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Network pharmacological analysis and mechanism prediction of Xingnaojing
Injection in treatment of neurological damage caused by SARS-CoV-2

XIE Li-hua'-2, WANG Jin-xi?, LIN Xiao-yuan?, QIN Tian' 2, HU Guo-heng'-?
1. Hunan University of Chinese Medicine, Changsha 410208, China
2. The First Hospital of Hunan University of Chinese Medicine, Changsha 410007, China

Abstract: Objective To explore the active compounds, targets and signaling pathways of Xingnaojing Injection (XNJI) for the
treatment of neurological damage caused by SARS-CoV-2, so as to explore its mechanism. Methods Using TCMSP, BATMAN,
Swiss Target Prediction, and other databases, the chemical compounds and targets of XNJI were retrieved. Cytoscape software was
used to construct XNIJI efficacy network of “drug-compounds-targets” for coronavirus and neuroprotection, and the action mechanism
was predicted by Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment. Then core
compounds were verified by molecular docking with 3CL Mpro, ACE2, and 2019-nCoV RBD/ACE2-BOAT1 complex. Results A
total of 105 active compounds of XNIJI, 928 drug targets, 741 targets of coronavirus, 611 targets of neuroprotection, 83 drug-disease
common targets, 12 core compounds, and seven key targets were obtained. The function enrichment analysis of GO yielded 204 entries,
KEGG pathway enrichment screened 120 signaling pathways, which included Hepatitis B, pathways in cancer, TNF, HIF-1, and VEGF

signaling pathway, and so on. The results of molecular docking showed that core compounds of XNJI had a good bonding activity with
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3CL Mpro, ACE2 and complex. The chlorogenin and kaempferol had the lowest binding energy with three proteins and might play an
important role in treatment. Conclusion The core compounds in XNIJI including chlorogenin, kaempferol, 5-hydroxy-
6,7,3',4' 5'-pentamethoxyflavone, 3-methylkempferol, morin, gardenin , quercetin, artemisetin, genistein, dryobalanone, curcumin, and
elemicin, which might interfere with various signaling pathways by acting on key targets like PARP1, PTGS2, MMP9, CDK2,
ADORA2A, ALOXS5, GSK3B, and regulate the inflammatory response, apoptosis, oxidative stress, angiogenesis, and other processes
to improve the neurological damage caused by SARS-CoV-2, and inhibit virus replication and prevent infection of the host cell by
binding with 3CL Mpro, ACE2 and complex, which suggest that XNJI may have a positive therapeutic effect on the neurological
damage caused by SARS-CoV-2.
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Fig. 1 Venn diagram of targets in XNJI and coronavirus,

neuroprotection
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Fig. 5 GO enrichment analysis of compound-disease target of XNJI
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Fig. 6 Top 25 pathways of compound-disease target by KEGG enrichment analysis of XNJI
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Table 2 Binding energy of core compounds of XNJI
WA WA prst T s R mol )
FIE 3CLMpro ACE2  complex
SRR I chlorogenin C27H4404 432.64  562-34-5 -36.82  -41.00 -35.98
5-32%£-6,7,3'4',5-  5-hydroxy-6,7,3',4',5'- C20H200s 38837  29215-55-2 -30.54  —3222  —33.05
T A B B pentamethoxyflavone
FER 3-methylkempferol C16H1206 30026 1592-70-7 -30.12  -33.89  —30.96
FHE morin CisH1007 302.24  480-16-0 -32.64  -36.40  —33.05
PETFHER A gardenin C21H209 41839  21187-73-5 -30.12  -29.71  -32.22
MR elemicin Ci12H1603 208.30  487-11-6 -20.50 2427 —23.85
Wit fz & quercetin C15H1007 30224 117-39-5 3222 -3473 3431
BN kaempferol CisH100s 286.24  520-18-3 -36.82  —40.58  —35.98
VR artemisetin C21H22011 388.37  479-90-3 -31.80  -33.47 3222
BRI ER genistein CisH100s 27024  446-72-0 -33.47  -3431 3222
e i 2 A g dryobalanone C30H5003 45872 17939-10-5 -30.54  -36.82  —3431
EWHE curcumin C21H2006 368.38  458-37-7 -2929  -31.80  —30.96
ey =i (S ] darunavir C7H37N307S  547.66  206361-99-1 -34.31 -3598  —34.73
T G =5 remdesivir CorH3sNGOsP 602.58  1809249-37-3 -33.89  -36.40  —35.56
PRI favipiravir CsH4FN302 157.10  259793-96-9 -23.85  -2385 2259
FIE R ribavirin CsH12N4Os 24420  36791-04-5 -2720  -28.87 —27.20
FIFEAF ritonavir C37HasNgOsS2  720.96  155213-67-5 -33.47 3598  -35.56
BT lopinavir Cy7HasNsOs  628.80  192725-17-0 -33.05  -36.40 —36.40
A chloroquine CisH26CIN3 319.90  54-05-7 -2552 2761  —25.52
TiE M JE nitazoxanide Ci2HoN30sS 30728 55981-09-4 -27.61 —28.45  —28.45

chlorogenin

S-hydroxy-6,7,3" 4", 5"+

penlamethoxyflavon
3-methylkempferol
mori

gardenin,

curcumin|
darunavin
rerndesivir

dryobalanone,

454 fg/(kJ-mol ™)

