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Abstract: Heart failure with preserved ejection fraction (HFpEF) accounts for about half of the number of
patients with heart failure. In addition to the typical features of heart failure such as myocardial stiffness and

diastolic function impairment, the key characteristic of HFpEF is the normal left ventricular ejection fraction,
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which increases the difficulty of clinical diagnosis. QiShenYiQi Dripping Pills (QSYQ) is a standardized
traditional Chinese medicine approved by the China Food and Drug Administration (CFDA), and many clinical
studies have demonstrated the efficacy and safety of QSYQ in the treatment of heart failure with reduced ejection
fraction, but the role of QSYQ in HFpEF has not been clarified. In this paper, high fat diet (HFD) and drinking
water containing N-nitro-L-arginine methyl ester (L-NAME, 0.5 g-L"', pH=7.4) were used in C57BL/6N male mice
to construct the classical HFpEF model (the experiment was approved by the Animal Ethics Committee of Hefei
University of Technology, the approval number is HFUT20220921002), and at the 8" week, the mice were dosed
with @ empagliflozin, @ low-dose QSYQ (LQ), @ high-dose QSYQ (HQ), @ empagliflozin plus low-dose
QSYQ (ELQ) for 4 weeks, the body weight of the mice was recorded during the experiment, echocardiography,
blood pressure and glucose tolerance were detected and the exercise capacity of mice was evaluated, and pathological
and biochemical experiments were used to detect cardiac fibrosis, liver fibrosis and serum biochemical indexes in
mice, RNAseq assay was performed with mice heart tissues. The results showed that QSYQ as well as QSYQ+
empagliflozin could significantly reduce the body weight, improve diastolic function and hypertension, improve
glucose tolerance and enhance exercise ability of HFpEF mice. At the biochemical and molecular levels, QSYQ
and QSYQ+empagliflozin can reduce the cross-sectional area of cardiomyocytes and reduce cardiac collagen
contents, thereby alleviating myocardial hypertrophy and fibrotic phenotypes, and improve metabolic disorders.
The RNAseq results suggest that the function of QSYQ in improving HFpEF may be related to calsequestrin 1. In
conclusion, this study shows that QSYQ and QSYQ-+empagliflozin can significantly improve HFpEF-related
cardiac dysfunction and metabolic disorders, which provides a theoretical basis for the clinical treatment of HFpEF.
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Figure 1 The animals were scheduled for treatment as indicated.
C57BL/6N mice were randomly divided into six groups (n = 8).
Control (C) group and heart failure with preserved ejection
fraction (HFpEF) group were given placebo once daily; HFpEF
group, HFpEF+E group, HFpEF+LQ group, HFpEF+HQ and
HFpEF+ELQ group were fed with high fat diet (HFD) and N-nitro-
L-arginine methyl ester (L.-NAME) water; HFpEF+E group were
given empagliflozin 1.3 mg-kg', HFpEF+LQ group and HFpEF+
HQ group were given QSYQ 390 or 780 mgkg”, HFpEF+ELQ group
were given empagliflozin 1.3 mgkg' and QSYQ 390 mgkg',
after 8§ weeks of HFD and L-NAME feeding, 4 weeks of
administration. C: Control group; HFpEF: HFD and L-NAME-
induced HFpEF group; HFpEF+E: Empagliflozin group; HFpEF+
LQ: QSYQ low-dose group; HFpEF+HQ: QSYQ high-dose group;
HFpEF+ELQ: Empagliflozin and QSYQ low-dose group
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Figure 2 QSYQ improved weight gain, glucose tolerance and hypertension in HFpEF mice. A: Body weight; B: Intraperitoneal glucose
tolerance test (IPGTT) of mice at 12 weeks; C: The area under the curve (AUC) of IPGTT at 12 weeks in the six groups; D: Systolic blood
pressure (SBP); E: Diastolic blood pressure (DBP). n =8, ¥+ 5. P < 0.001 vs C group; "P < 0.05, P < 0.01, P < 0.001 vs HFpEF
group; *P < 0.05 vs HFpEF+E group
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Figure 3 QSYQ improved motor performance, reduced cardiac hypertrophy and fibrosis in HFpEF mice. A: Running distance; B: Ratio
between wet and dry lung weight (LW); C: Ratio of heart weight and tibia length (HW/TL); D: Photo of mouse heart; E-G: Representative
myocardial histological images of WGA staining (E), H&E staining (F), and Sirius red staining (G). n =8, ¥ = 5. P < 0.001 vs C group;
*P<0.05,"P<0.01,"P<0.001 vs HFpEF group



