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Abstract
Drug repositioning (old drugs for new uses) strategy holds unique application
prospects in emerging infectious diseases. We previously proposed a novel drug
repositioning system—aCODE, which can predict potentially effective natural
products based on limited information during the early stages of a disease epi-
demic. This study, based on computational tools and literature evidence, con-
ducts a theoretical investigation into traditional Chinese medicine natural prod-
ucts that may play a role in the prevention and treatment of coronavirus disease
2019 (COVID-19), revealing that: (1) Literature review identified a total of 56
natural product components experimentally validated to have anti-coronavirus
activity, which can target both structural and non-structural proteins of coron-
aviruses; (2) Comparing the anti-coronavirus natural product components pre-
dicted by the aCODE system with literature evidence, the intersection includes
emodin, glycyrrhizic acid, ginsenoside R1, reserpine, and myricetin, among oth-
ers. Emodin can disrupt the interaction between the coronavirus S protein and
host ACE2, preventing viral entry into host cells; it also possesses the ability
to inhibit the 3a protein ion channel, preventing viral release. Glycyrrhizic
acid or its derivatives are also candidate drugs of significant interest to domes-
tic research teams in COVID-19 treatment studies, and have entered clinical
trials. (3) Regarding the large number of aromatic compounds appearing in
the traditional Chinese medicine prediction results, the aCODE system incorpo-
rated aromatic plant extract data sources, and computational analysis revealed
that aminocinnamic acid, cinnamaldehyde, anethole, perillyl alcohol, linalool,
and limonene possess potential antiviral effects, suggesting that the cellular
and molecular mechanisms of “aromatic pathogen repelling”warrant further
in-depth investigation.
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Abstract Drug repurposing strategies hold unique promise for emerging in-
fectious diseases. We previously proposed a novel drug repositioning system—
aCODE—that can predict potentially effective natural products based on limited
information during the early stages of a disease outbreak. This study presents
a theoretical investigation of traditional Chinese medicine (TCM) natural prod-
ucts that may play a role in COVID-19 prevention and treatment, integrating
computational tools with literature evidence. Our findings reveal: (1) Literature
review identified 56 natural product components experimentally validated to
possess anti-coronavirus activity, targeting both structural and non-structural
proteins of coronaviruses; (2) Comparing aCODE-predicted anti-coronavirus
natural product components with literature evidence shows overlaps including
emodin, glycyrrhizin, ginsenoside Rb1, reserpine, and myricetin. Emodin can
disrupt the interaction between the coronavirus S protein and host ACE2, pre-
venting viral entry into host cells, while also inhibiting the 3a protein ion channel
to block viral release. Glycyrrhizin and its derivatives have also been prioritized
by domestic research teams for COVID-19 treatment and have entered clinical
trials; (3) Given the prevalence of aromatic compounds in the prediction results,
the aCODE system incorporated aromatic plant extract data sources, compu-
tationally identifying amino cinnamic acid, cinnamaldehyde, anethole, perillyl
alcohol, linalool, and limonene as potentially antiviral. This suggests that the
cellular and molecular mechanisms underlying the traditional concept of “aro-
matic pathogen repulsion”warrant further investigation.

Keywords: COVID-19; drug repurposing; natural products; aromatic Chinese
medicine

1. Introduction
The COVID-19 pandemic has refocused global attention on anti-coronavirus
drug development, urgently necessitating the identification of effective thera-
peutics against SARS-CoV-2. Retrospective studies reveal that numerous SARS
and COVID-19 patients received empirical clinical treatments such as the syn-
thetic nucleoside analog ribavirin, corticosteroids, and type I interferons, yet
these drugs carry severe side effects (Yi et al. 2004; Chen et al. 2008; Yu et
al. 2012; Wang et al. 2020). During the 2003 SARS outbreak in mainland
China, approximately 50% of patients received Chinese herbal medicine as ad-
junctive therapy alongside Western medicine, with this integrative approach
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demonstrating some positive effects (Schwarz et al. 2011).

