Emergency antiviral drug discovery during a pandemic
-a case study on the application of natural compounds to treat COVID-19
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Abstract:

The spreading COVID-19 pandemic has brought the world to a halt in 2020. One of the major
challenges is the lack of effective antiviral drugs. Drug and vaccine development typically takes years;
a practical approach to formulate knowledge-based prescriptions is to conduct in silico screening for
drugs and compounds that has the potential to disrupt viral protein functions. By evaluating the
dataset from the “Shennong project”, an in silico screening of the DrugBank library against SARS-CoV-
2 proteins, we identified chlorogenic acid and rutin displayed a strong affinity with diverse viral
proteins. Chlorogenic acid is naturally present in coffee in large quantity, and rutin is available as
nutraceutical products, both compounds are considered safe to consume, hence could potentially aid
the recovery or treatment for COVID-19 patients at low health risk. We emphasise that the results
require further clinical clarification, the impact of this work shall be examined by professionals
carefully.

Introduction:

Control of novel contagious diseases remains a great challenge to human society. One of the key
problems is that the outbreak window is typically too short for drug and vaccine development, and
yet when the epidemic ends, the lack of both the patients and demand further compromise the drug
development process. Taking the SARS (Severe Acute Respiration Syndrome) epidemic as an example,
the epidemic between November 2002 and June 2003, caused 774 deaths with a fatality rate of 1%
(Chan-Yeung & Xu, 2003). The pharmaceutical industry was unable to deliver effective drugs during
the epidemic, and post-epidemic drug development has been slow, possibly due to the lack of patients
for clinical studies (Kumar, Jung, & Liang, 2013). As the result, after 17 years of development, no anti-
SARS drug or vaccine was available for use in the COVID-19 outbreak in 2020, which was caused by a
virus sharing ~80% sequence identity to that of SARS (Wu et al., 2020; Zhou et al., 2020).

On the other hand, the research on SARS-CoV did yield invaluable structural and pathological insights
on coronavirus (Almeida, Johnson, Herrmann, Geralt, & Wuthrich, 2007; Yu Chen et al., 2011; Huang
et al., 2004; Jia et al., 2019; Joseph et al., 2007; Kirchdoerfer & Ward, 2019; Ma et al., 2015; Su et al.,
2006; Sutton et al., 2004; Yu, Oldham, Zhang, & Chen, 2006). The SARS-CoV genome contains a large
open reading frame, which encodes polyproteins ppla/lab, that are latter cleaved into 16 non-



structural proteins (Brierley, Digard, & Inglis, 1989; te Velthuis, Arnold, Cameron, van den Worm, &
Snijder, 2009). The non-structrual proteins, designated as nspl-16, are responsible for the RNA
replication. The rest of the genome encodes 4 structural proteins, namely Spike(S), Membrane (M),
Nucleocapsid (N) and Envelope (E) and several putative accessory proteins. The structural proteins are
responsible for the encapsulation and the internal organisation of viral RNA. Among which, the
sequence identity of S protein determines the host compatibility of the virus (F. Li, 2016). The
knowledge of coronavirus is an invaluable guide to the research community to prepare
countermeasures in the COVID-19 pandemic.

Due to the lack of effective drugs, many traditional Chinese herbal medicines were also tested both
during SARS and COVID-19 epidemics. The joint administration of herbal extracts was reported to help
the prevention and recovery of patients (Yang, Islam, Wang, Li, & Chen, 2020), and some showed in
vitro inhibitory activities to both SARS and SARS-CoV-2 (F. Chen et al., 2004). However, the clinical
effects of herbal medicines were not conclusive due to the lack of rigorous population studies (Luo et
al., 2020).

