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Abstract-

SARS-Cov-2 or COVID-19 has caused a global disaster and catastrophe
which has consequently led to a pandemic for the last two decades,
the world has faced coronaviruses similar to SARS-Cov-2 such as
SARS-Cov and Mers-Cov .

In this study, a wide range of proteins such as Plpro(Papain like
Protease) ,Rdrp(RNA-Dependent-

RNA-Polymerase),Mpro or 3cl Protease and Spike Protein. The
selected proteins were listed retrieved from RCSB
PDB(https://www.rcsb.org/)

And Zhang lab (https:/www.zhanglab.ccmb.med.umich.edu/COVID-19/)
with their corresponding and respective

PDB-ID .The 3d Structures or 2D Structures of these molecules were
selected on the sole basis of resolved resolution (in A)of the structures
during the X-ray crystallography and Electron Microscopy. Structures
were retrieved in .pdb format.

The three dimensional ligand molecules were retrieved from PubChem
chemical structure

In Spatial Data Base (.SDF)format .The respective ligand molecules are
; Hesperidin,Kaempferol ,Quercetin,Epigallocatechin.

This molecular docking shows significant data of
polyphenols,flavonoids and bioflavonoids inhibiting SARS-Cov-2
proteins which could lead to conclusive data for treatment of
polyphenols,flavonoids and bioflavonoids against SARS-Cov-2.

Introduction -


https://www.rcsb.org/
https://www.zhanglab.ccmb.med.umich.edu/COVID-19/

1)Hesperidin is a flavonoid (1),in immense quantities of citrus species
(2),has numerous anti-oxidant properties(3) and anti-inflammatory
properties (3),(4),also is a significant flavonoid against obesity (5) and
has anti-cancer properties (6) and is also is a neuroprotective
flavonoid (7).

Hesperidin has anti-diabetic (8) properties by regulating and targeting
the selective factors of diabetes effective renal function (8) and
moderated signaling pathways affecting Diabetes (8).

2)Kaempferol is a flavonoid (9),has immense properties targeting
cancer (10) such as breast cancer,(10),(11) and bone cancer (10) and
gastric cancer(12).1t also inhibits and has therapeutic effects and
targets cardiovascular diseases (13),

(14),also has chemo-preventive effective results for cardiovascular
diseases (14).Also has multiple anti-inflammatory properties (15).

3)Quercetin reduces blood pressure (16),inhibits and targets and has
therapeutic effects on cardiovascular diseases (17),(18) .

Quercetin has several anti-inflammatory properties (20), also inhibits
obesity (21),type-2 diabetes (21) and inflammation (20),(21).

4) Epigallocatechin is a polyphenol (22),has therapeutic effects
against cardiovascular diseases (23) and metabolic diseases(23), has
immense anti cancer properties (24),It also regulates cancer stem
cells (24),also interacts with metalloproteinase (24) and has
significant regulation and modulation in signalling pathways (24),(25).

In Focus For Sars-Cov-2 :

Molecular Docking of Hesperidin with Plpro(Papain like Protease):



Materials and Methods:
Protein Structure Retrieval-

Plpro(Papain like Protease) which is a component part of the non
structural protein (nsp3),(26) .

SARS-Cov-2 Plpro Protease shares high amino acid sequencing with
SARS-Cov .(27)

It is essential for viral replication (27)

It is significant for viral polyprotein cleavage and deconjugation of
ISGI5 (28).

The electronic microscopic Structure of the Plpro (Papain like
Protease) of SARS-Cov-2 was retrieved

From zhanglab- ( https:/www.zhanglab.ccmb.med.umich.edu/COVID-
19/)

N-Terminus _protenase _QHD43415_3

Ligand Structure Retrieval-


https://www.zhanglab.ccmb.med.umich.edu/COVID-19/
https://www.zhanglab.ccmb.med.umich.edu/COVID-19/

The two dimensional Structures molecular structures of Hesperidin
were retrieved from the world's largest chemical database which is
Pubchem (https:/pubchem.ncbi.nim.nih.gov/).

