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Network pharmacologic molecular mechanism of Shenmai Injection in treatment
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Abstract: Objective To analyze the molecular interaction network pathway of Shenmai Injection in the treatment of COVID-19
with coronary heart disease by using network pharmacology. Methods Using the TCMSP and ETCM to retrieve the chemical
constituents of Ginseng Radix et Rhizoma Rubra and Ophiopogonis Radix in Shenmai Injection. The target of the compound was
predicted through the SwissTargetPrediction database. The target of COVID-19 with coronary heart disease was screened through the
NCBI database and the GeneCards database, and the targets of compound and disease were mapped to obtain the target of the
compound for treating the disease. FunRich software and DAVID database were used to perform GO function enrichment analysis
and KEGG pathway enrichment analysis, and Excel software and Tableau software to draw bar charts and bubble charts for
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visualization. Finally, Cytoscape 3.7.1 software was used to build compound-target-pathway network. Glide was used to dock the
components of Shenmai Injection with 3CL hydrolase (Mpro). Results The results showed that ophiopogonin D’, ophiopogonin D,
ginsenoside Rgz, methyl ophiopogonanone A, ophiogenin-3-O-a-L-rhamnopyranosyl (1—2)-B-D-glucopyranoside, ginsenoside Rbg,
ginsenoside Ro, ophiopogon A, sanchinoside Rd, ophiopogonanone E, and ginsenoside Re showed higher degrees in the analysis and
stronger binding with 3CL hydrolase. Those compounds were the main effective components in the treatment of COVID-19
combined with coronary heart disease, involving 77 targets such as 1L6, GAPDH, ALB, TNF, MAPK1, MAPK3, TP53, EGFR,
CASP3, and CXCL8. KEGG pathway enrichment analysis revealed that there were 124 (P < 0.05) signaling pathways involving
HIF-1 signaling pathway, TNF signaling pathway, sphingolipid signaling pathway, Toll-like receptor signaling pathway, neurotrophin
signaling pathway, VEGF signaling pathway, apoptosis, Ras signaling pathway, PI3K-Akt signaling pathway, and prolactin signaling
pathway. The results of molecular docking showed that the affinity between the 17 components of Shenmai Injection and the 3CL
hydrolase of SARS-CoV-2 was less than —25 kJ/mol. Conclusion Shenmai Injection can achieve simultaneous intervention of
COVID-19 and coronary heart disease by inhibiting cytokine storms, maintaining cardiac function homeostasis, regulating immunity,
and antivirals. It presents the network regulation mechanism of mutual influence and complex correlation. This study can provide a
scientific basis for the treatment of Shenmai Injection in critically ill patients with COVID-19.
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COVID-19 with coronary heart disease

22 BEESRAETT COVID-19 M LRLEH
SH) PPl M H4E R

H P 2 T4, B ENPPL B 5 A B B 22 18]
HHAER R HEER, ZM%as 76 N A K 836
%30, “FFEE (degree) N 22. LA A EE(E NV
W S5, 9 i BEARBROC SR LAE PP W 4% rfl 8 22,
A ReAE RIEEYEDhRe Pl B . FEEHE
T 10 AR (B3 NAZHIENZ 6 (IL6). H
T -3-HE MR I A (GAPDH). HEEH (ALB).



¢ %% Chinese Traditional and Herbal Drugs

;5135 O 20205 H « 2337«

SLC6A4 ITGB1 ADA

PARP1 HLA-DRB1 F11

RELA . EIF2AK3— PIK3C2A — EIF2AK2 — ACE——MAPK14—PIK3CA -
jae HLAA - GSK3B—~— ATP1AL —— STAT6 —— TBKI -
SN 5 S Soet e, | ';"‘/" toS A y
N e e L
NFKBT -~ CASP8 -~ —VHL —~ €CRT —— BCL2Lt- G-~ HSPA5
NS e oy P 2
| e <&
SCARB1 TR EBEP  PIKC — FGF2
ADAM17 + GBPB- - “PIGSt~ “NOS3— —— DPP4  ~ ITGAL
o 2 S - 7 g
CC‘R3 - PRKCB XN “-CAMK2D— NOS2 MCL 1
FGI‘-'RZ - CASP: 2 »"1 — MAPT F10 CYP2D6
OS5~ PLA2GAA - ' Z S CALMA -~ PPIA PRKCE EZR CTSB
‘ SERPINET———IGAM1 PTGS2

