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Mechanism of Huangqi Gegen decoction on COVID-19 and diabetes
mellitus based on enzymology , network pharmacology
and molecular simulation

FENG Chao-ying, GAO Lu,SUN Mei-hao, GONG Ju-fang,PU Shou-cheng”

Zhejiang Normal University College of Life Science , Jinhua 321000 ,China

Abstract: Based on enzymatic experiments, network pharmacology and molecular simulation, the mechanism of action and
pathway of Huangqi Gegen decoction on COVID-19 complicated with diabetes mellitus were analyzed. The inhibitory effects of
extracts were performed by enzymatic experiments and fluorescence spectroscopy ; The database was used to screen disease-re-
lated target genes and build protein interaction networks,and analyze degree values, GO functions and KEGG pathways. Mo-
lecular docking and dynamics of important targets of disease with active ingredient compounds were analyzed. The extract had
a certain inhibitory effect,and 31 effective compounds, 196 disease-related targets, and 48 intersection targets of compounds
and diseases were obtained through the data. The results of KEGG and GO enrichment showed that the active ingredients of
Huangqi Gegen decoction mainly acted on cancer pathways and insulin resistance pathways. Molecular docking and molecular
dynamics showed good binding between core targets and active ingredients,and multispectral analysis showed that extracts in-
teracted with target proteins. The studies have shown that Huangqi Gegen decoction can interact with multiple targets of COV-
ID-19 and diabetes, and has the potential to treat new coronary pneumonia and diabetes, among which important targets are
PIK3CA,PIK3R1,AKT1,EGFR and MAPKI ,and important compounds include kaempferol , quercetin, jaranol , astrapterocar-
pan and ( R)-isomucronulatol.
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virus disease 2019, COVID-19 ) 52— Ff fy 357 Y 55 R 5%
H(SARS-CoV-2) Bl Mg, %% H 2019 4F
TEAERVE Bl A PR & 9, B R o p AL et WF5E
R, BRI & I COVID-19 & R TE RN 4,
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R 23 7 A JRE RN A B 8 T BRAR AR A L, X
AR S 18595 NoB e It 5 1) 5 Jk , o 25k — 20
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T A, B e 2 B IR O T A A AR ORI T
T BRI, B AR R A AR B B IR R R L
R AAE S W TR, 73R 97 COVID-19 J5 A —
SERIEEM

AR S g il 2 S | £ 24 B2 K 4P ARL LA
PRI 16 v B 5 AR 17 245 W 1 e 0 A 9 o
F O HTRE LR M 2 HE R AR DG R S
PR3 5 A R L) 1 T 4 TR RIS 5 B, 3R 98 E
B COVID-19 5 I bR 3R 7 S LI TR 1Y
YEFL]

1 #MR57E%E
1.1 ##5H

BRI T H R P IR B 25 B T, 7 b H A R
H BRI T a2 b iy, s
W VLI 27 SR AR R 452 S e TR 245864 3 o 52
W T (Astragalus membranaceus ( Fisch. ) Bge. var.
mongholicus ( Bge. ) ) BT ¥ AR VI H #1855 & ( Pueraria
lobata ( Willd. ) Ohwi) 1 T4 4R o

o] = 3% M (k5. S25M11X109783 . HPLC =
98% , IR AEMRHA R AT 55 U o % B

G (L5 2 11786430, 11 U5 0 A= P B4 A R 2
F ) 5 X fiF k2 J-o-D - g 8] 485 B 4 (4-nitrophenyl-
a-D-glucopyranoside,, PNPG ) (It 5 ; JS239376, A= ¥
AR 99% , IR A YRR RAR) Tk
P (fit5 :20230607 , 434l , [ 254 Bk 0) A FR
N 5 ToK BRI AN (415 : 20150417, 73 B 4, [ 24
MR AT BR 22 7)) 5 8e384 1 Mpro ( Main
protease ) ( AURRALH HEATHUAK L, IFAE R AT I
PEATIEARZ AR IR N34T H B9 ) 5 @K% 7 Mpro/
3CLpro % 3615 PERE MR 57 &5 ( Main protease /3 C-like
protease) (it 5 : PO313S, ¥ = KA Y KA A
Al) 5 8 H IO Y MCA/Dnp (MCA : (7-Me-
thoxycoumarin-4-yl ) acetyl, Dnp: 2, 4-dinitrophenyl )
(L5 :NIP81139, jg st Kol AE IR AT IR A 7] )
1.2 {4z%