Pubchem ID- 10621
Chemical Formula --C28H34015

Two Dimensional Structure Of Hesperidin-
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Three Dimensional Structure of Ligand Molecule(Hesperidin)-


https://pubchem.ncbi.nlm.nih.gov/

Results-

The Ligand Structure-Hesperidin with viral Protein Structure-



N-Terminus _protenase _QHD43415_3 interaction is divided into two
tables -

Table C
Conformation |Binding Energy Ligand Efficiency Ki Intermol energy

1 -8.07 -0.22 1.21 -10.76
2 -5.33 -0.14 122.87 -8.02
3 -6.19 -0.17 28.92 -8.88
4 -5.61 -0.15 77.51 -8.29
5 -5.35 -0.14 119.02 -8.04
6 -6.48 -0.18 17.77 -9.17
7 -5.53 -0.15 88.08 -8.22
8 -5.76 -0.16 60.35 -8.44
9 -6.1 -0.16 33.61 -8.79

10 -6.76 -0.18 11.15 -9.44

Binding Energy,Ligand Efficiency, Ki value and Intermol Energy

N-terminus_protenase_QHD43415_3 I
vdw hb desolv energy  [electrostatic energy  [totalinternal [torsional energy |unbound energy  [ref RMS  |cIRMS Hydrogen Bond energy

-1.52 3.2 -1.78 2,68 -1.78 110.11 0f -0239

-6.63 -1.39 3.2 2,68 3.2 130.94 0f -0137
-6.12 -2.76 -2.84 2.68 -2.84 109.37 0fnb
' 631 -1.98 -2.82 2.68 282 129,64 0fnb
-1.46 -0.58 -3.52 2,68 -3.52 82.22 0fnb
-6.46 21 -3.16 2.68 -3.16 116,41 0fnb
-5.63 259 215 2,68 215 1119 0fnb
-1.58 -0.86 -3.01 2.68 -3.01 84,08 0fnb
| 6,15 -2.64 -3,08 2,68 -3,08 108,07 0fnb
6.7 274 -3.09 2.68 -3,09 171 0fnb

Vdw hb desolv energy ,electrostatic energy,total internal ,torsional
energy ,unbound energy ,ref Rms ,cRMS,Hyrdogen Bond Energy .

Conclusion-



Ligand Efficiency is moderately inhibiting against the Plpro(papain like
Protease).

Binding Energy is also moderate, therefore Hesperidin can inhibit
Plpro(Papain like Protease) and inhibit viral polyprotein cleavage and
viral replication (27),(28).

2)Virtual Screening of Kaempferol against RDRP( RNA-DEPENDENT-
RNA-POLYMERASE)-

Protein Structure Retrieval-

RDRP (nsp12) is a crucial for viral replication and transcription (29),It
is the central part of the viral polymerase family (29),therefore being a
crucial drug target .

The electronic microscopic Structure of the RDRP(RNA-DEPENDENT-
RNA-POLYMERASE)

Was retrieved from RCSB PDB -7btf -RDRP (https:/www.rcsb.org/).



https://www.rcsb.org/

Ligand Structure Retrieval-

The three dimensional structures and two dimensional Structures
were retrieved from the worlds largest chemical database :Pubchem.

Pubchem ID-5280863 Pubchem Formula- C15H106

(https:/pubchem.ncbi.nim.nih.gov/).



https://pubchem.ncbi.nlm.nih.gov/

Two dimensional Structure -




Three Dimensional Structure-

Results-

The Molecular interaction of Kaempferol with RDRP is divided into two
tables -



Table G
Conformation |[Binding Energy Ligand Efficiency Ki
1 -3.27 -0.16 4.02
2 -3.64 -0.17 215
3 -4.34 -0.21 660.45
4 -4.08 -0.19 1.02
5 -2.92 -0.14 7.19
6 -3.78 -0.18 1.7
7 -4.62 -0.22 408.27
8 -3.65 -0.17 2.11
9 -3.67 -0.17 2.06
10 -3.06 -0.15 5.74
Binding Energy,Ligand efficiency,Ki value
Thtf_SARS-CoV-2 RNA-dependent RNA polymerase In complex with cofactors n reduced condition
Inermolenergy  [dwhbdesolvenergy  [electrostatcenergy  otalintemnal  [toslonalenergy funboundenergy  [refAMS  [GRMS  [hydrogen Bond Enrgy
4,76 4,66 {01 19 149 1980 WA 0| 071 248
503 503 01 157 149 157 19561 0] -30%
58 558 0.5 19 149 [ 19155 0| -34020( -0083
558 54 (0. 156 149 156 2090 0| 194
44 4.9 0.1 151 149 1991 W3 0| 437
S S 0.1 146 149 146 ULR 0] 438
61 603 0,08 19 149 198 B 0] 1651
S 48 03 157 149 157 2665 0| 4388 4386( 055| 451
5,16 500 0.09 157 149 157 2001 0| 204
455 40 0.8 157 14 457 18N 0| 65%

Intermol energy ,Electrostatic energy ,total internal energy ,torsional

energy , unbound energy,ref RMS , cRMS ,Hydrogen Bond energy .

