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Study on the Mechanism of “Astragalus membranaceus-Draba nemorosa” Couplet Medicine for Heart
Failure Based on Network Pharmacology

LIU Yan', XIE Yizi’, ZHANG Lu’, JI Shuliang®, SUN Weipeng’, WANG Yanchun', JJAO Changjun', WANG
Jingxia’, WU Wei' (1.Dept. of Pharmacy, General Hospital of Aviation, Beijing 100012, China; 2.The First
Clinical Medical College, Guangzhou University of TCM, Guangzhou 510405, China; 3.Teaching and Research
Section of TCM, College of TCM, Beijing University of TCM, Beijing 100029, China; 4.Dept. of
Cardiovascular Disease, the First Affiliated Hospital of Guangzhou University of TCM, Guangzhou 510405,
China)

ABSTRACT OBJECTIVE: To explore potential mechanism of “Astragalus membranaceus-Draba nemorosa” couplet medicine
for heart failure. METHODS: By network pharmacology, based on drug-like and oral bioavailability, the active components of “A.
membranaceus-D. nemorosa” for chronic heart failure were screened and the targets of treating chronic heart failure were predicted
by using TCMSP, GeneCards database, OMIM database and DRAR-CPI. The active component-chronic heart failure target network
was established by Cytoscape 3.6.0 software. The protein-protein interaction network was constructed by utilizing STRING database.
Then top 5 targets in the list of connectivity were screened and performed a molecular docking in molecular docking server.
Finally, GO bioprocess analysis and KEGG pathway enrichment analysis were performed in DAVID database. RESULTS: The
study predicted 28 active components in total, including 20 A. membranaceus and 12 D. nemorosa, such as kaempferol and
quercetin, there were four components in common. Totally 92 target gene of active components were obtained, including heat
shock protein 900, (HSP90AAL), tyrosine protein kinase SRC gene, etc. Results of GO bioprocess analysis showed an association

with mitochondrial electron transport, mitochondrial intima, cytoplasmic sol, extracellular body, mitochondrial matrix and drug

response. KEGG pathway enrichment analysis showed a link
with MAPK signal pathway, TGF signal pathway, PI3K
signal pathway, cAMP signal pathway, protein kinase B
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signal pathway, EPKI signal pathway and NF-kB signal
pathway. CONCLUSIONS: “4. membranaceus-D. nemorosa”
couplet medicine exerts therapeutic effects on heart failure
from multiple targets as HSP90AA1, SRC and mitochondrial
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electron transport and MAPK signaling pathway. The study can provide reference for further researches on its material basis and

mechanism.

KEYWORDS A4stragalus membranaceus-Draba nemorosa; Couplet medicine; Heart failure; Mechanism; Network pharmacology

SO 7 3 vy SRy 25 O I ™ A 2R B B, R T
ORISR SRR S, AS KR DK [B1Co o 78 0 HE L
A, DTS 500 — O I PR B i e A . E i, R
3 Bt 0 ) 30 R B FE R R 5.3% , HLRWG R B AR
FIHERE Ty E T BE R O T D R E
i S, H 22 PRl BH BE R 5 U R 2 fig 2R I S 3L
MR BT SR O MANIZ D) koo 8 22 oK 45 . A
I AN SORT B 1 A 1 SO i R ) REIR L AR i B T Y
L NI ER 7 8 RV SN2 i S I8

AW AR T AT R IR YT O T I 2%
Forp B R A v 2 X0 R . R #b
Hh g R TH Iih Z 2), R A T - W A i
PG R AT AMR B DK, B2y PR R
B A WSRO LR e RO LA B B PR E R
P ARG B, ol Re S s AR N A AL
BOIRASSEA L, B, ACAH OIS B = 56 T BT e -
B I — 2 X B 2 2 PR AR 5 S A PR AE AL
5T . BERH 5% 25 B 25 BRMLAR] , A3 R T S0 1l 1 fe
D5 FWEFIBL , BRI N ZE A

24 R 45 25 B AE R A o3 F- 5 (TCMSP) J2 LA
Hh s 2 R B R A Bl G 2B R R R S R
#R " “ 4K Py ADME (Absorption, distribution, metabolism,
excretion) i B GG PN RSN SIRN " EZ )RR £
A TSGR — PR, Hig g b2y
A2 o3 -1 HTSEAR-BE g BEAR ™ 22 4 1B IR 1A 28 T
B BRI A R 75 Hh 2 2455500 o Ak B He o AL
SRR AR T B AL 8 S AE TN 44 5 2236 K oAy v B 24 1 i PR
250 AR AR -

