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Abstract

To explore the possibility of preventing and treating influenza viruses by using network pharma-
cological methods to search for active components of flavonoid that can bind well with human in-
fluenza viruses. The databases such as TCMSP, GeneCards and TTD were used to identify flavonoid
targets. The on-line analysis platform STRING was used to study the interaction between target
proteins, and the Cytoscape software was used to draw the target-target network. Then, the func-
tion and participating regulatory pathways of the core targets were analyzed by using DAVID
Platform GO and KEGG program, and the node diagram of the target-pathway network was drawn.
Finally, the possible effective compounds were docked with influenza virus-related molecules by
Autodock software, and the binding energy was calculated to judge whether the effective binding
was or not. Finally, 6 Hesperidin targets, 37 Baicalein targets, 7 Dihydromyricetin targets, 10,448
influenza targets and 7566 COVID-19 targets were obtained. In hesperidin-influenza, CASP3 tar-
gets are most likely to act through the “AGE-RAGE” signaling pathway. In baicalein-influenza, the
“cancer pathway” signaling pathway has the highest degree of node degree in the signaling path-
way. In dihydromyricetin-influenza, the VEGFA target was most likely to act through the Kaposi's
sarcoma-associated herpesvirus infection signaling pathway. In this study, Baicalein was found to
have the best binding activity with RIG-I of influenza and ACE2 of COVID-19 among the three drugs,
and had the best possibility to prevent and treat the disease.
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1. 5|8

FHAY HINT B0 —Fl BT AU LR 25 5 RS A5 e, W NS E R ek, 5 R AR
S, WLE S 1] WHIURIL, TUER RN OB, BUR . BUETERURR, X EVEBURR, 56°C 30 min R KIE[2]. R
TR ALRIBE TR, B, &5, SRS PR AR A, BeXt i 55 R R
e 1 B ISt B HI IR, O e BT KRB B A AR B AR A (3]0 A R AR PR R BB
HSNL %R, Wi RNP E6 VI I, 19 ph 22 B R w1 RIFL K F I E 1] BRI &Y
o TSR AT 0 PR R AR 2 At R R L AT e [4]. R B AR BRI [5], B 4
W, MR, Mgt AW RNE RS, A RED S HIND ik 454 M6 HIND &
e, PHIE HINT ERC IR AR S A0 1], S 22 58 i 100 )73 25 1 i 30 2 R 3 U
TEYE[6] [7]. MIZSZGHR2E RIS 2 MY, KRGEYFEL %R0, RASMITIAL ., 8= TiTES
ZRECR, s W) - B - B - BT Z MR RIS R, NS YRR LB I T
fith, T Z5P0 ) 25 B A MU, AR N A SR IG SR IGIE . YRS 2R E R . (EALE RS KRS, M
MR ER ARFEMZYI[6]. BHHT, BTN G WAV HE e ARV 28 M T % M2 m] Al
Ty T2 43 A 4 AR 55 5 THT AT 9 4 2 B A AIE AT . R IR A A TN % A A O R4S S B0 2 (KEGG,
pharmGkb, Reactome). %515 5 B4k /E(RCSB PDB, Pub-chem). Zy#)# 25 ¥4k % (Drugbank, TTD). & H
JFAH HAE F 38 2 (HPRD, MINT, BioGRID, DIP). &5 157 %1 F1 Zh 8 £ P2 (Uni-Prot) F L PR 5 2 404 22
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(GO, OMIM, DAVID)%:. &5 TAEY M4 EEE XS 29 . Bl o A0 EAE AT 50 1 454
i, H A SR B A VR 2k I 4% (R T TV AR A Y IR S R I R A ELAE AT R S
FER o T 2 PTG T AR BRI E W, 5 T RATE BRI AR . B, WA EHAD
BEAE R — FhRL R T 2456 5T R 25 1k 1) T SR L FE R 2T b o o RS A AR B X 2 24 B 2 R B
W5 7038 38 B T TR & MR (HCO) R 2 sy« ZHE A, ZRBHIIEITHE, NG s I IE B iR
UG V87 HCC Bt TARIE[7]. I8 Ik 48 24 0270 5 07 AR A0 AR 253 0RE o 2 78 AR IR Ak &
WIEATHE9, KIL ACE. VEGFA. NOS3. MPO. TNF %5¢H/F H 40 i 15 £ 415 5 Bk K%t
COVID-19 HIETEAE[8], FHAEARSMEEGLYH MUY h 10 B0 T 52 7 4R AL AR 25 0RE B A B el R 22 A
H, XZAEIKBI G COVID-19 #2487 275 (9]. R &5 # B RIE S & Z sy . 2800, £
VAT RE S, N BB N AERLHR R GE R AR 10]. Z0 RN E 2 HE S . 2l A ETA . TR
RE PUANMRIE TS ROAE R, HEE B YT 8T B e PR E W A P E 117

