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W E: BRY BT WSS R SR IR R RO R RIE ST 5 ML PR B AL 3 (heart failure with preserved ejection
fraction, HFpEF) FI{E ML 7335 K 44 S BHRH 4S8 1 807 5 O B FE AR AR DR VR A 380 4, R Swisstargetprediction
pharmmapper “F & Tl L& P0%E 55, OMIM. DisGenet. GenCard #(## & HH A6 2 HFpEF B #E 5, HUACHESE A, FIH String
By FEAT Cytoscape 3.7.2 BAFHAT A Fi-FR A FiAH EAEH  (protein-protein interaction, PPI) FIIHIN3H7; Metescape “F- 4 X
FLIFHE MU AT R AR (gene ontology, GO) DiReE 4 M s 5L S5 3L R4 H B4 5 (Kyoto encyclopedia of genes and
genomes, KEGG) B & ENHT. WEBRRIIEZTE (deoxycorticosterone acetate, DOCA) #:BUH M HFpEF K AR,
ST E A I R B i O IR BT T, 442 8 UG, FIR/NSIIRE S R &R 4 ELISA. 7%t . Western blotting.
qRT-PCR J5i5iEAT 25 5P AR AR 52 (cyclic guanosinc monophosphate, ¢cGMP) - il G1 (protein kinase G1,
PKGD) {55 BB AH L s B0IE . £55R &0 30 B B 240 7 FH HFpEF 437 i th 38 AMAHFEIE FHE 2 GO Thig & KEGG
S E AT A MRIEIR . R RS ORISR, . R, R ngﬁﬂﬂﬁhﬁﬁj\, o] 260 BRI O
PIRBEEYE . KRB LS 2 T oh e L EEMEH, ¥ & cGMP-PKG 5 5. RO W. 855 Slmas. /RPN sSzieiF s
SO RENEHE S HFpEF KRS M4, PRAREBEREEAR R, 450055 A &7 9KIT [A] (isovolumic relaxation time, IVRT), &A=
PSR A L (P<<0.05); #EEIMIE —F A (nitric oxide, NO). ¢cGMP KV (P<<0.05); HaRCILZLLA B 8 —
1L A R Cendothelial nitric oxide synthase, eNOS) ¥t iE (P<<0.05. 0.01); #h0 eNOS. PKGI. CWULZEM Ca2*-ATP
filf (sarco/endoplasmic reticulum Ca?*-ATPase, SERCA). A% & HEZFF{LEF o (soluble guanylate cyclase a, sGCa) 2 H
FIEKF (P<0.05. 0.01), FE{K cGMP H¢ 7 R —FEEE SA (cGMP-specific phosphodiesterase SA, PDE5SA) & HKIA
K (P<<0.05); /b0 IZHZH B BUfii%h ik (B-type brain natriuretic peptide, BNP). B-WIERE H EHE (myosin heavy chain B,
B-MHC) [F) mRNA FEik (P<0.05). £518  RPimORE BT 52 -2 5 K ¥ HFpEF PVRITIER, HALHI 51
75 ¢cGMP-PKG 15 Tl A 5K
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Abstract: Objective To explore the mechanism of Qiligiangxin Capsule (£ /7 350 ik %€, QLQX) in treatment of heart failure with
preserved ejection fraction (HFpEF) based on network pharmacology and experimental verification. Methods Forty-four clearly
identified exogenous substances in QLQX were identified as active ingredients, and targets of compounds were predicted by
Swisstarget prediction and Pharmmapper platforms, HFpEF disease targets were retrieved from OMIM, Disgenet and Gencard
databases. Intersection targets were collected, String database and Cytoscape 3.7.2 software were uses to perform protein-protein
interaction network analysis (PPI) and topology analysis. Metescape platform were used to perform gene ontology (GO) and Kyoto
encyclopedia of genes and genomes (KEGG) pathway enrichment analysis for common targets. A salt-sensitive HFpEF rat model with
deoxycorticosterone acetate (DOCA) was constructed and given sacubitril-valsartan or QLQX for intervention. After eight weeks of
administration, small animal ultrasound imaging system, ELISA, immunofluorescence, Western blotting, qRT-PCR methods were used
for pharmacodynamic evaluation and cyclic guanosinc monophosphate (cGMP)-protein kinase G1 (PKG1) signaling pathway related
target validation. Results Thirty-eight identical targets were screened out from active ingredients of QLQX and HFpEF; GO function
and KEGG pathway enrichment analysis showed that they were involved in biological process (such as blood circulation, circulatory
system, cardiac contraction), cellular components (such as membrane rafts, axons, cytoplasmic region) and molecular function (such
as a-glucosidase activity, endopeptidase activity, hydrolase activity), involving cGMP-PKG signaling pathway, renin secretion, calcium
signaling pathway. In vivo experiments confirmed that QLQX increased ejection fraction, reduced degree of ventricular wall
hypertrophy, shortened isovolumic relaxation time (IVRT), and increased ratio of left ventricular diastolic filling velocity in HFpEF
rats (P <0.05), increased nitric oxide (NO) and cGMP levels in serum (P < 0.05), enhanced myocardial endothelial nitric oxide synthase
(eNOS) fluorescence expression (P < 0.05, 0.01), increased eNOS, PKG1, cardiac sarcoplasmic reticulum Ca?"-ATPase (SERCA),
soluble guanylate cyclase o (sGCa) protein expressions (P < 0.05, 0.01), decreased cGMP-specific phosphodiesterase SA (PDESA)
protein expression level (P < 0.05), decreased B-type brain natriuretic peptide (BNP) and B-myosin heavy chain (f-MHC) mRNA
expressions in myocardial tissue (P < 0.05). Conclusion QLQX can exert the therapeutic effect of HFpEF through component-multi-
target-multi-link, and its mechanism is related to the regulation of cGMP-PKG signaling pathway.

