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Abstract: Objective To explore the targets and pathways of Ephedra Herba in the treatment of heart failure based on network
pharmacology. Methods The effective components and targets of Ephedra Herba were screened in the TCMSP database, and the
targets were standardized through the Uniprot database. Screening of heart failure disease-related targets through GeneCards,
OMIM, TTD, and Drugbank databases, intersecting drug targets with disease targets, obtaining common drug-disease targets, and
using STRING database for protein interaction analysis (PPI), and through the Cytoscape 3.8.0 software for topology analysis.
Finally, use the Metascape data platform and David database to conduct GO and KEGG enrichment analysis on the common target
to obtain the relevant signal pathways and biological processes. Results The results screened 23 active ingredients of Ephedra
Herba , and the potential active ingredients used to treat heart failure are luteolin, quercetin, B-sitosterol, kaempferol, stigmasterol,
(+) -catechin, herbaceous, naringenin, delphinium, daikon and lactalbumin, quercetin and kaempferol are important chemical
components. There are 116 common core targets of Ephedra and heart failure. Through PPI topology screening and network topology
analysis, 16 targets such as TNF, MAPK1, TP53, IL-6, MAPK3, RELA, etc. are the main targets, which are related to the AGE-RAGE
signaling pathway, fluid shear stress is related to signal pathways such as atherosclerosis, MAPK, PI3K-Akt, TNF, IL-17, HIF-1 and
apoptosis pathways. Conclusion The treatment of Ephedra Herba for heart failure is through multiple targets and multiple pathways,
which are mainly reflected in the regulation of immune and inflammatory factors, anti-oxidative stress, and regulation of cell apoptosis.
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Table 1 Active ingredients of Ephedra Herba

ID i kel TR 0B/% DL/%
MH1 MOL000006 A J# % 2 (luteolin) 36.16 0.25
MH2 MOL000098 it} % (quercetin) 46.43 0.28
MH3 MOLO000358 B-%+ i (B-sitosterol) 36.91 0.75
MH4 MOL000422 1125/ (kaempferol) 41.88 0.24
MH5 MOL000449 77 £ B¥ (stigmasterol) 43.83 0.76
MH6 MOL000492 (+)-JL. %5 & [ (+)-catechin]] 54.83 0.24
MH7 MOL002823 & Jii % (herbacetin) 36.07 0.27
MH8 MOL004328 #ili i % (naringenin) 59.29 0.21
MH9 MOL004798 K351 2 (delphinidin) 40.63 0.28
MH10 MOL005573 3t4t 3 (genkwanin) 37.13 0.24
MHI1 MOLO010788 K*:%%% (leucopelargonidin) 57.97 0.24
MHI12 MOLO010489 it % (resivit) 30.84 0.27
MHI13 MOL001494 il Z,7i5 (mandenol) 42.00 0.19
MH14 MOL001506 Jz 3\ % /% (supraene) 33.55 0.42
MHI15 MOL001755 24-lH {§ Z.4%-4-J5-3-Hid (24-ethylcholest-4-en-3-one) 36.08 0.76
MH16 MOLO001771 % #L#&i-5-Jfi-3B-f% (poriferast-5-en-3B-ol) 36.91 0.75
MHI17 MOL002881 M A % (diosmetin) 31.14 0.27
MH18 MOL004576 A£JiEFa % (taxifolin) 57.84 0.27
MHI19 MOL005043 3ZjH £ -5-Jfi-3B-H¥ (campest-5-en-3B-ol) 37.58 0.71
MH20 MOLO005190 2%} (eriodictyol) 71.79 0.24
MH21 MOLO005842 % jili4l. & (pectolinarigenin) 41.17 0.30
MH22 MOLO007214 (- %% 1 7ol (+)-leucocyanidin ] 37.61 0.27
MH23 MOLO011319 482 R IE T 5 3 (truflex OBP) 43.74 0.24

JRIE D FTEE
98 116 1557
(5.53%) (6.55%) (87.92%)

E1 RERTONEBEALESFEE
Fig. 1 Venndiagram of target of Ephedra Herba in treating
heart failure
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Fig.2 Network of common targets PPI Ephedra Herba and heart failure
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Table 2 Topological parameters of key targets of Ephedra Herba in treatment of heart failure