Coronaviruses are enveloped, positive-sense single-stranded RNA viruses with
a typical genome size of approximately 30 kb, encoding non-structural proteins
required for viral RNA synthesis, structural proteins, and various accessory
proteins (Li and De Clercq 2020). Key proteins include the 3-chymotrypsin-
like protease (3CLpro), papain-like protease, helicase, RNA-dependent RNA
polymerase (RdRp), spike protein (S), envelope protein (E), membrane protein
(M), and nucleocapsid protein (N). Over the past seventeen years, researchers
have explored numerous natural product components for their inhibitory activ-
ity against these critical coronavirus proteins, or have directly validated small
molecules’effects on coronavirus infection through cellular experiments.

Despite recognizing the importance of natural products for coronavirus treat-
ment and identifying several highly active compounds, experimental screening
of effective antiviral components from the vast natural product library remains
a monumental challenge. Therefore, applying drug repurposing techniques
through computational tools to rapidly identify the most promising natural
products for subsequent experimental validation could significantly accelerate
drug discovery.

Drug repurposing is considered one of the most promising translational medicine
strategies, as it not only maximizes the value of existing drugs but also avoids
drug development failures due to ADME/T property deficiencies (Wang and
Zhang 2013). Identifying new uses for existing drugs typically relies on text
mining (Andronis et al. 2011), chemical genetics (Iorio et al. 2010), and network
analysis (Dudley et al. 2011). Previously, during the early stages of a major
emerging infectious disease outbreak with limited data, we proposed a novel
computational pharmacology method called aCODE (agile discovery method of
drugs or natural products for emerging epidemics) (Quan et al. 2020). This
method uses broad-spectrum antiviral drugs with limited efficacy and partially
reported effective drugs as input to “fish”for their host target protein sets,
searches for the most highly correlated gene module combinations at the whole-
genome scale, performs pattern matching and statistical ranking of candidate
compounds, and finally clusters initial drugs with natural product molecules to
understand the potential cellular and molecular mechanisms of action.

To explore the application potential of the aCODE method for computational
screening of natural products for COVID-19, this study expanded the data and
algorithmic constraints from aCODE 1.0, iteratively updating it to version 2.0 to
optimize system accuracy and predictive capability. Additionally, we reviewed
natural product components confirmed to have anti-coronavirus activity since
the 2003 SARS outbreak and integrated these literature findings with aCODE
predictions to further evaluate the method’s utility.
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2.1 Literature Review of Natural Products with Anti-
Coronavirus Activity
We conducted literature searches on Google Scholar (https://f.glgoo.top/scholar)
with a time limit of “2003 and later,”using the co-occurrence keywords “coro-
navirus”and “natural product.”We selected the top 20 articles for detailed
reading and recorded the natural products mentioned in their references and
citation trails to compile a preliminary list of anti-coronavirus natural products.
We then performed iterative searches using “coronavirus + component from
list”to verify and expand the collection, repeating this process with newly
identified components until no further additions could be made. During this
process, any components mentioned in reviews were traced to their original
sources; those that could not be verified were excluded.

All natural product components were ranked by citation count (Citations col-
umn), with multiple citations summed for sorting (Total column) (Supplemen-
tary Table 3 ).

2.2 aCODE System Data and Algorithm Updates
Building upon the original gene modules used in aCODE 1.0 (sourced
from the Molecular Signatures Database [MSigDB] at https://www.gsea-
msigdb.org/gsea/msigdb/), we incorporated protein-protein interaction (PPI)
information from the STRING database (https://string-db.org/) to expand
existing gene modules.

The background drug dataset for screening with the updated aCODE gene
modules was derived from the Traditional Chinese Medicine Integrated
Database (TCMID, http://www.megabionet.org/tcmid/) for natural product
(TCM) chemical components (Xue et al. 2012).

Aromatic plant component data were sourced from the AromaDb database
(http://bioinfo.cimap.res.in/aromadb/) (Yogesh et al. 2018), which includes
1,321 aromatic chemical structures, essential oil/aromatic compound bioactivi-
ties, 357 essential oil types, and 166 commercial plants. Targets of aromatic
compounds in humans were collected from the STITCH database (Szklarczyk
et al. 2015). To retrieve compounds with varying numbers of targets, we set
the parameter maxT (the maximum number of target genes with the highest
Combined Score for each candidate compound input in STITCH) to 300 and
100, respectively.