AHHEFEA By I 4 25 B2 BRI B R AR T X — 2
X (R 25800 o Aty B 43 WL R IR Y7 0 T 3 v 1)
GG S 2B, R R GARIE 58X — 25 %), P I
BTz F T IR R LR 22 A
1 #/RERHE
1.1 HEES®REKRIE

TCMSP (http: //ibts.hk-bu.edu.hk/LSP/tcmsp.php ) ; iff
I & 5 B0 2 (UniProt, http : /www.uniprot.org/up-
loadlists/) 5 A7 AL /)N 43 A= ) 1% £ % 4fs & (Pubchem,
https: //pubchem.ncbi.nlm.nih.gov/) ; 7 £& A 28 5 fl /K it
1% 808 J&E (OMIM, http : //omim.org/) ; A\ 2 5k [F 55 P8 /2
(GeneCards, http://www.genecards.org/) ; 4E ¥ %= {55 B
B HUE P2 (DAVID, https : //david.nciferf.gov/) 5 25 1 H.AE
£ STRING %145 /% (https: //string-db.org/) ; 53T X 4%

- 1514 - China Pharmacy 2019 Vol. 30 No. 11

iR 55 %% (http : //'www.x-mol.com) ; J_ [i] 43 F T 32 IR 55 %%
(DRAR-CPI, https: //cpi.bio-x.cn/drar/ , B i P il 43 5 #0
PREIEM S137R M Z -score, 24 7 -score<< — 0.5 I}, FE A
YRR SRR A A S AT RENE ) s E R B R
OmicShare [ ¥ (http: //www.omicshare.com/tools ) ; % 4%
0@ P43 B 84 Cytoscape 3.6.0 (http : /www.gnu.org/
licenses/lgp1-2.1-html) .
1.2 ERSHBESFE

TETCMSP DL BES™ A2 5 17 SR 1) , Kras 4
WA G 25427 LA B, LAZE 24 (DL) >0.18 1 ik
AR EE (OB) >30% by S5 A4 XAk 2 B A A 71 4
RIS PR A o OB AR 171 I 25 40 180 335 2 35k s AT 2850k,
3 S IB VRAIE PR I R A 1) RS, OB B30 s X
RYEDENE 1) DLBAFY, SRS 7E Pubchem Hks:
FARAIGETEYE RS XT N 3D 454, PRAF M. mol2 45 K.
1.3 ZGMME RIS O RIBEEARAIFRE

bR 25 Py PR R 2 1.mol2 A% 2 S 3 A
DRAR-CPI, LAk 55 #RHEAE 1) Z” -score << — 0.5 S 2514, Tifi
TE B 2501 AR AR ; I 76208 2 UniProt HORE T 15 254
VEFH#ERR i 5 (B PDB ID 5 ) # 4 15 GeneCards $(## /%
AHVEFE A% JE 15 4% 7% (B Gene name) . 18 1 iy A 5K 2k )
“Heart failure” , 7ZEZ0HE )22 OMIM 5 GeneCards HH I £E .0
JIE AR . SRR A 25 TR AR S B RE AR A
FEXT, 0 3 = i S [R)EEAR , 15 3 55 -5 07 250 NR T
L I EE R I AERT
1.4 TEMER -0 N R IBERAR N 2% Fg

WS R IS 5 0 B AR E AR F
Cytoscape 3.6.0 F o, 44 i 245 )% 1 13- T S v
PR o 28 b B R PR BEAREE S T R
TEPERL 5.0 T B bR Z R AR ELAEH
1.5 $EERE1HE E1E A KR E

TE STRING {4l i iR 28 B EE V22 17 - S T 32l
AITEFESERR , WA B N “Homo sapiens( A28) ", FicfliAH
HAFE FH B E % BN “Medium confidence (145 &5 ) ”
0.4, HARSEHAESIN B, SRAFHEFR A BAE G
o it Cytoscape 3.6.0 HAF: il £1: H #LARAH ELA
2% (PPI) , 31 F H i Network Analyzer {F W 45 2347,
R A5 32 42 P 5 P 2 rh ot R By R IR H PPT R 2%
P42 Bl Degree, A& 41 PPT ) £ HL 5 55 B i ook i 121 i 1
%, Degree {H 8 R AN MY 55 5 HADTT (0 R HE
B TEM 4 T A B
1.6 o FXfe