PR R N i
#1 A HERHK HHi e oo K i I Lo

TNF 98 ¥R 58 Al (tumor necrosis factor) 23 2.097 826 0.104 335 0.476 684
MAPK 1 #234J5 554k 2 A 30 1 (mitogen-activated protein kinase 1) 23 1978261 0.146 211 0.505 495
TP53 4R BLR p53 (cellular tumor antigen p53) 23 2.163 043 0.090 057 0.462 312
IL-6 4}/ % -6(interleukin-6) 22 2.119565 0.097 667 0.471 795
MAPK3 2234 J5 54k 2 0 3 (mitogen-activated protein kinase 3) 22 2.010870 0.083 938 0.497 297
RELA #3% K1 p65(transcription factor p65) 22 2.086 957 0.091 060 0.479 167
AKT1 RAC-oZZAR/75 % IR-5E B0 (RAC-alpha serine/threonine-protein kinase) 21 2.282609 0.101 297 0.438 095
EGFR 3 Ji 4= & [F T 52 & (epidermal growth factor receptor) 17 2.141 304 0.114 437 0.467 005
FOS  JiiJm & A c-Fos (proto-oncogene c-Fos) 17 2.141 304 0.057 358 0.467 005
CXCL8 44 -8 (interleukin-8) 17 2.336 957 0.055 052 0.427 907
VEGFA Il 1N Bz 4 K K7 A(vascular endothelial growth factor A) 16 2.173 913 0.088 266 0.460 000
ESR1 M3 2 44k (estrogen receptor) 15 2315217 0.046 389 0.431 925
MAPKS 2224 J7 1% 16 5% 11 3% 5 8 (mitogen-activated protein kinase 8) 15 2.293 478 0.044 533 0.436 019
MMP9 J i 4 J& 8% (A i -9 (matrix metalloproteinase-9) 11 2.489 130 0.053 629 0.401 747
PRKCA % H ¥ C o2 (protein kinase C alpha type) 10 2.423 913 0.042 628 0.412 556
PPARA MW WIBHAIESEY BT 52 14 aperoxisome proliferator-activated receptor alpha) 7 2423913 0.095 674 0.412 556
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Fig. 3 GO analysis of potential targets of Ephedra Herba on heart failure
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Fig. 4 KEGG enrichment analysis of targets of Ephedra Herba and heart failure (top 20)
R3 KERTODNIRBEETERSESER
Table 3 Potential pathway enrichment of Ephedra Herba for heart failure

e s S AN 5
ko04933 ¥ IR 3 /X iE AGE-RAGE 15518 25 37.61 AKT1.BAX.BCL2.CASP3.COL3A1.ICAMI.ILIA.ILIB.
% (AGE-RAGE signaling pathway IL6.CXCL8 .MMP2.NOS3.SERPINE! .PRKCA .PRKCB.
in diabetic complications) MAPK1.MAPK3.MAPK8.RELA.CCL2.SELE.TGFB1.TNF.
VCAMI.VEGFA
ko05418 i A B 1) 37 H7 15 B ik 36 B i 25 3329 AKTI1.BCL2.NQOI.FOS.GSTP1.HMOXI1.ICAMI.IFNG.
k. (fluid shear stress and IKBKB.IL1A.IL1B.MMP2.MMP9.NFE2L2.NOS3.PLAT.
atherosclerosis) MAPKS8.RELA.CCL2.SELE.TNF.TP53.VCAM1.VEGFA.
NCF1
hsa04668 WRIRSLIA 115 5 W (TNF 22 30.12 AKT1.CASP3.FASN.FOS.CXCL2.ICAMI.IKBKB.IL1B.
signaling pathway) IL6.CXCL10.IRF1.MMP3.MMP9 .MAPK1.MAPK3.
MAPKS8.PTGS2.RELA .CCL2.SELE.TNF.VCAMI
ko04657 AN ZR-1715 5@ (IL-17 20 28.48 CASP3.FOS.CXCL2.IFNG.IKBKB.ILIB.IL-4.IL6.CXCLS8.
signaling pathway) CXCL10.MMP1.MMP3.MMP9.MAPK1.MAPK3.MAPKS.
PTGS2.RELA.CCL2.TNF
hsa04066 & T T 115 5 18 % (HIF-1 20 26.12 AKT1.BCL2.CDKNIA.EGFR.ERBB2.HIF1A.HK2.
signaling pathway) HMOX1.IFNG.IL6.INSR.NOS2.NOS3.SERPINE1 .
PRKCA.PRKCB.MAPK1.MAPK3.RELA.VEGFA
hsa04010 22 ¢ )5 yE Ak & (S 50 25 24.16 AKT1.CASP3.EGFR.ERBB2.FASN.FOS.HSPB1.IGF2.
#% (MAPK signaling pathway) IKBKB.IL1A.IL1B.IL6.INSR.MYC.PPP3CA.PRKCA .
PRKCB.MAPK1.MAPK3.MAPK8.RELA .TGFB1.TNF.
TP53.VEGFA
hsa04151 FEIEEENLEE 3 - Al B 55 24 20.98 AKT1.BAD.BCL2.CDKNIA.CHRM2.EGFR.ERBB2.IGF2.
i % (PI3K-Akt signaling pathway) IKBKB.IL-4.IL6.INSR.MDM2.MYC.NOS3.PIK3CG.
PRKCA-MAPKI1.MAPK3.PTEN.RELA.SPP1.TP53.VEGFA
hsa04210 ZHff1JH T Capoptosis) 17 19.15 PARP1.AKTI.BIRC5.BAD.BAX.BCL2.CASP3.CTSD.
FASN.FOS.IKBKB.MAPK1.MAPK3.MAPK&.RELA.TNF.
TP53
hsa04068 X SLAERL 5% [K T O 15 518 % (foxo 14 1522 AKT1.CAT.CDKNIA.EGFR.IKBKB.IL6.IL10.INSR.
signaling pathway) MDM2.MAPK1.MAPK3.MAPKS8.PTEN.TGFBI
hsa04071 515 {5 5 8 % (sphingolipid 14 15.64 AKT1.BAX.BCL2.CTSD.NOS3.PRKCA.PRKCB.MAPKI.
signaling pathway) MAPK3.MAPKS.PTEN.RELA . TNF.TP53
hsa04064 A% PR FIuE IR A 1B 15 518 13 15.86 PARP1.BCL2.CXCL2.ICAM1.IKBKB.ILIB.CXCL8.PLAU.
#%(NF-kappa B signaling pathway) PRKCB.PTGS2.RELA.TNF.VCAMI1
hsa04620 Toll ¥ 5% {415 5 1 ¥ (Toll-like 13 14.94 AKTI1.FOS.IKBKB.IL1B.IL6.CXCL8.CXCL10.MAPKI .
receptor signaling pathway) MAPK3.MAPKS8.RELA.SPP1.TNF
hsa04659 %I T 400 17 4851k 13 14.89 FOS.HIF1A.IFNG.IKBKB.IL1B.IL4.IL6.PPP3CA.MAPKI.