Natural compounds are an important source of medicine, for example, quinine and artemisinin for
malaria treatment (Cui & Su, 2009; White, 2005). However, one of the major challenges of using herbal
medicine is that the active ingredients, if any, are in a mixture of compounds. That comes with two
problems, first, how to identify the “active” compounds and quantify their doses; and second, how to
evaluate the toxicity of other compounds and minimise their presence. In both SARS and COVID-19
treatments, the prescriptions of Chinese medicine were formulated according to the principles
described in works of traditional herbal literature, which typically contain several to dozens of herbs,
and the underlying biochemistry is unclear. Therefore, bridging the knowledge gap between Chinese
medicine and biochemistry is crucial for further drug development, and one approach to take is via in
silico drug screening to search for active ingredients.

The “Shennong project” is an industry-academia collaboration aimed to computationally screen drugs
for COVID-19 treatment (Link: https://shennongproject.com:11443/#/home). The structure of 14
target proteins were generated by modelling the sequence of SARS-CoV-2 onto the atomic-resolution
structures of their SARS counterparts as template. Then, the potential drug-targeting sites, 19 in total,
were designated according to disruption of either the catalytic site or functional protein complex
assembly (Xu et al., 2020). Compounds from the DrugBank library, 8498 in total, were screened against
selected targeting sites on viral proteins, and 2 targeting sites of the human ACE2 structure which
serves as the entry point for the viral infection (Yan et al., 2020). The drug-protein interactions were
ranked according to the affinity strength, and the respective spatial interaction models are available
online.

We analysed the in silico docking dataset and identified a range of natural compounds widely used by
food, nutraceutical and Chinese medicine industry. Although their pharmaceutical properties are
under investigation, the toxicity of these compounds has been thoroughly examined, and many of
them are being produced at the industrial scale. Therefore, they are important candidates to be
investigated for COVID-19 treatment. Among which, chlorogenic acid (DrugBank designation:
DB12029) and rutin (DB01698) achieved a high affinity ranking to the viral proteins in the simulation,
and they are present in Lonicera japonica and Forsythia suspensa, both are listed as herbal drugs to
treat SARS and COVID-19 (Yang et al., 2020).



Here we present our analysis on the potential molecular mechanism of chlorogenic acid and rutin for
SARS-CoV-2 inhibition, and we investigated the potential dose of these compounds in the Chinese
herbal medicines, and nutraceutical products. It is important to emphases that the work we present
is based on, and strictly limited to, the in silico simulation framework of the “Shennong project”. This
work aims to provide threads for rationalised drug selection and therapeutic design to treat COVID-
19, and the conclusions from this work require carefully experimental validations.

Results:
The affinity of chlorogenic acid and rutin to listed drug targets.

We selected the drug with the strongest affinity to each drug target from the dataset for comparison
and listed the ranks of chlorogenic acid and rutin (Table 1). Both chlorogenic acid and rutin are ranked
within the top 500 examined compounds for targeting human ACE2 receptor. Chlorogenic acid ranked
157th for affinity to nsp16; rutin is ranked 123rd for affinity to nsp5, and 123rd for nsp10_2. Among
the 8498 compounds in the dataset, these ranks are within the top 2% choices.

Table 1: List of binding energy and ranking of chlorogenic acid and rutin. The key molecular
interactions analysed in this article are lighlighted yellow.

DrugBank Binding Energy |Chlorogenic acid Binding Energy |[Rutin Binding Energy
Drug Target |Top Candidate Designation (kcal/mol) (Rank Position ) (kcal/mol) (Rank Position) (kcal/mol)
ACE2_H34 |Tariquidar DB06240 -7.1 433 -5.8 1712 -5.2
ACE2_K353 |Galicaftor DB14894 -7.2 479 -5.6 318 -5.7
Spike ITl-214 DB15039 -8.1 3560 -5.3 1073 -6.1
Nucleocapsid |R-428 DB12411 -9.2 2220 -6.6 828 -7.1
Envelope Phthalocyanine DB12983 -9.1 4502 -4.8 3026 -5.3
nspl Pimelic Acid DB01856 -4.9

5-(2-chlorophenyl)furan-

nsp3 2-carbohydrazide DB08757 -4.6
nsp5 (Mpro) |Phthalocyanine DB12983 -10.9 1520 -7.6 123 -8.6