Conclusion -

Binding energy with polyprotein nsp12 (RDRP)




And ligand efficiency is moderate , therefore can inhibit the central
transcription of the viral genome and replication (29),also as Rdrp
complex is with nsp 7,ns8 (30),polyprotein processing can be inhibited
by kaempferol.

Co factors of the non-structural protein (nsp12) are nsp 7-8
polymerase complex are vital in abetting of nucleic acid (31).

Therefore Kaempferol has sufficient binding energies,ligand energies
for RDRP(RNA-DEPENDENT-RNA-POLYMERASE).

Molecular Docking Kaempferol with 3cl (Mpro Protease) -

The 3cl Protease is a crucial part for translation of polyprotein
processing into viral RNA(32),(33).

It is also in complex with 11a and 11b and is enclosed with the
cysteine 145 (32),(33).

Has significant function of intercession of transcription and
processing of polyproteins (32),(33).

Protein Structure Retrieval-



The electronic microscopic and crystal structure of 3cl Protease in
complex with N3 inhibitor with Escherichia coli expression system
was retrieved from (https:/www.rcsb.org/structure/6LU7).

Ligand Structure Retrieval-

The 3d and 2d ligand Structures of Kaempferol were retrieved from the

worlds largest database:

Pubchem .

Pubchem ID -5280863 and Pubchem formula- C15H106 . Pubchem link
—(https://pubchem.ncbi.nim.nih.gov/).



https://www.rcsb.org/structure/6LU7
https://pubchem.ncbi.nlm.nih.gov/

Two dimensional Structure-
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Three dimensional ligand Structure-



Results-

The molecular interaction of Kaempferol with 3cl Protease is divide
into two tables -



Binding Energy,Ligand efficiency,Ki value

Table F
Conformation |Binding Energy Ligand Efficiency Ki

1 -2.59 -0.12 12.63
2 -4.84 -0.23 283.39
3 -3.33 -0.16 3.62
4 -4.88 -0.23 266.88
5 -3.6 -0.17 2.31
6 -4.39 -0.21 605.12
7 -4.09 -0.19 999.76
8 -3.55 -0.17 2.5
9 -3.17 -0.15 4,72

10 -4.36 -0.21 641.86

Intermol energy ,vdw hv desolv energy , electrostatic energy, total

GLUi;The crﬁtal structure of COVID-19 main p'rofeasc” in cbmpléx with an inhibitor N3
Intermol energy  [vdw hb desolvenergy  |electrostatic energy  [total internal [torsional energy unbound energy  [ref RMS  [dIRMS hydrogen Bond Energy
4,08 4 0.08 1,56 149 -1.56 64.74 0nb
633 6.05 0.28 153 149 153 6224 0 39
48 A 011 148 149 -1.48 7116 0] -2889
637 6.8 0.09 1,56 149 -1.56 69,78 0] -2963
5,09 5,03 0.06 1,56 149 156 7828 0] -3.807
588 5,69 02 157 149 157 7052 0] 5916 38| -1522] 247
558 533 0.25 157 149 157 59,88 0] -0.097
5.04 487 0.18 151 149 151 75,39 0nb
.66 459 0.08 1,55 149 -1.55 53.28 0] 465
5.85 S04 011 153 149 153 49,65 0] 4069 -0623| 559

internal ,torsional energy, Rms ,cRMS,Hydrogen Bond energy .

Conclusion -

Kaempferol has viable small molecular inhibition with the 3cl
Protease, with inhibition of translation of the polyprotein processing
and cleavage into viral RNA(32,33) .




Molecular Inhibition of the 3cl Protease with the complex 11a and
11b(31),(32) is crucial, Inhibition at small molecular inhibition can
inhibit the viral genome complex to replicate ,by inhibiting the
transcription of viral polyprotein processing (31),(32).

Molecular Docking of Egcg (Epigallocatechin) with Plpro (Papain like
Protease ).

