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Cardiac hypertrophy Cardiac fibrosis

Fig. 9 The mechanism of cardioprotection by Ginsenoside Rgl via
downregulation of CaSR. AAC induces overload of [Ca?"]; through CaSR/IP3R
pathway. The increased [Ca’"]; leads to activation of CaN signaling pathway,
resulting in cardiac hypertrophy and fibrosis. Ginsenoside Rgl inhibits cardiac
hypertrophy and fibrosis through inhibiting [Ca*]; and downregulation of CaSR, CaN
and TGF-B1 signaling pathways.
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Abstract Background: Ginsenoside Rgl (Rgl) has been well documentee teffective
against various cardiovascular disease. The aithisfstudy is to evaluate the effect of Rgl
on mechanical stress-induced cardiac injury angassible mechanism with a focus on the
calcium sensing receptor (CaSR) signaling pathway.

Methods: Mechanical stress was implemented on rats throbdbrainal aortic constriction
(AAC) procedure and on cardiomyocytes and cardiamlblasts by mechanical stretching
with Bioflex Collagen | plates. The effects of Roh cell hypertrophy, fibrosis, cardiac
function, [C&";, and the expression of CaSR and calcineurin (@ed§ assayed botn rat
and cellular level.

Results: Rgl alleviated cardiac hypertrophy and fibrosis,d aimproved cardiac
decompensation induced by AACrat myocardial tissue and cultured cardiomyogydad
cardiac fibroblasts. Importantly, Rgl treatmentilited CaSR expression and increase of
[C&®"];, which similar to the CaSR inhibitor NPS2143. bidiion, Rgl treatment inhibited
CaN and TGH1 pathways activation. Mechanistic analysis shoted the CaSR agonist
GdCk could not further increase the [ andCaN pathway related protein expression
induced by mechanical stretching in cultured cargiocytes. CsA, an inhibitor of CaN,
inhibited cardiac hypertrophy, cardiac fibrosisafg; andCaN signaling but had no effect on
CaSR expression.

Conclusion: The activation of CaN pathway and the increasfCaf]; mediated by CaSR
are involved in cardiac hypertrophy and fibrosigttmay be the target of cardioprotection of
Rg1 against myocardial injury.

Key words: Ginsenoside Rg1, calcineurin , CaSR, myocareéiaadeling
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1. Introduction

Myocardial hypertrophy is the adaptive respons¢hefheart to pressure overload and
neurohumoral stimuli and could cause cardiac deemsgition and heart failure. Myocardial
remodeling is one of the main pathological featusésypertensive heart disease, which
including cardiomyocyte hypertrophy and myocardidrosis, increasing myocardial
stiffness, and eventually leading to systolic andsiblic dysfunction [1, 2]. Immune
regulation, inflammatory responses, oxidative streand especially intracellular €a
overload play crucial roles in the initiation amgression of myocardial remodeling [3, 4].

Calcium sensing receptor (CaSR) belongs to G prateupled receptor family and is
expressed in the hearts and neonatal rat cardigyte@and cardiac fibroblasts [5-7] and is
involved in internal steady state of of calcium andtal ions [8]. According to previous
studies, CaSR participates in myocardial ischemagenfusion(MI/R) injury through
activating mitogen-activated protein kinase (MAPKathway and endo(sarco)plasmic
reticulum pathway, and promoting phospho-protemake @ translocation on mitochondria
and calcium overload [9-11]. CaSR gets involvedniyocardial hypertrophy and apoptosis
through activation of calcium/calmodulin-dependgmitein kinase Il (CaMKII) and
calcineurin (CaN) signaling pathways in an isoprenel induced cardiac injury model[12].
CaSR causes cardiac hypertrophy through activatingphagy and promoting the release of
Cd&* from sarcoplasmic reticulum to mitochondria in the heart failure model, and
aggravates cardiac apoptosis through activatingaindndrial dynamics-mediated apoptotic
pathway in rat hypertensive hearts model [13, THN is one of serine/threonine protein

phosphatases, which is activated mainly by theigoats increase of a Activated CaN



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

combines with the NFAT-3 transcription factor amdrpotes dephosphorylation of NFAT-3 in
the cytoplasm. After dephosphorylation, NFAT3 weaansferred to the nucleus where it
regulates the activation of numerous hypertroplgted genes. Accumulating evidence has
illustrated that the CaN/NFAT3 pathway plays a pava@ole in myocardial hypertrophy and
fibrosis induced by lipopolysaccharide, isoproteteand phenylephrine accompanied by
increased [CA]i[15-17]. Furthermore, in vivo experiments with @ortonstriction-induced
pressure overload models in rats and in vitro erparts with mechanical stretch in rat
cultured cardiomyocytes demonstrated a prominelat iar CaN/NFAT in stretch-induced
hypertrophy[18-20]. However, the mechanism by wiiaN was activated in the mechanical
stress model was unclear.

