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Exploration on mechanism of anti-coronavirus of Sophora flavescens through
multi-pathway
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Abstract: The coronavirus disease 2019 (COVID-19), originated in Wuhan city, Hubei Province, China in December 2019, and then
quickly spread to most provinces and regions in China and even spread to many countries abroad. COVID-19 is characterized by
wide epidemic, strong infectivity, rapid onset and critical condition. In the face of this epidemic, all parts of the country quickly set
off a peak in the fight against COVID-19, but no effective drug for COVID-19 has been developed in the short term. Recently, many
hospitals have combined traditional Chinese medicine with western medicine in treatment, and the clinical effect is remarkable,
which proves the antiviral effect of traditional Chinese medicine. A large number of pharmacological and clinical studies have proved
that the Chinese materia medica S. flavescens has significant antiviral effect. In this paper, the mechanism of anti-coronavirus effect
of S. flavescens is expounded from multiple pathways, such as type I interferon, NF-xB signal pathway, ERK signal pathway,
PI3K/Akt signal pathway and matrine alkaloids, etc. It is intended to provide reference for clinical treatment of coronavirus infection
pneumonia and research and development of related drugs of S. flavescens.
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interferon; NF-kB signal pathway; ERK signal pathway; PI3K/Akt signal pathway
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[ H A DA 44K %% i 4 8 COVID-19
(coronavirus disease 2019). FIRIFF T LXK E B
FUFE NP E 2 A, MU AT 5 EE RVEE
AR T ZAERER, BRI HEL S
WPIREREZRAME R0, MRERIESE, B2, eIl
BEEME AN ). AR AIEURE LS LK 1.
COVID-19 ZAE N AR IE—F bl s, MF

BORZES, VIARKEIANIRRGAST COVID-19 Jiike
T, ZHEREE A AR IS E5IaTT,
IRARRCR &, UESE T HZi#E COVID-19 16y BAM
FER] . KERZEANIRARIT TOESS, w2 AAE
EHIOREEEM . BUNZ AN SR R 3
U (B 2) BTN, DPAIRRIRYT COVID-19
RMS%, FRES SHAISH LRI A S AR YR .
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Fig.1 Mechanism of replication, assembly, and pathogenesis of coronavirus in host cells
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respiratory syndrome coronavirus, SARS-CoV) #F|H
H S gmin 8 AME AT (R 1D ket E 40
IFN MRS HifE A . BRIRSEHRIE se o- TR &)Y
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AN RNA-122, ST 00161 FH 28 55 B xof JH- 40 i )
B, RIFHPT BN 55 2 1015 F o B85 2522
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Fig.2  Mechanism of multi-pathway resistance of S. flavescens to coronavirus
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Table 1 Eight proteins encoded by SARS-CoV (antagonizing

activation of host interferon)

SARS-CoV %[ S R N Z25 3R
nspl antagonizes IFN 7-9
PLP antagonizes [IFN 10-12
nsp7 antagonizes [FN 11
nspl5 antagonizes IFN by 11

undescribed mechanism

ORF-3b antagonizes IFN 14,17
Membrane antagonizes IFN 15
ORF6 antagonizes [FN 14,16,18-20
Nucleocapsid ~ antagonizes IFN by 13-14