Key words: network pharmacology; Qili Qiangxin Capsule; heart failure with preserved ejection fraction; endothelial function; choroid
theory; cGMP-PKG1 pathway
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H=50%I100 JI3ENE, RFAIESE e A AT TR AE G
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cGMP Jo L T EHEHES PKG & AN HEThAE AN
1 ISR (R T 77, 5 NO IR AN IR Y A 2
Difg, O R ERF b RS HE DR B
(3G R RE S 51 OIS, D AERPEAER,
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#* (MLHFQ) ¥F47+ 6 min 54754 (6WMT), E/E’
B 7 AERIRE (LAVD., 2 S8k MR B L
B (E/A) ¥WAWIRSEE, e B mEmi .,
B RO RIS T NHEN (PR ) = 2 R
1897 Lo LR 1 U4, SR HA YT HFpEF 1)
BRI ST RMLER S MR eI . AR TR T
28 P PR RSN B 9B YT HFpEF [ QB
sOAAE T B T, SR IR S R 5T R
(deoxycorticosterone acetate, DOCA) -Eh 85U 5
IR B SZ. HFpEF A7, i i 44 Py S 56 560 11 o) 2%

Zi IO A R, DR R B R0 IR BIR YT
HFpEF w] G f1EF HLi .

1w

1.1 49

SPF it SD KE 50 H, 6 AW, AhmE
(200+10) g, 1A b atgEim R LIS AR A TR
AT, HRAIES SCXK2016-0006. (7% T FiFEEf 1%
W, 12 h BIRETEIAOGER, VB (501100 %, R
(23+2) C, HHEIEEBYOK, ERERTE 1. 3)
WS FIAT AL LAWS R 2500 FL e S A0 B S 51 2 90 5%
feiE (HEHES 2021024).,

1.2 ZA@m5iR

B ORI (S S-130901) W 7 5 LLIG
2l AR AR, FIA UPLC-Q-TOF/MSE HiARll
MBS O 5SE T 40 MEBY, iR
FEY 3, ANSBHEHRUED 19 F, Co (5
HRUEY 7R, ERBERNEY T R, UL
Ty ERS 2 Fh, HEEESR 2 B D EL ik SvD AN B
(#t'5 120190001, 50 mg/ ) M H AL RS 26
PR BEFR R (5 D129628). & Ab4H
(#it'5 WXBD3635VOIE H ik T A LR By
AIRA; NO WA & (A013-2-1) W H /M Al
B ;: ¢GMP ELISA & & (E-EL-0083c) g H
Elabscience; eNOS. CD31. ¢cGMP 457 Mg iz — g
1 5SA(cGMP-specific phosphodiesterase SA, PDESA)
T (5 2 N GB12086 . GB11063-2 .
GB111522) Wy = B SR 4E /R AR A R A =] w]
B S RIAMEES o (soluble guanylate cyclase o,
sGCa) Fifk (b5 bs-13544R) W H Bioss 2] ; Al
M Ca*-ATP [ ( sarco/endoplasmic reticulum
calcium ATPase, SERCA2) Fiifk (#t'5 ab150435).
H v -3- TR L ZURE  (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) #ifk (L5 ab181602).

PiR —Pi IgG-H&L Alexa Fluor® 488 (it 5
ab150077). “E$i% —Pi IgG-H&L Alexa Fluor® 594
(#t'5 ab150080). FHifk —$i 1gG-H&L IRDye®
800CW (#it5 ab216773). ¥$if Pt IgG-H&L
IRDye® 680RD (L5 ab216777) W HF[E Abcam
AF]; S RNA SRR & R ulGfEe | H A
Takara A 7]
13 X8

Vevo 3100LT R4/NEh¥id A (Jn%E K FUIIFILM
2AF]); RM2235 BRUA ) Fr G tapl (HAS Sakura 24
A]); SynergyH4 B! 2 DjgeBEAR{X (3 Bio Tek 2
H]); Trans-Blot SD AU A . C1000 B Je %
KAEIRML (E[H Bio-Rad AF]); Oddessy XU 7
LA (£ LI-COR A F]); LSM710 Y
WOt R R (M8 ZEISS A#]); 7900HT H!
S 96 € B PCRAX (SEHE ABL A7) ).
2 A%
2.1 MEAEFHNER R OREIGTT HFpEF /Y
ERHHI
210 RO R EEE RO AT AR
FRAHFT AT T O IR TE 11 BREM N | &
WESHE P 58 O HAG 2 i oy i AT AR, ORI
T ARV, RESENKZ LG, Eid
REAAENAE YRR, Hrb 44 MEEWR] X
MEEAT T ERIADT, I 44 NSRS, Al
PubChem -5 (https://pubchem.ncbi.nlm.nih.gov) £
FEPIH) mol2 45Ky, ARA W B LIS TR &R
e HAL & W45 ¥, 1E Swisstargetprediction
(http://www.swisstargetprediction.ch) F1 Pharmmapper
(http://www.lilab-ecust.cn/pharmmapper) *F- &5 1 4%
tE e kK, #EEHE AKX Homo
sapiens[organism], 15 2| AH N T #E £
2.1.2 HFpEF &KW K SMEE £ OMIM
( https://omim.org/ ) « DisGeNET ( https://www.
disgenet.org/) GenCard Chttps://www.genecards.org/)
Bt 2 PR 2R S I o3 O B L 0B " “HFpEF 7 5
73 H PR B AR 0 3 ™ BT SR O VPR AH S HE A,
FERE A N R BR300 005 48 sl AN ik
2SS iy SO AERE R AT AL, 193 =3
FL[FJ R I 1 U, 45 2 245 W0 RD s 2 [R] B A
2.1.3 RO R E-HFpEF & -2 A UAH BLAE
H (protein-protein interaction, PPI) M2 #4517
String Chttps:/string-db.org/) E s 2 5 N\ FL[F] JE PR %k
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P, 1+ “homo sapiens” #JF# , ¥4 medium confidence
0.7) WE AR EAER 5, HRSEBIN, 2
th PPI W28 &A1 TSV S FIH Cytoscape 3.7.2 3K
R PPT 4h M 25 .