Plpro(Papain like Protease) which is a significant part of the non
structural protein (nsp3),(26) .

SARS-Cov-2 Plpro Protease has similar high amino acid sequencing
with SARS-Cov .(27)

It is essential for viral replication (27)

It is significant for viral polyprotein cleavage and deconjugation of
ISGIS5 (28).

The electronic microscopic Structure of the Plpro (Papain like
Protease) of SARS-Cov-2 was retrieved

From zhanglab- ( https:/www.zhanglab.ccmb.med.umich.edu/COVID-
19/)

N-Terminus _protenase _QHD43415_3


https://www.zhanglab.ccmb.med.umich.edu/COVID-19/
https://www.zhanglab.ccmb.med.umich.edu/COVID-19/

Ligand Structure Retrieval-

The two dimensional structures And three dimensional structures of
Epigallocatechin were retrieved from the worlds largest chemical
database - Pubchem —(https:/pubchem.ncbi.nim.nih.gov/).

Chemical Formula- C22H18011
Pubchem ID-65064


https://pubchem.ncbi.nlm.nih.gov/

Two dimensional Structure of Epigallocatechin-

H



Three Dimensional Structure of Epigallocatechin-

Results- Interaction Of Epigallocatechin with Plpro divided in 2 tables -

Table C
Conformation |Binding Energy Ki Ligand Efficiency Intermol energy vdw hb desolv energy

1 -3.29 3.89 -0.1 -6.87 -6.73
2 -3.17 4.72 -0.1 -6.75 -6.74
3 -2.78 9.21 -0.08 -6.36 -6.02
a4 -2.59 12.66 -0.08 -6.17 -6.08
5 -1.9 40.36 -0.06 -5.48 -5.07
6 -1.89 41.37 -0.06 -5.47 -5.33
7 -1.73 53.51 -0.05 -5.31 -5.49
8 -1.46 84.6 -0.04 -5.04 -5.06
9 -1.06 168.34 -0.03 -4.64 -4.54

10 -1.01 183.31 -0.03 -4.58 -4.5

Binding Energy, Ki value, Ligand Efficiency, Intermol energy, vdw hb
desolv energy .



N-terminus_protenase_QHD43415_3
electrostatic energy total internal [torsional energy |unbound energy ref RMS cIRMS

-0.14 -5.22 3.58 -5.22 100.03 0
-0.01 -5.03 3.58 -5.03 100.26 0
-0.34 -5.39 3.58 -5.39 100.41 0
-0.09 -6.22 3.58 -6.22 118.99 0
-0.41 -5.34 3.58 -5.34 123.05 0
-0.14 -5.41 3.58 -5.41 82.51 0

0.18 -6.68 3.58 -6.68 96.71 0

0.01 -5.09 3.58 -5.09 118.5 0
-0.09 -6.64 3.58 -6.64 79.21 0
-0.08 -5.72 3.58 -5.72 117.39 0

Electrostatic energy, total internal energy , torsional energy , unbound
energy and ref RMS

cIRMS.
Conclusion -

Epigallocatechin inhibits Plpro(Papain like Protease ) at a moderate
molecular inhibition which could lead to inhibition of the polyprotein
processing (27),(28) and cleavage ,Plpro (nsp3) Protein is a crucial
target for molecular inhibition which Epigallocatechin shows at
sufficient levels.

Virtual Screening of Quercetin with 3cl Protease-

The 3cl Protease is a extremely significant pfor translation of
polyprotein processing into viral RNA(32),(33) .

It is also in complex with 11a and 11b and is enclosed with the
cysteine 145 (32),(33).

Has significant function of intercession of transcription and
processing of polyproteins (32),(33).

Protein Structure Retrieval-



The electronic microscopic and crystal structure of 3cl Protease in
complex with N3 inhibitor with Escherichia coli expression system
was retrieved from RCSB

(https://www.rcsbh.org/structure/6LU7)

Ligand Structure Retrieval-

The Three Dimensional structures and two dimensional structures of
quercetin were retrieved from the worlds largest Chemical database:
Pubchem/(https://pubchem.ncbi.nim.nih.gov/). .Chemical Formula of

Quercetin-

C15H1007


https://www.rcsb.org/structure/6LU7
https://pubchem.ncbi.nlm.nih.gov/

Pubchem ID :5280343

Two dimensional Structure of Quercetin -

Three Dimensional Structure of Quercetin-




Results-

Molecular Interaction of Quercetin with Mpro or 3cl Protease is divided
into two tables -



