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Network Pharmacology-based Analysis on Mechanism of Aconiti Lateralis Radix Praeparata

and Epimedii Folium in Treatment of Chronic Heart Failure
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(Longhua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai 200032, China)

[Abstract] Objective: To explore the mechanism of the prescription consisting Aconiti Lateralis Radix
Praeparata and Epimedii Folium in the treatment of chronic heart failure (CHF) based on network
pharmacology, followed by verification in H9¢2 myocardial cells with hypoxia-reoxygenation injury in vitro and
in zebrafish with vascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitor II (VRI) -

induced vascular insufficiency. Method: The active ingredients in Aconiti Lateralis Radix Praeparata and

[FEBEH] 20201230(021)
[BE€WB] BBzl kR =453 05 H (Z2Y-(2018-2020)-FWTX-8001) ; 71 5 25 3046 15 5 F (9 B8 55 45 & 75 10 1R 4l 5 351
H (A1-N19205010302) ; [ i3 13 fin 5 23 2 T A R & i = 4R 47 g3 019 B (GWIV-28)
[E—1EH] i it NG P g BE 25587 O B PR 5% , Tel: 021-64385700, E-mail : jiaying_h@qq. com
[EEEE] " EE— W, BATEIE, NG ve 455607 0 L B PR 5% L Tel:021-64385700, E-mail : jingyi_drtang@163. com;
CAE R L, VA BN, M P R 45 AR T O LA R BF ST, Tel : 021-64385700, E-mail : sizhchm@126. com
- 142 -



527 B4 10 ] HEXBAFZRS Vol. 27,No. 10
202145 H Chinese Journal of Experimental Traditional Medical Formulae May,2021

Epimedii Folium were searched from the Traditional Chinese Medicine Systems Pharmacology Database and
Analysis Platform (TCMSP) , the corresponding target genes from the Universal Protein Resource (UniProt) ,
and the CHF-related targets from Online Mendelian Inheritance in Man (OMIM ) and GeneCards. Both the active
ingredient-potential target network and the active ingredient-CHF-related target network were generated using
Cytoscape 3.6.1, followed by the protein-protein interaction (PPI) network construction and Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genome (KEGG) enrichment analysis based on MetaScape. H9c2
myocardial cells exposed to hypoxia-reoxygenation were selected for determining the proliferation-promoting
effect by methyl thiazolyl tetrazolium (MTT) assay. The protein expression of B-cell lymphoma-2(Bcl-2), Bcl-
2-associated X protein(Bax) , cysteinyl aspartate-specific protease-3 (Caspase-3), protein kinase B(PKB/Akt),
phosphorylated protein kinase B(p-Akt) , phosphorylated extracellular signal-regulated kinases 1/2 (p-ERK1/2),
extracellular signal-regulated kinase 1/2 (ERK1/2), and poly adenosine diphosphate ribose polymerase (PARP)
was detected by Western blotting. The efficacy of the prescription in promoting angiogenesis was verified in a
zebrafish model of VRI-induced vascular injury. Result: There were 28 active ingredients for the prescription,
209 corresponding targets, 1 296 CHF-related targets, and 94 common gene targets shared by the prescription
and CHF. PPI network clustering suggested that Aconiti Lateralis Radix Praeparata and Epimedii Folium
alleviated CHF by interfering with cell differentiation and metabolism and angiogenesis. GO analysis revealed
that CHF relief was achieved via the intervention in such biological processes as cell migration, vascular
development, and angiogenesis. Pharmacodynamic experiments verified that Epimedii Folium (10 mg-L™")
alone and the prescription (10 mg-L") both enhanced the proliferation of H9¢2 myocardial cells under the
hypoxia-reoxygenation condition (P<0.05), while the latter also increased the expression of Bcl-2, Bel-2/Bax,
and PARP (P<0.05) and reduced the expression of Caspase-3, Akt, and ERK (P<0.05). The prescription at the
concentrations of 0.3 and 0.1 g-L" promoted angiogenesis (P<0.05). Conclusion: Aconiti Lateralis Radix
Praeparata and Epimedii Folium exert the therapeutic effect against CHF via multiple ingredients, multiple
targets, and multiple channels. Such combination promotes the proliferation of H9¢c2 myocardial cells under
hypoxic condition and protects zebrafish from vascular injury by up-regulating the expression of Bcl-2 and
PARP,increasing Bcl-2/Bax ratio, and down-regulating the expression of Caspase-3, Akt, and ERK.
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Radix Praeparata; Epimedii Folium
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Fig. 1 Network diagram of potential targets of Aconiti Lateralis

Radix Praeparata and Epimedii Folium active components
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B2 MF-Z2FEDTERSEEOHEREERERMNE