FPEZG 2019455 30 555 114



A NE R OE £/ (FETE /N 3 o a Tk WY ST PO f e 2B 7N
RE SF IR TAR B R A R B . FEFTAS PPL M5 L
b, ¥ th Degree fEHE44 (s 2 1 5 (PR, BE =
O3 1R R 55 2 v ORI B RS VR T F AT Pk B3 R A T R
2, 43 B X #2455 Docking score {H , Al 245 9116 V£ 1L
Hibr —E 4 A 15 . Docking score>5.0, {2y
WIE M R FIAEAR A 45 G BB T B0 , 48 b s BehAF o T
GEIL AT AR
17 BEEAFEYIEERHERSEREABRESE
BEREESH

FEEE % DAVID S A BCEE R DT RV AR
YEF7RE I AA (Gene ontology , GO) A= ¥y 1 #2430 Hr 5L
FEH 5 S 41 H B4 45 (Kyoto encyclopedia of genes
and gnomes, KEGG) i % & 42 /3. % P<<0.01 A=)
o) A5 O Y PR AR RV BON KRB NHEFY 3RS
il 20 A~ 5L A, 78 OmicShare [ 3% H il £ i 3 % 17 L
S AW, T BE 150 1 6 9T A OC Y AT B i
%, IFARAG A P XTI A RE AR , 55 25 W AH L 405 P B34
A 2 - RO bR -1 B 2 A R 45
2 H#HR
2.1 HE-EF TR E R AR & 5> 4

X OB>30% .DL>>0.18 Ay fifi itk 4% {4 , JL 0 2k H 32
Aﬂiﬁ—{ﬁﬁﬁi/\c HH B 207, S s 2L 2

25 S R BERAE SRS T 120 A v (R
*ﬂﬁ%'é%@fo B -EE 5 20 R A A AR L I B A
B 1,

2.2 HE-EFFHAXIERERT

B RS- R DT 20 Y 28 NS M sy (i E A 4
A #AR% A DRAR-CPLEATULRL , 247 405 MEFRAT &
Z’ -score << — 0.5 4514 5 22 # 07 A UniProt £04
Je ARAAR R B BE RSB AR . K A 1 R A 5 2
JZ OMIM #il GeneCards FP 5 K0 35k i ik R A 7 D iR
XFEG , B ARG AT i 50 1 A S EEAR 924~ Lk
PR TE 2 11 900 KL [ (HSPOOAAT L[ ) | 1 42 14 4% 11 B iy
SRCHEIN | N R4 K B 41 45 1 L (PRKAA2 BE[N) 22
SR TG AL 2 11 I 3 L (MAPKSS [ ) A% 5 55 R 7
kB JE A (NF-xB JE[H) .

23 HE-EFFAHXREMER -0 FIBEARR %
iAfES

WAL
DL,

H P 1 RT UL a0 265 JL A0 A5 124 45715 553367 N3
TR R B B - 2 AE BT R A S E
BOFR o T ] P BB 1 - 2456 H 2N AR TR 0 AH [
SRR i Y s g oY e A IS 7 N ([ R i 9w = RO DA

T2 X TR B0 ) SRR M 2% [

T EHE 2019FEF0FFE11E

A UL RGBT T RRYT 0 IR R Z ) 2R
PRERE R

x1 BE-EETANMHBAILERSHERER
Tab 1 General information of some chemical compo-
nents of A. membranaceus-D. nemorosa couplet
medicine
] T4 TR BRAH
"k TR DI
fEre )
HERR D3

(35,85,95, 10R, 13R, 148, 17R)-10, 13-~ LJE-17-[(2R,38)-5-i-2-36-2-46-2,3,4, D4
7,8,9,11,12,14,15,16, 17+ Z A fL-TH-FR K —J-3-8