% (Th17 cell differentiation) MAPK3.MAPK8.RELA.TGFBI




$F44% F 1087 20215108 %!‘ﬁiﬁﬁti Drug Evaluation Research ~ Vol. 44 No. 10 October 2021 - 2195 -
83
, 3t
i TS B P 4045
hsa04370 I AN A K 5 5@ (VEGF 11 14.55 AKTI1.BAD.HSPBI.NOS3.PPP3CA.PRKCA.PRKCB.APKI.
signaling pathway) MAPK3.PTGS2.VEGFA
hsa04014 B &-4E & R 415 5@ M (Ras 14 11.38 AKT1.BAD.EGFR.IGF2.IKBKB.IL6.INSR.PRKCA .
signaling pathway) PRKCB.MAPK1.MAPK3.MAPKS8.RELA .VEGFA
hsa04024 MR I E (5 5 1@ % (cAMP 13 10.94 ADRBI1.ADRB2.AKT1.BAD.CHRM2.FOS.PDE3A .PPARA.
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Fig.5 Network diagram of active ingredient-target-pathway in Ephedra Herba
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Table 4 Topological parameters of Ephedra Herba active ingredient-target-pathway network

KA SR EEN KA ERS H HHE
% MH2 55 0% ERBB2 5
D%y MH4 27 s CCL2 5
iy MAPKI 18 5 CXCLS 5
LIy MAPK3 18 i ICAMI 5
B AKTI1 17 S VCAMI 5
B RELA 15 404 FASN 5
S MAPKS 14 s PTGS2 5
B 5 PRKCA 13 505 PTEN 4
B IL-6 12 g IL-1A 4
LI IKBKB 12 A IGE2 4
B S PRKCB 11 40 ADRB2 4
5 TNF 11 05 MMP9 4
LIPS BCL2 10 S CXCL2 4
B IL-1B 9 5 CXCLI10 4
B FOS 9 4 ADRAIA 4
gy VEGFA 8 B BAX 4
5 EGFR 8 05 SELE 4
B NOS3 8 055 ADRBI 4
LI INSR 8 404 CHRM2 4
A TP53 7 JHEs  AGE-RAGE signaling pathwayin diabetic complications 25
A IFNG 7 # P  Fluid shear stress and atherosclerosis 25
B MYC 6 JEE  MAPK signaling pathway 25
A A TGFB1 6 JE  PI3K-Akt signaling pathway 24
H AT CASP3 6 JE#  TNF signaling pathway 22
B A PPP3CA 6 JEH  IL-17 signaling pathway 20
by BAD 6 JEE  HIF-1 signaling pathway 20
B A IL-4 5 W Apoptosis 17
A S CDKNIA 5