N-anthracen-2-yl-5-
methyl[1,2,4]triazolo[1,5
nsp7 a]pyrimidin-7-amine DB08006 -5.6 3668 -3

3-(1h-Indol-3-Y1)-2-[4-(4-
Phenyl-Piperidin-1-YI)-

Benzenesulfonylamino]-
nsp8_D50/D5]Propionic Acid DB02449 -75 3169 -4.9 3390 -4.8
2-(4-fluorophenyl)-N-{[3-
fluoro-4-(1H-pyrrolo[2,3-

b]pyridin-4-

yloxy)phenyl]carbamoyl}
nsp8_K58 acetamide DB06997 -6.8 3924 -4.6 1343 -5.2
nsp10 Rebamipide DB11656 -9 933 -7 4120 -6
nsp10_1 LY-2090314 DB11913 -8.6 1554 -6.2 914 -6.4
nspl0_2 Zoliflodacin DB12817 -9 512 -7.2 123 -7.6
nsp10_3 LY-2090314 DB11913 -8.6 1104 -6.2 1273 -6.1
nspl2 Genz-10850 DB04289 -9.9 2666 -6.8 1640 -7.1
nspl3 Phthalocyanine DB12983 -11.2 619 -8.2
nspl4 1 Tirllazad DB13050 -8.7 1656 -6.5 5175 -5.4

2-[3-({Methyl[1-(2-
Naphthoyl)Piperidin-4-
YlJAmino}Carbonyl)-2-
Naphthyl]-1-(1-

Naphthyl)-2-

Oxoethylphosphonic
nspld 2 Acid DB04016 -12.3 3386 -8 822 -9.4
nsp15 Saquinavir DB01232 -9.9 3539 -6.2 246 -7.6

nspl6 Amcinonide DB00288 -9.5 157 -8.3 7004 -5.1



To further evaluate the significance of the ranking, we plotted the distribution of the ranked drugs for
nsp5, nsp10_2 and nspl16 following the ascending order of binding energy required (Figure 1). The
logarithmic correlation between free energy and drug potency is that a 1.36 kcal/mol reduction in free
energy leads to a 10-fold increase in potency (Taylor & Triggle, 2006). We show that the binding
energy for chlorogenic acid and nsp16 is 1 kcal/mol lower than 82% of tested compounds, and 2
kcal/mol lower than that of 46%. The energy required for rutin and nsp10_2 site interaction is 1
kcal/mol less than 78%, and 2 kcal/mol less than 37% of all screened candidates. Similarly, the affinity
between rutin and nsp5, is 1 kcal/mol less than 84% of all screened compounds; and 2 kcal/mol less
than that of 49%. Therefore, the interactions of chlorogenic acid with nsp16, and rutin with nsp10_2
and nsp5, are substantially superior than most compounds in the DrugBank.
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Figure 1: Distribution maps of the screened compounds against nsp16, nsp10_2 and nsp5 according
to affinity. The number of compounds within each 0.5 kcal/mol affinity range are mapped in the figure.
The position of rutin and the respective free energy are labelled in purple; that of chlorogenic acid in
green.



The in silico interaction of chlorogenic acid and nsp16

The nspl6 protein is a 2’-0O-methyltransferase (2’-O-MTase), which methylates the cap-0 structure to
cap-1 structure (m7GpppNm-RNA) of the viral RNA (Bouvet et al., 2010; Yu Chen et al., 2011). The
methylated cap structure is crucial for viral nucleotide to disguise as the eukaryotic host mRNA and
evade from the innate immune response (Furuichi & Shatkin, 2000; Liu & Kiledjian, 2006). For SARS-
CoV, the methylation is catalysed in two steps, first, the formation of cap-0 structure by nsp14, an N7-
MTase (Y. Chen et al., 2013; Yu Chen et al., 2009); and then the nsp10/16 complex, of which, nsp16 is
the catalytic subunit, and nsp10 is the stimulation subunit that stabilises the substrate-binding pocket
of nsp16 (Yu Chen et al., 2011).