Fig. 2 Common target network diagram of Aconiti Lateralis Radix Praeparata and Epimedii Folium active component and chronic heart

failure disease

£1 {4, MCODEI; i % .MCODE2; 4t {5, MCODE3; % {4, MCODE4;
B4 MCODES ; [l J& 95 s 19 /N 327 BEAEL 19 RN BB 49 5 1
8 R AR T B O, (AR ) B0 6 14 9 50 T o) — 42 )

B3 MF-ZFE CHF %O R W% PPL

Fig. 3 Core target network PPI of Aconiti Lateralis Radix

Praeparata and Epimedii Folium-CHF

SHT EERER VT EEEHA T RS S
AGE-RAGE {5 53 | Jit 14 57 U1 0V 7 55 8l fok o e B

b 8 RE 1 3 B% L TIL-17 15 538 %% , TNF {5 %5 3 %
MAPK {5553 [t 55 3 6 .

3.5 Bfh -7 SR R X0 WLAE ML H9e2 45 7Y 41 41 4 4
SR R R GR

3.5 BT - AR X0 LA R HOe2 A5 7R 4 i 44 5
i MTTZ5 0 s B 2 S B A 2 5 25 1 2 A
o 22 S BT 483 27 22 5 (P<0.05) , 2 B .0 UL 40 i
H9c2 A/RBEALE BT . B 76 0.1,1,10 mg-L",
XL, I mg L' M F-2FE 2y X7 0.1,
Img L'WY REWEE TS5 A/RAHML, EA G2
BH . RFFET 10 mg L, B F - R F FE 25 XA
10 mg- L /Y 5T & vk B F 15 185 730 20 A1 L B A g3t 2%
22 5 (P<0.05) , I FLFf} F-7% £ 78 25 % 7F 10 mg- L
B P R 10 me LA BT R
IR i 3 T B 5 - 7% 5 48 25 X 7E 10 mg- L' R #E 4T
Western blot 2256, WL 2,

4144 MCODE!; i {4 MCODE2; £t & MCODE3; %¢ {4, .MCODE4; # {% MCODES
El4 #T MCODE KM F-i£F % CHF & E 18 E{E A AR
Fig. 4 Interaction module of Aconiti Lateralis Radix Praeparata and Epimedii Folium-CHF-gene based on MCODE
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®1 MWF-ZFEE-CHFREDH

Table 1 MCODE of Aconiti Lateralis Radix Praeparata and Epimedii Folium-CHF

MCODE
W5y

B3 R P A R

Jehk TR IE R DI BE TOP 3(H%-1gP HEFF)

MCODE!  FOS,BCL2,EGFR,JUN, it 4il 1 45 5 7 5% 2.3
A 2(RUNX2),EGF,CASP8,CASP3,RBI,
PPARG

MCODE2 AKTI,MAPKI1,ESR1,MYC,TP53,MAPK14, 3.6
MAPKS,CCND1,STAT1

MCODE3 PTEN,IKBKB,NFE2L2,INSR,MDM2, ¥ I i 1.4
K fEZ 1A B2(ADRB2),HIFIA,TNF,ERBB2

MCODE4  Ras p21 & FHifbF 1(RASAL) , 145 P4 K2 4t fifd 1
R R FZ K 2(KDR),CAV

MCODES [ B JH ol # H(COL1A1), 3£ 4 @ & 1
2(MMP2), ¥4k E K H 7 B1(TGFB1)

GO:0002521 443 16(10) ;GO 0071496 £ JiL Xef 41 55 ) 384 1y g 25
(9.1);GO:0070997 $i1 Z TLHET=(9.1)

GO:0009411 X L5 SN Y 7 25 (9.4):G O : 00093 14 Xif 45 5k 19 b7 25
(8.9);GO:0050673 |- Ji 2 i 345 ( 8.8)

GO: 0031331 4l fitd 53 fff A 1 3 A2 A9 1E I 45 (11.5) ;GO : 0009896 47 fif
AT PR IE Y (11.0) ;GO : 0071417 20 %A HLA AL S W i B i
(8.1)

GO:0001570 IfiL45 /5 A (7.6);GO:0048514 [ A K 4 (4.8);GO:
0030155 41 ARk BRI 15 (4.7)

G0:0032963 it Ji 4 (AL 2 (7.2) ;GO : 0030198 41 At 1 35 i 41
#41(5.5);G0:0001503 H1k(5.5)

F2 MF-ZFEEFONAMHI2 A/RBEERZEHEEM (rts,
n=6)

Table 2  Effects of Aconiti Lateralis Radix Praeparata and
Epimedii Folium on proliferation of H9¢2 A/R model (x+s,n=6)

2100 R /mg - L A
2 0.580.02
i 700 0.15+0.02 »
Bt 0.1 0.15+0.01
1 0.15+0.01
10 0.15+0.01
RS o 0.1 0.17+0.01
1 0.17+0.02
10 0.22+0.032
B -2 2 FE 2 0 0.1 0.19+0.05
1 0.18+0.03
10 0.29+0.04 2