FRAE D5
3,9- AR EM D6
5T 5 O- AR 7-0- RO SRS A A D7
7-0- M 5p 4 SR D8
9, 10- AR g 5-3-0-p-D- Akt D9
(6aR, 11aR)-9, 10~V -6, 1 1a- /-6 ATEIRI[3, 2-c 3-8 D10
TR g DIl
e D12
-y DB3
EERER DI4
AR DIS
Hl Dl6
(3R)-3-(2- 3463, 4-— AR AL 7 D17
SEIIHRRTI-7,2 - -0 AT DI8
172543, 9- - AR DI9
fih % D20
BT LSRR D2
(i i D3
RREZ DS
JiEA D2
AT D23
s D4
TREERIT D25
EAfER D26
p D27
—ROlm D28
% D15
[ D20

2.4 ERERPPIMZ 4T
B EC-EE DT 20T AR PP 45 ] DLIET 2.

P L 2 AT D I I 4 T 4% 92 419 a5\ 377 A4k, Hirh
P H Degree {EUEE AU 15 i MR, 25 4R R B R -2 15 1
X IT 0 1 B IR SRR P Degree {HHE4 il 5 19 4R
JJ HSP90AA1,SRC .PRKAA2 MAPK3 NF-kB,

25 SFIESWER

¥ PPI W 2% 1 Degree {H HE 4 Fi 5 # 5 #E #C FR
HSP90AA1 . SRC.PRKAA2 . MAPK3 ., NF-kB 5 i 7 i
Oy TR TR UE , 25 5 WLIRT 3,

HH 3 AL, A 72 A4~53F X% 5 1) Docking score
{f>5.0, H-FF HSP90AA 145 14 4~ .SRCAT 18 f~.PRKAA2
£ 16 4~ \MAPK3 4 8 4~ \NF-xB 45 16 />, Fi L 15 I %
FE-EE 5 20 B E R R S AR I 25 G R TR

China Pharmacvy 2019 Vol. 30 No. 11 « 1515



RYR1 HAS
ANKRD1 HLADRB1
THENSS W2
SDHA SCN1B
s o S SCNSA GATAS e
a2 NG
MTCO1 ADIPOQ NOs2 MKKS
WYHS .

o e et Y
cifeb * & . . ® ® ol HADHA
e 02 P22
NRSAT o1 o FNC
BMP2 BMPR2
L @

L & ACTN2 . : . POMC L4
> o . wm
ACTAZ & & RET
DTNA AP
SLO1AS o ® . 3 s AGVRLY
- el o .. @& @ CAGNATC "9
KRAS ) 081
L 4 NFKB TGRBR1 L 4
APKS oAV
ADRB1 ol osRbs KONE2

BRAF
CRELD! b i\ 4 ApOC3
88 ABCAT
ecer o
CRYAB
FABPS MEND!

SLO22AS gonpe  TSC2

TS HIARKRIE VALY, 40 D225 [ ACRVEHIF0AR , i HCN4
Note: hexagon represents active component, such as D22; round

represents target, such as HCN4

Bl BEE-E5THNEERS-0 R ImEEARM 4 E

Fig 1 Target network of active components-heart fail-
ure target of A. membranaceus-D. nemorosa

couplet medicine

c8s

MT-COt HADHA

502 CRYAB, TP ANKRD!
PP e

A2 w
SOHA
MT-ND1 e
BRAF KCNJS.
8882 8081 o™

ANA RYRI
TGFBY CAV3
NOS2
SLCITAS
. . cReLo
\ TGRBR CACNAS

RET
ECE1
NRSAT
ADRB1
EDNR8
e

FOF2Y POMC SERPINA
LWNA
PR
. ING PmR2
ACVRLY
13
()
ABCA!

NODAL
wge HAVP haipt 07 & SOMB
(X T & FABPY
sz L we
B2 BEE-E5 TR PPIMN 4 E

Fig 2 PPI network of A. membranaceus-D. nemorosa

couplet medicine
2.6 GO ITEMKEGGEBEENST
TR X 1 FEAR A GO T KEGG 3 I & 2243 Mr 4
oL 4. 85,
&4 &5 s, B RS- R T 2 RNA T O ) i