Table F

Conformation

Binding Energy

Ligand Efficiency  |Ki

-3.11

-0.14

5.24

-3.59

-0.16

2.32

-3.16

-0.14

4.85

-3.29

-0.15

3.85

-3.11

-0.14

5.25

-3.03

-0.14

-5.97

-2.78

-0.13

9.19

-2.48

-0.11

15.21

LIV INIOY NN |WIN|-=

-3.32

-0.15

3.71

[y
o

-3.02

-0.14

6.11

Binding Energy,Ligand Efficiency and Ki Value

6LU7_The crystal structure of COVID-19 main protease in complex with an inhibitor N3

Intermol energy  [vdw hb desolvenergy  [electrostaticenergy  [total internal [torsional energy |unbound energy  [ref RMS cIRMS hydrogen Bond Energy

4.9 -4.44 -0.47 -2.63 179 -2.63 71.33 0| -3652| -2194| -0.59

-5.38 -5.23 -0.15 221 179 221 574 0] -0763| -1603

-4.95 -4.81 -0.14 -2.52 179 -2.52 60.73 0|nb

-5.08 -4.82 0.27 -2.6 179 -2.6 74.6 0] -1432
49 -4.84 -0.06 -2.64 179 -2.64 59.45 0] -1319

-4.82 -4.69 -0.13 -2.53 179 -2.53 49.57 0fnb

-4.57 -4.45 -0.12 -2.59 179 -2.59 65.05 0of -0.709

427 -4.22 -0.05 -2.63 179 -2.63 80.22 0 -3.93

-5.11 -4.99 0.12 -2.61 179 -2.61 64.88 0|nb

-4.81 47 0.1 247 179 247 .91 0[ -2071| -2.988




Intermol Energy, Vdw hb desolv energy, electrostatic energy ,total
internal energy and torsional energy ,unbound energy ,ref RMS,cRMS

yHydrogen Bond Energy .

Conclusion-

Inhibition of Mpro Protease or 3cl Protease ,Quercetin has molecular
inhibition with the 3cl Protease, with inhibition of translation of the
polyprotein processing and cleavage into viral RNA(32),(33).

Molecular Inhibition of the 3cl Protease with the complex 11a and
11b(31),(32) is crucial, Inhibition at small molecular inhibition can
inhibit the viral genome complex to replicate ,by inhibiting the
transcription of viral polyprotein processing (31),(32).

Overall Conclusion-

Hesperidin has high molecular inhibition with the nsp3 protein (nsp3)
(26), can inhibit consequently the viral polyprotein (27),(28)
processing, and crucial part in the viral replication (27),(28).

This could therefore lead to better therapeutic drugs for SARS-Cov-2
for 3cl Protease inhibition .

Kaempferol inhibits RDRP and 3cl Protease or Mpro Protease , which
inhibits viral replication (29),(30) and viral transcription
(29),(30),(31),(32),(33) and the central polymerase(29) (30),(31) and
viral polyprotein processing (30),(31) .

Molecular Interactions of Kaempferol with Mpro Protease and RDRP
can give realistic understanding of molecular Interactions of
polyphenols such as Kaempferol with 3cl Protease and RDRP which
could lead to further insight .

Epigallocatechin inhibits Plpro(Papain like Protease) which is a crucial
for viral polyprotein processing and cleavage (27),(28),(29).



These results show that Epigallocatechin would a suitable candidate
for combatting SARS-Cov-2.

Quercetin inhibits the 3cl Protease which is significant for viral
translation and polyprotein processing (32),(33),(31).

Thereby Quercetin ,Epigallocatechin,Hesperidin and Kaempferol are
vital candidates for inhibition of SARS-Cov-2 ,which could lead to
potential pivotal roles in insights in molecular Interactions with SARS-
cov'z [

Citations -

1) Li C, Schluesener H. Health-promoting effects of the citrus
flavanone hesperidin. Crit Rev Food Sci Nutr. 2017 Feb 11;57(3):613-
631. doi: 10.1080/10408398.2014.906382. PMID: 256751 36.

2) Tejada S, Pinya S, Martorell M, Capé X, Tur JA, Pons A, Sureda A.
Potential Anti-inflammatory Effects of Hesperidin from the Genus
Citrus. Curr Med Chem. 2018;25(37):4929-4945. doi:
10.2174/0929867324666170718104412. PMID: 28721824.