unknown mechanism

221 ISR R F«B (nuclear factor-
kB, NF-xB) {5 S i@ B PUERIE EE ) ] L] “ 4
MR 7R & COVID-19 EERIEUHRLE 2 —.

Huang 257138, B #ibA#i2 HAE COVID-19 (1 &%,
K #HEIT IR FRE" o PR,

COVID-19 7175 2 Fhat Mg K Fif 2l 5=
e ke M s B S, B PRl TR . <4
J PR AR A2 ER 40 B R R A L R e e 3
i NF-xB {5 5@ 8110 51 & B0k, SR4% 1 s b
%, JE | kTR i SR AR £ A B T )
TR . 48R T FAL 22 R0 TR 7 2 04 52 B
NF-«B {5 5B E k2 5 8iG b s g . ik, ¥
i NF-kB {5 5@ 8251k “AUEFRE" 1K
R RPN, e =P R RS S AR
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Yis AN 25 BEAE N R B, 85 2] DLad i H )
NF-«B [ 1L A NF-«xB & H o (IKB-a) 1
B fA kAN NF-«B iz, T, w20 LIE
N NF-kB [R50 o 0 2255 2 el
& JEE ARSI AL, R I 2 B i 40 )
NF-«B 18 2% H 1) B 422 40 5 A 2L T & 8 &) A 1
(matrix metalloproteinases, MMPs) M T BH# NF-xB
WS . PRSI R EIR, ] NF-«B
EREp .y R N o 1) O P f S AR S i TN
U5k BT T AR E A SR AR 2 28 B 2w 1)
RAEBRKPEIE T PE R EME . 1A, TRE K
SRR, S0 SR BRSO (R s
PERIFE SR ) BF BENIRIEH . w50
DL R L L A Wk 2 T 52 453 2H 23 40 L 1 2% 1
IR 7, WE g R MR SRR F-a (tumor
necrosis factor o, TNF-a)+ 1k K+ BG4 % 1
T30 MPUIESE, DA AN 22 R L,
KBS 5 R B S 085 TNF-o (ARG
IFi) 14 28 R S5 I FH 28 8 9 S SRR IRl 1) 7%
BRGNP IG 25 AHFT &, Bl TNF-a /2 7 S
HATPIR bR 2 —. 25 b, LR B i,
M2 PUR AN G B A L5, 8 ST DU ]
WIGEKIY) NF-xB 5 5 18 2 Kk — 2 o438 S s 3%
IR 26 ) SR A, IR B2 AR BEAR TNF-o 457 HLAR A 26
BEHIRGE o UL AT HERT, w5 2] AeidEid ] NF-«B
5B ECRFLE COVID-19 5l “4iii 1 K
2”7, #EMmiasT COVID-19,

222 ESEEIANAME ST (extracellular
signal-regulated kinase , ERK ) 1§ 5 i# % $T
SARS-CoV-2 HJRTREME L] ERK {5 51l % 4
MR ERAE OS5 58 % . W01 SARS-CoV., B H;
Jii 85 (Ebola virus, EB-OV). IR¥HFE (astrovirus )
PIE%2F B3 77 (Coxsackie virus B3, CVB3). HA
i %95 (Japanese encephlitis virus) 1 % NS4
BREEHIEE (HIV-1) 2572 HEH) RNA JERETE T
H {1 A2 RN SO # 6 K S G ERK 15 5@,
KB 1 24 38 2 RN PR S0 E 5K, 758 B3l s A2
ERK {55 18 B & B O ME R, /a4
FUFNEL ) ERK 8 1R 25030 0] LA oA
s B B Z WA B, 1 H 2SR A KAEH K
MAPK/ERK i (MEK) 7B AL 1) 5400
2SS, AT, ERK/MAPK J8 2% A 75
BOGE I E B VFEZ RNA JREEESE B fdmis, 1M

SARS-CoV-2 /2 —Fi5 SARS-CoV fEFEF 4155
EA 80% A HIAHANE, 5 s K SARS SRAUE
PIHEAT 90%LL EARMAMER) RNA R, i
7 71 M (enterosvirus71, EV71) BIEURH LR &
I HOE ERK @RS, #miES p300 (EZEY T
MR 1) . PR R E SO FE A SE A A
(cAMP-response element binding protein, CREB) #ll
NF-«B 45, ME A2 (cyclooxygenase-2, COX-2) /
R B, (PGEy) ZEJEHI IR IA R S0,
Klit, W& ERK 15 518K /E SARS-CoV-2 %5 RNA
T B ) 2 RN B0 ke s SR O IR