IRz 2R (quercetin) « 111 2% 1) (kaempferol) , 5 %2 #f
A F5 MAPK1.MAPK3. AKT1.RELA . MAPKS.
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3 g
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GEnd LS RO B E RO )R A K R
BN T LR AR O 71 3 vy B K AR
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YEFMLHIBEAT T 256 9007 o
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A 36 I A 45 A OC 48 i R - S 0E %, 41 PTGS2AKT1
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MAPK3 &5 £ % K11 % 35 , F Fil IL-17 . TNF.TLR
Th17 %5 G 55 JOREFH OCIE B , M T 20 1 35 G2 K
R INEI D SE A S T A T T, R AR T
O 732 VR A, SR 78 H A 0 o B AURI AL ]
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JIEHIIVER o SRR, i 3 K S he i 3
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IR ¥ B2 A5 IA 1 2 (Nrf2) 4% IR 005 1) A% 7 ¢
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fif (phosphoinositide-3-kinase, PI3K)/Z H ¥ B
B (protein kinase B, AkO/FE & & K ¥
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X5 E IR RS R0 7 3 vl 10 E DR A
FHE, T R B8R 9T 0 0 S8 98 1R A 808 o o TR
R EmmAL, A SRS T —2EH. W
SIS AT TR I, A R B2 W] AR T Nef2 A 3 1
A LA NF-xB A1 3 (8 SERE S5, 100 ) B O A/ T
F SO PR /N R0 L2 83U i B I 3R, I
/U S48 RS R Sf A 380 00 JUE R AP PR FH e H e vl AL 5
Tok o 2 24 3 2 S 22 HY R R SR 9T 0 ) SR v ) 32
B> 5 H T R A R & .
RIS B 5 0 13 v 4 R . 7E PPLAR 41
i HH ) 5% B AR ) TNF K TL-6 38 9 8 B 3 ¢
K1, Z SHURZ T RORE SN . O ILEI R & BTt 7)
W TNF-o, B4R 45 TNFR1 /£ 7E . BF 50K BL,
0> 71 FE 5 i 1 TNF-o F1 TNFR 1 FR44 f7KF- T+, B
TNF- o L 37 7K ~F TG ) 3 38y 1) 7™ 5 % %% D) AH
BSOS 2 o WY S R EZ NG Rl )
TNF-a 7K T8 0. 1L-6 42— Fh 22 Dy B 1 40 i P
T o G B R 4% B SR B A ), BT 2 A AR
Wk . WEIUR B, IL-6 5 TNF-a B A B R AH G,
TNF-o 7] 5 3 IL-6 /£ Z M 4i il h R IA 5 EE &
Fi, 3 E U 77 36 v U JUL A0 L RS JSE % 9 T S B B
TR BRAh, £E 0 7y 3 8 A R ) 70 54 1
Al AT A B 2 EE B IR AR L SR, AT 5
VEGF 4 B, R Bk, VEGF 15 0 77 %2 3 (AR RE AL ]
HOREE B . O E RO A%
BUH o BR o WL4H B B 5 9 A2 41, o0 UL i A1 Sk

Ji (ECM)D B8 4 1 2 o0 JUL 4 (1Y) E B2 2 s 0, 6
& )& & (MMPs) A HL AT #1771 TIMPs A& 45 357 48 g
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T s DX 28 2 B2 G HE 0 RR BV T 0 ) 3 0 1) R
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20 ¥4 PP AR FMT I 1K 16 A I8 HE 15 55 W 2%
Yo F0 07 326 1 45 A 5 BLRE AT & 9, A3 2 MAPK L
TP53.MAPK3.RELA.AKTI.EGFR.FOS.CXCLS.
MAPKS8.PRKCA 10 bk 35 ¥ J7 /0> 1 52 35 ) 25 2§
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By v I 2 O ) 35 o BB 0 T e R % SO L
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I T RN 01 A T R R TR Y. AKT R ER
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T CEIED s AKT 25 18 A2 f 0 1) 40 0
YEFE O LA IS B IR S 5 0 U140 i BE = AR
A 98 0E R o 7E 0 7 38 vy i B8 R (K& 1D
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TR, 190 4N I O E Y. @ 0 AKT -
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B F o0 0 3 ol K RO IE T e A ER . RO
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LS5O N4 R0 Ty v i R A . iR
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