Ginseng, the root dPanax ginseng Meyer, has been used as a traditional medicine for
more than a thousand years. In the purified compsn& ginseng, ginsenoside Rgl (Rgl) is
an abundant and active saponin, which has numepobsntial therapeutic effects on
metabolic disease. For example, ginsenoside Rglroiwep insulin resistance through
decreasing the level of serum inflammatory factarsd suppressing glucose output,
attenuates the injury of non-alcoholic fatty livksease through regulating lipid peroxidation,
inflammation activation and endoplasmic reticulutness. [21, 22]. In addition, recent
studies showed ginsenoside Rgl potential therapaitects on cardiovascular diseases.
Ginsenoside Rgl could ameliorate cardiac injuryrtybiting endoplasmic reticulum stress
and autophagy in a doxorubicin-induced mouse m{#fgl improve cardiac function, and
reduce cardiac hypertrophy and hypertension irreptsizotocin-induced diabetic rat model

[24]. Ginsenoside Rgl also has protective potengighinst myocardial ischemia and
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reperfusion-induced myocardial injury, which may Ipelated to modulating energy
metabolism and alleviating myocardial apoptosig.[2b addition, we recently reported that
the cardioprotective role of ginsenoside Rgl onsguee overload-induced -cardiac
hypertrophy was partly attributed to the inhibitioof the TNFe/NF-«B signaling

pathway[26]. However, the effect of ginsenoside Rumilthe CaSR- and €adependent

pathways in mechanical stress-induced hypertroptuy fdorosis is still unclear. Therefore,
we conducted the present study on rats throughbalonainal aortic constriction (AAC)

procedure and on cardiomyocytes and cardiac fibstblby mechanical stretching(MS) with
Bioflex Collagen | plates to test whether CaSR- &gff-dependent pathways contribute to
cardiac injury, and whether this pathway is thegéaof cardioprotection of Rgl against

mechanical stress-induced myocardial remodeling.
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2. Methods
2.1. Chemicals and Reagents

Ginsenoside Rgl (Rgl) was purchased from the Nadijimgzhu Biotechnology
Company. Dimethyl sulfoxide (DMSO), verapamil, 28\Rnd GdC{ were obtained from
Sigma-Aldrich (St. Louis, MO, USA). NPS2143(CaSRibitor) was obtained from Selleck
Chemicals (Houston, TX, USA). IP3R antibody wascpased from AbSci (Baltimore, MD,
USA). NFAT-3 antibody, TGF-1 antibody and Smad2lasdy were purchased from Abcam
(Cambridge, MA, USA). CaSR antibody, CaN antibotype | collagen antibody, type Il
collagen antibody anghactin antibody were obtained from Proteintech &binology.
2.2. Abdominal aortic constriction procedure and drug treatment

Mechanical stress was implemented through abdom@matic constriction (AAC)
procedure on SD rats, and the procedure was fotlathve Guide for the Care and Use of
Laboratory Animals. Forty male SD rats weighing 250240 g were obtained from the
Animal Center of Jinzhou Medical University. Aftdrree days of pre-adaptation, all the rats
were randomly divided into 4 groups (n=10): the r8hgroup; AAC group; 12 mg/kg of
ginsenoside Rgl group; and 1 mg/kg of NPS2143 gradugardiac injury model was
established by constriction of the abdominal aoRats were anaesthetized with 20%
urethane (0.5 ml/100g, i.p.). Then, a laparotomyg performed, and the aorta was exposed at
the level of the renal arteries. The exposed abdalnaiorta was ligated with a 0.8 mm silver
clip. For the age-matched sham operation, an ic&nprocedure was performed without
ligation. Ginsenoside Rgl was suspended in 0.5%iuB8odCarboxymethyl Cellulose

(CMC-Na) one day before the surgical procedure @mtinued for 30 days post-surgery.
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Rats in the sham and AAC groups were given witke@uml volume of CMC-Na. The criteria
for the selection of the doses of ginsenoside RglLNPS2143 were based on our previous
studies [12, 26].
2.3. Echocardiography