2 BEIEGHRATT COVID-19 &H B ILFRER S PP [4%
Fig. 2 Target PPI network of Shenmai Injection in treatment of COVID-19 with coronary heart disease
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Fig. 3 Information of key targets
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Fig. 4 GO enrichment analysis of Shenmai Injection in treatment of COVID-19 with coronary heart disease
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Fig. 5 KEGG pathway enrichment analysis of Shenmai Injection in treatment of COVID-19 with coronary heart disease
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Fig. 6 Composition-target-pathway diagram of Shenmai Injection in treatment of COVID-19 with coronary heart disease
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Table 1 Compounds with a degree over seven of Shenmai Injection

Y e ) Bk FEfE] 258 BRE Y Ei JEfE

1% Bif C64  ginsenoside Rg: 2 |45 ashEE C55  (3S)-falcarinol 7
C34  ginsenoside Rg2 1 C59 panaxydol 7
C39  ginsenoside Rhs 1 C24  clovene 8
Cl1  20(R)-ginsenoside Rg2 1 FAth C50 isolongifolene 8
C16  20(S)-Ginsenoside Rhy 1 C65  spathulenol 8
C41  ginsenoside Rs1 1 C47  globulol 7
C45  ginsenoside-Rhy 1 C68  zoomaric acid 7
C44  ginsenoside-Rc 10 |#%4 =i C93  methyl ophiopogonanone A 10
C29  ginsenoside Ro 9 C103 ophiopogonanone B 10
C31  ginsenoside Rby 9 C94  methyl ophiopogonanone B 8
C38  ginsenoside Rhz 9 C105 ophiopogonanone D 8
C43  ginsenoside-Rb, 9 C106 ophiopogonanone E 8
C12  20(S)-ginsenoside Rg3 8 C77  5,7,2trihydroxy-6-methyl-3-(3'4"- 7

C15 sanchinoside Rd 8 methylenedioxybenzyl) chromone
C36  ginsenoside Rgs 8 C90 isoophiopogonone A 7
C53  notoginsenoside Rz 8 C107 ophiopogonanone F 7
C32  ginsenoside Re 7 {4k =1F €108 ophiopogonin A 14
T C40  ginsenoside Rhq_qt 11 C112 ophiopogonin D' 13
C5  protopanaxatriol 9 C111 ophiopogonin D 12
C42  ginsenoside Rsy_qt 9 C109 ophiopogonin B 11
C46  ginsenoside-Rhy_gt 9 C99  ophiogenin-3-O-o-L-rhamnopyranosyl 10

C14  20(S)-ginsenoside-Rhy_gt 8 (1—2)-B-D-glucopyranoside

C35  ginsenoside Rgz_qt 8 C83  daucosterol 9
C54  notoginsenoside Rz_qt 8 C100 ophiopogonA 9
C4  (3R,9R,10R)-heptadec-1-en-4,6- 11 C101 ophiopogon B 9
diyne-3,9,10-triol R Co1  jasmololone 7
B C60  panaxynol 8 C119 A-cyperene 7
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#% i CLL7  ruscogenin 12 | #% i C85 homeol-2-O-p-D-apiofuranosyl 7
C116 ruscogenin 1-O-sulfate 11 (1—6)-p-D-glucopyranoside
C84  borneol-2-O-a-L-arabinofuranosyl 7 C96 N-[p-hydroxy-p-(4-hydroxyphenyl)] 7