1-30

3CL Mpro ACE2 complex

1l % %-3CL Mpro

LR BT 6-ACE2

111 25 /-ACE2

N~
11 2% M-complex

7 HTFMERERGERE T, ILEES 3CL Mpros ACE2. complex B9 T HEER
Fig. 7 Molecular docking heat map and molecular docking diagram of chlorogenin, kaempferol with 3CL Mpro, ACE2,

complex
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ASHIE TR FH I 265 25 34125 7 3K R i e S Y
LRI 8 R A R IR RIS, S5RKE, 1E
SEEORIE B J , G I SR 87 ANTE PR R A
F PTGS2. ALOX5. CYP17A1. PTGS1 % 54 M4
MREPUSRIARNIER; EMEREHFR, 92
ANEER I8 CYPI9AL. AR, HSDIIBI.
ALOXS 5 56 MM RIEFH AR ER: iE—2@
ok e 2 O A SRV O PUE IR B R R R
WER AL, fHikHasE 2T . 2w, 5-
F2H-6,7,3' 45 - LA E . RILER. RHER.
PETFHER A MR, ER. JRRR. NE
WEE. =R MERS 12 MOy, @i
1% 0 LG 43 T AE 70 568 PR 08 55 A A 22 DR 1R e 0 K
B, 30X 12 AMEE R LT 0] DA PSR 25 4%
LRGP 2 T HE A 12 MO AT
PREGERT L. MiER. LEE. BENE, H
R 8 MY NEIRNEY) . HARE, KE2H
WIS R URS. ik, PiElL. PR
Y. UM SR R, s A BT
TR ARG E RS, MR 3. AR B ml i)
SARS-CoV 3C #£HEHE (3CL Mpro) ¥ LA
PP B IR0, I Honl @ P PR A E
T BE A AR TR B RS R R AR Ty 2728,
Wi Rz =778 B ACE2 /KF, T ACE. I
7Kk Z 11 (AnglD [FFRIE, 8052 0 5 B R R AT 4402,
PRt R 5 ACE2 HAA RIGFHIZE & 71, HENFLAT
S LA ACE2, J8/> SARS-CoV-2 S &AM
Hro IBIRZC BT - R RS, TREH PARPL.
PTGS2. MMP9. CDK2. ADORA2A. ALOX5.
GSK3B 45 7 il o5 . 2 B IR i & %
g (PARP) 5E&/EEAN (MMP) HRIEME
Angll F5 30O ERRIEEENER, T H PARPL
Fik, ARG Angll XU B AT 24 20 A A 3%
Pk MMP-2. MMP-9 7K>F, 3t 00 i 3 A4 B0,
ALOXS NAEATVRBREFIER 1, S 518 PEIM
PRE ST AEA I R AR, LS s B =%
WA R RRE R N B, 225 3 AT
ALOXS &, HIHIAEAE DUIESER/ E =0 R AL
8321, PTGS2 RJ Y#% 20 SN A i A S 7
HEYmis R Al (PGAL) REFER-WIMH] RNA
AN, PGD2 RERTE 40 XN S 5AMNEMEA R
LA 2 F AR AR AR D33, PGE2 78 R 1M M
HORIEE R, (I4sE. R, MR, gk

REFHI RGP HMHIAEZHE (LPS) #31)
PGE2. COX2 Fik, A B 7% IE & BB,
ADORA2A NARH A2a 324k, w45 IFNG. IL4
FER IR TFN-y. TL-4 %5 2 ME R 7 iR i 361,
PN FRE SHRAE IR YT COVID-19 A R4t
T RAH B RIE T