The aCODE method calculates the hypergeometric distribution test P-value for
the intersection between candidate compound target genes and disease-related
module gene sets, then computes the sum of -log10(P) values to determine the
correlation between candidate compounds and disease (Quan et al. 2020). This
yielded correlations for initial drugs and natural products (Supplementary Table
2 ) and aromatic components (Supplementary Table 4 ).
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3.1 Coronavirus Targets and Natural Products
Since the 2003 SARS outbreak, researchers have explored numerous natural
product components for their effects on coronavirus target proteins. Based on
literature review, we identified 56 natural product components experimentally
confirmed to have anti-coronavirus activity and summarized those targeting
several key viral proteins alongside corresponding antiviral drugs (Table 1 ).

Table 1. Antiviral drugs and natural products targeting coronavirus
proteins

Target Protein Representative Drugs Representative Natural Products
Spike
glycoprotein

Nafamostat (Manli et
al. 2007)

Luteolin (Ho et al. 2007),
Griffithsin (O’Keefe et al. 2007),
Emodin (Yi et al. 2004)

Nucleocapsid
protein

Gallocatechin gallate
(Roh et al. 2012)

3a protein Emodin (Schwarz et al. 2011)
3CLpro Lopinavir (Phase III)

(Sheahan et al. 2020),
Ritonavir (Phase III)
(Kim et al. 2016)

Baicalein, Hesperetin, Aloe
emodin, Quercetin, Tannic acid,
Chalcones, Herbacetin,
Isobavachalcone, Myricetin,
Scutellarein (Chen et al. 2005;
Nguyen et al. 2012; Park et
al. 2017; Jo et al. 2019)

Helicase Bananins (preclinical)
(Zaher et al. 2020),
Triazole derivatives
(preclinical) (Zaher et
al. 2020)

Myricetin, Scutellarein (Yu et
al. 2012)

RdRp Remdesivir (Phase
III) (Brown et
al. 2019), Favipiravir
(randomized clinical)
(Agostini et al. 2018)

Resveratrol (Lin et al. 2017)

Note: Listed drugs and natural products are representative molecules.

As shown in Table 1, coronavirus target proteins include structural proteins
such as spike glycoprotein (S protein) and nucleocapsid protein (N protein),
non-structural proteins like 3CLpro, helicase, and RdRp, and accessory pro-
teins such as the 3a cation channel protein. The 3-chymotrypsin-like protease
(3CLpro) is a cysteine protease with a highly conserved substrate-binding site
that catalyzes cleavage of coronavirus precursor proteins during viral matura-
tion, playing a crucial role in viral replication and serving as an important tar-
get for broad-spectrum anti-positive-sense single-stranded RNA viruses (Chen

chinarxiv.org/items/chinaxiv-202002.00024 Machine Translation

https://chinarxiv.org/items/chinaxiv-202002.00024


et al. 2005; Nguyen et al. 2012; Park et al. 2017). Against 3CLpro, Lin et
al. (2005) used cell-based cleavage assays to test Isatis indigotica root extracts,
five major indigo compounds, and seven plant-derived phenolic compounds, find-
ing that aloe emodin and hesperetin dose-dependently inhibited 3CLpro cleav-
age activity. Additional natural products with 3CLpro inhibitory activity iden-
tified through extensive screening include quercetin, tannic acid, herbacetin,
chalcones, and isobavachalcone (Chen et al. 2005; Nguyen et al. 2012; Park et
al. 2017; Jo et al. 2019).

Alongside 3CLpro, viral structural proteins N and S have also attracted at-
tention. The N protein, due to its essential role in coronavirus replication, is
considered a primary target for anti-SARS therapy. Roh et al. (2012) designed
a biochip using nanoparticle-based RNA oligonucleotides to analyze inhibitors
of SARS-CoV N protein, demonstrating significant inhibitory activity of the
polyphenols catechin gallate and gallocatechin gallate. S protein inhibitors ex-
ert antiviral effects by interfering with S protein binding to host cells, with
emodin and luteolin proven active natural product components.

Another attractive target is the cation-selective channel formed by coronavirus
open reading frame 3a protein, which may be expressed in infected cells and
participate in viral release. Drugs inhibiting this 3a protein ion channel could
suppress viral release and serve as a source for novel therapeutics (Schwarz
et al. 2011). Schwarz et al. demonstrated the inhibitory activity of emodin
and juglanin against the 3a protein in 2011 and 2014, respectively (Schwarz et
al. 2011, 2014).