(1—6)-B-D-glucopyranoside ethyl-4-hydroxy cinnamide

C95  N-(trans-p-coumaroyl) tyramine 7

EEW /N T 5 SARS-CoV-2 ) 3CL /K fift il
(PDB ID: 6LU7) #HTmp@EE 4, FFLL 6LUT (1)
JRBCAAR AP PEXT IR . > Xt R, JEEA A
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Rb, 5 N- /s 3-F Rk i 5 6LUT7 X421 =4 & —

$er %, MEIHFTTUEH 2 MEADER IR
BT 6LUT s PE 4%,
3 it
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*2 BEIHBPEEFMRSS SARS-CoV-2 3CL K FEGHIZEA BE
Table 2 Binding energies of main active ingredients of Shenmai Injection and SARS-CoV-2 3CL hydrolase

P S 43 44 FR #h48/(kd mol™)
Jir e A CasHs2NsOs -32.79
1A% A2 21f Rb2 (ginsenoside Rb2) -31.85

ANz %21f Rg2 (ginsenoside Rg2) —29.42
Az %21 Ro (ginsenoside Ro) -28.90
ANZHBF Re (ginsenoside Re) -28.51
—-t %= Rd (sanchinoside Rd) -25.93
F& N-J 3P BR L% % (N-trans-feruloyltyramine) -31.26
#4521 D' (ophiopogonin D") —29.04
#KZ%21F D (ophiopogonin D) —28.64
45 ¥ C (ophiopogonone C) —27.66
FRX A RN A (ophiopogonanone A) -27.12
RIRF A ETH A (ophiopogon A) -26.77
FX A FAHN E (ophiopogonanone E) -26.73
5,7-_§34k-6,8-  HIJ-3(4-F 4k 3- IS J R 2) t J5i -4 (5,7-dihydroxy-6,8- -26.53
dimethyl-3-(4'-hydroxy-3'-methoxybenzyl) chroman-4-one)
FAX A= ¥ C (ophiopogonanone C) —26.40
2,5,7- =3 4£-6,8- — FI Hk-3-(4'- FH AR L 2k ) 8 J5 g -4- i (2,5, 7-trihydroxy-6,8-dimethyl-3- -26.21
(4’-methoxybenzyl) chroman-4-one)
FKAFIC-3-0-F 38 i 1F (ophiogenin-3-0O-a-L-rhamnopyranosyl (1—2)-p-D- —25.56
glucopyranoside)
F AR A (methyl ophiopogonanone A) -25.37
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DW::E(W

T

' GInlSo(A) e

7 AZEH Rb (A-3D, B-2D) 5 N-RH-MERELEZ (C-3D, D-2D) 7375 SARS-CoV-2 3CL /K #EEgHY 7 F 3485
Fig. 7 Molecular docking pattern of ginsenoside Rbz (A-3D, B-2D), N-trans-feruloyltyramine (C-3D, D-2D) with SARS-CoV-2

3CL hydrolase

(ophiopogonin D). %421 D (ophiopogonin D).
ANZBFH Ry (ginsenoside Rg2)+ 24 LT LEEA A
(methyl ophiopogonanone A). Z4F J6-3-O-Fi 5 [
B (ophiogenin-3-O-a-L-rhamnopyranosyl (1—2)-p-
D-glucopyranoside ) . A Z % 1 Rb, (ginsenoside
Rb2). A Z B4 Ro (ginsenoside Ro)+ ophiopogon A
=L %=1F Rd (sanchinoside Rd). #4& 4= 57 ¥l
E (ophiopogonanone E). AZ & Re (ginsenoside
Re) 5 SARS-CoV-2 3CL /Kfiflilfsh & Refsfk, HAE
& )-HE R B N 2 T IR A, ATRE R ST
WHRURAFIGIT COVID-19 & 7k 0o 1) 1 BB 47 o
COVID-19 fa s & i EINE S “AiuE ¥