Before the rats were sacrificed, echocardiograplag wsed to evaluate the cardiac
function of rats. The rats were anaesthetized wikialed isoflurane, and the left ventricle
internal diastolic diameter (LVIDd), the left veiste ejection fraction (LVEF), and left
ventricle fractional shortening (LVFS) were measiuaed analyzed using the M-mode.
2.4. Heart weight index measur ement

After ultrasonic examination, the rats were saceifi, and the hearts were immediately
collected, washed in PBS solution. Then, the lefitsicles were separated and weighed. The
weight of total body, the weight of heart and theight of left ventricle were weighed and
recorded. Then, heart-weight index(HW/BW) and #fé Ventricle-weight index(LVW/BW)
were calculated according to these data. After neg the heart tissues were immediately
placed into 4% formaldehyde or Ultra low temperatineezer for the next experiments.
2.5. Morphological staining

After fixed in 4% paraformaldehyde overnight, theart tissues were embedded in

paraffin, cut into 5pum sections. Then the paraffin sections were staingth
hematoxylin-eosin (HE) or Masson'’s trichrome. Tlaediomyocyte cross-sectional diameter
and collagen volume fraction (CVF) were determiaedording to HE staining and Masson’s
trichrome staining, respectively. For immunohistcical analyses of CaSR, collagen type |

and collagen type lll, the paraffin was removedlofeed by 10% rabbit serum to block
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nonspecific binding sites. Then, the sections weraed with CaSR, collagen | and collagen
[l antibody overnight. After being rinsed in PB8eated with secondary antibody, and
incubated at 37 °C for another 1 h, the section®wtined with diaminobenzidine (DAB)
and observed with microscope.
2.6. I solation of the cardiomyocytes

At the end of the experiment, the rats were an@igdte and the hearts of rats were
collected quickly, installed on the perfusion systeand perfused through the aorta with
Tyrode’s solution for 5 min and €afree Tyrode’s solution for another 8 min. Thene th
heart was perfused with type Il collagenase whias wissolved in 50 ml of &afree
Tyrode solution. After 10 min, the type Il collagee was washed out by 5 min of perfusion
with C&*-free Tyrode’s solution. All solutions were inflatevith 95% Q and 5% C@ After
the left and right ventricles are separated, tfieventricle parts were dispersed mechanically.
After the cardiomyocyte solutions were adjustethitosame cell density, the cardiomyocytes
gradually recovered to normal €&oncentrations.
2.7. Céll culture and mechanical stretching

The cardiomyocytes and cardiac fibroblasts werenfreeonatal 1- to 3-day-old SD rats
were cultured and isolated with differential adimee methods. Cells were cultured in
DMEM supplemented with 12% (v/v) fetal bovine serurand 100 U/mL
penicillin/streptomycin. For MS, the cardiomyocytascardiac fibroblasts were cultured on
Bioflex Collagen | plates with serum-free mediunmdastretched in a Flexcell FX-5000
tension system by 20% above the initial length &equency of 1 Hz for up to 24 h. The

control cells were cultured in Bioflex Collagenlages but did not stretch.
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2.8. RT-PCR

The extraction and quantification of total RNA frarardiac tissue, cardiomyocytes and
fibroblasts were completed according to the kitgu® of total RNA was used from each
sample, and was reverse transcribed using AMV seveanscriptase with random hexamers
for 50 min at 42 °C. Then, the products after afigaliion of cDAN were used in agarose gel
electrophoresis, stained with nucleic acid dye ardosed to UV irradiation. The mRNA
expression of type I/lll collagen, ANP and BNP vepressed as a ratio to GADPH mRNA
according to gray value. The primer sequences arANP forward:
CCTGGACTGGGGAAGTCAAC, reverse: GTCAATCCTACCCCCGAAGBNP forward:
CGAGACAAGAGAGAGCAGGAC, reverse: TCTGGAGACTGGCTAGGAT Collagen |
forward: GATGGACTCAACGGTCTCCC, reverse: CGGCCACCATIGAGACTT;
Collagen 1] forward: TTCCTGGGAGAAATGGCGAC, reverse
ACCAGCTGGGCCTTTGATAC; GAPDH forward: GTATCGGACGCCTETAC,
reverse: CTGTGCCGTTGAACTTGCC.