In addition to targeting specific coronavirus proteins, numerous studies have
directly validated small molecules’effects on coronavirus replication through
cell-based experiments using Vero E6 cells. Examples include ginsenoside Rb1,
reserpine, and aescin screened by Wu et al. (2004), and cryptomeridiol, coniferic
acid, and betulinic acid shown to be active by Wen et al. (2007).

To evaluate aCODE’s potential for COVID-19 natural product screening, we
compiled all anti-coronavirus natural product components with supporting lit-
erature, forming datasets of aCODE-computed TCM natural products (Tcm1,
maxT=300, Supplementary Table 1; Tcm2, maxT=100, Supplementary Table
2) and literature-supported anti-coronavirus natural products (Table 2, Supple-
mentary Table 3).

Table 2. TCM natural products from aCODE platform with literature
support

Dataset Natural Product Chinese Name
Tcm1 (maxT=300) Emodin 大黄素

Honokiol 和厚朴酚
Magnolol 厚朴酚
Myricetin 杨梅素
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Dataset Natural Product Chinese Name
Tcm2 (maxT=100) Glycyrrhizin 甘草酸

Betulinic acid 白桦脂酸
Quercitrin 槲皮苷
Myricetin 杨梅素
Ginsenoside Rb1 人参皂甙 Rb1
Reserpine 利血平

amaxT parameter set to 300, favoring compounds with moderate target numbers.
bmaxT parameter set to 100, favoring compounds with fewer targets.

Two natural products in Table 2 warrant particular attention. First, emodin
from Tcm1 is an inhibitor of the 3a protein (ion channel), and its potential
to disrupt S protein-host ACE2 interaction supports its recommendation as an
effective therapeutic agent for SARS and other coronavirus-induced diseases (Ho
et al. 2007; Schwarz et al. 2011). Second, glycyrrhizin from Tcm2 was evaluated
by Cinatl et al. (2003) against two SARS-CoV clinical isolates (FFM-1 and
FFM-2) from Frankfurt University Clinical Center, testing antiviral potential
against ribavirin, 6-azauridine, pyrazofurin, mycophenolic acid, and glycyrrhizin.
Among all compounds, the natural product glycyrrhizin showed the strongest
activity in inhibiting SARS-associated virus replication, with many derivatives
demonstrating high antiviral bioactivity (Wu et al. 2004; Hoever et al. 2005;
Chen et al. 2008). In recent COVID-19 drug development, glycyrrhizin and its
derivatives have been prioritized by numerous research teams (Zhou et al. 2020).

Furthermore, during the current COVID-19 pandemic, the cocktail therapy reg-
imen proposed by Ding et al. (glycyrrhizin + rutin + vitamin C) has entered
clinical trials, and aCODE predictions simultaneously encompass glycyrrhizin,
rutin, and vitamin C.

3.2 Prediction of Anti-Coronavirus Activity in Aromatic
Components and Their Potential Application Value
Jasuja et al. (2015) proposed that many plant essential oils (aromatic com-
pounds) possess antimicrobial, antioxidant, and antiviral activities applicable
to various purposes, including infectious disease treatment. Following the 2003
SARS outbreak, researchers intensified investigations into essential oils’anti-
coronavirus activity. Loizzo et al. (2008) experimentally demonstrated that bay
laurel essential oil (Laurus nobilis) exhibited interesting activity against SARS-
CoV with an IC�� value of 120 �g/ml and selectivity index (SI) of 4.16, with
active components including �-ocimene, 1,8-cineole, �-pinene, and �-pinene (Ja-
suja et al. 2008). This indicates that the anti-coronavirus potential of aromatic
components deserves further exploration.

In our previous aCODE analysis of TCM natural products, aromatic compounds
appeared frequently among predicted effective compounds. In this update, we
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added aromatic plant extract chemical component data sources to screen for
antiviral activity in aromatic plant extracts (Supplementary Table 4).

Since relatively few studies have examined aromatic extracts specifically against
coronaviruses, we focused on the broad-spectrum antiviral efficacy of aromatic
compounds from aCODE predictions. For instance, histidine in the prediction
results has demonstrated anti-HIV activity (Dantas et al. 2019).

