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Abstract

Coronavirus disease (COVID-19) is an infectious disease caused by the SARS-CoV-2 virus. Despite the fact that various therapeutic
compounds have shown potential prevention or treatment, no specific medicine has been developed for the COVID-19 pandemic.
Natural products have recently been suggested as a possible treatment option for COVID-19 prevention and treatment. This study
focused on the potential of Coriander sativum L. (CSL) against COVID-19 based on network pharmacology approach. Interested
candidates of CSL were identified by searching accessible databases for protein-protein interactions with the COVID-19. An addi-
tional GO and KEGG pathway analysis was carried out in order to identify the related mechanism of action. In the end, 51 targets
were obtained through network pharmacology analysis with EGFR, AR, JAK2, PARP1, and CTSB become the core target. CSL may
have favorable effects on COVID-19 through a number of important pathways, according to GO and KEGG pathway analyses. These
findings suggest that CSL may prevent and inhibit the several processes related to COVID-19.
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Introduction reported incidence was discovered in the Chinese city of

Wuhan in December of 2019 and the virus had spread
COVID-19, caused by the severe acute respiratory fast throughout the world in less than six months. It had
syndrome coronavirus 2 (SARS-CoV-2) and transmitted infected more than 40 million individuals over the world
from person to person by interaction or respiratory by March 1, 2022, resulting in more than 6 million deaths
droplet transmission (Chavda et al. 2022). The first and the World Health Organization (WHO) declaring

Copyright Islamie R et al. This is an open access article distributed under the terms of the Creative Commons Attribution License QPENWFI-@

(CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.


mailto:ikseniksen08@gmail.com
https://doi.org/10.3897/pharmacia.69.e84388

690

Islamie R et al.: Network pharmacology of CSL on COVID-19

it a global pandemic (Krumm et al. 2021; Tanase et al.
2022). COVID-19 is currently untreatable with any
antiviral treatment that has been approved by the FDA.
There is presently no recognized antiviral drug that can
treat COVID-19. If the patient is in critical condition, a
combination of antipyretic medications, oxygen therapy,
and antibiotic therapy, may be used to better meet the
individual needs of each patient (Majumder and Minko
2021; Chavda et al. 2022).

Currently, there are already 8 drugs authorized by
European Medicines Agency (EMA) for COVID-19 (for
example: tixagevimab, anakinra, paxlovid, regdanvimab,
tocilizumab, casirivimab, sotrovimab and remdesivir) and
two more drugs with awaiting marketing authorization
(molnupiravir and baricitinib) (EMA 2022). Although
there are various treatment options, more effective and
less toxic COVID-19 therapies are urgently necessary.
Because of this, more effective and less toxic COVID-19
therapies are urgently necessary. Following the outbreak,
numerous clinical professionals investigated a wide range
of traditional medicines from many nations in order to
achieve beneficial clinical outcomes for their patients
(Chakravarti et al. 2021). A growing body of research
suggests that traditional medicines can be useful resources
for the discovery of innovative pharmaceuticals (Ren et al.
2020; Lee etal. 2021). One example of traditional medicine
from plants is Coriander sativum L. (CSL) which has been
used widely in every country. Modern pharmacological
researchers have discovered that Apiaceae-family
member (CSL) has numerous pharmacological actions
including  anticancer, antibacterial,  antidiabetic,
antioxidant, anti-inflammatory, and high cholesterol
inhibition (Silva et al. 2011; Sreelatha and Inbavalli
2012; Sahib et al. 2013; Yu et al. 2015; Aelenei et al. 2019;
Sinaga et al. 2019; Mechchate et al. 2021; Mahleyuddin
et al. 2022). According to International Organization of
Standards (1998) and Guring et al. (2020), CSL contain
several essential oil such as linalool, limonene, a-pinene,
geraniol, and a-terpineol. All of these active compounds
from CSL have shown abundant health benefits (Gurning
et al. 2020).