2.9. Fluo-3/AM Staining for Intracellular [Ca®™"];

After different treatments, the isolated cardiomytes and cultured cardiomyocytes
were cultured with @M Fluo-3/AM for 40 min at 37 °C avoid light, wash#tdee times with
Cd*-free PBS and incubated further in complete mediData of [C&"]; were estimated by
the fluorescence intensity determined by Fluo-8utiured and isolated cardiomyocytes with
excitation and emission at 488 and 530 nm, respgti The changes in [G3; are
represented as changes in fluorescence intensatyzad with Image Pro Plus 6.0.

2.10. Immunofluor escence
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Cardiomyocytes were fixed, permeabilized, blockedd incubated with a CaSR
antibody (1:150) at 4 °C overnight, followed by ubation with the fluorescent goat
anti-rabbit secondary antibody at 37 °C for 1.%imally, the cytoskeleton was stained by 1
MM of rhodamine-labeled phalloidin, and nucleus wstained by 1 pM of DAPI.
Fluorescence images were captured and procesdeflwaitescence microscope.

2.11. EdU incorporation assay

Cell proliferation was assessed by an EdU-488 melliferation kit. Four hours before
the end of stretching, cardiac fibroblasts weratgeé with EdU working solution, and at the
end of the experiment, the cardiac fibroblasts wiered with 4% paraformaldehyde and
incubated with click additive solution and HoecB8842. Then, images were captured and
processed with Leica DMI3000B fluorescence micrpsco
2.12. Extraction of proteinsand western blot

Nuclear protein fractions from the heart tissued aells were extracted by a protein
extraction kit according to the instructions of mtacturer. BCA method was used to
analysis protein concentration. For Western blgftiprotein extracts (20ug) were
fractionated by 8%-12% SDS-PAGE (1.5 h, 90V), tfarred onto PVDF membranes(GE
Healthcare Life Sciences, USA) and blocked with B®A for 1.5 h. After washed three
times with TBST, the PVDF membranes were incubatigd different primary antibodies of
NFAT-3(1:1000), CaSR(1:1000), CaN(1:1000), gndctin(1:5000) followed by incubating
with secondary antibodies conjugated with horsetagieroxidase. Detection was performed
with enhanced ECL kit (Future Biotech, China). Toesults were analyzed with Quantity

One software (Bio-Rad Laboratories, Hercules).
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2.13. Statistical analysis
All data are expressed as the mean + standardtaenvi&PSS 19.0 software was used to
analyze all the data. Differences between the meaigsoups were determined by one-way

ANOVA followed by Bonferroni’s test. Significanceas defined aB < 0 05.
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3. Results
3.1.Ginsenoside Rgl improved cardiac function and attenuated cardiac hypertrophy in
an AAC model.

Echocardiographic results showed that LVEF and L\Vi&reased, while LVIDd
increased in the AAC group rats. It is suggested bHypertrophy is in the decompensated
period and cardiac function is decreased (TableThg heart volume of AAC group was
larger than that of sham group, but not increasier ginsenoside Rgl and NPS2143
treatment(Fig. 1A). Furthermore, morphological gsat showed that the cardiomyocyte
cross-sectional diameter was increased in the AA@QumFig. 1B and C), along with
increased HW/BW and LVW/BW ratios(Fig. 1D and E)daANP and BNP mRNA
expression(Fig. 1F-H). However, ginsenoside Rgl ARES2143 treatment significantly
improved left ventricle dysfunction in the AAC ras shown by the increased LVEF and
LVFS and decreased LVIDd. In addition, ginsenosikgl and NPS2143 resulted in
significant reductions in the cardiomyocyte crossti®nal diameter, ratio of HW/BW and
LVW/BW and mRNA expression of ANP and BNP. Thes&utts suggested that ginsenoside
Rgl treatment could mitigate AAC-induced cardiapdryrophy and improve the impaired
cardiac function.