GO B HEMHTEE R L RNA SRR KX
C MR MRS A ATP 856, BB T4
. MR . SARS-CoV-2 J& T 5 1E 5% RNA i
, RNA #3Xn[S 5 R S HI6eE, 2 e 2
TEAMRAN TER, HoRERIA ST 5S4k ACE2
5 S 45 B T K complex, FEAIF S2 #EAT & 1
T EFIZ IR RNA 3E N4 081, T J5 %R RNA 9t
BOEAT B B B B SR P, 7E S AR, 7R 2 3CL
Mpro Z 5k #E TR E IR, T 56 U 25
P 5358, $27~ ACE2. 3CL Mpro. complex
L RNA Bl B UG, e Z hI it RE
51 EE FAME T K ACE2 iivs 5 N, MiZgniET:
e ACE2 [l sl R AT 5| KAk 2ORE BB, 48 i
SN FERUAA N 6 R4 TNF. A& (IL).
AT THE (FN) SR MR 7R —Fi
B, BER—FPUmEE Sy, 78 eT PR O i e AR 4
MR X, BUEHZAS B i . i 3CL Mpro fig
FPH TFN B0 » PR B Rl 1 R IB AT S e b it 38,
AN A0 M R R R A . AR AR S
COVID-19 JiiERARMHEMNE . AP E AL S
fIE CARDS). Z 24 E IRl S % PG, e
rHYBETS5EYE, TAHSARTFBEA, M
AR AT 5| EEI 2 2R 98 R AR BRI L (R ad SR TR R
Ji, 0 EE 22 b 2H 2 ) AR S A% T o AT S T g
MIRERIE, BEESE ARDS ML HRETEE, X5
COVID-19 3 H#l ARDS F A —F(l,

KEGG {5 Tl g 208 i O 9B e
WM. TNF {558 %. HIF-1 {5 5@%. VEGF 15
5 AN T T S i 32 Bl T NF-«B
{5 5% . Wnt/B-catenin 5 5 1E . PI3K/Akt 155
W%, Notch 15 TIHEEERKIEEM, 5 RIS
TS T A T AR A S, HIF-1
15 5 1 i 32 AR AR UM D% 1) A 308 3 0 R R AR
H, S5 MEAER. WA, RN, 4
Ml H R4, TNF 5538 8% ] I Sh 4 R 1 7= 2k, 2
PN S N HH 1 B LA I o R 2R T H ] TNF-a,
NF-«xB B#E 4 SE K ¥ IL-18+ IL-6+ IL-8 2 MMPI1.

e
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MMP3. MMP-13 f{IRIE#], TNF i 5/ J0E B
EME RGN E TR EEER, (L &Em @
#%/> TNF-0 IL-1B+ IL-6 RIEHIHIHGE KL, BRI
NF-«B p65. Bax /K°F-, il Bel-2 ik DLHTEA AL
PR T2 I8 B e i P G A5 1 10 2 OR3P R B B4
VEGF 55l EES S5ME AR, JRARRE
i IL-6/JAK2/STAT3/VEGF I8 4| 1L-6.
VEGF WA KAEPUNLE A BUtE -, ACE2 78
filiv ORES RS MERGEZ AL HIH
KL, BEHMEWRBERBIEAHME RSN
SARS-CoV-2 J&4L, {HH Fiml A e~ eexl #H 4
RGEA MW, T R —H] SARS-CoV-2 JE&YLAH
PER gL, [RIRF, SORERRL. 4HMOIR T AR
SRR ML T B R E . W A gk 25 T
AVE MR, AT AT, A S
AR FERELEHZ MR AT ME S
TR DA 90 S R AR T P A
P M A2 BRIE BVA YT SARS-CoV-2 &GSt 81 #f
ZRGMERE K.

ACE2. complex. 3CL Mpro 7 SARS-CoV-2 J&
Pofm A ARG R R R CEE, W 12
A% 535 3CL Mpro. ACE2. complex i3
AT 0 R4, 45 5L R BRI A S 12 MG oy
BT 5 3 FE A G, dGReI 5EETE T, &L
M. FFEAS . RFIRHAL, HETeirhis
PR ORI AR, IR T 90 4% 265 B 2% 1 4 T 1)
GEOL, IR O R S A 0 ) T IE SE G E 4
4 ACE2 8 S B 5 ACE2 B A k4 Mifase
PABH (b 5 06015 40 e /& 4y, @it 5 3CL Mpro
Sia AW s EH .. HhaeEetn. LEmS
3 FEEAMSARERAL. THRRY, SHERET
XS BT EE HSNT B G 1) 7 I BRI 52 1) 35 A
HIVE R Ll 23T SRR B 75 5 I 40 i 1 vk B
FOHIAE R, 7R AT BN H A% 5 mRNA & U R
FIIR M), HAE T Y SO R N AR T
P22 A 120 R iR A 48 T 9B 1 R A 22 OR3P FH T,
BE— IR T 5E B IC 1L 22 ] BEAE BRI T
HIRIRTT SARS-CoV-2 5| R FIFHE RGu i k1%
HEMEH.

GELFTIR, AHE TS 4 2 H A o x B
BIFFE, DU A e S PT R I B 48 0 4 A
P Pradl . RS I8 A 5% 22 P 2y RS 1 IR 08
I SARS-CoV-2 [ & il] J 1 = 40 i ry s g

FEIRYT SARS-CoV-2 5| RIIME KRGt FHI1EM,
AHIF 5T ] ik — 5 I JE Pt SARS-CoV-2 L5 ffiLe
RGP R 2 1 B TR O 4 R DA B A B AR
W, BT WS Ty TR AR RIR I 5
BRI A B 2 AR M, TR 45 I A FRidt— D WiIE .
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