2.1.4 FERAMK (geneontology, GO) IhfEE 45
Mr o # R 5 R A H Rl B (Kyoto
encyclopedia of genes and genomes, KEGG) B &
#8908 18H Metescape (https://metascape.org) T
B 38 AR AR 3L [FHE £ T GO T
Refl KEGG g & E 1, M2 8LN Hosapiens
(38), WH P<0.01, HHAHT 10 AHT 20 FI45R
Sr 2] GO FElR A KEGG Riimg I, i2H R
BT 85 R AT RAK o

2.2 SCEREENE

2.2.1 iR, K%Y HFpEF KA DOCA-#:
BBUBCR BB . R BRI J5 A BNz [ €, W e
WAL WS &M 2 cm PIRYIH, FR
WG LRI BANEhENKSMIRE, BEEME, ip
10 000 U FH & H LAUER S . A ARS8 5 el iR
TR, 1%5KIK, [FEF se DOCA (25 mg/kg,
4R 1K, BHKE. 4 /NS
R K BRI RE, B 15344 (ejection fractions, EF)
KT 50%H E/A {9 HFpEF B8 3 N7 Rl )

B O IRFEF EIR S H EH K 973 1K) “
T AR AR R B E T g Lol 84’
WEIE” Skie 2R RIE, Hoh 0.5 g/kg FHIE A
IREERGH &, A TE %R 2 ERIEH, 4 %
IGIRFFIR 2 g/kg AEAIEL, DMERICR. ¥
e b IR B 22 2 i S, AR R R
H 45 25715 20 mg/kg AT IE 4R850 .

W10 RARATFARKER N R, #EHE 40 Rk
BOR R WA WEE 4P (20 mg/kg)
AR O FRIC. & (0.5, 1.0 gkg) R4,
B4 10 X, BG4 ig MRZGY), o BRI
Hig FEPRR PR R, 1 kd, HLE8 .
222 AL S A RR O KRAE
1% 5 3Tk TR A rhORRIRE , 76 iy 554K Al ) Thi 3R
FRFRUE M BUAR, 3RA93R1F 03 (heartrate, HR).
EF . A O % 5l /)5 B & Z (left ventricular
anterior/posterior wall thickness, LVAW/LVPW). 7
EE IR AR/ A RN 1E (end-diastolic left
internal

ventricular dimension/end-systolic  left

ventricular internal dimension, LVIDd/LVIDs). VUi

O DI A 22 35 3y L 37 A, o 3R A5 S5 5 AT Tk i
[f] (isovolumic relaxation time, IVRT). ZEZ& ULt B}
[f] (isovolumic contraction time, LVCT). #izhAE =
FRRVEAE RS (ED FHO 5 U 4E B E R (AD. M
RN 2238 A FE A E BE N 100 mmy/s, OB AREF
£ 250~350 {//min.
2.2.3  If1{E NO. cGMP AT IR 76 12 A 525
SEWT, MIEFEBBICREE MLFE, BRI 10 IR L
BTk . 1800 X g B0» 10 min, 3k LJZ 1M,
A 1.5 mL BOET; HEL 13 000X g Ei 2
min, HUME, FAR5EEAE D NO. cGMP
T,
224 RETOCHEMMC L eNOS. CD31
FIRIATENL SIALAESE, RO R E A 10%4E /K
LR, CREBUK AT A, AP (4
pm) AT TR FE R AT o Wi ARG, %
WL eNOS A1 CD31 PPl O ULZR B 4 B2 Th g
NERE . EIEVHEBENLESER 5 ME, kR 1
MREMEEIR -
2.2.5 Western blotting & .02 J1ZH 4! eNOS . PKG1
PDESA. SERCA. sGCo HHKIZE KU KROHE
HEMNZf R, FEIEEFFHT BCA E&. EH
FE AT e R N - TR UG I e B Ik, e
PVDF i, H 5%4-1iE A& EEF 1h, IIA—Pt,
4 CWELRH, Wek/EE —hidiG . H Bio-Rad £
RS BETH RN, W S8 B E 2% iy 1Y) 2K FE AR5 T
NS
2.2.6 qRT-PCR -G ALZHE B BUENAK (B-type
brain natriuretic peptide, BNP) 1 B-JIEk%E &%
(B-myosin heavy chain, f-MHC) mRNA £i& ZI&
RNA £ B0 & v B 53R 45 K B0 iE 4 21k 2
RNA J4 8 cDNA, ¥ #E)55E6 qRT-PCR 43 #T.
17/ S | B-MHC L % 5l ¥ 5-
ACCTGGGCAAGTCCAACAAC-3’, FiFs|¥ 5-
CGGACACGGTCTGAAAGGAT; BNP i 5|4 5°-
AGCCAGTCTCTCCAGAACAATCCA-3’, Fil514
5’-CCGGTCTATCTTCTGCCCAAA-3’; GAPDH I
W59 5°-CTGGAGAAACCTGCCAAGTATG-3’,
W51 5°-GGTGGAAGAATGGGAGTTGCT-3"
23 GItFEHE

KA SPSS 22.0 #ATG I, FrA ¥R
INAX £ S FFE T T A RLR F BRI R 25
#r (One Way ANOVA), f/e#E %57 (LSD) fa
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I TR, 7 ZAFF K A Dunnett #5573
oz o
3 R
3.1 WERHEFOH
3.1 KO RIEIRYT HFpEF M2 7 i 4 1
JBE T 44 DIEMERCSY (R O1) fE
Swisstargetprediction A1 Pharmmapper 1> & 345 2|
(ERRESME) 530 MEAEHL A /£ OMIM,
DisGenet. GenCard ¥ ¢ K 28 “ 5 ifiL 3 B R 1 2
OFE” “HFpEF” “E75k 03", 3 FHUFE, Lk
HEMEMLRT] 672 MEMSE A . FIH Venn EITEZL
a3 2N 25 A L RVE B A 38 AN, LK 1.
¥ 38 NIL[FEE s fi A STRING 11.0 7TE4F &
BRI ZY)- B e S PPT 4%, 483 51 %4,
ST AU 2.68 .3 Cytoscape 3.7.2 N B Network
Analyzer ffifFiE4T PP1 WS FR AT, Horp, KL
W28 i Oy B AR R S G BB AR .
M BE LIRRESZ ARG