nsp16 + Chlorogenic acid nsp16 (PDB: 6W75) + SAM



Figure 2: The structure of nsp16 with chlorogenic acid or SAM. (A) in silico interaction between nsp16
and chlorogenic acid, the interaction details are illustrated in the bottom section; (B) in silico
interaction between nsp16 and chlorogenic acid (top and middle section), and the crystal structure of
nspl6 with a bound SAM (PDB: 6W?75). The nspl6 molecule is illustrated in gray; the residues
interacting with chlorogenic acid molecule (in panel A), and the residues define the catalytic pocket of
nspl16 (Leu100, Asn101, Asp130 and Met131 in panel B) are coloured in blue sticks, and the bound
substrates are coloured in yellow sticks.

The catalytic pocket of nsp16, in which where the methyl group is transferred from donor S-adenosyl-
I-methionine (SAM) to RNA, was selected as the drug target (Xu et al., 2020). In silico docking showed
that the chlorogenic acid forms hydrogen bonding with residue Asn29, Gly71, Asn73, Asp130 and
Tyrl32, and pi-interaction with Tyr132 with the aromatic component, the residues participating in the
interaction with chlorogenic acid would not be able to bind with RNA. (Figure 2A). The molecular
interaction of SAM (DrugBank designation: DB00118) with nsp16 was also examined, the binding
energy of the SAM-nsp16 interaction is -7.1 kcal/mol, hence the affinity of chlorogenic acid to nsp16
is substantially stronger (Figure 2B). However, the docking position of SAM in the simulation is
inconsistent to that of a recent crystal structure of SARS-CoV-2 nsp10/nsp16 complex (PDB: 6W75). In
the crystal structure, the SAM molecule is “flipped” along a side-channel, with the “tail” spanning
towards the catalytic centre. The presence of chlorogenic acid molecule would spatially compete with
SAM, but the efficacy requires experimental validation.

The in silico interaction of rutin and chlorogenic acid with nsp10

The nspl0 protein is one of the accessory proteins that regulate the activity of nspl4 and nspl6
(Bouvet et al., 2014). The nsp10 protein does not contain catalytic domain, however, its interaction
with nspl6 is crucial for efficient cap-0 to cap-1 conversion of the RNA of coronavirus, with one
exception of that of the feline coronavirus genus Alphacoronavirus (Decroly et al., 2008). The nsp14
protein contains two catalytic domains, an N-terminal 3’-5’ exoribonuclease (ExoN) domain
responsible for proofreading during RNA replication (Minskaia et al., 2006; Snijder et al., 2003); and a
C-terminal N7-MTase domain responsible for the initial cap-0 methylation of RNA (Y. Chen et al., 2013;
Yu Chen et al., 2009). The nsp10 protein interacts with nsp14 using the same interface of that with
nspl6 (Bouvet et al., 2014). It has been shown that the interaction of nsp 10 and nsp14 could increase
the ExoN activity by over 35-fold (Eckerle, Lu, Sperry, Choi, & Denison, 2007), however, the N7-MTase
activity remains unchanged (Bouvet et al., 2010). The results indicate that the interaction between
nspl0 and nspl4 is specific to RNA replication, and potentially the cap-0 to cap-1 conversion is
temporally inhibited during the RNA replication stage.



nsp10_2 + Rutin nsp10_2 + Chlorogenic acid

Figure 3: The in silico interaction between nspl10_2 and rutin (A) and chlorogenic acid (B). The
chlorogenic acid and rutin molecules are coloured yellow, the key residues are coloured blue.