UV-2550 %8 4 43 5% 5% B il ( SHIMADZU ) ;
SFX20: 0. 55 if# 75 4f Mg % #% L ( EMERSON ) ;
FL1010MOO01 756406061 ( Agilent)

1.3 SLIGHURRE

TCMSP %% FE ( https ://old. temsp-e. com/tcm-
sp. php ) ; Pubchem [ 3} ( https://pubchem. ncbi.
nlm. nih. gov/) ; Swiss Target Prediction 3% (http://
www. swisstargetprediction. ch/) ; uniprot %% i % ( ht-
tps://www. uniprot. org/ ) ; Genecards ( https ://www.
genecards. org/) ; Draw Venn Diagram ¥ £ (http.//
ugent. be/webtools/Venn/) ;
STRING {4 J% ( https ://cn. string-db. org/) ; Metas-
cape V- & ( https://metascape. org/gp/index. html) ;
RCSB PDB W ( https ://www. resb. org) .

1.4 H&E&E

PLT: T 102 20 TRY Fe il 23 ) BT S B AR A T
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LS o HEEEEHNEHRNE
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A 150 plL 1 0.2 mol/L Na,CO, 7AW Z 1E i, ~7 B
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PEME . A1 wL $2E 5 , R E 28
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£ TCMSP %45 Fg rh g A\ OGS IA) “ B )7 “ 85
HR™, 9 16 RS A B AR B A RO 51 2K 25 Pk (drug
likeness,DL) =0. 15, 0 AR 4= 4 ) F J# (oral bio-a-
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SMILES 5%, i A 3] Swiss Target Prediction -,
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RHZ 5 A F i B R Aw 5 38 B (P g 14 Ho-
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Fig. 1 Inhibitory effect of extracts on a-glucosidase
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Fig. 3 Fluorescence spectra
g ARy - R R R DEGE , AL B 2 1) o4 R B T AR U S TR A DO GME ; B S R BT A15 nm BEOGIE;
C RIRIEHE A60 nm A Note; The blue curve in the figure is the fluorescence value of a-glucosidase,and the red curve is the fluorescence
value of the mixture after adding the extract to a-glucosidase ;B is the synchronous fluorescence A 15 nm fluorescence value;C is the synchronous

fluorescence A60 nm fluorescence value.

2.4 ERBERZEERSTHIRLER P LA T A L D A B 4E 3K (formononetin )

it TCMSP Kb e A if) S bl e, SAG 208 BORRE MR 01 2 1 31 AT e & 9
ARSI 25 A BRARAEER S 74, (1),
R1 HEBRZEERS

Table 1  Active ingredients of Radix Pueraria Decoction

HFohis % AR Fe2itk
Molecular number Ingredient OB(% ) DL
MOL000211 Tl Mairin 55.38 0.78
MOL000239 4R 2 Z Jaranol 50. 83 0.29
MOL000295 LT {82 Alexandrin 20.63 0.63
MOL000296 B REIATF 0 Hederagenin 36.91 0.75
AT H- B R A ] JES-3-85(35,85,9S, 10R, 13R, 148, 17R) -10, 13-Dimethyl-17-
MOL000033 [ (2R,5S)-5-propan-2-yloctan-2-y1] 2,3 ,4,7,8,9,11,12,14,15,16,17- 36.23 0.78
dodecahydro-1 H-cyclopenta[ a ] phenanthren-3-ol
MOL000354 522 Tsorhamnetin 49.6 0.31
T O-TP EL B 2 T S
MOL000371 3,9-—-0-FRRAE AT RAB 53.74 0.48
3 ,9-Di-0-methylnissolin
S-BREE S S Y EE-2 5 - O- A 1T
MOL000374 5'-Hydroxyiso-muronulatol-2",5’-di-O-glucoside 41.72 0.69
MOL000378 7-0-H 33 AR FZEEE 7-0-methylisomucronulatol 74.69 0.3
9,10- W S FE S e -3-0-B-D-Hi % B
MOL000379 9,10-Dimethoxypterocarpan-3-0-8-D-glucoside 36.74 0.92
P EE LM I5E Astrapterocarpan (6aR,11aR)-9,10-Dmethoxy-
MOL000380 6a,11a-dihydro-6H-benzofurano[ 3 ,2-c ] chromen-3-ol 64.26 0.42
MOLO000381 a-T7 5 R 13-Hydroxy-9 ,11-octadecadienoic acid 35.6 0.17
MOL000387 2R XUEE Bifendate 31.1 0.67
MOL000392 TERN B AL 2 Formononetin 69.67 0.21
MOL000398 SR Isoflavanone 109.99 0.3
MOLO000407 TR F IV Astragaloside [V 22.5 0.15