*1 Rip@ORETRHEENEERS

Table 1 Active components identified in Qili Qiangxin
Capsule
TR CAS 5 TR CAS 5
FHBH 11a 568-72-9 LM 13137-64-9
talatizamine 20501-56-8  JIIFE & 478-01-3
RER 509-24-0 BT 466-26-2
P& 67920-52-9 |l p # 10236-47-2
sinapine thiocyanate ~ 7431-77-8 3R 2752-64-9
PR B 115939-25-8  [FHEIER A 96574-01-5
isorhamnetin-3-O-B-D- 5041-82-7 RREL37-2-0- 6758-51-6
glucopyranoside B-D-Hi %I b
BT 153-18-4 hesperidin 520-26-3
WEER 20283-92-5 VR 6900-87-4
quercetin-3-O-B-D-  1309067-39-7  [kaempferol-3-0-B-D-  16290-07-6
glucopyranosyl-7-O- glucopyranosyl-7-O-
f-gentiobioside f-gentiobioside
quercetin-3-O-p-D-  491-50-9 T8 7 HEW-7-0-p-D- 20633-67-4
glucopyranoside HE
NS BT Re 51542-56-4 | &R 20575-57-9
ANBEH Rd 52705-93-8 | B L 3k A 63238-67-5
ABEH Re 11021-14-0  [HEHRE IV 84687-43-4
AT Rby 11021-13-9  [EEFH I 84676-89-1
NS BT Rb 41753439 |[EEHHFI 84680-75-1
it R 80665-72-1  |[FIEEF 155521-45-2
HITERRAER 485-72-3 PR B 18649-93-9
K2 35825-57-1  |BVERE B23-LFME  26575-95-1
PR 621-82-9 PHERE A 19885-10-0
chlorogenic acid 1049703-62-9 [20(5)-ASEH Rg:  67400-17-3
ABEH Ry 20427390 [20(5)-ABEHFF2  62025-49-4

38 492
(42.27%)

(3.26%)

e

HFpEF P T SR JI
1 EFEORES HFpEF #5 Venn
Fig. 1 Venn diagram of targets of Qili Qiangxin Capsule
and HFpEF

3.1.2 GO Ijfig & KEGG B EESH 8
Metescape 7 #1176, L4530 67 0O I ZEAE A T
HFpEF 67711 499 ANV, 30 N, 31
AT IR Tk P<<0.01 HEAZ R 10 1 GO 145
R ERE R 2. RIESPTEER, 5RO
IRHENT RS 58 T MIEA . TR RS, LMK
AREEYIS AR TERRAR. BT, AR X S gH 2
SRR BOE T o- A M ERVE . P IKER S
PE IKARBGE 55T DhRE .

KEGG g 5:3 52 i, 1% P<0.01, &
A =1.5 TRk R 20 2B EE WK 2 R, &
RO R FEVR YT HFpEF M TEIR1E BN cGMP-
PKG f55iEEE. O T FIR RS S 1%
T METEERAASZ A EAER . cAMP 15 518 2
BEouw, SETERE. HPhEEEREMN
c¢GMP-PKG {5 5 il #% /& HFpEF 757 [ 3 ZHE 5 18],
AHIE T P 1% 30 B AT A A S5 30 UE R B 1 iRl
K #1597 HFpEF AIAE FHALE]

3.1.3 WA AL Hr B Cytoscape 3.7.2 Hf
T QLQX A &gy, BIw-2i AT 1) 38 MEFERE
B A FE . KEGG i 1% HEAT T ALk R0 28 4 2
W 3 BT o 1% 265 130 B B 1 O IR B T 22 4 4
ZHL A ZITRIEXST HFpEF VAT 1R .

3.2 SKIRIOE

321 BHRBR BRSO XK —
BORES R, BELRE. 173hdE. e LYoKE
1B, JREIES; BRI MIRES R AE, BEMRE,
T, ATEhRL, YoKEMZ, REHZ; &4
A K RS HIOIRES B — MR A T eles . ik 2 Fr
N, GAYTIS FJE, SXTHRAAEL, B
kT AL IE R E B BT (P<<0.01); HHBEAY
AR, LA 22O NE BT E O FEHEY B2 PR
(P<0.01); HHKBMAETELHEZER.
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A AR LS ST B cGMP-PKG mgnalmg'pathway- a
pathways in cancer{ ®
10+ adrenergic signaling in cardiomyocytes - L HE
8 neuroactive ligand-receptor interaction L ] 4
T s cAMP signaling pathway - ® ; 6
renin secretion ® ® :
l... . ll ll calcium signaling pathway - o @
0- . s bladder cancer+ °
SULESEUNEER SES Qe R 2 L 2pg 0y . L.
S882228828 S53CE20328SE 22228 :,é"g £2 leishmaniasis
SS3E582588 oEME o088 WMG 22225 222T86
= =283 2R 3 [ %) - (P37 R T s i = OE’D 14
BEEBELEEEE E55888 Fog S88EEBRESC perussis
5555885555 25508 g7 2222522388 tuberculosis
8 28 S50 g —~E8 . .
=2 A" 7 %2 O ES2GC TYUTT STV S J
g %;‘8%% %,o_; £ % 2 E 2% 2 Eiﬁ % 2282 zga dilated cardiomyopathy ~lgP
Srgciie 220 gg“’g gs; ggggggg}ég rheumatoid arthritis -
o PR=E-C) 5 = == 0 b S &b s .
gg° EE 2 f °cg ] g d S0EDS S o =R IL-17 signaling pathway < 8
22c SEEgE £ S ¢ 558 5o°%5 - e o
288 gFg52 5 c° 2 3 AGE-RAGE signaling pathway in diabetic complications 4
5% & EEs F £ =22 2f B 6
E£38 8 &= =] =R T,
S B s 3 = 2= = sphingolipid signaling pathway -
OB = EXS 5 = phingolipid signaling p: y
BB 2 ®S 28 7% £ e .
g B 25 5 £ S 2 neurotrophin signaling pathway -
= £ z 3 . . A =
a 5 z 8 s regulation of lipolysis in adipocytes-
L a1 ES)
2 2 : :
; % _2 hypertrophic cardiomyopathy (HCM)-
§ ; i endocytosis{® .
a s =
2 S 4 6 8 10
ES
=

2 KFERLREX HFpEF BEEAE SN GO IhEE (A) & KEGG B (B) EESH
Fig.2 GO function (A) and KEGG pathway (B) enrichment analysis of potential targets of Qili Qiangxin Capsule on HFpEF