BT REANFORILG, 25BN S SI0T
FH R I 70 T HL 77 4T 7 AR 22, B
BPIRFTR M, ST AEE I ERK (5SS
JE I OCBE R 1 p-ERK A ERK 2 I IERIA, 4]
T HepG2 AHmAN I FEALER . BrabsRPomt it &
N, v SR 5 HANH A BESUVLIAE RD 40 A
B PHEFI T 2 IEAHSG,  FIR A48 ERK
mRNA [JFRIE K& ERK1/2 H BRI HEE. /5t
E GBI SR Rl RIE AS49 AHARE 10 A5
HRIK A B2 AR R . D FE AN p-ERK s, 25 542
N 2 AT RE G 0 ) 22 2 RS Ak B B e
(MAPK) /ERK PRI S R 3A HAN fl irffee 1fL° F A2 Ffe o
HHUL RN, 2] DL 8 5 4 T BRI ERK 5 5
TG, SRYEFFHLARGNM IE W AR F A BENLEE . T
SRR FEAE L S HIANEORE ) R, SRS ERK
IR K, HEWTE S Rl RS ERK T
MR AT IR0E, PRGN #7218 40
R ST, DT S M L T B R B A TS
2223 SR T B R LR -3- 2 S A
g B (PI3K/Akt) 155@EXHT SARS-CoV-2 ] fE
TERIOLE] MY 22Dl Re 2l PI3K/Akt 55
TP R HAT RIS  EIMA MRS . ARG
M AR A R RN 20 I A% 55 2 P A 327
#E 1 PI3K 5% Akt 15 2 i A 521 A 1
KPAT P, LG ERAN S R, 22 R A
A DORS %t % 2 Ph 4B (S S iE Bk . a0 A BRI
# Cifluenza A virus). AN E 415 7 (human
cytomegalovirus) AT (Junin virus) ZF7EK
G R AL R SE O PIBK/AKt {55l 4
B 56 U 23 S 0 @I PIBK/AKt 15 58 5 R 4%
XA Th e ROPE AL, kN SeH I s s 5
B IR I #1) PI3K/AKt 15 5 4% I K, a3 1T 4E 22 1t e
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(13 i . W IS 2 12T 8 8 5 2 g ] A 5 i 4
PI3K/Akt (i fERIE, BEMANHEIZE e SW480 4
MEFE S S HPIT. Z8E, WS LU RS
ERI¥] PISK/Akt 15 530 1% , KA 96 4H e P 8 4 075
T, T PIBK/Akt {5 5 18 I 2 350 R 7 75 B L
BN M P2 D ARSI AE S g, RIS ST LlidE
R VR R PI3K/AKt {35 8 B T R E0R
Rl 7718 EAMMA S H]. B BURSE.
2.3 EHEWEEYBINERFS AT RENH
2.3.1 EHSWUERIEF AT RENLH] CRHER
(135 2 AT B S5 LV PR U 15 S0 15 S0
TN CisHuNy O S BB PR EE BT
Ko BB B4R, T E XA/
JUIH 58 < Bk Ak 98 R R 5503 25 5| S 1) AH DG g
WEA BRI RS L SR
B2k KO B B R P 1 B R O SR T R R S
NI 5 A ALE I Fe R, WS
L 422 K R A0 1) 2= LSk DR 988 3 5 75 240 B P 3 B 1
JEG R BIBE ISR R SCR . T, S
PG X RNA JiEiE & DNA WiEE, #n LA
P D A 1995 B A 1 32 40 R P ) R AN A, 1T
SARS-CoV-2 thZ&—F RNA . R ESXf
SARS-CoV-2 1] fg B AT B #22 K& FI M il FAE LA A
PRSI S B A 2RO
232 LR BRBUER N B R AT R AL MR R
(sophocarpine) J& T SR A VBT i — M, 7]
DA G R B v 2 PR AU R . AR T X
N CisHnuNoOo FRIRBAMY BA BN % T
TR KRGV, i B RS R AR RO . B
2 BT 7T HH O TE T SARS R BRI PE R i
RIFERIEAE 100 pg/mL PL_EIRFERS, BEWS 50
il 7 B SRR GE £5- A 1E (severe acute respiratory
syndrome, SAES) I, ok 52 5% o,
—SE R ML HeLla 40 CR I, fE/RANE
PR & Wi EE CVB3m 1EH, FFX &4 CVB3m (1)
HeLa 40 i (R4 EH - BEERBRIN S EVT1 7E“ 428”7
i CHENSR S A &gy, RN
O EVTL MBS R 558, $on AR i mT LA 19
B EA MR A g E N R, MR AT AR
T I S e R B R RN B A R E, R
PUREERIPER, HEWTE 0] e SARS-CoV-2.
3 ERiERE

HHl, COVID-19 ZAEE MR, skl

FOUH WAL T R EA T, SR F 5
Hir %, nER20 e ANBEEARRmn, i
SEm PR ol “ s ih rh P R g & 7 VSRR R TR AR,
P THER, (MRARESZ) 108, HS%E, M
5, AR A, IUARZB ARG R RS, 5
AMYBEATZWPUREER, 1 H A% IS B30
Jra. BCEEMZE, S0 EOEE AR R %
RENLS, F B Rt 30 S P Wb R B S . A
S Ik R 0 AU A A Sl s S . HEH
BTG T3 2560 N GebIRp B A P AL 56 7 T ) S5 58
FOR LR, I S 2 A U R FE 1 E
PRI TER Y, BT RE NI IRIGTT COVID-19 $fit
BRI S A AR LA G
B2 VI R AR R AR o
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