MOL000417 EEF B Calycosin 47.75 0.24
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%3 1(Continud Tab. 1)
S F s % A=W FI FE
Molecular number Ingredient 0B(%) DL
MOL000422 LI Z51 Kaempferol 41.88 0.24
MOLO000433 & Folic acid 68.96 0.71
MOL000435 B I T Acetylastragaloside T_qt 30.75 0.17
Mot 3102 s o a7
MOLO000439 S G EE-T 2 - -0 AT Isomucronulatol-7 2 -di-O-glucosiole 49.28 0.62
MOLO00440 Isomucronulatol-7 ,2'-di-O-glucosiole_qt 23.42 0.79
s g g,
MOLO00098 Wit % Quercetin 46.43 0.28
MOL000357 BT Sitogluside 20.63 0.62
MOL000358 B-1 K5 B-sitosterol 36.91 0.75
MOL002959 3-H R K G H T 3'-Methoxydaidzein 48.57 0.24
MOL003629 O U A B Daidzein4 ,7-diglucoside 47.27 0.67
MOL012297 FARZE Puerarin 24.03 0.69
MOL004631 7,8,4"- =¥ H G 7,8 4’ -Trihydroxyisoflavone 20.67 0.22

2.5 ERBERFZATERTNBEERER
PEFRAS BT 15 P il 7% A Swiss Target Prediction
-5 TN TS AE AT A 4% FRARE IR O 2o B A o, 3R
BRI A 1 025 A, EARZG WL £ 99 1, i
— N 2 R0 S O 2 R R A2 A A
419 > ERA R YIHE R 54 1
2.6 FHEAEHBERFESEERRZELRGIEER
15 Genecards ${ 45 218 2B e il 58 & 2 BURE R
o T, 5 45 B e il 4 A DG HE s BR 1R 9 494

TP LR

Active ingredient target

A2 BUBEDRIAAR S HE s L[N 12 597 A il it —
A 16 2% B AR AT T e i A% #E R I 196 4>, 2 FU Mk
JRIGHE R FE N 341 A, & JF IO L s 2R N L
JEAF 2 496 PR CHL R FEIN o3& ] Draw Venn
Diagram 3 RO AHSCHE i3 N 5 3 OB R A1
P P 22 DR AT A ] A A S S SR
ARAF B FCTH PO PO SR M T 48 A, B AR
BT S PASCHEAL AT 10 A, TR -5 B Y S
A8 (UL 4) .

Disease co-targets

4 BEURSEFEMERFEFHZEESFEE

Fig. 4 Venn diagram of intersection targets of active ingredient with COVID-19 and diabetes

2.7 BREBAHREERMEZSHT

KIS PR S PR IR A8 ] String P & 1T
EEEAE T, I B Cytoscape - 5 X AH S HE 5 i
I EAR IR degree fH 234, 15 2 3 OB AR 1
JRIIAE T AR PR ) SR A0 i A 1, R 44 AT

A O (AKTL) 404 % (106) iR
PRBEIH - (TNF) KRB A K H 732 4K (EGFR) (A fk
seiEF (HSPOOAAL) 55 5% & 5 % s s I 7 3
(STAT3) |22 %R/ 75 & IR 3 H ¥ (MTOR ) \#%52
PR i S ALY i A3 2 0% 32K (PPARG) BER 3R H
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Fig. 5 PPI network diagram of interaction between active ingredients ,COVID-19 and

diabetes intersection targets (left) and key protein degree (right)