- 1516 - China Pharmacy 2019 Vol. 30 No. 11

20

[ HSP90AAL
15 [ src
m ] B PrRKAA2
§ B MAPK3
g 10 [ NFxB
H
s

0~4.25 4.25~5 5~17 7~10
Docking score i

E3 oFxfEE
Fig3 The diagram of molecular docking

A AFL&
w?ﬂﬁt{?ﬁdﬂ.ﬁiﬁ ik
MﬁM%@M&#
AT R A i

AR L AL R A
IR
ANMAMY R 142 Tl
AR AR A i
TR IR
AR IR ISE0 25 65

Jia
SRRV S 1 ik
EyTiiNgl
A Rilh
SR RIS 1
R R RIS 15 1
Lelnlhrty T SRMRRERE RIS GG Q
MRS E T S

0 20 40 60 80
hr

4 TEMERS M EEFRE GO £ ST
Fig4 GO bioprocess analysis for active component re-
lated targets

ErbB i 5l
NF-B {5 5
EPK1 5 5 2
BB Sl
R
g A e

M E SRS il
HUR BRI (5 5l
CAMP {5 5

PI3K {75 5l

TGF 5 5l
HpL A KA T
figt s
R (7 S il
AR A Gt
AL
L F A5 ik
MAPK f5 53

0 20 40 60

Bl
B5 EMERSY X M EARE KEGG B B B S 7T
Fig 5 KEGG pathway enrichment analysis of active

component related targets

GO AWl BAFAEAN ML B8 715 7 R FA% 38
LRI BTV I B AIMA (L A S 25 L
A ACNINAW [PUR R %%ﬂ@ﬁﬁé%diﬁ%iﬁ%ﬁ%
W AR A 55 H & BB D T 2R T O )
v KEGG & %l i MAPKfa*viEE%%fkiﬁ%
(TGF){5-5- % BN e LS 3 S (PISKO {55 % L 36
BRI (cCAMP) {5 530 % EE%‘%@@BEH A
HME SRS 1 (EPK {5 i (NF-«B {558 B 55

tPEZG G 20194E55 30 45 111



27 HER-BEHETHAMMNBEERS -0 RIBHIR-
KEGG i B M 2% 12

BG-EE D T 2GR TS ) -0 1 R EAR-KEGG
T I 4 22 HE R 2% P DL TR 6

T B IE T IRACRZG W, el 1 2R ARG MLy, I D1 R
PR, W MAPK {55, AR5, 1 HSPIOAAL

Note: the squares represents a drug, such as Astragal Radix; the
rhombus represents active ingredient , such as D1; hexagon represents
pathway, such as the MAPK signaling pathway ; round represents the tar-
get,such as HSP9OAA1

E6 HE-EFFHXNMEERSD- 0N RIEBIR-
KEGG i % ) 4 [&

Fig 6 Active component-heart failure target-KEGG
pathway network of A. membranaceus-D. nem-
orosa couplet medicine

H1 & 6 7T UL, B EC- 22 1 T2 01 IR Y7 O 1 i 2 — 1

W R AR bR SR B R . TR

AR RIS R M BERAE  E Fh A E R

2 VMR KA 28, I B BR A7 HSP90AAL, SRC,

PRKAA2 MAPK3 NF-«B % ; i [f 3 %9 X MAPK 5

SiE 6 TGF 558 # PISK {5 58 % 2K 130 B (55

W cAMP {5 Sl \EPK 1 {5 53 5 \NF-«B {553 % .