SREBAE: 1S 2l U AL 5 1073 2 PR B T 0 g 3 /s BRI ST T -+ 3099 -

HFpEF+E

HFpEF+LQ

HFpEF+HQ HFpEF+ELQ

Il ¢ BN orpEF MM HFpEF+E

HFpEF+LQ

e — ——

=

HFpEF+HQ [l HFpEF+ELQ

E
40+

w
=3
1

o
204 mE

E/E'ratio

Figure 4 QSYQ ameliorates diastolic dysfunction in HFpEF mice. A: Representative images conventional echocardiography and Doppler

imaging; B: Left ventricular ejection fraction (LVEF); C: Left ventricular fractional shortening (LVFS); D: Mitral inflow E and A wave ratio
(E/A); E: Ratio between mitral E wave and E' wave (E/E’). n=8,X£s. P <0.001 vs C group; P < 0.01, " P < 0.001 vs HFpEF group;

$5P < 0.01 vs HFpEF+E group
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Figure 5 QSYQ regulates heart injury and lipid metabolic disorders in HFpEF mice. A-I: Serum brain natriuretic peptide (BNP, A), N-ter-
minal pro-brain natriuretic peptide (NT-proBNP, B), lactate dehydrogenase (LDH, C), aspartate aminotransferase (AST, D), creatine kinase
(CK, E), triglyceride (TG, F), total cholesterol (TCHO, G), low-density lipoprotein (LDL-C, H), high-density lipoprotein (HDL-C, I) levels.
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n=8,x+s.""P<0.001 vs C group; “P < 0.05, #P < 0.01, *P < 0.001 vs HFpEF group; *P < 0.05, *P < 0.01, **P < 0.001 vs HFpEF+E group
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Figure 6 QSYQ ameliorates liver injury in HFpEF mice. A: Representative myocardial histological images of oil red O staining, H&E
staining and Sirius red staining; B, C: Serum alanine aminotransferase (ALT, B) and alkaline phosphatase (ALP, C) levels. n=8,X¥+s. P <

0.001 vs C group; “P < 0.05, **P < 0.001 vs HFpEF group; ®*P < 0.01, %P < 0.001 vs HFpEF+E group
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Figure 7 Transcriptomic analysis of mice heart tissues (n = 5). A: Network proximity between QSYQ, empagliflozin targets and HFpEF;

B: Heatmap representation of hierarchical clustering of DEGs that were significantly reversed by QSYQ treatment; C: Hierarchical

clustering heat map representation of DEGs compared to each group; D, E: Venn diagrams showing the number of differentially expressed

genes (DEGs) that were upregulated in the HFpEF group (compared with the control group) and down-regulated by QSYQ (compared with
the HFpEF group) (D), and DEGs that were down-regulated in HFpEF mice and upregulated by QSYQ (E)

it

HFpEF J& — AN 8 K A 38 PR 1) 8, HAA 8w
RIFHRIFET: % . HFpEF £ (5 BT A5 HF 4 61 1) — 22,
[ B 22 8 G IR B = I PR RS A DL R Xt
HFpEF 3 # A2 B A2 VIR R 45, M C IR UEIR 9T J7
PP RS SR 45 IR W], /£ HFD FI L-NAME 1% 3

(¥ HFpEF /> BT v, /N BRI RGO 38
e LS 7 I U < 38 Bl 0 B AR O JUE 4T 7K
hREAN 4, T QSYQ K 5 B 514 Ik IR 9T 4 Ji Ja v]
DA 2 340 LR R,