The selected drug-targeting interface of nsp10, which consists of residues Alal, Asn3, Glu6 ,Phel6,
Phel9, Val21 ,Asn40, Lys43, Leud5, Thr58, Ser72, Lys93, Tyr96, His80 and Cys90, is crucial for the
interaction with nsp14 and nspl6, hence the drug molecule could potentially interfere both the
replication and stabilisation of the viral RNA. The nsp10_2 site is defined by residues Asn40 and Lys43.
Rutin forms hydrogen bond with side chains of residue Asn40 and the backbone of Lys43, as well as
hydrophobic interactions with nearby apolar residues Val42 and Tyr96. In the dataset, the binding



energy of rutin with nsp10_2 is -7.6 kcal/mol. That of chlorogenic acid is -7.2 kcal/mol, whereas the
median value of the whole library is >-6 kcal/mol. Therefore, the potency of rutin and chlorogenic acid
to the nsp10_2 site could be 10-fold stronger than most screened compounds. The interaction
between chlorogenic acid and nsp10_2 is established on the basis of forming hydorgen bonding with
the side chain of Asn40 and Arg 78, and with the backbone of residue G70, A71, G94, K95. It is worth
noting that using the nspl0_2 site as a drug target requires antagonising the protein-protein
interaction between nsp10 and nsp14/nsp16. The interaction between proteins can be strong, hence
the nsp10_2 site may not serve as an ideal target for small-molecule drugs.

The in silico interaction of rutin and nsp5

All nsp proteins from SARS-CoV-2 are initially expressed from a single open reading frame as a large
polyprotein, which is latter separated by Papain-like protease (nsp3) and 3C-like protease (nsp5) (Thiel
et al., 2003). The nsp5 is responsible of 11 cleavage between nsp4 and nsp16, hence also referred to
as the main protease (designated as “Mpro” on the Shennong server). The proteolytic activity from of
nsp5 is essential for the sequential assembly of the RNA replication and modification machinery
(Stobart et al., 2013; Xia & Kang, 2011), making its catalytic site an important target for investigation.

A

F|gure 4: The in silico dockmg of rutin W|th nsp5. (A) The rutin-nsp5 docking model with 450 rotation
view along the vertical axial. The residues define the catalytic pocket of nsp5 (Leu27, His41 and His164)
are labelled in blue, whereas the rutin molecule is coloured in yellow. (B) The spatial coordination of
rutin and the surrounding residues are illustrated on the left, with the three residues that forming
hydrogen bonding coloured blue; on the right, the sparital relationship between the rutin molecule
and the catalytic site of nsp5 is illustrated.



Although the proteolytic pocket of nsp5 is defined by key residues Leu27, His41 and His164, the rutin-
nsp5 interaction is established by forming hydrogen bonding with residue Gly143, Ser144 and Glu166,
and hydrophobic interactions with other nonpolar residues within the binding pocket. The binding
energy required for the rutin-nsp5 interaction is -8.6 kcal/mol, which is superior than many drugs
under clinical trials to treat COVID-19. For example, saquinavir which is an inhibitor to 3C-like protease
of HIV, scored -7 kcal/mol; darunavir scored -7.3 kcal/mol, tipranavir scored -7.5 kcal/mol and
indinavir scored best at -8 kcal/mol. Taken into account that the listed HIV inhibitors come with many
side effects, rutin is perhaps a much safer choice. 3C-like protease is one of the major targets for
antiviral drug development, hence the lead on rutin shall be examined closely.

Discussion:
Computer-aided drug selection

Due to the lack of effective drugs, many drugs are being tested for clinical treatments for COVID19
(Harrison, 2020), including traditional Chinese medicine (Ren, Zhang, & Wang, 2020). Due to the
promising patient recovery rate, the Chinese National Health Commission included traditional Chinese
medicine in the 7th version of “Chinese Clinical Guidance for COVID-19 Pneumonia Diagnosis and
Treatment”. The decision sparked controversies as the chemical composition of Chinese medicines is
complex and inconsistent, so it is difficult to evaluate its clinical effects. On top of that, the toxicity of
many ingredients in the Chinese medicine is unclear, e.g. Rheum palmatum, a commonly used herb
can cause serial side effects (Steven Foster, 2006), which causes major public concerns. Therefore, it
is vital to carefully evaluate the benefits versus risks on the application of herbal extracts.