AR B, M PR 7 R 2 B T LA 2 3 sk
LS5 A FERINEOT = A 1 K S 40 B R - & 2 A
SRR, RAFEEE T SR E B LS
HAE B FAd 28 5 w102, AR IE PP X 45 73 Hr
g5 IR IL-64 IL-2. TNF. NFKB1. FGF2. CXCLS8.
PTGS1. PTGS2 %4 mi 5 40 ff A+ B % I AH 9%,
Hrf TNF. IL6. PTGS1. PTGS2. CXCL8 J& T1¢
RAIEAMIF T PPl WLEHE7~ 1 S 2233 S AT G
T VTR 9 14 R 5 40 8 1 R T4, o e 4
BR ¥ FE R TR T B AR RE D e . A TR R,
COVID-19 &4t #2& — /i i AL it 72,
FEANBY BRI AR 1) 21 g R AE, TR
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7E HE A ERE SR, W S B g S N I
W RS . O ThAE R . ML R R AT ELZA
AL Ao S PR 7 DA R 8 R VR A B A2 32 E )
FEMEEEL N — AN EER T, MR RRE
ZJE I T ZAENER B DG g 4, TNF B A
N 2 B R X A% o, 330 T R S8 b R 4
T bR LA R g R PR A0 B PRtk , B I R
B, 50N, HEURAE, ERkas B IhRein s
SER2 Sy BTk A - BE R - B N 2% R I 3 A T
3-O-Fite FEH T LB HAEH T TNF, nlgeisd 4
il TNF ok it 50 28 i, 38 et A e PR - A8 45 4
il ER 22 . S a B u 22 4 B D AT A A
Y R 55 A R 20 B R R B, DT A ) 8 1 4 e TR
TNF-o [ 231, 4, PPI /R & rh R B T CCR1.
CCR3. CXCR3. CCR5 %#atb A T[54k, #fblA
T R IHLZARIEN P IE RN B BEERER . 4
Jiti 3508 52 B AR AR N AR I, i B, 2%
¥ UM U6 RFE A0 R B A Th g, X e A 2=
T A DR B L2 A, e 4 1 L 25 4
FRLAE 52 B 7 ST R RS S AE S, KE s
S 0 B 2R T LR S R AR E R, PIBK/AKt
30 NF-kB 2 & L1 SO0E(E 5% T2, R
N 2RE R F KPR R IEE EERIER, —B
PI3K/AKL 15 5 i B 4 3G 3k M A 5 NF-xB 7245 K
2 1 JERE B I ORE [ B . S FEFESR R A S
TS F Rby Z B AT KR T AR IE I ] PIBK/AKE A
T NF-xB 34 42 11 8% S 20 i IR 1 X 25 L AR 3 %
177125261, Gao LRI Z B Ry d 5 Toll
FEZARLE S M FNH] NF-kB/MAPKS {5 538 B 7 4K
WARIRSN R FEBLRAE R, UE B AR VR TT 98 RE P50
HHEARGIRCE . SEESRT R FiArE
A ) A % 98 PR A B DR 7 ) ok B R, M T A
COVID-19 & PRI 4 i [R~ XZ In B3 155

S A VSR AT 4EHF COVID-19 & )& 0ok
PO AEDIRERRES, oCE A EE B AE . il g
FC 0 0 2 fe B TR 3 AN BEATL AR, 7E 0
R B, 5 B0 AR N E A
SARS-CoV-2 JB&Ye N S5 175 S A LA 2 i G 928 FHAAR
Fag% [N, FEAE R AN R AL E R 1, 53
O JULAAPA Sk I R AETT B4 A 4 B SOE I B
WO K REBEE ) 8 AP, SIRRBEEaE R, I
TR B AR T R, AT 3 2 ML 155 i o LA B o
Chen 2502815 2020 4 1 H 30 H#RiE T 99 4 7EmIY