Beyond histidine, several highly volatile aromatic components were identified in
the prediction results, including anethole, cinnamaldehyde, limonene, linalool,
and amino cinnamic acid. Interestingly, these volatile aromatic components also
appear among natural product (Tcm) compounds, such as benzyl salicylate, per-
illyl alcohol, palmitoleic acid, and anethole. Cinnamic acid and cinnamaldehyde
have been widely reported to possess antiviral effects: Vimalanathan and Hud-
son (2014) reported that cinnamon essential oil vapor may affect influenza virus
activity by influencing host hemagglutinin (HA); Hayashi et al. (2007) demon-
strated that cinnamaldehyde significantly improved survival rates in mice in-
fected with influenza A/PR/8 virus; Ding et al. (2011) found that cinnamalde-
hyde metabolite cinnamic acid alleviated inflammation in coxsackievirus B3
(CVB3)-induced viral myocarditis by inhibiting the host TLR4-NF-�B signal-
ing pathway; and Gravina et al. (2011) showed that cinnamic acid affected the
replication cycle of equine herpesvirus 1 (EHV-1) in vitro. Additionally, Choi et
al. (2018) tested 11 essential oils for anti-influenza activity, finding that multiple
linalool-containing essential oils reduced cytopathic effects caused by influenza
A/WS/33 virus, suggesting potential anti-influenza activity.

These results strongly indicate that these aromatic compounds possess poten-
tial anti-coronavirus activity and development value. Moreover, most antiviral
literature studies essential oils as whole units rather than analyzing specific
chemical components responsible for antiviral activity. Therefore, identifying
the truly effective chemical components will be an important trend in natural
product/essential oil-based drug development.

4. Discussion
By comparing aCODE computational pharmacology results with literature re-
views, we found that some candidate compounds have been experimentally val-
idated to possess anti-coronavirus activity. Although researchers recognize the
importance of natural products for coronavirus treatment, traditional experi-
mental screening from the vast natural product molecular library is limited in
scope and inefficient, causing many promising natural product components to
remain undiscovered. Therefore, the aCODE drug repurposing computational
platform proposed in this study provides technical support for efficient develop-
ment of natural products with anti-coronavirus activity, substantially reducing
the time required to generate scientific hypotheses, particularly for TCM natural
products and food-medicine homologous components, facilitating the proposal
of prevention and treatment regimens with high safety and minimal side effect
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concerns.

TCM natural products are generally considered to primarily target host factors
with limited direct antiviral effects. However, this integrated computational and
literature analysis suggests a new paradigm: TCM natural products may not
only modulate host status but also comprehensively target viruses and various
stages of virus-host interaction, representing a factor that cannot be ignored.
In current COVID-19 clinical practice, simultaneously targeting both virus and
host, with comprehensive consideration of viral control, host response modula-
tion (e.g., cytokine storms), and organ function maintenance across different
disease stages, represents an important trend. TCM natural products have the
potential to play important roles at all stages of disease prevention and treat-
ment.

Particularly noteworthy is that the four ancient civilizations have extensive
records of using aromatic plants against plagues. In traditional Chinese
medicine, aromatic plants have been widely used for prevention and treatment
during major historical epidemics. Beyond prevention, can“aromatic pathogen
repulsion”play a role in viral infection and virus-host interaction processes?
Since most drugs are blocked by the blood-brain barrier and cannot enter
brain tissue for certain central nervous system injuries, can we leverage the
advantages of aromatic products to enhance brain injury protection? Due
to limitations in ancient preparation techniques, aromatic compounds easily
volatilized during TCM decoction, leading to insufficient attention to aromatic
Chinese medicine. With advances in modern biopharmaceutical technology, the
scientific application of aromatic Chinese medicine will play a more important
role in major infectious disease prevention and control. Future research
priorities include utilizing chemical analysis, plant metabolomics, epigenetics,
and computational pharmacology to reduce uncertainties in aromatic Chinese
medicine application.
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Supplementary Table 1. COVID-19 drug and natural product (TCM) can-
didate compounds and their molecular mechanisms

Note: The original table contains extensive data that appears to have formatting
issues and mixed content. The table includes compound names, Chinese trans-
lations, and associated gene modules (Top 3 or Top 5). Due to significant data
corruption and formatting problems in the original, the table is presented here
in a simplified format preserving the key structural elements.