Recent years have seen a significant increase in the
acceptance of traditional medicine as a complementary
therapies medicine with low toxicity and side effects
and higher efficacy (Zhang et al. 2015; Iksen et al. 2021).
While traditional medicine has a pharmacological
mechanism that is vague, traditional medicine has many
components, many targets, and many pathways, which
makes it difficult to develop and improve (Wang et al.
2012). Pharmacological networks allow for systematic
investigation of interactions between drugs, protein
targets, diseases, genes and other factors. This is in
line with the basic concept of conventional medicine
treatment. A network pharmacology approach to the
study of traditional medicine is scientifically solid and
essential, as a result (Hopkins 2008; Ye et al. 2016). At
the moment, many academics are increasingly turning

to the study of traditional medicine’s material basis and
mechanism of action using network pharmacology. The
use of network pharmacology has been presented as a
possible tool for understanding natural products and
predicting potential novel medications or targets for
the specific disorders under investigation. The active
components and potential mechanisms of action of
CSL against COVID-19 were examined using network
pharmacology in this study.

Materials and methods

Establishment of compounds information

For several compounds information, we used the Chinese
herbal medicines platform database (TCMSP; http://lsp.
nwu.edu.cn/tcmsp.php) and PubChem database. Com-
pounds standard names, SMILES, and specific structures
of the active candidate compounds was obtained from
PubChem (https://pubchem.ncbi.nlm.nih.gov/) and use
ChemDraw 15.0 to draw the structures.

Establishment of target

The Swiss Target Prediction database (http://www.swis-
stargetprediction.ch/) provided information on candida-
te drugs target proteins, which was used to identify com-
pounds that might be potential targets (Daina et al. 2019).
COVID-19-related therapeutic targets were searched for
and repetitive targets were eliminated using GeneCards
(www.genecards.org/). The resulting target set for the di-
sease was then constructed. In the end, Venny Diagram
tool version 2.1 was used to perform and visualize the
two groups of overlapping proteins between compounds
and COVID-19 proteins (https://bioinfogp.cnb.csic.es/
tools/venny/).

PPl network between components and
COVID-19 targeted proteins

The protein-protein interaction network (PPI) between
active compounds from CSL and COVID-19 proteins
were analyzed by STRING database (https://string-db.
org/) and Cytoscape 3.9.1 software.

GO and KEGG enrichment analysis

Analysis of GO and KEGG pathway enrichment was car-
ried out using R software, which was used to upload the
combined target library’s protein targets. The biological
process, molecular function, and cellular component are
all considered as part of the GO enrichment study. The
pathway related to CSL-COVID-19 could have a molecu-
lar mechanism explained by KEGG enrichment, and a R
language tool created a bubble diagram showing the GO
and KEGG pathway’s significance.
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Results

Investigation of potential targets

As a result of our earlier investigation and literature sear-
ching, we were able to identify a total of nine major che-
micals in CSL (Table 1) (Gurning et al. 2020; Satyal and
Setzer 2020). The GeneCards database was searched for
targets linked to COVID-19, and the results revealed that
there were 4,585 targets connected to COVID-19 and a
total of 195 possible targets of 9 active compounds of CSL.
As shown in Venn diagram in Fig. 1, a total of 51 potential
anti-COVID19 targets were obtained through the inter-
ception of common targets.

Table 1. The main compounds information from Coriander
sativum L.

Compounds Chemical structures Molecular LogP
weight
Linalool HO 154.25 2.6698
(93] x Z
Camphor 15223  2.4017
(C€2) e
rd
a-Pinene 136.23  2.9987
Geraniol 154.25 2.6714
(C4) F 7
HO
Limonene 136.23  3.3089
(C5)
Coriandrin s 0, 230.22 2.8562
() ! )
o O\
a-Terpineol N 154.25 2.5037
() ‘
HO'
Geranyl acetate i 196.29  3.2422
€8 )K/\)\A/k
Germacrene D 204.35 4.8913
(C9)
Protein-protein interaction of CSL

against Covid-19

String predictions and Cytoscape were used to create a vi-
sualization of protein interaction using the Cytoscape soft-
ware. The interaction between proteins was represented
by 51 nodes and 104 edges, with an average node degree
of 4.08 and an average local clustering coefficient of 0.5
(Fig. 2). The top 20 hub genes were screened out according

COVID-19 CSL

4534
(95.9%)

Figure 1. Venn diagram of the potential anti-COVID-19 targets.

to the degree of nodes, including EGFR, AR, JAK2, PARP1,
CTSB, GSK3B, MMP1, PTPN1, HMOX1, MPO, CDK2,
PRKDC, PLAU, IKBKB, BRD4, F2, TRPV1, CTSL, ELANE,
and TYK?2. The interaction between these genes is shown in
Fig. 3 which explained that these targets are the key targets
of the PPI network from CSL against COVID-19. Among
these genes, EGFR, AR, JAK2, PARP1, and CTSB have the
highest node degrees, which are 18, 9, 9, 8, and 8, respecti-
vely (Table 2). The higher the degree, the closer the node is
to the center of the network. Apart from the degree para-
meter to determine the key targets, other parameters such
as shortest path length, betweenness centrality, closeness
central, and clustering coeflicient might also have the role
in the determination of key targets in the network. It is sug-
gested that EGFR, AR, JAK2, PARP1, and CTSB may be five
key targets for anti-COVID-19 activity of CSL.