2. R 57

2.1. REVEE S YR

2.1.1. FRENAHEBR
PL “hesperidin” B, “520-26-3” . “baicalein” 8¢ “491-67-8” . “dihydromyricetin” B “27200-12-0”
NREEE, WREPA RGPS 0P e RIUE L. B R, AR

2.1.2. FEEERES

PL “influenza” «  “COVID-19" Jy B 48 2 At br s 25 B R 20 2 40040 28 AN 2R R R 3 g, 3R
EPR A H0 P e S 25 A0 B el R 25 B ARBE AU, RPN R IR 2 2 R B AT, B ARSI
T B ABT AT O B HAREE AT, RIS R D 2022 42 1 H 20 5

2.1.3. KA YFERNZNES

JHIE VENNY B ok 254 50 0 s 45 5 —— X R AT A B, R ] 3RAG 25 W AN 28 X H FRit g .
N —— XL AS X H AR A N 25 BT (1) Bl Be A A0 R o
2.2. FIEBIEM%EE
22.1. ¥E “812 - B MEE

& STRING TEL TG, 7 “multiple proteins” IhREX R IREM =38 X HFR¥E &, Mgk
#%9 “Homo sapiens” . FF Cytoscape3.7.1 T 25 AT 0 v i ade, SRECGr T X B0 IEAZ O B ARBE AT,
B WER. AU REEOAETIEH M.
2.2.2. GO 1 KEGG B&E S

{5 DAVID £ 220 A2 4250 2 14T GO Thie '® /i Al KEGG B2 & £ i, R sk H Ar il
A GO BEUE £ 90 A KEGG B2 & £
2.2.3. ¥ “8B - BERT MEE

RGN HEM S KEGG B2 5 s A, FIH Cytoscape FAAFEXT “ 8l ad - % ” 992 it
T2z Aot
2.3. FFXIE

2.3.1. FuiHisbee
TEE s 4 R RIG-1. ACE2 [ =4E45Hy, /& TCMSP £l EE RZM . 5 R, Al
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RSN, JE TR =445 6 Pymol2.3.2 SRR K 7 F 4 M AT 2K R MARERAE, (R1F
A SRR AL BT ) K 3 1 SRR 5 3 N B Autodock4.2.6 BAFREAT A AL AT A T AL EE

2.3.2. FFIIE

K AL BRAF IR TS5 AN 73 T 45K RN Autodock B, WEXHRVE ], IHORAREADNEAN
PR RS 7 FREIGE, BLE K> T =M SO, IR BN T = RGO, i A st
I X4 3 O 45 5 BE P DL R 25 WA IO PP S, AR 25052 75 1] LAVR T T 00

2.3.3. ERAMK
FIFH Pymol A5 T FRBULI 4 T FHEE45 AT AT AL AL T, 15 B 45 A0 R VK B, T 45 i .

3. ZRE N

3.1. Ria¥RmBEIREL
3.1.1. AT R AERE RS

8 R TCMSP %03 8 , 16 247 2 17 (OB(%) = 13.33, DL = 0.67), JL3K75 6 AN 5K R #5555 (OB(%)
=33.52, DL =0.21), L3 37 MR KR AR (0B(%) = 23.48, DL = 0.31), JL3R7 7 M.
I GeneCards ¥ A4S 28 R EH FE #I4 2633 /S, il CTD 4 FEAS 2 BIABOR B #E 15 9464 4>, £
BRIUA 5 HL3RAF IR R HE AT 10,448 /> [FFERASL DTV, SRAF WM H 5 3L 11,576 1
3.1.2. HEHEMZGH3E X B R8s 3K