The in silico molecular docking is a great tool for the rapid evaluation of the potential underlying
molecular mechanism of drugs. With the assistance of simulation, compounds could be ranked within
a standard matrix, which enables rationalised selection of drugs. However, it is important to highlight
that many environmental elements in situ, such as pH, the ionic strength, membrane permeability and
cellular metabolic activity, are not considered in the simulation, hence the information from a
simulation is indicative but not conclusive (Xu et al., 2020). Another limitation of the simulation is the
presence of competitive molecular interactions in vivo, for instance, the binding of rutin and nsp14_2
site is stronger than that of nsp5 and nsp10_2, despite the ranks for the latter interactions are much
higher (Table 1). Therefore, the potency of a drug is not only influenced by the affinity strength but
also the receptor competition, which is unclear for both chlorogenic acid and rutin. In addition, the
absorption, cellular stability and metabolism of the compound are also important factors that define
the efficacy of a drug (Rohrig, 2019). Hence the simulation data serves as a preliminary source of
information, that requires further in vitro and clinical validation. The strength of simulation is to
construct a knowledge-based framework for the application of drugs, especially to guide the
administration of non-prescriptive drugs to patients and the public for prevention and supportive
treatment during an epidemic.

Chlorogenic acid and the current medical evidence



Chlorogenic acid is listed as an investigational drug in the DrugBank library. It is the main active
ingredient of L. japonica, which is widely used in the Chinese culture as an ingredient for herbal tea,
soup and a classic medicine to treat flu-like symptom. In Europe, chlorogenic acid is mainly marketed
as the main ingredient of the green coffee bean extract by the nutraceutical industry. Chlorogenic acid
from green coffee extract is marketed as a weight-loss ingredient (Thom, 2007). However, its
antioxidant, anti-carcinogenic, and anti-inflammatory properties were also exploited in several
medicinal studies, including epidemiologic studies (Dos Santos, Almeida, Lopes, & De Souza, 2006;
Tsuchiya, Suzuki, & lgarashi, 1996), Alzheimer’s disease (Kwon et al., 2010), stroke (Lapchak, 2007)
and blood pressure regulation (Suzuki et al., 2006; Suzuki, Kagawa, Ochiai, Tokimitsu, & Saito, 2002).
Chlorogenic acid has been reported to inhibit SARS-CoV in laboratory testing (F. Chen et al., 2004). On
the flipside, the absorption and metabolism of chlorogenic acid in human poses large variation among
individuals, hence the efficacy of its medicinal application is difficult to evaluate (Monteiro, Farah,
Perrone, Trugo, & Donangelo, 2007).

By analysing the “Shennong” database, we identify chlorogenic acid as a potential drug that interferes
the viral replication by antagonising the catalytic site of nsp16 (Figure 1), which could block the cap-1
methylation of the viral RNA and enable the innate immune system to recognise and degrade the viral
RNA (Bouvet et al., 2010; Furuichi & Shatkin, 2000). The hypothetical molecular mechanism requires
further in vitro examination. Meanwhile, it is important to document the quantity of chlorogenic acid
being administrated to patients taking Chinese medicines.

Like caffeine, the chlorogenic acid in coffee beans is affected by roasting, hence the chlorogenic acid
in coffee ranging between 70-350 mg for a 200 ml cup (Clifford, 2000; Renouf et al., 2010). The
recommended dose for nutraceutical uses of green coffee extract is ~ 40-200 mg per day. The content
of chlorogenic acid in dried floral of L. japonica for Chinese medicine is between 1.5-3% (w/w) (Duan
etal., 2019); and typically 15-35 g of the herbs is required for each dose, hence ~ 0.2-1 g of chlorogenic
acid could be present in the Chinese medicine prepared from herbal mixture. It is worth noting that
the extraction procedure described in the literature was based on solvent extraction (Duan et al.,
2019), whereas, the herbal medicine preparation only involves boiling, hence the concentration of
chlorogenic acid in the remedies is unclear. Therefore, it is very important to keep a clear record and
samples for further analysis. In addition, “Shuanghuanglian” granules, a well-known Chinese medicine
premix manufactured by pharmaceutical companies also contain chlorogenic acid, however, its
quantity is ~ 6.5 mg for a standard 5 g does (An et al., 2012). Shuanghuanglian has shown in vitro
inhibition to SARS-CoV-2 (Wang, Wang, Ye, & Liu, 2020), but its chlorogenic acid content could be too
little to be considered as an active ingredient.