2.8 GOIhee5 KEGC BREEHERIH

TE Metascape - {5 X% 1 14 535 92 9 1) 3¢ 4E 4T
AT GO I RE A A= ¥ 2% 33 2 (biological process,
BP) U} % 53 ( cellular component, CC) | 43 F I fig
(molecular function, MF) 1 KEGG 3 J& 0% & 42 5347 o
21534 T LA B HE 44 /T 6289 GO 43 B 45T 16 Fi
KEGG {5518 % & 540 #r &, i 1615 3 B i B R
FEZ 5AEHIRTT RN 2 G IR 1) LA 7
T P 3 A 0 3 R Ao R FHIBIL AR

R4 GO-BP & 45 554, 153 20 5 H % BP
T, H P B B AR IR ST R R I A IR PR 1Y
F A WA o R A X A MR 0 B | A A
A I PR R A 5 3 B 2 1 o i R A 1) A 1 A
RE Vi OR O S b e A S S R e 1 00 A i i)
SISE AR MR 48 SR AP AR B 20 % TE AL 1Y
FLIE MAPK 9% 3% (1 1 5 25 22 b A= 49 27 5 # (D[]
6A) . it GO-CC g4, 3| H % CC ik 14
2, Ho TR M T2 AR FH 00 40 B i o3 S A AN 2

A
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-log10(P)

2[4 6( Continued Fig.6)

WEAY (WIE 6B) , it GO-MF &40 2 H
BEMF % 16 45, FEA ST UEEA & A S
b M Z ARG AL — AL R A T T 15 AL B A7 1k
A R B TS AE RS R 2R A (LKA
6C) . KEGG {55 i & 4 J5 15 2 16 2% 5 238 %,
HoH F B A 3 I 5 e A R RE 1 B R
I 165 7 A L 5 2R B | B R 2% 0
BRI [ R TL-17 5 5 3 JH 2 22 B OAS [R) A 5 3 1
(ILE 6D)

X AR A 4 R 1 S B S E 4T KEGG 55
PR BT, S5 143 E S (P <0.01),
X WA IR 5 0 e i 46 15 B 1 B AR U SR K E
o KEGG & 4 45 & B, hsa05200 5 4iF 38 B |
hsa05205 JAE 1) 2K 1 8 38 4 hsa05215 i 41 fif 954
i % hsa04931 g 13 28 HIRHT 38 65 2 fi o 2 1) DU 4%
K BRI 2 AP B B AR 0 i 48 hsa04657 1L-17
1 hsa04020 5 5 15 518 1%  hsa04714 ;= il
S5 SR ] 14308 B A S iy 9 R PR

G0:0009725: response to hormone

G0:0007169: transmembrane receptor protein tyrosine kinase si i h
G0:0001934: positive regulation of protein phosphorylation

G0:0032103: positive regulation of response to external stimulus
GO0:0071396: cellular response to lipid

GO:0036293: response to decreased oxygen levels

G0:0010035: to inorgani e

G0:0043408: regulation of MAPK cascade

G0:0048534: h ietic or lymphoid organ pment
G0:0062197: cellular response to chemical stress

G0:0043467: regulation of generation of precursor metabolites and energy
GO0:0048661: positive regulation of smooth muscle cell proliferation
G0:0045596: negative regulation of cell di i

GO0:0050878: regulation of body fluid levels

G0:0048545: response to steroid hormone

G0:0060964: regulation of miRNA-mediated gene silencing

GO0:0050678: regulation of epithelial cell proliferation
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Fig. 6 Co-target enrichment map of Huangqi Gegen decoction active ingredients for disease treatment
A S GO-BP 43#7 ;B Sy GO-CC 43#7;C S GO-MF 43471 ;D Sy KEGG 4387, Note: A shows GO-BP analysis; B shows GO-CC analysis; C shows
GO-MF analysis;and D shows KEGG analysis.
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Fig. 7 Active ingredient of Huangqi Gegen decoction -target pathway network of COVID-19 with diabetes

ORI 2590 5 k3 (B R i 40 ; 6 £0 JRE 3 A5 216 [R S hy i i, Note: The yellow circle is the drug;the pink circle is the active
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Mpro-kaempferol molecular dynamics initial and final states

Fig. 11
A Mpro- LI ZS Y2 S W7E SPC 7K & FHUIRAS s B MHIHAIRAS ; C ACIRAS. Note: A is the state of the Mpro-kaempferol complex in the SPC

water box ;B is the initial state;C is the final state,
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