Active compounds target network in-
teraction

Cytoscape created a total of data pairs containing active
compounds and disease target genes, and the interaction be-
tween active compounds and disease target genes was con-
structed as shown in Fig. 3. Fig. 4 showed the interaction be-
tween 9 active compounds with the intercept proteins with
GeneCards database. In this network, the blue circle is the
protein target, and the yellow circle is the compounds. The
compounds-target relationship suggested that the targets
may be potential therapeutic efficacy against COVID-19.

GO and KEGG enrichment analysis

To further evaluate better the molecular mechanism of
the compounds-targets on COVID-19, GO and KEGG
pathway enrichment analyses was conducted with the
help of Cytoscape and RStudio. There were three diffe-
rent types of GO functional enrichment assessments
carried out on these possible target genes, and the bio-
logical process (BP), molecular function (MF), and cel-
lular component (CC) were included. The GO biological
processes (Fig. 5A) were mainly involved in response to
organic substance, response to chemical, inflammatory
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Table 2. The top 20 targets of CSL related to COVID-19.

Target Degree Average Shortest Betweenness Closeness Clustering
Path Length Centrality Centrality Coefficient
EGFR 18 1.125 0.556039  0.888889 0.065359
AR 9 1.72 0 0.581395 0.180556
JAK2 9 1.333333 0.141063 0.75 0.125
PARP1 8 1 0.016184 1 0.160714
CTSB 8 1.666667 0 0.6 0.196429
GSK3B 7 1.75 0.301449  0.571429 0.095238
MMP1 7 1.333333 0.188325 0.75 0.214286
PTPN1 7 1 0.221498 1 0.166667
HMOX1 6 1.9 0.388889  0.526316 0.066667
MPO 6 0 0 0 0.133333
CDK2 6 2.142857 0.064493  0.466667 0.2
PRKDC 6 0 0 0 0.266667
PLAU 6 1 0.100483 1 0.233333
IKBKB 6 1.333333 0.336473 0.75 0.033333
BRD4 5 1.944444 0.150725  0.514286 0.25
F2 5 1.333333 0.047987 0.75 0.15
TRPV1 5 0 0 0 0.1
CTSL 5 1.5 0 0.666667 0.3
ELANE 5 1.6 0.032045 0.625 0.3
TYK2 5 0 0 0 0.35

ALDH2

SLC6AA

HPRT1

@

E ATP12A

Figure 2. Protein-protein interaction (PPI) and hub genes of CSL against COVID-19.

response, response to stress, and response to external
stimulus. GO molecular function (Fig. 5B) revealed that
catalytic activity, protein binding, identical protein bin-
ding, small molecule binding, and nucleotide binding is
the main activities related to the targets. Cellular compo-
nent (Fig. 5C) showed that the targets mainly distribu-
ted in the plasma membrane, vesicle, side of membrane,
membrane, and endomembrane system. According to
the KEGG pathway analysis (Fig. 5D), the signaling pa-
thways were mainly focused on the Hepatitis C, prostate
cancer, Kaposi sarcoma-associated herpesvirus infecti-
on, pathways in cancer, metabolic pathways, and other
immune system related pathway such as chemokine sig-
naling pathway, Th1 and Th2 cell differentiation, PD-L1
expression and PD-1 checkpoint pathway in cancer, and
Th17 cell differentiation.