3) Parhiz H, Roohbakhsh A, Soltani F, Rezaee R, Iranshahi M.
Antioxidant and anti-inflammatory properties of the citrus flavonoids
hesperidin and hesperetin: an updated review of their molecular
mechanisms and experimental models. Phytother Res. 2015
Mar;29(3):323-31. doi: 10.1002/ptr.5256. Epub 2014 Nov 13. PMID:
25394264.

4) Tejada S, Pinya S, Martorell M, Capé X, Tur JA, Pons A, Sureda A.
Potential Anti-inflammatory Effects of Hesperidin from the Genus
Citrus. Curr Med Chem. 2018;25(37):4929-4945. doi:
10.2174/0929867324666170718104412. PMID: 28721824.



5) Xiong H, Wang J, Ran Q, Lou G, Peng C, Gan Q, Hu J, Sun J, Yao R,
Huang Q. Hesperidin: A Therapeutic Agent For Obesity. Drug Des Devel
Ther. 2019 Nov 12;13:3855-3866. doi: 10.2147/DDDT.S227499. PMID:
32009777; PMCID: PMC6859214.

6) Aggarwal V, Tuli HS, Thakral F, Singhal P, Aggarwal D, Srivastava S,
Pandey A, Sak K, Varol M, Khan MA, Sethi G. Molecular mechanisms of
action of hesperidin in cancer: Recent trends and advancements. Exp
Biol Med (Maywood). 2020 Mar;245(5):486-497. doi:
10.1177/1535370220903671. Epub 2020 Feb 12. PMID: 32050794;
PMCID: PMC7082885.

7) Hajialyani M, Hosein Farzaei M, Echeverria J, Nabavi SM, Uriarte E,
Sobarzo-Sanchez E. Hesperidin as a Neuroprotective Agent: A Review
of Animal and Clinical Evidence. Molecules. 2019 Feb 12;24(3):648. doi:
10.3390/molecules24030648. PMID: 30759833; PMCID: PMC6384806.

8) Gandhi GR, Vasconcelos ABS, Wu DT, Li HB, Antony PJ, Li H, Geng
F, Gurgel RQ, Narain N, Gan RY. Citrus Flavonoids as Promising
Phytochemicals Targeting Diabetes and Related Complications: A
Systematic Review of In Vitro and In Vivo Studies. Nutrients. 2020 Sep
23;12(10):2907. doi: 10.3390/nu12102907. PMID: 32977511; PMCID:
PMC7598193.

9) Calderon-Montaio JM, Burgos-Moréon E, Pérez-Guerrero C, Lopez-
Lazaro M. A review on the dietary flavonoid kaempferol. Mini Rev Med
Chem. 2011 Apr;11(4):298-344. doi: 10.2174/138955711795305335.
PMID: 21428901.

10) Imran M, Salehi B, Sharifi-Rad J, Aslam Gondal T, Saeed F, Imran A,
Shahbaz M, Tsouh Fokou PV, Umair Arshad M, Khan H, Guerreiro SG,
Martins N, Estevinho LM. Kaempferol: A Key Emphasis to Its
Anticancer Potential. Molecules. 2019 Jun 19;24(12):2277. doi:
10.3390/molecules24122277. PMID: 31248102; PMCID: PMC6631472.



11) Wang X, Yang Y, An Y, Fang G. The mechanism of anticancer
action and potential clinical use of kaempferol in the treatment of
breast cancer. Biomed Pharmacother. 2019 Sep;117:109086. doi:
10.1016/j.biopha.2019.109086. Epub 2019 Jun 11. PMID: 31200254.

12) Kim TW, Lee SY, Kim M, Cheon C, Ko SG. Kaempferol induces
autophagic cell death via IRE1-JNK-CHOP pathway and inhibition of
G9a in gastric cancer cells. Cell Death Dis. 2018 Aug 29;9(9):875. doi:
10.1038/s41419-018-0930-1. PMID: 30158521; PMCID: PMC6115440.

13) Dabeek WM, Marra MV. Dietary Quercetin and Kaempferol:
Bioavailability and Potential Cardiovascular-Related Bioactivity in
Humans. Nutrients. 2019 Sep 25;11(10):2288. doi:
10.3390/nu11102288. PMID: 31557798; PMCID: PMC6835347.