TE: 52 A L VP<0.00 01, S5 REAIAL [L#E 2 P<0.05,

3.5.2 P F -7 37 25 % X) Bel-2, Bax, Caspase-3,
Akt, ERK, PARP £ [ & 5 W52 M ) 4% 2 B 2% Tl
M, Bax,Bcl-2, Caspase-3, Akt il fE J& i F -7 £ 4530

I A8 kO D RE RS 42 Y H R A, X 2 M A 3 R A
EERERZEWEN . 525 A4, B ALY 7F Bel-2,
Bcl-2/Bax, PARP [ ik 47 W & A9 B i (P<0.05) ,
1F Caspase-3, p-Akt/Akt, p-ERK/ERK f %5 b4 B
i TH B (P<0.05) , 75 Bax B £ 35 B W 2% 7 .
SRRV AR L, B - SE AR 25 4T 2 10 mg- LAY i
UK B N 7E Bel-2, Bel-2/Bax, PARP [ £ ik | A B
12 1) 7+ (P<0.05) , 7F Caspase-3, p-Akt/Akt, p-ERK/
ERK 1335 A W 1 /Y B A% (P<0.05) , 7F Bax [ %
kBT E2ES. WE3ES,

3.6 Ffh -1 F7E 250 %) VRIE S 0 BE T £ 45 [a] 1y
A BB LR B 2 A UE AR R T 4% 2 B
SO, A R B AR R A i R T e R
B 12 2R 8 250 T HUE MO DI RE AN 2 10 & R R Y
WmEERE, WK 6,3 4, 45, VRIFE 100 nmol-L"
7 S Rl = I 2 o i 1 1 = G T
(P<0.05) , Bt B VRI 75 5 9 BE I £ 75 7] 1 A 46 495 454
RUGE RS o B 7P FAE 25042 0.3,0.1 g+ L U
FER 5 LR 2 A L, Y R A RO B G (P<
0.05),7F 0.03 g- L' Br i ¥k J&E T~ I A o & ROCR (B A7

*®3 MF-EEEX Bel-2,Bax, Caspase-3,Akt, ERK,PARP EH R IEM I (x+5,7=3)
Table 3 Effects of Aconiti Lateralis Radix Praeparata and Epimedii Folium on expression of Bcl-2, Bax, Caspase-3, Akt, ERK, PARP (x+s,

n=3)

4197 Bcl-2/GAPDH  Bax/GAPDH  Bcl-2/Bax S;i’;]:e; p-Akt/Akt  p-ERK/ERK PARP/GAPDH
EH 1.00+0.00 1.000.00 1.000.00 1.000.00 1.000.00 1.0+0.00 1.000.00
iz 0.54+0.07" 0.79+ 0.05 0.69+0.07" 2.17+0.18" 2.02+0.092 1.44+0.26" 0.30+0.032
M5 EFEZ5 % (10 mg- L) 1.54+0.169 0.9240.09 1.72+0.28% 1.8+0.18% 0.85+0.25% 0.6+0.214 0.66+0.05%

WA A A ) P<0.05,2P<0.01, S AL [L 5 2 P<0.05,4P<0.01,%P<0.001,
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R4 WF-ZFEAXNWVRIFSHHRS AT BN EFRGREELY
Bcl2 S e @ 6D, ! 7 -
FRIPER (X+s5,1=3)
Bax -— 20 kDa Table 4 Protective effects of Aconite and Aconiti Lateralis Radix
Praeparata and Epimedii Folium in VRI - induced zebrafish ISVs
Caspase-3 W WS s 35 kDa (x£s,n=3)
VRIV i Joig: 873 S
-Akt - - 2 5! ISV index/%
p - 60 kDa | /amol- L fmg-L- index/%
Akt WS o 60 kDa 25 H 100.00£0.00
! 100 - 48.08+2.67"
42 kDa
p-ERK 1/2 z' ' 44 kDa B -1 - FE 20 100 0.3 81.33+2.43%
100 0.1 74.01+1.31%
42 kD
ERK 1/2 -_— 2
EEEES 44 kDa 100 0.03 52.50+4.63

w116 kDa
- 89 kDa

GAPDH DU

PARP '; -

36 kDa

A B C
B 5 Mt F-iE ¥ % %t Bel-2, Bax, Caspase-3, p-Akt, Akt, p-ERK
1/2,ERK 1/2, PARP Ry H 3k R i%
Fig. 5  Effects of Aconiti Lateralis Radix Praeparata and
Epimedii Folium on the expression of Bcl-2, Bax, Caspase-3,

p-Akt, Akt,p-ERK 1/2,ERK 1/2,PARP

T3 TN F A B A FH8CR 2 50)  AR

A UL BRI C D EL - E A2 245 %0 0.3,0.1,0.03 mg- L' 41
El6 MTF-ZXEHXMVRIFSHHIET ADERGEEY
Fig. 6 Effect of Aconiti Lateralis Radix Praeparata and Epimedii
Folium in VRI - induced zebrafish ISV