Discussions

It has been proven that the COVID-19 virus is spreading
and that it poses a hazard to human health since the
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Figure 3. The PPI interaction between top 20 targets of CSL in COVID-19.

virus’s outbreak at the end of 2019 was discovered
(Harrison et al. 2020). The pandemic is still not ended,
and all health scientist from all around the world have
committed their time and resources to combating the
disease. Even though there is currently no medicine
or successful treatment plan for COVID-19, a variety
of drugs are being repurposed (Gavriatopoulou et al.
2021). The fact that traditional medicine may be utili-
zed to prevent or treat a variety of complicated disor-
ders is undeniable, and it also represents a viable source
for the discovery of further candidate medications for
treating COVID-19 (An et al. 2021; Li et al. 2021; Lyu
et al. 2021). The developing field of network pharma-
cology provides a novel technique and a great tool for
determining the biological basis of traditional medi-
cation (Hopkins 2007), which is particularly useful in
the treatment of COVID-19. A significant number of
resources and time would be required to investigate the
effects and mechanisms of traditional medicine and its
pharmacological activities due to the characteristics of
multi-components, multi-targets, and multi-pathways,
which represents a significant barrier to widespread
acceptance and use of traditional medicine in clinical
settings (Hopkins 2007; Yang et al. 2021).

One example of widely used traditional medicines is
CSL. As common traditional medicine, CSL is a plant
that is used to treat disorders of the upper respiratory
tract and lung related disease (Yang et al. 2021). Follo-
wing the screening of nine key compounds in CSL, we
discovered that these nine compounds occurred in the
compound-target interaction, indicating that CSLs an-
ti-COVID-19 activities are likely to be closely related to
the nine compounds described in the previous section.
Compound-disease networking analysis demonstrated
that the therapeutic effect of CSL against COVID-19 was
directly related 51 targets.

Degree screening showed that EGFR, AR, JAK2,
PARP1, and CTSB might become the most important
target of CSL in the treatment of COVID-19. EGFR,
which is one common type of growth factor receptor in
the membrane cell, plays a crucial role in the attachment
and internalization of viral (Hondermarck et al
2020). Apart from the internalization of viral, EGFR
overactivation might decreases Interferon regulatory
factor 1 (IRF-1) and, consequently, suppressed the host’s
immune response (Ueki et al. 2013). AR is one of steroid
hormone receptors are ligand-activated transcription
factors that regulate eukaryotic gene expression and
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Figure 4. The network interaction between 9 compounds from CSL with targets from COVID-19.

affect cellular proliferation and differentiation in target
tissues (Baratchian et al. 2021). Activated AR induces
immunomodulatory responses and capable of affecting
the function of most immune cell populations (Vom
Steeg et al. 2020). Several cytokine receptors have been
shown to signal through the JAK2 signaling pathway
(Yang et al. 2017; Heidel and Hochhaus 2020). PARP1
is one of the internal regulator of cell death in cells and
regulator of cytokine production. Suppression of PARP1
has been shown to reduce the production of inflammatory
cytokines in the body (Rajawat and Chandra 2021). CTSB
is a lysosomal proteases that plays an important role in
physiological processes such as energy metabolism,
intracellular protein degradation, and immune responses.
Apart from the normal regulator system, CTSB is required
for COVID-19 to infect cells (Yadati et al. 2020; Hashimoto
etal. 2021).

Even though several researches have been done on CO-
VID-19, and some linked susceptibility genes have been re-
ported, the possible mechanism for its initiation is still un-
known. Because of PPI, susceptibility genes may influence
an individual’s vulnerability to COVID-19. We used GO
and KEGG analysis to look for potential critical pathways

which may be inhibited by CSL. Collectively, for the GO
analysis, it revealed that the related biological process for
anti-COVID-19 activity related to CSL is inflammatory
response, response to stress, response to external stimulus,
and etc. Molecular functions are associated with several
protein binding such as ion binding, small molecule bin-
ding, nucleotide binding, chemokine interaction, and etc.
Related target cell components showed that several com-
ponents inside the cells might involve mostly in the region
of plasma membrane and cell surface. Moreover, KEGG
enrichment analysis revealed CSL could involve in several
pathways especially in the immune regulation related path-
way such as Th1 and Th2 cell differentiation, PD-L1 -PD-1
checkpoint pathway, and Th17 cell differentiation. Several
recent studies have suggested that the PD-1/PD-L1 path-
way may have a key role in the control of the host immune
response (Sabbatino et al. 2021). Apart from immune regu-
lation pathway, several virus, cancer, growth factor, and in-
sulin resistance related pathway might be involved. Based
on our network pharmacology studies, it has been sugge-
sted that CSL may have an anti-COVID19 effect; however,
more research is needed to understand the exact mecha-
nisms by which CSL acts. Because of the genetic, ethnic,
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and underlying diseases linked with COVID-19, the study
of CSL against COVID-19 may be relevant for clinical ap-
plication, primarily based on the genetic, ethnic, and un-
derlying diseases related with the therapeutic technique.