14) Imran M, Rauf A, Shah ZA, Saeed F, Imran A, Arshad MU, Ahmad B,
Bawazeer S, Atif M, Peters DG, Mubarak MS. Chemo-preventive and
therapeutic effect of the dietary flavonoid kaempferol: A
comprehensive review. Phytother Res. 2019 Feb;33(2):263-275. doi:
10.1002/ptr.6227. Epub 2018 Nov 7. PMID: 30402931.

15) Devi KP, Malar DS, Nabavi SF, Sureda A, Xiao J, Nabavi SM, Daglia
M. Kaempferol and inflammation: From chemistry to medicine.
Pharmacol Res. 2015 Sep;99:1-10. doi: 10.1016/j.phrs.2015.05.002.
Epub 2015 May 14. PMID: 25982933.

16) Marunaka Y, Marunaka R, Sun H, Yamamoto T, Kanamura N, Inui T,
Taruno A. Actions of Quercetin, a Polyphenol, on Blood Pressure.
Molecules. 2017 Jan 29;22(2):209. doi: 10.3390/molecules22020209.
PMID: 28146071; PMCID: PMC6155806.



17) Gormaz JG, Quintremil S, Rodrigo R. Cardiovascular Disease: A
Target for the Pharmacological Effects of Quercetin. Curr Top Med
Chem. 2015;15(17):1735-42. doi:
10.2174/1568026615666150427124357. PMID: 25915608.

18) Wu XJ, Zhou XB, Chen C, Mao W. Systematic Investigation of
Quercetin for Treating Cardiovascular Disease Based on Network
Pharmacology. Comb Chem High Throughput Screen. 2019;22(6):411-
420. doi: 10.2174/1386207322666190717124507. PMID: 31573877.

19) Reyes-Farias M, Carrasco-Pozo C. The Anti-Cancer Effect of
Quercetin: Molecular Implications in Cancer Metabolism. Int J Mol Sci.
2019 Jun 28;20(13):3177. doi: 10.3390/ijms20133177. PMID: 31261749;
PMCID: PMC6651418.

20)Li Y, Yao J, Han C, Yang J, Chaudhry MT, Wang S, Liu H, Yin Y.
Quercetin, Inflammation and Immunity. Nutrients. 2016 Mar
15;8(3):167. doi: 10.3390/nu8030167. PMID: 26999194; PMCID:
PMC4808895.

21) Chen S, Jiang H, Wu X, Fang J. Therapeutic Effects of Quercetin on
Inflammation, Obesity, and Type 2 Diabetes. Mediators Inflamm.
2016;2016:9340637. doi: 10.1155/2016/9340637. Epub 2016 Nov 28.
PMID: 28003714; PMCID: PMC5149671.

22) Khan N, Mukhtar H. Tea Polyphenols in Promotion of Human
Health. Nutrients. 2018 Dec 25;11(1):39. doi: 10.3390/nu11010039.
PMID: 30585192; PMCID: PMC6356332.



23) Eng QY, Thanikachalam PV, Ramamurthy S. Molecular
understanding of Epigallocatechin gallate (EGCG) in cardiovascular
and metabolic diseases. J Ethnopharmacol. 2018 Jan 10;210:296-310.
doi: 10.1016/j.jep.2017.08.035. Epub 2017 Aug 31. PMID: 28864169.

24) Negri A, Naponelli V, Rizzi F, Bettuzzi S. Molecular Targets of
Epigallocatechin-Gallate (EGCG): A Special Focus on Signal
Transduction and Cancer. Nutrients. 2018 Dec 6;10(12):1936. doi:
10.3390/nu10121936. PMID: 30563268; PMCID: PMC6315581.

25) Gan RY, Li HB, Sui ZQ, Corke H. Absorption, metabolism, anti-
cancer effect and molecular targets of epigallocatechin gallate
(EGCG): An updated review. Crit Rev Food Sci Nutr. 2018 Apr
13;58(6):924-941. doi: 10.1080/10408398.2016.1231168. Epub 2017 Jun
2. PMID: 27645804.