3.2. Ginsenoside Rgl reduced AAC-induced myocardial fibrosis

Mechanical stress induced by AAC led to significpathological myocardial remodeling,
including myocardial fibrosis and collagen depasiti The result from Masson staining and
immunohistochemistry showed that the fibrotic afég( 2A and D) and collagen /11l

deposition (Fig. 2B-C and E-F) in the AAC group wesignificantly increased compared

12
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with that in the sham operation group. After treatirwith ginsenoside Rgl, fibrotic area and
collagen I/lll deposition were significantly atteatad. In addition, the protein expressions
levels of TGFB1 and Smad2 were enhanced in the AAC group compaiéd the
sham-operated group(Fig. 2G-H), and all of thesenghs were reversed by ginsenoside Rgl
treatment or NPS2143.
3.3.Ginsenoside Rgl treatment inhibited the Ca®*/CaSR/CaN signaling pathway
Up-regulation of CaSR is involved in the cardiapérgrophy and fibrosis induced by
AAC through increased intracellular €aand Ca'-depend signaling pathway. In current
study, isolated rat cardiomyocytes were used ifeidiht groups to investigate the effect of
ginsenoside Rgl on intracellular T.aConsistent with the expression of CaSR and CaN,
intracellular C&" was increased in the AAC group compared with trersgroup. Treatment
with ginsenoside Rg1 inhibited the enhanced inthalee C&* (Fig. 3C and D)as well as the
expression of CaSR (Fig. 3A and B), CaN and nucMBAT-3 (Fig. 3E-G). In addition,
NPS2143 showed the similar effects to ginsenosigle Buggesting that the cardioprotective
effect of ginsenoside Rgl was associated with itibib of C&£*/CaSR signaling pathway
activation.
3.4. Ginsenoside Rgl treatment attenuated cardiac hypertrophy in cultured
cardiomyocytes
In the present studynechanical stress was imposed on cultured cardioywge by MS
with Bioflex Collagen | platesThe results showed that treated cultured cardiogtgsowith
1 Hz stretch for 24 h caused cardiomyocytes hypeinty, such as the increased cell surface

area (Fig 4A and B) and increased ANP and BNP mRkj#ession (Fig 4C-E). Furthermore,
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10 uM ginsenoside Rgl inhibited stretch-caused carbiguertrophy. NPS2143 showed the
similar anti-hypertrophic effect with ginsenosidgIR
3.5. Ginsenoside Rgl inhibited fibrosisin cultured cardiac fibroblasts

Myocardial fibroblasts exist in the interstitiadsue of healthy myocardium, which may
be an obvious source of fibrosis after myocardigury. In the present study, cardiac
fibroblasts were used to investigate the effedRgl on cardiac fibrosis. The results showed
that Rgl administration significantly decreased M@iced collagen synthesis, as
determined by measurement of collagen | and catlage mRNA. In addition, EdU
incorporation was used to evaluate fibroblast feddtion. The number of EdU-positive cells
was increased in MS-treated cardiac fibroblastsdeateased in the Rgl treatment group. In
addition, Rg1l treatment inhibited the enhancedgmogxpression of TGB1 and Smad?2 in
cardiac fibroblasts induced by MS (Fig.5).
3.6. Ginsenoside Rgl inhibited CaSR and CaN signaling in cardiomyocytes and
fibroblasts

To further investigate the cardioprotection of Ragainst cardiac injury, we examined
the effects of Rgl on CaSR, CaN and nucleus NFATZardiomyocytes and cardiac
fibroblasts. The results from immunofluorescence &vestern blot analyses showed that
CaSR and CaN signaling were up-regulated by MS, Rgd treatment significantly
suppressed CaSR, CaN and NFAT3 expression bothargiomyocytes (Fig. 6A-C) and
cardiac fibroblasts(Fig. 6D-F). The effects of Ryl the protein expression of CaSR, CaN

and nucleus NFAT3 were similar to CaSR inhibitorSer43 .
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Up-regulation of CaSR leads to [Ch increase through the phospholipase C (PLC)
-inositol 1, 4, 5, riphosphate (IP3) pathway. Tudstigate the effects of Rgl on increase in
[C&®"]; induced by MS, we incubated the cells with Flua¥3/to examine the [CH]; via
fluorescence changes. In contrast to the aboveriexpats, IP3R inhibitor (2-APB, 2(0M)
and L-type C&channel inhibitor (verapamil, 10M) were used in this assay. The results
showed that [C&d]; was significantly increased by MS and all of R§P,S2143, 2-APB and
verapamil inhibited the MS-induced enhancement @& ;. However, Rgl and 2-APB
showed a more obvious inhibition effect than NP2d#d verapamil. In addition, MS
significantly increased IP3R protein expressioniciwiwas abrogated by Rgl, NPS2143 and
2-APB but not verapamil. These results indicatest 8aSR/PLC/IP3 pathway is at least
partially involved in the increases in [E€Rinduced by MS(Fig. 7).