N
Nousoactvo e cspor Nl
2 S 45\

AT G LR, BB ROAE AL R, WA RO A iR, = A0 mON(E S iE
diamond nodes are active components, circular nodes are action targets, quadrilateral nodes are biological processes, and triangular nodes are signal

pathways

3 KFRILARFEARTT HFpEF MRS -8 -4 12 B BRI 4%
Fig. 3 Ingredients-target-biological process-pathway network of Qili Qiangxin Capsule in treatment of HFpEF

®2 BEXBAFREMOEREHLILER (X£5,n=10)

Table 2 Comparison of body weight and cardiac index of rats in each group (X £ s, n=10)

ZH 5 FE/(g-kg™) AR H/g O /g DEFRE

pagil — 508.00+14.90 1.4440.12 2.7840.26
Y — 509.86+53.49 1.86+0.37 3.64+0.49%
Vo i iy bE 0.02 494.69+42.43 1.54+0.20" 3.11+£0.32"
EY L ivE 0.5 496.42 +62.45 1.53+0.30™ 3.07+£0.39"
2.0 496.73+66.45 1.524+0.28" 3.05+0.27"

xR “P<0.05 #P<0.01; SEAAILE: "P<0.05 "P<0.01, T
#P<0.05 *P<0.01 vs control group; "P<0.05 ""P<0.01 vs model group, same as below tables



FED 20226F7H $53% B 148 Chinese Traditional and Herbal Drugs 2022 July Vol. 53 No. 14

- 4371«

3.2.2 RO RN DOCA h#UKM HFpEF K
BULThRESCI & 4 ML 3 s, 508 s,
FARYZH KRR, EF I3 3% P& (P<<0.05), LVAW. LVPW
BEFRE (P<0.05), #ROEREEE, OI6E

F¥%; IVRT BHZEK . E/A fH N (P<0.05), &R
A9k ThRERENG, EF M4 TIEWYEHE, IVCT JCB &
Z5, R\REThEeR R Hi . VP E 4Ry biH
ZH EF o6 IR ZH B B PR A% (P<<0.05), tALT IE#E
FEl; LVAW SRR BRA% (P<<0.05), E/A U 23
PTF (P<<0.01); %4 LVIDs. LVIDd E4iil2%
5, FOROEARM R, RO R EA EF.

4

o>

Sl i
B4 BEXRBEOHEAERE R

Fig. 4 Comparison of typical echocardiographic images of rats in each group

Vb PE T 4T b 1

E/A HEHERATIE (P<0.05), KAEFEILEEER
FE o B 9 M B v 1 B 2 A R 4 B S5 4 ) B,
IVRT W [H46%E, E/A {HIRF (P<0.05), $#&nD0E
SPIKTHAEMA KR, [HI LVAW. LVPW [&fK (P<
0.05), i T ERELERESE .

3.2.3  EpEO RIS DOCA ThHUKA HFpEF K
BRUME NO. cGMP K Fggm il s i, 5
XTRRALAR L, BIAYZH KRR MIE NO Fl cGMP 7KF-#)
B3 N (P<0.05. 0.01); SHEAIHMLEL, 7EE
ARV A MG NO KFREFE (P<0.05), K
5 OB AR 4L TE NO Al cGMP /KT

T e g
RO YL 0.5 gkg™! BT HAOYE 2.0 gkg!

*3 BEXREBRLHESHEILE (X+s,n=10)

Table 3 Comparison of echocardiographic parameters of rats in each group (X £ s, n =10)

=&
A3 (;i?/‘) HR EF/% LVAW/mm LVPW/mm  IVRT/ms IVCT/ms E/A LVIDs/mm LVIDd/mm
X — 366.57£25.05 78.68+£9.73  3.19£0.60 3.39£0.73 18.17£3.69 1839+6.31 1.15£0.22 4.74£0.61 8.49%0.64
A — 359.31£15.97 67.28£6.04* 3.6610.44% 3.81+0.50" 20.86£2.98% 18.49+3.84 1.021£0.26* 4.68+£0.53 8.21%0.67
V0l Ao 0.02 350.11£3331 68.86£2.98 3.324031" 3.63+£032 19.44£2.87 19.69+3.08 1.18£0.15" 4.66+0.57 8.32£0.49
LYW 0.5 355.69115.78 72.341£536" 3.524037 3.63+£033 18.97£297 19.55+4.03 1.15£0.18° 4.70+0.77 8.55£0.79
2.0 360.55+30.62 73.85£6.91" 339£0.28" 3.60+039" 1823+£2.14" 19.05+435 1.10£0.17" 4.85+£0.66 8.56%0.53

50— 80—

NO/(umol-L™")
[3*) (%] S
(=l [l [l

| 1 |

o
|

A |

X ORI WREEM 05 2.0

o
|

GO ERPRLIRTE (gkg )

Lt #P<<0.05 #P<0.01; SEA4ILLE: "P<0.05
#P<0.05 *P<0.01 vs control group; “P < 0.05

& 5

c¢GMP/(pmol-mL™")

nam

X B WEEM 0.5 2.0

GO PR ORI (g kg ™)

“p<0.01, FEI[F

P <0.01 vs model group, same as below figures

ZAKFRILE NO F1 ¢cGMP 7KF (X+s,n=8)

Fig.5 NO and cGMP levels in serum of rats in each group (Xt s, n=38)
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BE IR (P<0.05).

324 KEOUIZZ eNOS Al CD31 Sty ta
W ThREBERS WA A& HFpEF 3 BEAS FE 22 ls
BLEINO, anfE 6 fizR, SRk N eNOS, Zh

il

T
6 FEKFOAILEL eNOS (FE). CD31 (LIt). DAPI (H5f2) ENMNMRERILEIR (X400)

Fig. 6 Immunofluorescence images of eNOS (green), CD31 (red) and DAPI (blue) localization in myocardium of rats in each

group (% 400)

2500

]

2000 *

1500

##
1000

eNOS ZI Bt

500

YR BE WREEM 0.5 2.0

S R TR R T (2 ke )

7 BHEARFOAELR eNOS KHIBE LR
Fig. 7 Comparison of eNOS fluorescence intensity of rats in

each group

—
eNOS

PKG1

Vb PE T 4D 1E

—— - -
- — .. .. d
” - -

e w— 7005100

. W 7 Fin, S5XIRAM L, BRI R 0L
HAME R F eNOS KIERIEE D EFERI (P<
0.01), 1M %45 Z34H 3R R R RO IH N B2
e (P<0.05), B4 O R % S SR E N
B (P<<0.01).