Rutin and the current medical evidence

Together with the florals of L. japonica, the fruit of F. suspensa is often jointly used in Chinese medicine
to treat flu-like symptoms. In this study, we identify rutin as a good drug candidate for COVID-19
treatment, not only because the potential molecular interaction between rutin and multiple viral
proteins achieved high score in the simulation; also, as an approved nutraceutical product, rutin is
available to the public and safe to consume. Rutin as an investigational drug has been reported to
have anti-inflammatory (Bao et al., 2016), antibacterial (Ganeshpurkar & Saluja, 2017) and antiviral



effects (Wen Su, Huifu Xu, 2013). On the flipside, a thorough investigation on the safety of joint
administration of rutin, chlorogenic acid and other medicines should be conducted.

The F. suspensa fruit contains a wide range of flavonoids, including forsythoneoside, rutin and baicalin
(Dongetal., 2017). Rutin is one of the active ingredients under investigation, its quantity in dried fruits
is ~ 2 mg/g (X. Li, Zhang, & Yuan, 2002). The use of F. suspensa for Chinese medicine is typically in the
rang of 10-15 g, and the actual rutin concentration in the herbal medicine might subject to further
reduction due to extraction efficiency. Hence the estimated presence of rutin in the herbal mixture is
< 30 mg. Many commercial rutin products use Styphnolobium japonicum as source, possibly due to
better yield or purity, and the recommended dose for well-being purpose is between 0.5-1 g per day.

Shennong project

Based on the Shennong simulation, both chlorogenic acid and rutin could potentially disrupt the viral
pathogenesis at multiple stages; and more importantly, both compounds score better than the
following drugs under clinical trials, remdesivir, chloroquine, favipiravir and tocilizumab. Remdesivir
is the best-known drug to treat COVID-19 with high recovery rate, we are unable to pin its molecular
mechanism from the simulation. In contrast, lopinavir and ritonavir, the anti-HIV drugs designed to
target 3C-like protease, and used on COVID-19 patients in South Korea (Lim et al., 2020), are
specifically among the top choices against nsp15 of SARS-CoV-2, not the 3C-like protease. Therefore,
the simulation does provide clues but has its limitations.

Conclusion:

The COVID-19 epidemic marks the first, perhaps not the last, global threat in the third decade of the
21° century. Due to the shortage of effective drugs, it has become a matter of urgency to screen for
substances that could inhibit the virus with low health risks. Computer-aided molecular docking
simulations provided clues on the candidate drugs, from which, we analysed the molecular interaction
of chlorogenic acid and rutin with the viral and human protein targets. We show that both compounds
could potentially interact with the viral non-structural proteins that are required for the replication
and stabilisation of the viral RNA. The affinity between chlorogenic acid and nsp16, and that of the
rutin and nsp5 and nsp10 (site 2) are ranked among the top 2% of all screened drugs, with the potential
of being 10 times as potent than approximately. half of the library. Both compounds are available as
nutraceutical products in the US and EU market, and the source plants are used widely as traditional
medicine and herbal drink in the oriental culture. Therefore, they could be excellent supplements for
prevention and supportive treatments.

Through literature study, we concluded that the dose of chlorogenic acid in Chinese medicine should
be under 1 g; coffee could be a suitable alternative source of chlorogenic acid. The rutin content in
Chinese medicine, however, might be negligible. It might worth testing commercial rutin products on
patients for efficacy. We want to highlight that it is very important to keep a clear record and samples
of the remedy for future laboratory testing.
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Figure 3: The in silico interaction between nspl0_2 and rutin (A) and chlorogenic acid (B). The
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Figure 4: The in silico docking of rutin with nsp5. (A) The rutin-nsp5 docking model with 450 rotation
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