SHEERERIAIT I COVID-19 3 il AL
AT IR SFHRAE, R 1% s BB v R Rtk
Wi, HEIERNFEFEEE LK SARS-CoV-2,
XF T EE B AR fE A COVID-19 & O I ThBEHR
i, R T R AS IR GIRTTR0, &4
TS NS 21 R, Re 5B B Refig (47
FH T JUL R T SR S0 1 () SR 247, [R] IR R e s
O, RSN E AR, SEEOIRDIRE, A
fi 2 BB SR IS R] 333, e O AR I A —
BT RIDIREA, TNF. IL-6 25 28 P4 e 17K F
Bm, 1M TNF. IL-6 15 BER 2 5 S At i e ek
00 I PN 2 411 B 45 # N T e 32 4534, COVID-19
HIE R, EESH T OME RIERGNF
ORI T, O VLA AR 22 (I8 T 3 B U 4
¥k ROV ARSE D) Re R, HEE R O ) R e
sk O R O LB B vT RE 2 U IR AR . T K 1 Ik
3T RE, BAHSECOLHAA . 43 HF PPI
W28 RIS 22 5 NS 2 Rby 558 i i@ AR
Fi-F TP53. CASP3. BCL2. BCL2L1 Z:JH T 4%
FE[H, $0iH] caspase 3 FFRIA LL K Bel-2/Bax H EL
T k2D B O LR AR T2, 300 JULE i I 5
TEAS TN e, J A Bk bk 22 I 7 2% BH 3 1 i
GBS S B KRR L B TIAR DG, SRR S T E
P T BEAR . M B SETE B kR R R AR
RIEHPy G EEMA G, PR DL SRk
() 9 RE IR DA e 1, IR e S BUMAE P 2 40 e &
SEIE VI TR, sk SO LR, NS 2
H Ror A LUBER 4O UL VEGF Rk &= KF, M
TR 8 T TS0 ok ) S 48 X/ PRI TS i, 338 ot ot 3 k-
AL LMK LR, AR ONLIER g, FfREEI
R, FLBH D nlagilid#us AKUGSK-3B
S 5EE, MG caspase 3 15 TiEME, mAfH
Bel-2 & H 11, Bax. caspase 3 f&H i,
PRI R RO LA T

PRI H R0 PR (10 7 AR A0 25 ) 2H 209 B 82 45 I
E7~, COVID-19 HE 3 %)% KRG 2 5] SARS-
CoV-2 i 5 1™ B Uil , BE0E AR 35 1A S e 4| ol
CD4*/CD8*{f 72 FI bt N4 S D e X EL I Ik R 12
BURTESR, MO RRRE s RE. B
F DA NS 7SRO YT 77 RIF U e 2 200 S
T¥6YT COVID-19 fi HiE 3 I e PR AS . A
VRN, SETNBRETERS TREEE T cell
receptor signaling pathway . Natural Kkiller cell
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mediated cytotoxicity . B cell receptor signaling
pathway %515 5@ B AL e 77, s H
M RPER G SF 1 R RE 8 2 R AR e S
PEFHAME A T bk A RS H Ay R B T S
M B kA A ERE E 196G, IgA Al IgM
AR . NS B Rhy AT 1S 50 B B R 2
TR RE AR AR E T kB 40 B R 4, AT B2 =i AL
G ERE J102 215 2 5 G e A AR AL /N B
A 1G5 5095 D RE IR IS, (X 25 25 1 7y #r 45 R 4
INS AR @R T AT . Ak
B, 39 [ SRR A0 4 L %) 24 L 0 1 A A I 4 i
(ARRETNRE, B2 IE COVID-19 i % yEThhg &%
B, IREHUADT SARS-CoV-2 Ji 2B UL fiE

Zx EPR,  AHE Tz P 4 2 35 R0 10
WEARRT L, RIS ZZFSHERIT COVID-19 &
I oI LA A5 77 4, BEFHP AS B
Rgi~ Rhiv Rhsw Rhy AR AL D', B2
TG AT & S 2R SRR IR YT COVID-19 A 356
ORI EE RN . SRR ReEd S E
FEAE R (S 500 % A A2 R S B 1) 4 ff B 5
MG GERROIEThAERRAS . TR, PUREmTh
e, RPN T AR ML . AR R
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