TR VENNY FAF 53 A% B0 a A g 47 8 o A B, 3RAS /N 00 38 SC B AR 5o R BIUAS B AL I 25
L FHE S 5 A MR R B AL MR 2 6 N A RAMBOR TR L RIS 34 A4, 3%
SRR E L AR ST 34 A A SRR B AL R RS 7 A A R R E
LFEE A 7 A X ELRE X FRHE 2 25 TP T AR A
3.2. BIEMEE
3.2.1. M@ “Sig - " MLKE(PPI )

KRN X HARHEAE B F A STRING HlEFEEAT 04T, 198 PPI MKl PR Hrgs RFNE
Cytoscape H A A6 E 25 W40 R (A ELAE FHINES, W 1~6 Fizn. TRk rpAZ 0 BAREE S, 1E A0 TXH
HEAZ O B AR T AR R .
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Figure 1. Hesperidin-influenza core target interaction network diagram
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Figure 2. Baicalein-influenza core target interaction network diagram
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Figure 3. Dihydromyricetin-influenza core target interaction network diagram
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VCAM1
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Figure 4. Hesperdin-COVID-19 core target interaction network diagram
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Figure 5. Baicalein-COVID-19 core target interaction network diagram

E 5. ®BE & - et L B EMW%EE
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Figure 6. Dihydromyricetin-COVID-19 core target interaction network diagram

E 6. —EHtE % - gt BirZ EM%KE

3.2.2. GO 1 KEGG E&Eo1h

£ p <0.05 %M T, RET - fUE GO &£ 0 ai RILA 33 4, 1E KEGG & s, E
T 20 FKiEfE. AR - MUK GO BESMERILE 1924, 1E KEGG @%5;%/%&%3, HEET 92 %
#B. AR - MUK GO EEMTAERILA 34 1>, /£ KEGG B2 & £, WEET 9 %k@ft.
o - Hd GO &4 BILE 34 4, £ KEGG R EEN T, HLEET 20 487F. HEEK -
B GO EHESTERILA 193 4, 7E KEGG ii SN, WEET 92 %8k, SR -
o GO BEEMIIERILG 34 4, £ KEGG @R EEM, KK 17 %%,

3.2.3. HiE “H - EERT MLEE

BEPENACERIL SN KEGG 12w M as R, R AR BN 1O L8 SO AN g P, A
Cytoscape xS “HERT - I 2% K BEAT 221 B dh 4 70 A
3.3. SFFE

3.3.1. SFRTHIAE
1£ PDB ¥l /F % RIG-1. ACE2 M=4E45%), £ TCMSP #sFEHRIG L. HE R, SR
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M=t IF PR = 4E 450 HE1E Pymol BN K4 F 45 i AT 2K B AR HRAE, 5% )5 2] Autodock
AT HEAT S AR At AL EE

3.3.2. HFRHE

BRI B R o T 5 RN F 4500 F N Autodock B, BEE XTGBT = 4E R E N
AR, AN SRS EOATCAR, HET o T RHRRE, 3 BAREI TR R, I 4 A
PE, HARXTEEARE DN, PUSRRE TR W 1 PR A RAE =AW SRR RIG-T F1HT e il
%I ACE2 7 FHA RIS G 3kAe, oA TR TT B R mT gt

Table 1. Results of target molecular docking

= 1. BRI FRHEER

21 B X4 BE (keal/mol)
T B H it 1.41
T B H W il 0.32
HER I —0.69
WER Hre i 5 -2.19
—E iR T -1.25
—EAMilER Rl -3.03

3.3.3. LR

B ORI TR TN Pymol AR Tl AALALEE, BHIERTTE RIG-1 4 T4 600 U2
HIS-830 2 EE R IR 1, S B N 2.1, 45 R R Wil 7 fiom s 7 B 5 AEC2 40 145 &1 1 /& UNK-950,
AEKEN 23, RERWE S FiaR. EE RS RIG-I 0 TS AME 9 fiR); A RS AEC2
DTSR SA WA, 4395 ILE-256 Fll SER-254, ILE-256 @ILMRkIE ) T HiEA AWK, KES
N 2.3 F1 2.6, SER-254 ZIEMRIRE /)y T HIEASEKE N 2.4, FRRLE R @nE 10 iRy, —EMiE
5 RIG-1 73 PSS APA, 2052 SER-855 F1 HIS-830, HAHEK /MM 2.8 F1 1.9, FFH4k Bk
H, wE 1 FoR; SRS AEC2 i TES AL S WAE AN, 43 liE LEU-156 1 TYR-158, LEU-156
BRI T IS W%k, K251 2.0 A1 2.1, TYR-158 G EEMAR R T NS KT My 2.3,
IE¥ 2 Rt (¥ 12 BoR).