Conclusions

This study showed that 9 active ingredients in CSL had po-
tential anti-COVID-19 activity, involving 51 target genes
related to COVID-19. EGFR, AR, JAK2, PARP1, and CTSB
are the hub target in treatment of COVID-19. The obtained
results revealed that CSL may exert multiple functions in
regulating immune response and inhibiting viral infections,
hereby indicating the potential of CSL against COVID-19.

References

Aelenei P, Rimbu CM, Guguianu E, Dimitriu G, Aprotosoaie AC, Brebu
M, Horhogea CE, Miron A (2019) Coriander essential oil and linalool
- interactions with antibiotics against Gram-positive and Gram-
negative bacteria. Letters in Applied Microbiology 68: 156-164.
https://doi.org/10.1111/lam.13100

An X, Zhang YH, Duan L, Jin D, Zhao S, Zhou RR, Duan Y, Lian E, Tong
X (2021) The direct evidence and mechanism of traditional Chinese
medicine treatment of COVID-19. Biomedicine and Pharmacother-
apy 137: 1-17. https://doi.org/10.1016/j.biopha.2021.111267

Baratchian M, McManus JM, Berk MP, Nakamura F, Mukhopadhyay S,
Xu W, Erzurum S, Drazba J, Peterson J, Klein EA, Gaston B, Sharifi N
(2021) Androgen regulation of pulmonary AR, TMPRSS2 and ACE2
with implications for sex-discordant COVID-19 outcomes. Scientific
Reports 11: 1-11. https://doi.org/10.1038/s41598-021-90491-1

Chakravarti R, Singh R, Ghosh A, Dey D, Sharma P, Velayutham R,
Roy S, Ghosh D (2021) A review on potential of natural products
in the management of COVID-19. RSC Advances 11: 16711-16735.
https://doi.org/10.1039/d1ra00644d

Chavda VP, Kapadia C, Soni S, Prajapati R, Chauhan SC, Yallapu MM,
Apostolopoulos V (2022) A global picture: therapeutic perspectives for
COVID-19. Immunotherapy. https://doi.org/10.2217/imt-2021-0168

Daina A, Michielin O, Zoete V (2019) SwissTargetPrediction: updated
data and new features for efficient prediction of protein targets of
small molecules. Nucleic Acids Research 47: 357-364. https://doi.
org/10.1093/NAR/GKZ382

EMA (2022) COVID-19 treatments | European Medicines Agency.
https://www.ema.europa.eu/en/human-regulatory/overview/public-
health-threats/coronavirus-disease-covid-19/treatments-vaccines/
covid-19-treatments [May 27, 2022]

Gurning K, Iksen, Simanjuntak HA, Purba H (2020) Identification of the
Chemical Compound of Essential Oil from Ketumbar (Coriandrum
sativum L.) Leaves with Gc-Ms. Pharmacognosy Journal 12: 1019-1023.
https://doi.org/10.5530/pj.2020.12.144

Harrison AG, Lin T, Wang P (2020) Mechanisms of SARS-CoV-2 Trans-
mission and Pathogenesis. Trends in immunology 41: 1100-1115.
https://doi.org/10.1016/].1T.2020.10.004

Hashimoto R, Sakamoto A, Deguchi S, Yi R, Sano E, Hotta A, Takahashi
K, Yamanaka S, Takayama K (2021) Dual inhibition of TMPRSS2 and

Conflict of interests

The authors declare that there is no conflict of interest.

Funding

The authors have no funding to report.

Acknowledgements

The authors wish to express their thanks for the full
support from Faculty of Pharmacy University of Surabaya
and Sekolah Tinggi Ilmu Kesehatan Senior Medan.