3.7. CaSR mediated CaN pathway activation induced by M S

Finally, CaSR agonist (Gdgland CaN inhibitor (CsA) were used to examine the
regulation of CaSR on CaN pathway activation indubg MS. The results showed that
although GdGJ could increase the cardiac size and’[Gaand upregulate the CaN pathway,
it could not further increase the cardiac size,’{f;and upregulate CaN pathway when
combined with MS. CsA, an inhibitor of CaN, couldrsficantly inhibit the CaN signaling
pathway, attenuate cardiac hypertrophy, and moelgrezgulate [C&]; both in the presence
and absence of GdglHowever, CsA had no effect on CaSR expressiotherin the
presence or in absence of Gg@ombined with the above-mentioned results, wdicoed
that up-regulation of G&dependent CaN/NFAT3 pathway is involved in the Rasediated

cardiac injury induced by MS(Fig. 8).
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4. Discussion

As a major ingredient of Rjinseng, ginsenoside Rgl has beneficial effects on the
immune system, the central nervous system and endosystem, and especially the
cardiovascular system[27-29]. Previous studies destnated that ginsenoside Rgl
administration improved cardiac function, allevéhteardiac injury, modulated myocardial
energy metabolism, and inhibited the cardiac inffaation and oxidative stress induced by
ischemia-reperfusion injury and glucose deprivgén 30]. Recent studies, including
reports from our laboratory, have demonstrated Rt could attenuate cardiac hypertrophy
and cardiac remodeling and preserve cardiac sysdalil diastolic function against pressure
overload, and the mechanism was related to inhgitTNFo/NF-xB and enhancing
angiogenesis by increasing the expression of H#rd VEGF[26, 31]. Intracellular &4
overload plays a crucial role in the transitioncafdiac hypertrophy to cardiac remodeling
and heart failure. Based on the above studiesptégent research further investigated the
protective effect of Rgl on pressure overload-ieducardiac remodeling by focusing on
CaSR, C& and its related CaN pathway. In contrast to previstudies, current studies use
in vitro models of increased cardiac after-load W& in cardiomyocytes and cardiac
fibroblasts and demonstrated for the first timet thp-regulation of C&-dependent CaN
pathway mediated by CaSR contribute to the cafgypertrophy and fibrosis induced by MS.
Furthermore, Rgl showed a cardiac protective efiedticed by MS through inhibiting
CaSR/CaN signaling and deceasing{Ga

Hemodynamic overload caused by mechanical strassilmates to the development of

cardiac hypertrophy and the transition from comp&t hypertrophic state to cardiac
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remodeling until heart failure[32]. At the cellulievel, cardiomyocyte hypertrophy is first
dominant response to mechanical stress, whileribgrgss of cardiac remodeling and clinical
heart failure is related to myocardial cell degatien, myocardial fibrosis and loss. In the
present study, cardiomyocytes and cardiac fibréblasre cultured separately to evaluate the
effect of Rgl on cardiac injury. The results showbkdt Rgl administration inhibited
cardiomyocyte hypertrophy and attenuated the carfimoblast proliferation and fibrosis
induced by MS, demonstrating the protective effectRgl on cardiac hypertrophy and
fibrosis, which was further shown in an in vivo dguas indicated by the improved cardiac
function, decreased cross-sectional diameter alidgem deposition in the AAC group rats.
In addition, with the improvement of hypertrophyddibrosis, Rgl administration abrogated
CaN/NFAT3 signaling activation, which was induced¢ Imechanical stretch. As a
hypertrophic signaling pathway, CaN signaling citmifes to various cardiac hypertrophy
and remodeling models, and the activated mechadipends on intracellular €a Under
physiological conditions, intracellular €afor myocardial contractility is provided by €a
entering through the L-type and T-type?’Gahannels and NeC&* exchangers and from the
sarcoplasmic reticulum[6]. In hypertrophied myodand, the relative contribution of these
C&*-regulating mechanisms changed dramatically, ardG@hN activation mechanism was
also correspondingly different. Previous studiesehiandicated that CG& is increased by
CaSR and subsequently activates the CaN signaditigvay, thereby contributing to cardiac
hypertrophy[12, 33]. Increases in intracellular *Cand the resulting activation of
Ca*-dependent signaling pathways in cardiomyocyte® leaeritical role in the pathogenesis

of cardiac hypertrophy. The CaSR inhibitor Calh&l @meliorates cardiac hypertrophy and
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394