EIS-SBO

Figure 7. Docking diagram of hesperidin and HIS-830
amino acid residues

& 7. #WRE S HIS-830 R EER TR E 5 FAHEE
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Figure 8. Docking diagram of hesperidin and UNK-950
amino acid residues

8. B HES UNK-950 & EE 5k E N FXHERE

Figure 9. Molecular docking diagram of baicalein

9. EERESTXHEE

Figure 10. Molecular docking diagram of baicalein
with ILE-256 and SER-254 amino acid residues

B 10. BZE5 ILE-256,SER-254 S EBBHRE S F
SHEE
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SER-855

Figure 11. Molecular docking diagram of dihydromyricetin with HIS-830 and SER-855
amino acid residues

% 11. —S#%5 HIS-830, SER-855 SEMKEE S F R

Figure 12. Molecular docking diagram of dihydromy-
ricetin with LEU-156 and TYR-158 amino acid residues

12. ZE#HE5 LEU-156. TYR-158 S &% E
DT IHER

4. Vg

W R FEXT I 5 AN, 3k 56 4kig. H, CASP3 #E AT SR, VCAMI #E 2y
MBS, IX R BTG B A TR AIA T AR, B S Bhilid CASP3 #ER/EH T Ak, Hrr, Caspase-3
(CASP3), MHRBEREEAN 3, £—MEAOR, (8% 33 DNA ZUR(EH4IMIE T, AR TIRAE &
NIARIIER —, SRERIRE. =2, LIEBIRN R AESE B BEPCR . A BB il 2 3
6 AN, St se i, HES PSR ENEE CASP3 HIL, [FSEE T A ARSI
“AGE-RAGE” {5518, WX AR 30 MEA, 3t 527 %, #ad iy SR ER SN2 AKTI]
B, S EE R A EE AR CERRR” F 5B AKT1 & —F2Z R/ AR E T,
ZEAS SRR RE TE T M E RS AR, B AKT 2 S BRI R A [12].
T FOD B Ml 28 4k 30 MR AT, Sk 528 KK, S T AT A B R ATK SRR, 5 S IE B R A
FEAE A R A “RRERRR” S5 E . A RIRBIE 5 AN, 3L 29 Sk, BOROT NE
fHiRE )2 VEGFA #Eal, (5 5@ sl B S 2« RIS AR A DO i #7550 % .
VEGFA /& 7E ML A B g A2 DL R e i s vh iy s B 2 A 6. — Mg 3R et il 6 L 5 A4
A, 3R 29 SmEK, B AR A 2 VEGFA B, ES@ikrh AUE B E R CRrR
TR S A 5 Sl .

BT W4 2L AR AL, B — DR SRR A S BT BOw B R 7T, 50 BA A B R 2R A A
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X PURUBOR 2 2 i P R ARG, R T AR S B A F AR, R 2 MY AT RE, Bt
T A4 AR T L A AR A ARKER, SRR AL & M mT AR HUIRUROR 25 77 T A% B i K 1
AE IR NATIRE rb 2367 s B A PO LA B B, AT s v 25 BUACAR AN [ B B ERE . P 25 E TR
RUGER RE L AR HERMEM, SRS 2522070 7oK, FHRBEERR I S 5 N R 5
S5 G Re VR S YE Y, BECHL TR IR T AU B AT REVE, KO e Sesk I SR (AT RE AV BB AR, FIINR
KInR T 250 ik p L A% .

E&WE

LA BAREIE SR EINH “CG18262 il # 5% A1% Imd JH % 5 MAPK # S Z B 2 5t K G fa

BYEFF - THLH” (WH 'S : BK20211128)s LI5E KFZAEGIHT QDI Gt 8T 45 24 1 2 1) 3
i RAL A P B B E LRI 7L (U H 4w 202213843017Y).
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