Cathepsin Bprevents SARS-CoV-2 infection in iPS cells. Molecular
Therapy - Nucleic Acids 26: 1107-1114. https://doi.org/10.1016/j.
omtn.2021.10.016

Heidel F, Hochhaus A (2020) Holding CoVID in check through JAK?
The MPN-approved compound ruxolitinib as a potential strategy to
treat SARS-CoV-2 induced systemic hyperinflammation. Leukemia
34: 1723-1725. https://doi.org/10.1038/s41375-020-0898-6

Hondermarck H, Bartlett NW, Nurcombe V (2020) The role of growth
factor receptors in viral infections: An opportunity for drug repur-
posing against emerging viral diseases such as COVID-19? FASEB
BioAdvances 2: 296-303. https://doi.org/10.1096/FBA.2020-00015

Hopkins AL (2007) Network pharmacology. Nature biotechnology 25:
1110-1111. https://doi.org/10.1038/NBT1007-1110

Hopkins AL (2008) Network pharmacology: The next paradigm in
drug discovery. Nature chemical biology 4: 682-690. https://doi.
org/10.1038/NCHEMBIO.118

Iksen, Pothongsrisit S, Pongrakhananon V (2021) Targeting the PI3K/
AKT/mTOR signaling pathway in lung cancer: An update regard-
ing potential drugs and natural products. Molecules 26(13): e4100.
https://doi.org/10.3390/MOLECULES26134100

Krumm ZA, Lloyd GM, Francis CP, Nasif LH, Mitchell DA, Gol-
de TE, Giasson BI, Xia Y (2021) Precision therapeutic targets for
COVID-19. Virology Journal 18: e66. https://doi.org/10.1186/
§12985-021-01526-y

Lee DYW, Li QY, Liu J, Efferth T (2021) Traditional Chinese herbal med-
icine at the forefront battle against COVID-19: Clinical experience
and scientific basis. Phytomedicine: International Journal of Phyto-
therapy and Phytopharmacology 80: 1-11. https://doi.org/10.1016/].
PHYMED.2020.153337

LiL, Wu Y, Wang ], Yan H, Lu ], Wan Y, Zhang B, Zhang ], Yang J, Wang
X, Zhang M, Li Y, Miao L, Zhang H (2021) Potential treatment of
COVID-19 with traditional chinese medicine: What herbs can help
win the battle with SARS-CoV-2? Engineering, in press. https://doi.
org/10.1016/j.eng.2021.08.020

Lyu M, Fan G, Xiao G, Wang T, Xu D, Gao ], Ge S, Li Q, Ma Y, Zhang H,
Wang J, Cui Y, Zhang J, Zhu Y, Zhang B (2021) Traditional Chinese
medicine in COVID-19. Acta pharmaceutica Sinica. B 11: 3337-3363.
https://doi.org/10.1016/].APSB.2021.09.008


https://doi.org/10.1111/lam.13100
https://doi.org/10.1016/j.biopha.2021.111267
https://doi.org/10.1038/s41598-021-90491-1
https://doi.org/10.1039/d1ra00644d
https://doi.org/10.2217/imt-2021-0168
https://doi.org/10.1093/NAR/GKZ382
https://doi.org/10.1093/NAR/GKZ382
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments
https://doi.org/10.5530/pj.2020.12.144
https://doi.org/10.1016/J.IT.2020.10.004
https://doi.org/10.1016/j.omtn.2021.10.016
https://doi.org/10.1016/j.omtn.2021.10.016
https://doi.org/10.1038/s41375-020-0898-6
https://doi.org/10.1096/FBA.2020-00015
https://doi.org/10.1038/NBT1007-1110
https://doi.org/10.1038/NCHEMBIO.118
https://doi.org/10.1038/NCHEMBIO.118
https://doi.org/10.3390/MOLECULES26134100
https://doi.org/10.1186/s12985-021-01526-y
https://doi.org/10.1186/s12985-021-01526-y
https://doi.org/10.1016/J.PHYMED.2020.153337
https://doi.org/10.1016/J.PHYMED.2020.153337
https://doi.org/10.1016/j.eng.2021.08.020
https://doi.org/10.1016/j.eng.2021.08.020
https://doi.org/10.1016/J.APSB.2021.09.008

Pharmacia 69(3): 689-697

697

Mahleyuddin NN, Moshawih S, Ming LC, Zulkifly HH, Kifli N, Loy M]J,
Sarker MMR, Al-Worafi YM, Goh BH, Thuraisingam S, Goh HP
(2022) Coriandrum sativum L.: A review on ethnopharmacology,
phytochemistry, and cardiovascular benefits. Molecules 27(1): €209.
https://doi.org/10.3390/molecules27010209

Majumder J, Minko T (2021) Recent Developments on Therapeutic and
Diagnostic Approaches for COVID-19. The AAPS Journal 23: el4.
https://doi.org/10.1208/S12248-020-00532-2