26) Klemm T, Ebert G, Calleja DJ, Allison CC, Richardson LW,
Bernardini JP, Lu BG, Kuchel NW, Grohmann C, Shibata Y, Gan 2ZY,
Cooney JP, Doerflinger M, Au AE, Blackmore TR, van der Heden van
Noort GJ, Geurink PP, Ovaa H, Newman J, Riboldi-Tunnicliffe A,
Czabotar PE, Mitchell JP, Feltham R, Lechtenberg BC, Lowes KN,
Dewson G, Pellegrini M, Lessene G, Komander D. Mechanism and
inhibition of the papain-like protease, PLpro, of SARS-CoV-2. EMBO J.
2020 Sep 15;39(18):e106275. doi: 10.15252/embj.2020106275. Epub
2020 Aug 26. PMID: 32845033; PMCID: PMC7461020.

27) .Rut W, Lv Z, Zmudzinski M, Patchett S, Nayak D, Snipas SJ, EIl
Oualid F, Huang TT, Bekes M, Drag M, Olsen SK. Activity profiling and
structures of inhibitor-bound SARS-CoV-2-PLpro protease provides a
framework for anti-COVID-19 drug design. bioRxiv [Preprint]. 2020 Apr
29:2020.04.29.068890. doi: 10.1101/2020.04.29.068890. Update in: Sci
Adv. 2020 Oct 16;6(42): PMID: 32511411; PMCID: PMC7263558.



28) Swaim CD, Perng YC, Zhao X, Canadeo LA, Harastani HH, Darling
TL, Boon ACM, Lenschow DJ, Huibregtse JM. 6-Thioguanine blocks
SARS-CoV-2 replication by inhibition of PLpro protease activities.
bioRxiv [Preprint]. 2020 Jul 2:2020.07.01.183020. doi:
10.1101/2020.07.01.183020. PMID: 32637945; PMCID: PMC7337375.

29) Gao Y, Yan L, Huang Y, Liu F, Zhao Y, Cao L, Wang T, Sun Q, Ming
Z, Zhang L, Ge J, Zheng L, Zhang Y, Wang H, Zhu Y, Zhu C, Hu T, Hua
T, Zhang B, Yang X, Li J, Yang H, Liu Z, Xu W, Guddat LW, Wang Q, Lou
Z, Rao Z. Structure of the RNA-dependent RNA polymerase from
COVID-19 virus. Science. 2020 May 15;368(6492):779-782. doi:
10.1126/science.abb7498. Epub 2020 Apr 10. PMID: 32277040; PMCID:
PMC7164392.

30) Hillen HS, Kokic G, Farnung L, Dienemann C, Tegunov D, Cramer P.
Structure of replicating SARS-CoV-2 polymerase. Nature. 2020
Aug;584(7819):154-156. doi: 10.1038/s41586-020-2368-8. Epub 2020
May 21. PMID: 32438371.

31) Wang Q, Wu J, Wang H, Gao Y, LiuQ, Mu A, Ji W, Yan L, Zhu Y, Zhu
C, Fang X, Yang X, Huang Y, Gao H, Liu F, Ge J, Sun Q, Yang X, Xu W,
Liu Z, Yang H, Lou Z, Jiang B, Guddat LW, Gong P, Rao Z. Structural
Basis for RNA Replication by the SARS-CoV-2 Polymerase. Cell. 2020
Jul 23;182(2):417-428.e13. doi: 10.1016/j.cell.2020.05.034. Epub 2020
May 22. PMID: 32526208; PMCID: PMC7242921.

32) Zhang L, Lin D, Sun X, Curth U, Drosten C, Sauerhering L, Becker S,
Rox K, Hilgenfeld R. Crystal structure of SARS-CoV-2 main protease
provides a basis for design of improved a-ketoamide inhibitors.
Science. 2020 Apr 24;368(6489):409-412. doi:
10.1126/science.abb3405. Epub 2020 Mar 20. PMID: 32198291; PMCID:
PMC7164518.



33) Dai W, Zhang B, Jiang XM, Su H, Li J, Zhao Y, Xie X, Jin Z, Peng J,
LiuF,Li C, Li Y, Bai F, Wang H, Cheng X, Cen X, Hu S, Yang X, Wang J,
Liu X, Xiao G, Jiang H, Rao Z, Zhang LK, Xu Y, Yang H, Liu H.
Structure-based design of antiviral drug candidates targeting the
SARS-CoV-2 main protease. Science. 2020 Jun 19;368(6497):1331-
1335. doi: 10.1126/science.abb4489. Epub 2020 Apr 22. PMID:
32321856; PMCID: PMC7179937.