attenuates [Cd];, while the CaSR agonists GdChggravates cardiac hypertrophy by
increasing [C&]i[12, 34]. Consistent with previous studies, we sbdthat, accompanied by
cardiac hypertrophy, CaN and [€h increased in pressure-overload rat hearts and
stretch-treated cardiomyocytes. A previous studyws&d that MS activated CaSR, which
contributed to attenuating vascular calcificationhuman aortic smooth muscle cells[35].
However, the effect of MS on CaSR in cardiomyocy&esl cardiac fibroblasts was not
investigated. One novel finding is that CaSR exgiceswas upregulated alone with cardiac
hypertrophy induced by MS, which distinguishes i@ort from previous studies. Moreover,
cardiomyocytes from the NPS2143 group subjecte® showed minimal activation of
CaN signaling and [G4. Although GdC} could increase the cardiac size and*[Gand
upregulate CaN pathways, it could not further imsee the cardiac size and fJaand
upregulate CaN pathways when combined with MS. @&hessults indicate that
CaSR-regulated increases in fGaand CaN/NFAT3 pathway activation contribute to the
cardiac hypertrophy and fibrosis induced by meatanstress. However, the increase of
[C&®"]; caused by mechanical stretch may be partly daetteation of CaSR since verapamil,
an L-type C4&" channel inhibitor, also inhibits [€3; but has no effect on IP3R protein
expression. Indeed, some reports have shown thhttgbe C&" channels, capacitive €a
entry, Nd /H" exchangers, NaC&" exchangers and stretch-activated channels cotertbu
[C&®"]; and cardiac hypertrophy induced by mechanicassi®, 36, 37]. It is not surprising
that multiple intracellular mechanisms are respuesior [C£']; overload to orchestrate the
hypertrophic response and that these pathwaysnéeedependent. HIMF overexpression

increased the cytosolic €aconcentration and activated the CaN, which coelgtevented
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by the L-type C& channel blocker nifedipine or the CaSR inhibitoal@x 231[38],
suggesting that a reciprocal yet reinforcing refahip between different &aactivation
mechanisms contributes to cardiac injury. Neveed®l further investigations are still
warranted to delineate the mechanisms of the ictierabetween different calcium channels
that are responsible for €aegulation.

The TGFB1/Smad signaling pathway is a classical pathwayfifoosis that plays an
important role in models of pressure overload-imduccardiac fibrosis[39, 40]. CaSR
promotes high glucose-induced myocardial fibrosia WC&* activation and the
TGF{$1/Smads pathway in cardiac fibroblasts[41]. Acconiga by myocardial fibroblast
proliferation and fibrosis induced by phenylephrifet*/CaN/NFAT signaling was activated,
and these effects were abolished by nifedipinelgakier of C&" influx), BAPTA-AM (an
intracellular C&" buffer), and CsA[15]. The current study confirmeevious findings and
found that CaSR and CaN signaling contributes tdiaa fibrosis in pressure overloaded rat
tissues, and this finding was further confirmedayin vivo study with a cardiac fibroblast
stretch model. Furthermore, Rgl administration avdy inhibited cardiac fibrosis, but also
CaN activation, an effect of the CaSR inhibitor I2B&3. These results illustrated that CaSR
regulates CaN activation in a mechanical stresgded cardiac fibrosis model, which is the
mechanism underlying the protection of Rgl on @xdhjury.

We firstly demonstrated that increase of {iaand CaN/NFAT3 pathway activation
mediated by CaSR contribute to cardiac hypertrapityfibrosis caused by mechanical stress.
The protective effect of Rgl on mechanical streassed cardiac hypertrophy and fibrosis

may be partly mediated via inhibiting of CaSR esgien, [C&’]; elevation and activation of
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CaN/NFAT3 pathway.

Acknowledgement

The present study was supported by Nation Sciennadation Project(81973553),

Guide Planned Project of Liaoning Province (No.2@D-0617 and JYTJCZR2020077)

20



438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

References

[1] Li X, Chu G, Zhu F, Zheng Z, Wang X, Zhang GaNg F. Epoxyeicosatrienoic acid
prevents maladaptiveremodeling in pressure ovetthyadrgeting calcineurin/NFAT and
Smad-7. Exp Cell Res 2019:111716.

[2] Zheng RH, Bai XJ, Zhang WW, Wang J, Bai F, YaR, James EA, Bose HS, Wang NP,
Zhao ZQ. Liraglutide attenuates cardiac remodeting improves heart function after
abdominal aortic constriction through blocking amgnsin Il type 1 receptor in rats.
Drug Des Devel Ther 2019;13:2745-57.