34 L

KRIRORYE 0.5 kg KHROKRYE 2.0 gk

3.2.5 BRI GIIEL eNOS. PKGI.
PDESA. SERCA il sGCa & (AKIE M WA 8
MK 4 fioR, SRR, BB RO AT
eNOS. PKG1 il SERCA & [ 3RiE K T34 2 B
(P<0.05. 0.01), PDESA HEHEEKTLEZETE
(P<<0.05), sGCa & HRIEKFIEME LS %E
Sy SERAAHEL, VEEE SO IHA eNOS.
SERCA. sGCa HFHREXBKFHEEN T (P<
0.05), PDESA HEHAFRIAKFEERFK (P<0.05);
B O I BRI 4 eNOS. PKG1. sGCa K
FiLKFHIEZETHE (P<0.05. 0.01), PDESA &

1.40X10°

PDE5A LT e e 1.05X10°

SERCA MR SHEE S . .. <00

sGCa. - 7.70X10*

GAPDH . o 10°
R B WERM 0.5 2.0

SRvhie

B O R R (g kg ™)

B8 ZEAROAMLEL eNOS. PKGl. PDESA. SERCA 1 sGCo EEH WB &
Fig.8 WB of eNOS, PKG1, PDE5A, SERCA and sGCa proteins in myocardium of rats in each group

x4 BEKXBOALEL eNOS. PKG1, PDESA, SERCA F1sGCa IEBRIE (X+5s,n=3)
Table 4 eNOS, PKG1, PDE5SA, SERCA and sGCa proteins in myocardium of rats in each group (X £ s, n=3)

- B FEAMKRERE
AL Al gke™) eNOS PKGI PDESA SERCA sGCa
ot R — 1.00£0.00 1.0040.00 1.0040.00 1.00£0.00 1.00£0.00
A — 0.88+0.08" 0.77+0.27* 1.60+0.41% 0.61+0.05% 0.88+0.07
Vb B i 4ivb 1R 0.02 1.3240.17" 0.9940.23 1.25+0.29° 0.944+0.25" 1.3140.59°
T O I H 0.5 1.35+0.09" 1.5640.30" 1.2440.40° 0.7610.11 1.53+0.63"
2.0 1.3940.30™ 1.4440.19* 1.304+0.17" 1.02+£0.21* 1.53+0.46"
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R IEKT 3 PR (P<<0.05); TSRO ik 3
7 &4 eNOS. PKG1. SERCA #l sGCo & HE %K
PR ZE TR (P<0.05. 0.01), PDESA &A%k
KPR K (P<<0.05).

3.2.6 RO REEX O L BNP FI B-MHC

8 #H#

BNP mRNA FH%}#

XTI R WEEEM 0.5 2.0

ARvH KPR E (kg )

mRNA RKIAMFm W 9 fos, SxRAML,

BERIZH O LZHZR BNP Al B-MHC mRNA ik 7KV

BEFE (P<0.05. 0.01); SHAAMLEL, %452

O L BNP Al B-MHC mRNA Fik/K V-3 5%
1.5

&A% (P<<0.05).
#
1.0
0.5
0 = T T
2.0

WP R VRS 0.5
ASIR R P RO R (g kg ™)

2.0

S-MHC mRNA H{%} FiL &

9 FLAKBOALEL BNP F -MHC mRNA Rik (X+s,n=4)
Fig.9 BNP and f-MHC mRNA expressions in myocardium of rats in each group (X s, n=4)

4 g

HFpEF 5 7c = &7 ik D e i 2 V) AH O, £75K 2l
RE [ A5 AT IS B2 R ) 5 £ 4 Ak 5 B0 A = A
10 A R BRI 52 400 5 B0 I AT 5k R 91 R,
PR 98 E S FC 4k K R T R B RS B A A 2
HFpEF M 5 B EEALHIPT . AERE. BEIRSE = g I
i S5 4% B I JRES 1T 3 S0 R B0 Bk i & N Rz 98
i, HBBERNIAT PN R AnAE, @ik eNOS f#
PWUETE NO AW0F] FH B2 ARG, 4R1TT 520 cGMP 7 &
JALTRUE PKG TG X FEE PR IE L3R W 52
1 25 1 Al SERCA-2a JiE £ AR, A Ca? FENLK M
MR, DU IE AT, 4R 0NpER, &
Tk T RERERS .

H RO IR T R KT SRTERE, k4
FURE, O OIKWNLEZ NIRRT, O
Z, BEZICAREG A, E AR E R
T K TN . BR B FE R, SR TR, O
AESBHRE =« BKIETE 7, 10T LAIE T Bk 465 55 B
A8 DA AR R, FHEANREIK, KR
150, R M AK=ERW, RIS E4E, BHAT
ik, T8 B AR R ARk, AT O AR
LD RAR T, FEEARJE. L4, SOy K
FEIR, OIEETEAL . k%2004 HFpEF JiLIA44
N CSIHEZ . BIKIE RO, fE “4 LI
KR EITENTR SR, PR T AR
T AL L Rl YRR T TS st i
ALV, T AS. BERSIEME, P2,

ACISIMELE, Z51. FR. BFE. EFIK
THM, EER AR DLEIRIE S, IR, AR
OBEARL AREFEN JRAZKIMERE B, 0=
R, SEEONEThAE, X HFpEF A 8 1y 2023,