3 g

H BT ) B 19 R AL AR T S AR TR YT

RORWIR o AR b BEHRIESIR 5] i R Fa0 ) g iy

UERL 22 DUSORE /K5 32, 2506 Lhas URDK , 3 -85 1

IR A R 22—, R TP O L D3 A

STHBH R s B2 05 R H S T RTE, A KN

i TS o B EC SR T[T AT BB EAR R K

271, BADK A IE , ORI AEYS il Z AR TRl i, & 22

o AT 55 7 BR G A BT ZE 0 AT IR

HRBIAAR AR, Q0BT R A AT R B B 2 W AT RESE S O

A8 A 8 R B T R IS 2 11 (AMIPKO) AH OG5

SR O UK 7 25 MR 5 R (FFA) RS IBCRI Y , kT ek

T EHE 2019FEF0FFE11E

SR O T RO B F A TR O i R
RO LT AL, SEHLHI AT B LT I 6-Bi R SR i i
L(PFK1) |\ bR HE I S 4 il A I &0 (LCAD) (2 IE RE
SRR SRS PRK L 2 Ml e el A 11 2 2 B
it , e T A 3l A P ) 2 2R A, T LCAD S 2R kLA
g I3 TR B AR A 3 A %) D B it 5 752 15— /K RV AT A ) 52
B s B 02 T, 3K AT BB 5 50 I 4 R 4
LA PEHA ] A B 5K 2 T (Ang 1T ) 028 N 43I0 K]
TS 1 AR A PO AR DG, EE X BB 24 P BIF o 4 SR
AR I G 32 46 ) 2 % A VR FE AL, #85 EE -2 07 1 2 X
BeAH AR F A8 0 7 5208 () 24 FRLAA AR T AR 5D o
AW G 45 25 P | W8 TS -2 T 2 AT
PO 7 3l 1V AL AT T 48 R 58 AT /0BT -
5N BEIR YT O 1R B A LA AR 2R R
TR R W 3 Hrp s 2SR L A5 M 3155, BT
KA TP HRE BT CE, WEAE 1-0-W R #
MRS B T AR RS (B AT I R T, B
A ILZE W M RS A -4 S B, TR W Rk
LS. BA IR, TR AR 54 20l sr
(CE BBV AT B S FR T ) 347 et S0 M0 3 K R
(RO ETRE , b 8 P R 2 RE B S BRI AU SR 4R B
S FILEH L 163473 % 5 ) 11 20 B A 2 (TL) -6 M SR A8 IR 7
(TNF)-a, 3 FL#0 ] NF-kB P65 J[H 350, 5 11y
B AT IR SO 36 s O i B D RE AR
FEHUR AT e st U o SR B R B IR S | A 2
P53 U R G- , B 1k i R B DDA DG, S 2
A S AU /IR SRS DR 75 S %) R PR A i R o)
M SR A T W T M ) T, B YA T AT B A
B Do 26 JE1 AT, B EE-EE 15 T2 XHIR YT 0 1 R T
() 4 kR 35 % 45 HSP90AAL, SRC, PRKAA2 ., MAPK3,
NF-kB %, HSP90AA1 BB & e 5.0 IE DI RE  HT0 HILAN
ST S PO AR E S BIROER) B 1T SRC 2
557 JULZH M 0 A 3% 5 0 T B AT AR AP0 LR Y
PRKAA2 A 5205 1L 33 HH HF [T e J3E , o720 ot i A8 20
MAPK3 0] 5 ML LR B IR T2 NF-xB ()1 B i i ]
A T 00 LB M e T B i R R, GO
AV R R BN, B D T AR O
Uy SGURAAR L TG ORI P S A C . KEGG il 4%
BESNEE R R, - T AR O T s
By K MAPK {5 558 5% \ TGF {5 58 % PISK {5 518 % |
B 1K B AR 58 A5 T . WY R MAPK {5 5
SEE A D) PR S5 R 7 38R O UL 9 7 et 7 R AR
FH R RE S8 2k P 5T I 7 A1 4 0 JUL A 6L %) 9 75 TGF
5 T I A 5 T UL A SRR A 41 0 LT 4 Ak
PI3K {553 [ H PISK [ 387G X0 AL BB Ji5 o0 ) 2 0
ARIVER, e R S iE O UE (% B

China Pharmacvy 2019 Vol. 30 No. 11 - 1517 -



KR T A AN B TNF-o 1 FFA & B, 28

KL ANTE 5 G TS PR BEA o DA b 156 ] 0 286 5 it

TEE FE-Z2 15 F 29 XHARYT 0 J1 vl Hh A HEE A
SRR -2 T 2RIT 0 1 i i 1

L, TR 25 R S A PR AT G . FHEERERIE,

A5 485 S A B I 265 24 B2 BT e TN, LA 3 % %

HEFR BB IA IR WA 1 i E— 25 ) SE RS 5T B E

[1] wRBES 20 W52 i ELO ) IR is W RA YT

B HE 2014 [J]. P £eoss o 95 22 &, 2014, 42(2) : 3-10.

[2] kfilt, skFOME.Z ot HTHEYE o LG ) v i e
FE I B I RAE R URE YT G 0 26 43 BT (7). P B JA 3R 2
%,2015,30(5):413-416.

[3] ACHLR, 38, RLLE, 5.0 J1 300 B F AR 5 2R 16 T
T AYAH S PERT ST [T]. 97 22 52 4R, 2018,25(1) . 14-17.