A LB E T T IR I DD R, AR e
THRe M sk Thfig . 2 8 By &L T A B35 g,



-+ 3102 - 2524} Acta Pharmaceutica Sinica 2024, 59(11): 3094-3103

EUE (O ERFHK) AW (O FI4E). EREN T, Elg
fH KT A, i 7E HFpEF H, i T O R &7 sk The =z 4it, K
1AL B LE O b, BN T 0 X o0 3 R A K TR,
T B WEIGIN, A WEREAR, KL E/A LUAE TH & et 1
£k ThRe R rgtY, 4 HFD+L-NAME i& 4% 12 A J5,
70 B B 45 B R HEpEF 415 1E % 4U M B, E/AE/E’
EC Al B & TF =, 1 LVEF M LVFS ¥ LB % 2 7, &
HFpEF ) ¥ £ &L 4 48 fi Th 1) b5 ", HFpEF+E.
HFpEF+LQ.HFpEF+HQ.HFpEF+ELQ ¥4 J7 H ¥4 —
SE PR I e 3%, 0 )2 QS Y Q i Al R AE Kk 4 4R Aw
R 5 B 5 A R B 8OR, IF BAE — S5 45 pr
(SBP.E/A) QSYQ I & k& %1 5 Bt H 2= I HH B8 47 1 2%
B, UL QSYQ AN AT AE Sy e /Iy B o0 JUE 57 5K Th fig
W B PRIV AE 24540, 36 TT DA TR 27 150 B, 98 31 BB 4 1
ERARVE

BRI, O E 45 4E 4k 5 HFpEF &35 O 2k
R BE 2R BE TR Y N E AH OGP, A A 4% #
QSYQ i it P& HW/TL b « -0 LT o A5 7488 v AR RN 2o i
Ji JE A AR S+ HFpEF /I B 0o JIF 48 E  £F 444 K o0 J AR
KBBIA BESE . Ak, QSYQ i i ik P& I i
TCHO.TG.LDL-C #1 7t & HDL-C >k iff 15 JIg i £ L
ifi HEpEF /)N R K B 1A M8 HED MY & S8R, 52 5
HHFESZ 4, QSYQIAYT & W35 I T AR Wi A 2 |
PE R AR HEAL, R FEAR T I3 H ALTVASTVALP 7K
F, X R W QSYQ A AT LAVR JT HFpEF 5l 2 O JIE 432
13, B 0] LARIT IERE A0« SRk, ASHIE 72 0T DA4S & 08
2P — T M HEAR, K QS YQ Y HAE KN RURI I PR 22
55 KEHE . o AN TR e SRR A& &, 1
QSYQ 7% Jy F FH ALl 58 Jim A i P AR B 2

WS L A (CASQ) A& — P GBI WL P9 W Ca™
A B AR 1, TE O JUE R R B JUL R USC 4 v AT A RS AR Y,
FP R Casql AT PP LI W HH 1) Ca™, HLA (KSR A )
25 & Ca™ 45 B IR /1B AR A B AL 3R 9,
Casql ¥ % 52 Ay O WL &2 3k 2 b Ca™ A s 1 2 1) O
FHP, 7E AR BE A, Casql £ HFpEF 1 L FF, 7
QSYQ-. BUAE H1 ¥4 LA K Bk FH IR 97 413 N B, H RNAseq
g5 AR /R HAE QSYQ 3% HFpEF H 8 7E1E A,
Uk 5 B2 AR R 75 ZE T Casql /£ QSYQ i 3 HFpEF
R B T BAR ANLHIER 5T o

Zx LRTIR, QSYQ K 5 S #1 1% Bk F T DAL 3 ok
¥ HFpEF /™ &1 L e 12 3 68 7 1 B DA A I JIEK
O JUVEFHEAK O IEET 7K D) RE B i B2 AR AR R 2L .
Ik, QSYQ A ¥y HFpEF i3 I IR 16 7 iy R &4 ik
BRI AT 2

{EE TTEk: SR 7 DU E ) SL I8 #4F Hs A 2
SCERE WAL 2R TR B A B SOk T S
% ARG R A B P B SC U6 T R 5 HdfE 0 s B Ak 3R
T TSI TT RV AR SR S AR B

FI S AL A 2 A W AR TR 2 R

References

[1] Savarese G, Becher PM, Lund LH, et al. Global burden of heart
failure: a comprehensive and updated review of epidemiology
[J]. Cardiovasc Res, 2023, 118: 3272-3287.

