinal absorption and should 
be administered intravenously. However, 
rivaroxaban can be taken orally due to its 
high gastrointestinal absorption. 
By considering the physicochemical 
characteristics of the investigated 
compounds, it is possible to predict the 
solubility, permeability, and digestive 
absorption of the substances for their 
medicinal potential. In addition to blood 
factors, molecular dakinase was performed 
on the main protease and spike virus protein 
against control drugs. And plant compounds 
Hemileiocarpin-F10, Paratocarpin B-F2, 
Glabridin-Main protease, and Paratocarpin 
B-spike protein had a stronger inhibitory 
effect in interaction with candidate proteins. 
By examining the physico-chemical 
properties of these compounds, they have 
high digestive absorption and can be used 
orally. Based on the results observed in 
this research, which was carried out to 
predict the decrease in the expression of 
factors f10 and f2, and disruption of the 
process of coronavirus by active plant 
compounds, then molecular dynamics was 
performed to check the stability of the 
designed drugs, which shows the stability 
of these drugs in therapeutic and interaction 
modes. The results of this research can be 
very helpful as a preliminary screening for 
potential medicinal candidate compounds 
and disease-exacerbating proteins and as 
a means of conducting in vitro and in vivo 
experiments in animal and human models.
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Conclusion
According to the investigations and 

results, by inhibiting the spike protein 
(6vxx) and the main protease (6lu7) of 
the SARS_CoV_19 viruses and reducing 
the expression of thrombin factor (1a2c) 
and factor x (4y79) in the blood, it can be 
used against the Coronavirus disease. In 
this regard, glaberdine is the best main 
protease inhibitor and partocarpin B is the 
best spike protein inhibitor according to 
the lowest binding energy in the presence 
of the positive control drug Remdesivir, 
hemilocarpin to reduce the expression of 
coagulation factor x, and parthocarpin B to 
reduce the expression of thrombin factor 
according to the lowest energy. Transplants 
were selected in the presence of rivaroxaban 
and dabigatran etexilate, respectively.
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