(4] AfTHE, 2505 Ik BRRE , & I T rp AL RS BL - & iRTT
PR 7 30 Ty RV Ty B S BT (D). P B 52 B o ) o A
&,2016,22(2):191-194.

[5] FhBcte, HE&h, BB A2 i o3 K 2 3 E SR i e
[J].%F E & R AF 7, 2015,7(25) : 22-25.

[6] SRENL, UM, F/N2E, S B PO = AR 5 ik
T HAE AL M (0], B 52 38 5 A1) 5 42 &, 2017, 23
(4):118-125.

(7] VREE, XIR, A, §F P2 A 2 0 6 i oF
KSR E P24 &,2017,42(18) : 3633-3638.

[81 Z=FH, PN, SR & F, & 3 T M 234555 AR -
SR T AT AR A VR AL [I]. F B 28 5,
2018,29(13):1798-1802.

[9] ZARF, KB PR T, 5 JLT M 2525y IR IR IAE
I 5 U A AL (D). o B 25 5, 2018,29(23) : 3227~
3232.

[10] FRAELZN, BEEEGHE, 1 0uZ, 4 o BB 7 T IUs TS M0
J1%E 0 Meta /M4 [T].F B 5 4R, 2017, 32(8) : 1483-1486,
1546.

[L1] RS, W PHES , X% , 5 B T B8 MO R RO AL
AMPK T4 F FFA AR R [J]. F B R s A 92 e &
2015,31(1):28-32.

[12] Jat, sk 4 B 5 & e g o RO AL
21 Ui Ak B RE AR A2 [J]. o B R 2 A 2 4 E 2017,
33(3):411-416.

[13]

[14]

(1]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

SRUR , BRI , Tk 2 W22 T /K SRR Sl S i O &
FFY A [T].F 25 ,2007,38(10) : 1519-1523.
FIEE, BRI, WRIGE PR B0 YT X e 4/ 52 S8 40 0 HOe2
LA SE R (). F 25 25 32 506 R, 2014, 30(3) : 45—
48.
WL, &2 5, SRR 7 L TR b IR &R
GUEIR I T HE R (D] L i B 2 4 & ,2008,42(12)
83—-85.
S, NG, Ao, A BEDT R LN R Y
FEPULVERII]. o ¥ 25,2006, 37(10) : 1539-1541.
B, FIRIS PN, S DA SO 3 e R B R U
PRI AR A B O IR I [D]. o B 25 22 25
1%,2011,27(1):49-53.
M JE , B, A, Sre s 5 il B& S 78O ) 3 by g B A
FRAR M FI[I]. B FRes 8 % 2 & ,2013,40(1) :6-8, 15.
SPENCER-JONES NJ, GE D, SNIEDER H, et al. AMP-
kinase 2 subunit gene PRKAAZ variants are associated
with total cholesterol, low-density lipoprotein-cholesterol
and high-density lipoprotein-cholesterol in normal women
[1]. J Med Genetics ,2006,43(12) :936—942.
FHIA AL, e, 3R MAPK {5538 3 5 4 S5 I s
I RHEAEAE S5 O T S /N RO LA PR T2 (0] R B 2
5% R A ,2017,36(8) :3438—3446.
WA, B3, B3 AR, 3 O JULBIe 0 6 A0 P 5 1 UL
it K 5% A T« B B R [J].06 R B R 7 &
2007,23(5):371-374.
BEHNES M, HOFFMANN U, LANG S, et al. Transform-
ing growth factor beta 1 (TGF-beta 1) in atrial fibrillation
and acute congestive heart failure[J]. Clin Res Cardiol,
2011,100(4):335-342.
LIN RC, WEEKS KL,GAO XM, et al. PI3K (p110a) pro-
tects against myocardial infarction-induced heart failure
identification of PI3K-regulated miRNA and mRNA[J].
Arterioscler Thromb Vasc Biol ,2010,30(4):724-732.
ANANTHAKRISHNAN R, MOE GW, GOLDENTHAL
MIJ, et al. Akt signaling pathway in pacing-induced heart
failure[J]. Mol Cell Biochem ,2005,268(1/2):103-110.
(ke H 1A 2019-01-07 &1 H 14 2019-03-05)
(Gt X1 )

(PERRE) RE—PEREZINAT, DR 1T

- 1518 - China Pharmacy 2019 Vol. 30 No. 11

FPEZG 2019455 30 555 114