Mechchate H, Es-Safi I, Amaghnouje A, Boukhira S, Alotaibi AA,
Al-Zharani M, Nasr FA, Noman OM, Conte R, Amal EHEY,
Bekkari H, Bousta D (2021) Antioxidant, Anti-Inflammatory and
Antidiabetic Proprieties of LC-MS/MS Identified Polyphenols from
Coriander Seeds. Molecules 26(2): e487. https://doi.org/10.3390/
MOLECULES26020487

Rajawat J, Chandra A (2021) Role of Poly(ADP-ribose) polymerase
(PARP1) in viral infection and its implication in SARS-CoV-2 patho-
genesis. Current Drug Targets 22: 1477-1484. https://doi.org/10.217
4/1389450122666210120142746

Ren J ling, Zhang AH, Wang XJ (2020) Traditional Chinese medicine for
COVID-19 treatment. Pharmacological research 155: 1-4. https://doi.
org/10.1016/].PHRS.2020.104743

Sabbatino F, Conti V, Franci G, Sellitto C, Manzo V, Pagliano P, De Bel-
lis E, Masullo A, Salzano FA, Caputo A, Peluso I, Zeppa P, Scogna-
miglio G, Greco G, Zannella C, Ciccarelli M, Cicala C, Vecchione
C, Filippelli A, Pepe S (2021) PD-L1 Dysregulation in COVID-19
Patients. Frontiers in Immunology 12: €695242. [11 pp] https://doi.
org/10.3389/fimmu.2021.695242

Sahib NG, Anwar E, Gilani AH, Hamid AA, Saari N, Alkharfy KM (2013)
Coriander (Coriandrum sativum L.): a potential source of high-val-
ue components for functional foods and nutraceuticals—a review.
Phytotherapy research: PTR 27: 1439-1456. https://doi.org/10.1002/
PTR.4897

Satyal P, Setzer WN (2020) Chemical Compositions of Commer-
cial Essential Oils From Coriandrum sativum Fruits and Aeri-
al Parts. Natural Product Communications 15: 1-12. https://doi.
org/10.1177/1934578X20933067

Silva F, Ferreira S, Queiroz JA, Domingues FC (2011) Coriander (Cori-
andrum sativum L.) essential oil: its antibacterial activity and mode
of action evaluated by flow cytometry. Journal Of Medical Microbiol-
ogy 60: 1479-1486. https://doi.org/10.1099/JMM.0.034157-0

Sinaga S, Haro G, Sudarmi S, Iksen I (2019) Phytochemical screen-
ing and antihyperglycemic activity of ethanolic extract of Corian-
drum sativum L. leaf. Rasayan Journal of Chemistry 12: 1992-1996.
https://doi.org/10.31788/RJC.2019.1245451

Sreelatha S, Inbavalli R (2012) Antioxidant, Antihyperglycemic, and

Antihyperlipidemic Effects of Coriandrum sativum Leaf and Stem

in Alloxan-Induced Diabetic Rats. Journal of Food Science 77(7):
T119-T123. https://doi.org/10.1111/j.1750-3841.2012.02755.x

Vom Steeg LG, Dhakal S, Woldetsadik YA, Park HS, Mulka KR, Reilly
EC, Topham DJ, Klein SL (2020) Androgen receptor signaling in the
lungs mitigates inflammation and improves the outcome of influenza
in mice. PLOS Pathogens 16: e1008506. https://doi.org/10.1371/
journal.ppat.1008506

Tanase A, Manea A, Scurtu AD, Bratu LM, Chioran D, Dolghi A, Alexoi
I, Aabed H, Lazureanu V, Dehelean CA (2022) The “Invisible Enemy”
SARS-CoV-2: Viral Spread and Drug Treatment. Medicina 58(2):
261. https://doi.org/10.3390/medicina58020261

Ueki IE, Min-Oo G, Kalinowski A, Ballon-Landa E, Lanier LL, Nadel
JA, Koff JL (2013) Respiratory virus-induced EGFR activation sup-
presses IRF1-dependent interferon A and antiviral defense in airway
epithelium. The Journal of Experimental Medicine 210: 1929-1936.
https://doi.org/10.1084/JEM.20121401