4 it

H B SR T 0 T B D A, AR R R
A A Y 508 O D RE S 42X B A 44 L (HL il TR
PO D BEAS 2 19 A8 AR 22 3R B O i el O L =
PAINCE R QS BN AT NN 37 N L U T o
U A RTINS - 1S Y| U P P 9L L 7 T
JEWE B R S (O FE ) T R R G AR R, b

S 4L Y P<0.01, SBERZH H A 2 P<0.01

AT E Kk Z B AR R (G FER ) IR YT O R 4
sy R R 2 B AR R T, R IR
T 4= 22 Ty, o B R 7K A Dk i B e BEE T b 2 B
B, AR K AT o 5250 AF 58 2 B, i B b S A
THIE LW S50, B L IREB-ZIRXAEEIER .
[Fi) Fsf 7 1fe AR A 2+, B 1~ AT 3 3 [ R 1L 35 N O, TL-
18 7K -, DA 0 il 9 AE 240 B A7) 45 B0 i Bl 1t
AR 15 5T P 4 I 0 A S e IR st bk = [
A5 R i A8 BHL 7, IR 7 48 MO D e R 41,
PN oe YN RREE S =g = WSl N = o 1§17 2 e o EU LT £
D>, AN R 20 A YR
FKAGWE ., LR EY, EEEHER 2 —
R 278, v] DUl A T o i - 26 1A 0 R R T
AR B RR R BT R B R, AT A 5K A AL
BT 2 AN T IR AE A TR B o 7 T R
JiE 240 i PR 45

A% S 0 Ak ) 4 2 B2 T BT R R AR A
J7 1R K% 0 A R 05 AT BE & JUN, MAPK1, EGFR,
TP53,MYC,AKT1 &, #%.0 P % A FH B BL I 7T fE id
SO 0 S 11 R N (1= 4 o B ot 1 L
ODIREAR M KRR, WL VRIE S 1 Tg
(fli-1a: EGFP)*" £ b £ [fi 45 5% 195 A5 80 K 0 JUL 40 g
H9c2 19 4 A 480 BE R 43 531) DA P A 91 36 iE 7 L 7%
FEA T PG . 45 R RIMT R
XF Tg(fli-1a: EGFP ) B 5 fa [ IfiL 35 461 105 A G 3 1
FH , i it 452 55 Bel-2, PARP A 6 ik, 42 5 Bel-2/Bax fiY
A, B% A% Caspase-3, p-Akt/Akt, p-ERK/ERK 4 3
i, SO LA HOC2 Y Bl 4 45 1R T Y A 4 g
EH .

BE R T B ) AN ARG & B
PE DL K B 5T 4 B 55 952 95 AH O 5 DR RN 26 e 2 A
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o125 3, B T W 98 N S 9 0 4 Sk i AR A A
K24 BE I Tg(fli-1a: EGFP)Y 19 %% % % 35 7] L)
T b UL 2% E 25 ) X ol A N A K IR F VEGE-

VEGFR {55 53 % i /E ™ 180 Zh R AS 4 Bk 1y
HeE M — R R M, R VEGF K H % 1k
(VEGFR) £ KA N . BEIES, VEGF /EH T 1l

N sz A RS T WA S R BB gg Bt
1R 05 o 01| = [ e A T K (3SR
VEGF 4} & VEGF-A, VEGF-B, VEGF-C, VEGFD,
PIGF; H t VEGF-A ¥ % 45 & 7£ VEGFR-1 A
VEGFR-2, VEGFR-2 il i< & 5 P4 Bz 41 it S5 PR 1fiL 4% 71
b B i A N T Tl | = A 5 AR [ 1151 &= N
LRI O T RE AN 4. WFSE R B LA VEGF
WO U PI3K-AKT Y05 5 38, i R UL e A4 o
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(PDK2)fie i £ 1 B (Akt) 58 4 8 B0, 4 1M 94
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I FOXO1 i 1 N F2 20 fif 33 g A 48 87 A4

[W mF, I 98 ) VEGF 1 &3 of 88 A % i C
(PKC) # 76 22 24 5 15 1k 2 A ¥ E (MAPK) {5 5
#% . MAPK J2 {55 5 M\ 20 g 3% 1 % 5 21 48 Jf P9 350 19
HEAL b AR KA AN Ak AN s Bl b i
HHEZMEM . MAPK #1I MKK Fl MKKK 97 1t
GO MRS RN BRI WAL S,
N ERK ]2 AAAE T4 R AL 40, 2 5 40 i 1Y) 1 5
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