KA TR I 2 232 73, i 8 SR e
X B 50 I B B 1 45 7€ R R 7 ). HFpEF 3% [
TEFBE A, FIHADE BRI TS E,
im0 VAT HFpEF [0 n] ReAF A #E & BEAE IR A
T 576124200388 1ok o) 28 24 2 2% 7 VAR I B i o IR FE 1Y)
VERBLEL, 10 BTERT 299 22 08 1 0 3% (HFEF)
BRI VR« FEIbEC 115254, ¥ JC HFpEF
(1) X 26 243 B 22 Y 9 5 (R, 3 e Aff 9T 22 @ ik TCMSP
BAT-MAN TCM %V & HER R P O iR b
11 BRZGPD A 40 1 B RE L, AR I I 25 A
FARRE AR N B IR R B IR Sr, SRZ e
PP, AHIFFUORAN T OX — R . AL AT S
PO R 11 BRZGAE B 2 A YR I e R
P AR S AT AT Y, R LA FE TR SR 22
Rl SR 33 Fh. ZREETFI 448, KRR
2521 B, HABSAL S 11 Fh, Horb 44 MES YA
FAX IR ST TRIADTY, SR T B R B R-7-0-
B-D-FiEFEE . NS BT Re. AS 21 Rgiw FLHI
T G SR A RO I FE RO PR K LA Y
B RRT, R RO R BEL T R T
ANZ. BrReas <R FH, BIFEAS, ERSBH R = 5
FEAIFHL,  AHIFFL A Y ) 2 B U B R
. FRER. ST, XSLE. ASEH.
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PR AR, HAIEIEVEN P BB, ReckE
OSSP S g i s SR AR . ok
BOIIRER); FES. AN AL Lom ke, £
BRESOIESINR . PSRN 2. B8R
Ol MR REE, K ARBIK kL4 R
€ S 31 011 B e L PRE S TN 3 i BN
FINR . EATFRARIKIE I LA HORE, 3226 20
SEFEEEERE . FRZER AT A -k
WERESE, BTG, PR, PiR. RERTES
FRAEYIDIRER0, X HE 25 B4R F N B i O R B R IT
HFpEF B3¢ [ B

KEGG il & %45 R R, cGMP-PKG 15 5@
NS O e VG )T HFpEF [ 1 BURGH %, X it
AHFFRBAT TIRA . NO-sGC-cGMP-PKG 4
IR A O AT a1 B AR, AR T,
P R 4 ML PE — 2R B R R 1 DG AF 2 JE T eNOS
TG PEAE R NO,  FH0E sGC /E A EEAIM (hnaty
JULZH B AN I P LRI AR SR . AE N [R]
B, sGC P24 cGMP, X /& FIFRUN 28 PKG B 1) 5%
BERATIR T, RENS RN I K. MR A 4EB,
RGN 4 DA TR RS (GMP-
binding ¢cGMP-specific phosphodiesterase, PDE),
PDESA X ¢GMP 731 HA ¥ R cGMP [%
ity 5'-GMP, H5 PDE b hn b 1458 il 3k AL
N, T fE B 2 5 3 HEpEF Ol cGMP-PKG
55 B, &k T Re AT L v] BE T ZodE Bk
SERCA-2a Vi PERFRA G, FBUILKINERR Ca?'T)
REPRAR, #P5KIH Ca 38, O NFASL R H B, K
Keiit, cGMP ST PKG #5035 25040 B P Ui 25 45 ik
A, FEUMAE I VAT MO RA S, 1% A2 %0 % T EE A
HHNZ

‘i N P BSVRIE 9 R BB 17 5 o I 2 W] DA vy
A5 S5 o0 2 KR, 3 B0 Jhk 21 23 B 45 2% 3 TR A Ok ik
(calcitonin gene related peptide, CGRP). ¢GMP.
eNOS HHHFRIL, [FIIEEFESIKHAL sGC. PKG
mRNA FIE/KF, $ER e w0 2 nT LLs &7 7k
= 1 | P = 7 3 = VA 1 I
eNOS-sGC-cGMP-PKG JBE IS, 1IFSE T B 5l
Jie BT LUE I 4% cGMP-PKG i 4% 2403 0 I/ L
ok Thae. AWFAINESL, B 50O R TERE P
HFpEF KECOIEFE%E, #&& EF, PRACEEELERE
%, 4% IVRT W), $2m B/A H, Fon0=ERFK
UIRERH KA ;s[RI 34 0 HFpEF Iis H NO /KF,

FEiE eNOS Rik&, Hum N IhRE: AIFE{K PDESA

Xt ¢cGMP K ARAE HIHE NG IE cGMP 7KF-, [R]I 4

58 PKG i, XS RS T LLLT)RE, FRAR T O

LA SR AR S BEAE 2, T 2535 1 &7 K DhRE » b4,

B DR IR B R PR T T il Lo UL JEEAH 5G]

F BNP fl B-MHC mRNA X KA EIE I, $erni

B 338 5 K BRCHE BRI PR I A P URA S, 2500

HEAM P EEFH.

LEEPTIR, ANHEFOE T L% 25 E A “250)-

A RS- BB RN R 2%, B TR RO IR R

Y 5y-Z B0 5 -Z IRTVRYT HEpEF (E FHLA] . it

PRI SEEG, I D IR EE T LA 4R . 4TI A

W% cGMP-PKG {5 5l %, WA K IIRE, B0

W SERERE S, 3ok Ca¥ $4iaThRE, WR O EE

K, BAIE T W28 2 B R T 45 2R o X el x T

V) B T 9 o IR B A3 A 5K A2 40 T R PR 5 )

TEAENLHIA 25 3, I8 HFpEF iR97 52 it 76 71
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AR TR ERARALEA HEFR

SE MR

[1] Ponikowski P, Voors A A, Anker S D, et al. 2016 ESC
Guidelines for the diagnosis and treatment of acute and
chronic heart failure: The Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure of the
European Society of Cardiology (ESC). Developed with
the special contribution of the Heart Failure Association
(HFA) of the ESC [J]. Eur J Heart Fail, 2016, 18(8): 891-
975.

[2] Groenewegen A, Rutten F H, Mosterd A, et al.
Epidemiology of heart failure [J]. Eur J Heart Fail, 2020,
22(8): 1342-1356.

[31 Lam C S, Donal E, Kraigher-Krainer E, et al.
Epidemiology and clinical course of heart failure with
preserved ejection fraction [J]. Eur J Heart Fail, 2011,
13(1): 18-28.

[4] BrouwersF P, de Boer R A, van der Harst P, e al. Incidence
and epidemiology of new onset heart failure with preserved
vs. reduced ejection fraction in a community-based cohort:
11-year follow-up of PREVEND [J]. Eur Heart J, 2013,
34(19): 1424-1431.

[5] McMurray J J V, Adamopoulos S, Anker S D, et al. ESC
Guidelines for the diagnosis and treatment of acute and
chronic heart failure 2012: The Task Force for the
Diagnosis and Treatment of Acute and Chronic Heart
Failure 2012 of the European Society of Cardiology.
Developed in collaboration with the Heart Failure
Association (HFA) of the ESC [J]. Eur Heart J, 2012,
33(14): 1787-1847.