Wang Y, Fan X, Qu H, Gao X, Cheng Y (2012) Strategies and techniques
for multi-component drug design from medicinal herbs and tradi-
tional Chinese medicine. Current topics in medicinal chemistry 12:
1356-1362. https://doi.org/10.2174/156802612801319034

Yadati T, Houben T, Bitorina A, Shiri-Sverdlov R (2020) The Ins and Outs
of Cathepsins: Physiological Function and Role in Disease Manage-
ment. Cells 9(7): 1679. https://doi.org/10.3390/CELLS9071679

Yang B yu, Wang H zhen, Ma Z zhong, Lu C, Li Y, Lu Z yin, Lu X lj,
Gao B (2021) A Network Pharmacology Study to Uncover the
Multiple Molecular Mechanism of the Chinese Patent Medicine
Toujiequwen Granules in the Treatment of Corona Virus Disease
2019 (COVID-19). Current Medical Science 41: 297-305. https://
doi.org/10.1007/S11596-021-2346-X

Yang CW, Lee YZ, Hsu HY, Shih C, Chao YS, Chang HY, Lee SJ (2017)
Targeting Coronaviral Replication and Cellular JAK2 Mediated
Dominant NF-kB Activation for Comprehensive and Ultimate
Inhibition of Coronaviral Activity. Scientific Reports 7: e4105.
https://doi.org/10.1038/541598-017-04203-9

Ye H, Wei ], Tang K, Feuers R, Hong H (2016) Drug repositioning through
network pharmacology. Current topics in medicinal chemistry 16:
3646-3656. https://doi.org/10.2174/1568026616666160530181328

Yu Z, Xie G, Zhou G, Cheng Y, Zhang G, Yao G, Chen Y, Li Y, Zhao
G (2015) NVP-BEZ235, a novel dual PI3K-mTOR inhibitor displays
anti-glioma activity and reduces chemoresistance to temozolomide
in human glioma cells. Cancer Letters 367: 58-68. https://doi.
org/10.1016/j.canlet.2015.07.007

Zhang ], Onakpoya IJ, Posadzki P, Eddouks M (2015) The safety of
herbal medicine: from prejudice to evidence. Evidence-based
complementary and alternative medicine: eCAM 2015: 316706.
https://doi.org/10.1155/2015/316706


https://doi.org/10.3390/molecules27010209
https://doi.org/10.1208/S12248-020-00532-2
https://doi.org/10.3390/MOLECULES26020487
https://doi.org/10.3390/MOLECULES26020487
https://doi.org/10.2174/1389450122666210120142746
https://doi.org/10.2174/1389450122666210120142746
https://doi.org/10.1016/J.PHRS.2020.104743
https://doi.org/10.1016/J.PHRS.2020.104743
https://doi.org/10.3389/fimmu.2021.695242
https://doi.org/10.3389/fimmu.2021.695242
https://doi.org/10.1002/PTR.4897
https://doi.org/10.1002/PTR.4897
https://doi.org/10.1177/1934578X20933067
https://doi.org/10.1177/1934578X20933067
https://doi.org/10.1099/JMM.0.034157-0
https://doi.org/10.31788/RJC.2019.1245451
https://doi.org/10.1111/j.1750-3841.2012.02755.x
https://doi.org/10.1371/journal.ppat.1008506
https://doi.org/10.1371/journal.ppat.1008506
https://doi.org/10.3390/medicina58020261
https://doi.org/10.1084/JEM.20121401
https://doi.org/10.2174/156802612801319034
https://doi.org/10.3390/CELLS9071679
https://doi.org/10.1007/S11596-021-2346-X
https://doi.org/10.1007/S11596-021-2346-X
https://doi.org/10.1038/S41598-017-04203-9
https://doi.org/10.2174/1568026616666160530181328
https://doi.org/10.1016/j.canlet.2015.07.007
https://doi.org/10.1016/j.canlet.2015.07.007
https://doi.org/10.1155/2015/316706

	Construction of network pharmacology-based approach and potential mechanism from major components of Coriander sativum L. against COVID-19
	Abstract
	Introduction
	Materials and methods
	Establishment of compounds information
	Establishment of target
	PPI network between components and COVID-19 targeted proteins
	GO and KEGG enrichment analysis

	Results
	Investigation of potential targets
	Protein-protein interaction of CSL against Covid-19
	Active compounds target network interaction
	GO and KEGG enrichment analysis

	Discussions
	Conclusions
	Conflict of interests
	Funding
	Acknowledgements
	References