[2] Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/
HFSA guideline for the management of heart failure: a report of
the American College of Cardiology/American Heart Associa-
tion Joint Committee on Clinical Practice Guidelines [J]. Circula-
tion, 2022, 145: ¢895-e¢1032.

[3] Borlaug BA. Evaluation and management of heart failure with
preserved ejection fraction [J]. Nat Rev Cardiol, 2020, 17:
559-573.

[4] Borlaug BA. The pathophysiology of heart failure with preserved
ejection fraction [J]. Nat Rev Cardiol, 2014, 11: 507-515.

[5] Diez J, Querejeta R, Lopez B, et al. Losartan-dependent
regression of myocardial fibrosis is associated with reduction of
left ventricular chamber stiffness in hypertensive patients [J].
Circulation, 2002, 105: 2512-2517.

[6] Mohammed SF, Hussain S, Mirzoyev SA, et al. Coronary
microvascular rarefaction and myocardial fibrosis in heart failure
with preserved ejection fraction [J]. Circulation, 2015, 131:
550-559.

[7] Cui YC, Yan L, Pan CS, et al. The contribution of different
components in QiShenYiQi Pills® to its potential to modulate
energy metabolism in protection of ischemic myocardial injury
[J]. Front Physiol, 2018, 9: 389.

[8] LuY, Wang D, Yuan X, et al. Protective effect of Qishen Yiqi
Dropping Pills on the myocardium of rats with chronic heart
failure [J]. Exp Ther Med, 2019, 17: 378-382.

[91 Wang J, Li C, Cao Y, et al. Mechanism of QSYQ on anti-
apoptosis mediated by different subtypes of cyclooxygenase in
AMI induced heart failure rats [J]. BMC Complement Altern
Med, 2015, 15: 352.

[10] Li XQ, Guo CC, Xu Y, et al. A proposed mechanism by which
Qishen Yiqi Dropping Pill improves cardiac energy metabolism
in rats with heart failure based on metabolomics and network
pharmacology [J]. Acta Pharm Sin (2452%2%4%), 2022, 57: 1387-1395.

[11] Hou YZ, Wang S, Zhao ZQ, et al. Clinical assessment of
complementary treatment with Qishen Yiqi Dripping Pills on
ischemic heart failure: study protocol for a randomized, double-
blind, multicenter, placebo-controlled trial (CACT-IHF) [J].
Trials, 2013, 14: 138.

[12] Mao J, Zhang J, Lam CSP, et al. Qishen Yiqi Dripping Pills for



KRB A 105 ol U AU 5 170 2 0R B 00 7 8 90 /N BT AR

3103

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

chronic ischaemic heart failure: results of the CACT-IHF
randomized clinical trial [J]. ESC Heart Fail, 2020, 7: 3881-3890.
Wang H, Li L, Qing X, et al. Efficacy of Qishen Yiqi Drop Pill
for chronic heart failure: an updated meta-analysis of 85 studies
[J]. Cardiovasc Ther, 2020, 2020: 8138764.

Wang M, Shan Y, Wu C, et al. Efficacy and safety of Qishen Yiqi
Dripping Pill for heart failure with preserved ejection fraction: a
systematic review and meta-analysis [J]. Front Pharmacol, 2020,
11: 626375.

Monma Y, Shindo T, Eguchi K, et al. Low-intensity pulsed
ultrasound ameliorates cardiac diastolic dysfunction in mice: a
possible novel therapy for heart failure with preserved left
ventricular ejection fraction [J]. Cardiovasc Res, 2021, 117:
1325-1338.

Schiattarella GG, Altamirano F, Tong D, et al. Nitrosative stress
drives heart failure with preserved ejection fraction [J]. Nature,
2019, 568: 351-356.

Sarafidis PA, Tsapas A. Empagliflozin, cardiovascular outcomes,
and mortality in type 2 diabetes [J]. N Engl J Med, 2016, 374:
1092.

He X, Jiang Y, Li S, et al. Efficacy and safety of QiShen YiQi
Dripping Pills in the treatment of coronary heart disease
complicating chronic heart failure (syndrome of Qi deficiency
with blood stasis): study protocol for a randomized, placebo-
controlled, double-blind and multi-centre phase II clinical trial
[J]. Int J Gen Med, 2023, 16: 6177-6188.