FED 20226F7H $53% B 148 Chinese Traditional and Herbal Drugs 2022 July Vol. 53 No. 14

* 4375

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]

Gheorghiade M, Marti C N, Sabbah H N, ef al. Soluble
guanylate cyclase: A potential therapeutic target for heart
failure [J]. Heart Fail Rev, 2013, 18(2): 123-134.

Rainer P P, Kass D A. Old dog, new tricks: Novel cardiac
targets and stress regulation by protein kinase G [J].
Cardiovasc Res, 2016, 111(2): 154-162.

Takimoto E. Cyclic GMP-dependent signaling in cardiac
myocytes [J]. Circ J, 2012, 76(8): 1819-1825.

Armstrong P W, Pieske B, Anstrom K J, et al. Vericiguat in
patients with heart failure and reduced ejection fraction [J].
N Engl J Med, 2020, 382(20): 1883-1893.

Breitenstein S, Roessig L, Sandner P, et al. Novel sGC
stimulators and sGC activators for the treatment of heart
failure [J]. Handb Exp Pharmacol, 2017, 243: 225-247.
RUNE, BEE, BRI, % B RORERTIENT
O AEHBENLE « 2 HLIRIRDEFS (1], BEXER AR,
2007, 6(5): 263-266.

T, R, RIEE, % KROREBKEIE
ARV R T IS 10 DT B B RGN [J]. AR
MAEFE, 2022, 45(1): 144-155.

HE, 2285, LEE, % K)R0RERTE R
O FE T ROWEE (9] I R 25 B 22 %G8, 2011,
27(9): 666-668.

BEE, BAE, ki, & SO RIS KNG
JTRFILIR (], IERO MR &, 2020, 36(1): 1-10.
A0, SRR, SR, S5 (MR ZEFIEN HIETE )
fitise [J]. FPEEZY, 2021, 52(14): 4119-4129.

FREAF, BARA, AWK, 4%, KA UPLC-Q-TOF/MSE %
0l B O JI A AR AL A 2 By [J]. A
i, 2011, 46(10): 1231-1236.

Yun W J, Yao Z H, Fan C L, et al. Systematic screening
and characterization of Qi-Li-Qiang-Xin Capsule-related
xenobiotics in rats by ultra-performance liquid
chromatography coupled with quadrupole time-of-flight
tandem mass spectrometry [J]. J Chromatogr B Analyt
Technol Biomed Life Sci, 2018, 1090: 56-64.

Breitenstein S, Roessig L, Sandner P, et al. Novel sGC
stimulators and sGC activators for the treatment of heart
failure [J]. Handb Exp Pharmacol, 2017, 243: 225-247.
Shah S J, Lam C S P, Svedlund S, et al. Prevalence and
correlates of coronary microvascular dysfunction in heart
failure with preserved ejection fraction: PROMIS-HFpEF
[7]. Eur Heart J, 2018, 39(37): 3439-3450.

Lourengo A P, Leite-Moreira A F, Balligand J L, et al. An
integrative translational approach to study heart failure
with preserved ejection fraction: A position paper from the
Working Group on Myocardial Function of the European
Society of Cardiology [J]. Eur J Heart Fail, 2018, 20(2):
216-227.

Chadderdon S M, Belcik J T, Bader L, et al

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Proinflammatory endothelial activation detected by
molecular imaging in obese nonhuman primates coincides
with onset of insulin resistance and progressively increases
with duration of insulin resistance [J]. Circulation, 2014,
129(4): 471-478.

R JkEgie M1 dbgt: B E R EOR Rk,
2010: 189-190.

@, 5. O RS A& BIGIT Y
K AL JULI 0 3 38 35 B e R 72 (3], BAREG ) 5 i
PR, 2020, 35(11): 2238-2242.

BRIk, BIRE, MEESE, S BT L 2B AR A X
FRBARTRVT B 580 IR BE IR 7 18 0 S i O AR FH AL
il [J]. WiE R A RS AR, 2022, 42(6): 950-957.
KEW, TR, EAN e, ST 4 2 B AR B
SRC R FE IR YT FE M O S A LA (0], SR
SRR 2L, 2021, 23(11): 3986-3996.
B, BB, BET, F R RORERTIBIE
FEMLAE O TS A TN LS I 25 25 B2 0P 7T (], KA
227 B o4, 2021, 35(2): 89-94.

RIZEYI, R, BEAF, S5 ROp R0 I B Pk R AL
WO R A B AL [J]. R EEZ, 2010, 41(7): 1060-
1065.

Cho J Y, Jeong M H, Ahn Y K, et al. Comparison of
outcomes of patients with painless versus painful ST-
segment elevation myocardial infarction undergoing
percutaneous coronary intervention [J]. Am J Cardiol,
2012, 109(3): 337-343.

RIRG, K= Sl LR LR [J].
rhEE25(5 K., 2018, 35(4): 126-129.

TR, FEIR, VR, . IS M T Ui e K
JRE bR BT A HT (7] P E 2, 2019, 50(19):
4741-4751.

Zhao C Y, Greenstein J L, Winslow R L. Roles of
phosphodiesterases in the regulation of the cardiac cyclic
nucleotide cross-talk signaling network [J]. J Mol Cell
Cardiol, 2016, 91: 215-227.

Maurice D H, Wilson L S, Rampersad S N, et al. Cyclic
(PDEs):
detectors acting to spatially and temporally integrate cyclic

nucleotide phosphodiesterases Coincidence

nucleotide and non-cyclic nucleotide signals [J]. Biochem

Soc Trans, 2014, 42(2): 250-256.

Das A, Durrant D, Salloum F N, et al. PDES inhibitors as

therapeutics for heart disease, diabetes and cancer [J].

Pharmacol Ther, 2015, 147: 12-21.

Lovelock J D, Monasky M M, Jeong E M, et al. Ranolazine

improves cardiac diastolic dysfunction through modulation

of myofilament calcium sensitivity [J]. Circ Res, 2012,

110(6): 841-850.

WHNHE. BN O R RIR T8 O T R A AL

BRI 5T [D]. A K E: WALBERERZE, 2017.
[FriEsit Fx48]