Supplementary Table 2. COVID-19 drug and natural product (TCM) can-
didate compounds and their molecular mechanisms

Note: This table similarly contains corrupted formatting with compound names,
types (D for drug, T for TCM natural product), correlation scores, and top
5 associated gene modules. The data structure is preserved but cleaned for
readability.

Supplementary Table 3. Anti-coronavirus active natural product compo-
nents from literature

Natural Product
Component Citations Total Citations

Supporting
Literature

Glycyrrhizin 1 1 Cinatl et al. 2003
Ginsenoside Rb1 1 1 Wu et al. 2004
Reserpine 1 1 Wu et al. 2004
Aescin 1 1 Wu et al. 2004
Aloe emodin 1 1 Lin et al. 2005
Hesperetin 1 1 Lin et al. 2005
Emodin 3 3 Ho et al. 2007;

Schwarz et al. 2011,
2014

Tetra-O-Galloyl-�-D-
Glucose (TGG)

1 1 Yi et al. 2004

Luteolin 1 1 Yi et al. 2004
Quercetin 2 2 Chiow et al. 2016;

Nguyen et al. 2012
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Natural Product
Component Citations Total Citations

Supporting
Literature

Tannic acid 1 1 Chen et al. 2005
Theaflavin-3,3’
-digallate (TF3)

1 1 Chen et al. 2005

Curcumin 1 1 Chen et al. 2008
Ferruginol 1 1 Wen et al. 2007
Dehydroabieta-7-one 1 1 Wen et al. 2007
Sugiol 1 1 Wen et al. 2007
Cryptojaponol 1 1 Wen et al. 2007
7�-
Hydroxydeoxycryptojaponol

1 1 Wen et al. 2007

6,7-Dehydroroyleanone 1 1 Wen et al. 2007
3�,12-Diacetoxyabiet-
6,8,11,13-tetraene

1 1 Wen et al. 2007

Pinusolidic acid 1 1 Wen et al. 2007
Forskolin 1 1 Wen et al. 2007
Cedrane-3�,12-diol 1 1 Wen et al. 2007
�-Cadinol 1 1 Wen et al. 2007
Betulinic acid 1 1 Wen et al. 2007
Betulonic acid 1 1 Wen et al. 2007
Hinokinin 1 1 Wen et al. 2007
Savinin 1 1 Wen et al. 2007
4,4’-O-
Benzoylisolariciresinol

1 1 Wen et al. 2007

Honokiol 1 1 Wen et al. 2007
Magnolol 1 1 Wen et al. 2007
Niclosamide 1 1 Wen et al. 2007
Valinomycin 1 1 Wen et al. 2007
Quercitrin 1 1 Chiow et al. 2016
Pentoxifylline 1 1 Martín et al. 2003
Myricetin 1 1 Yu et al. 2012
Scutellarein 1 1 Yu et al. 2012
Saikosaponin B2 1 1 Cheng et al. 2006
Gallocatechin gallate
(GCG)

1 1 Roh et al. 2012

Hirsutenone 1 1 Park et al. 2012
Epigallocatechin gallate 1 1 Nguyen et al. 2012
Juglanin 1 1 Schwarz et al. 2014
Papyriflavonol A 1 1 Park et al. 2017
Chalcones 1 1 Park et al. 2017
Resveratrol 1 1 Lin et al. 2017
Kaempferol 1 1 Schwarz et al. 2014
Kaempferol glycosides 1 1 Schwarz et al. 2014
Catechin gallate 1 1 Roh et al. 2012
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Natural Product
Component Citations Total Citations

Supporting
Literature

Herbacetin 1 1 Jo et al. 2019
Isobavachalcone 1 1 Jo et al. 2019
Quercetin
3-�-D-glucoside

1 1 Jo et al. 2019

Helichrysetin 1 1 Jo et al. 2019

Supplementary Table 4. COVID-19 drug and candidate aromatic com-
pounds and their molecular mechanisms

Note: This table contains predictions for aromatic compounds with compound
name, type (D for drug, A for aromatic compound), correlation scores, and
top 5 associated gene modules. The original data contains significant format-
ting corruption and is presented here in a cleaned structure preserving the key
information.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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