Nair AB, Jacob S. A simple practice guide for dose conversion
between animals and human [J]. J Basic Clin Pharm, 2016, 7:
27-31.

Simmonds SJ, Cuijpers I, Heymans S, et al. Cellular and molecular
differences between HFpEF and HFrEF: a step ahead in an
improved pathological understanding [J]. Cells, 2020, 9: 242.
Panthiya L, Tocharus J, Onsa-Ard A, et al. Hexahydrocurcumin
ameliorates hypertensive and vascular remodeling in L-NAME-
induced rats [J]. Biochim Biophys Acta Mol Basis Dis, 2022,
1868: 166317.

Silambarasan T, Manivannan J, Krishna Priya M, et al. Sinapic
acid prevents hypertension and cardiovascular remodeling in
pharmacological model of nitric oxide inhibited rats [J]. PLoS
One, 2014, 9: e115682.

Nishikimi T, Nakagawa Y. B-type natriuretic peptide (BNP)
revisited-is BNP still a biomarker for heart failure in the
angiotensin receptor/neprilysin inhibitor era? [J]. Biology (Basel),
2022, 11: 1034.

Myhre PL, Vaduganathan M, Claggett BL, et al. Influence of NT-
proBNP on efficacy of dapagliflozin in heart failure with mildly

reduced or preserved ejection fraction [J]. JACC Heart Fail,

(25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

2022, 10: 902-913.

Liao M, Xie Q, Zhao Y, et al. Main active components of
Si-Miao-Yong-An decoction (SMYAD) attenuate autophagy and
apoptosis via the PDESA-AKT and TLR4-NOX4 pathways in
isoproterenol (ISO)-induced heart failure models [J]. Pharmacol
Res, 2022, 176: 106077.

Zhang N, Feng B, Ma X, et al. Dapagliflozin improves left
ventricular remodeling and aorta sympathetic tone in a pig
model of heart failure with preserved ejection fraction [J].
Cardiovasc Diabetol, 2019, 18: 107.

Sun Z, Wang L, Han L, et al. Functional calsequestrin-1 is
expressed in the heart and its deficiency is causally related to
malignant hyperthermia-like arrhythmia [J]. Circulation, 2021,
144: 788-804.

Shi Y, Fan W, Xu M, et al. Critical role of Znhitl for postnatal
heart function and vacuolar cardiomyopathy [J]. JCI Insight,
2022, 7: e148752.

Kitakata H, Endo J, Hashimoto S, et al. Imeglimin prevents heart
failure with preserved ejection fraction by recovering the
impaired unfolded protein response in mice subjected to
cardiometabolic stress [J]. Biochem Biophys Res Commun,
2021, 572: 185-190.

Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations
for the evaluation of left ventricular diastolic function by
echocardiography: an update from the American Society of
Echocardiography and the European Association of Cardiovascular
Imaging [J]. J Am Soc Echocardiogr, 2016, 29: 277-314.
Kanagala P, Cheng ASH, Singh A, et al. Relationship between
focal and diffuse fibrosis assessed by CMR and clinical outcomes
in heart failure with preserved ejection fraction [J]. JACC
Cardiovasc Imaging, 2019, 12: 2291-2301.

Hu YH, Liu P, Xiong HS, et al. Digital & intelligent Chinese
materia medica: upgrade and innovation of modern Chinese
materia medica [J]. Chin Tradit Herb Drugs (" %% 24), 2024, 55:
1-11.

Marabelli C, Santiago DJ, Priori SG. The structural-functional
crosstalk of the calsequestrin system: insights and pathological
implications [J]. Biomolecules, 2023, 13: 1693.

MacLennan DH, Wong PT. Isolation of a calcium-sequestering
protein from sarcoplasmic reticulum [J]. Proc Natl Acad Sci U S
A, 1971, 68: 1231-1235.

Woo JS, Jeong SY, Park JH, et al. Calsequestrin: a well-known
but curious protein in skeletal muscle [J]. Exp Mol Med, 2020,
52:1908-1925.

Ma J, Pang X, Wang T, et al. Acute aerobic exercise regulation
of myocardial calcium homeostasis involves CASQ1, CASQ2,

and TRDN [J]. J Appl Physiol, 2023, 135: 707-716.