[3] Jiang WY, Huo JY, Chen C, Chen R, Ge TT, Ch@nhdHu JW, Geng J, Jiang ZX, Shan
QJ. Renal denervation ameliorates post-infarctiardiac remodeling in rats through
dual regulation of oxidative stress in the heartl drain. Biomed Pharmacother
2019;118:109243.

[4] Glasenapp A, Derlin K, Wang Y, Bankstahl M, MeiM, Wollert KC, Bengel FM,
Thackeray JT. Multimodality Imaging of Inflammati@md Ventricular Remodeling in
Pressure Overload Heart Failure. J Nucl Med 2019.

[5] Sun YH, Liu MN, Li H, Shi S, Zhao YJ, Wang R,uXCQ. Calcium-sensing receptor
induces rat neonatal ventricular cardiomyocyte &pgp. Biochem Biophys Res
Commun 2006;350:942-8.

[6] Tfelt-Hansen J, Hansen JL, Smajilovic S, Teligdr EF, Haunso S, Sheikh SP. Calcium
receptor is functionally expressed in rat neonataitricular cardiomyocytes. Am J
Physiol Heart Circ Physiol 2006;290:H1165-71.

[7] Chi J, Wang L, Zhang X, Fu Y, Liu Y, Chen W,uLW, Shi Z, Yin X. Activation of

21



460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

calcium-sensing receptor-mediated autophagy incaagsinll-induced cardiac fibrosis
in vitro. Biochem Biophys Res Commun 2018;497:571-6

[8] Spurr NK. Genetics of calcium-sensing--reguatiof calcium levels in the body. Curr
Opin Pharmacol 2003;3:291-4.

[9] Jiang CM, Han LP, Li HZ, Qu YB, Zhang ZR, WaRg Xu CQ, Li WM. Calcium-sensing
receptors induce apoptosis in cultured neonataleatricular cardiomyocytes during
simulated ischemia/reperfusion. Cell Biol Int 20818792-800.

[10] Lu F, Tian Z, Zhang W, Zhao Y, Bai S, Ren Heb H, Yu X, Wang J, Wang L, et al.
Calcium-sensing receptors induce apoptosis in rardiomyocytes via the
endo(sarco)plasmic reticulum pathway during hypb&@ygenation. Basic Clin
Pharmacol Toxicol 2010;106:396-405.

[11] Zheng H, Liu J, Liu C, Lu F, Zhao Y, Jin Z, ReH, Leng X, Jia J, Hu G, et al.
Calcium-sensing receptor activating phosphorylatafn PKCdelta translocation on
mitochondria to induce cardiomyocyte apoptosisrayurschemia/reperfusion. Mol Cell
Biochem 2011;358:335-43.

[12] Lu M, Leng B, He X, Zhang Z, Wang H, Tang Ral@lum Sensing Receptor-Related
Pathway Contributes to Cardiac Injury and the Medma of Astragaloside IV on
Cardioprotection. Front Pharmacol 2018;9:1163.

[13] Lu FH, Fu SB, Leng X, Zhang X, Dong S, Zhao, Rén H, Li H, Zhong X, Xu CQ, et
al. Role of the calcium-sensing receptor in cardiooyte apoptosis via the sarcoplasmic
reticulum and mitochondrial death pathway in cardiypertrophy and heart failure.

Cell Physiol Biochem 2013;31:728-43.

22



482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

[14] Hong S, Zhang X, Zhang X, Liu W, Fu Y, Liu 3hi Z, Chi J, Zhao M, Yin X. Role of
the calcium sensing receptor in cardiomyocyte aggptvia mitochondrial dynamics in
compensatory hypertrophied myocardium of spontasigduypertensive rat. Biochem
Biophys Res Commun 2017;487:728-33.

[15] Wang J, Wang Y, Zhang W, Zhao X, Chen X, XMb6 Zhang L, Chen Y, Zhu W.
Phenylephrine promotes cardiac fibroblast prolifera through calcineurin-NFAT
pathway. Front Biosci (Landmark Ed) 2016;21:502-13.

[16] Tsai CY, Kuo WW, Shibu MA, Lin YM, Liu CN, Che YH, Day CH, Shen CY,
Viswanadha VP, Huang CY. E2/ER beta inhibit ISOuicgld cardiac cellular
hypertrophy by suppressing Ca2+-calcineurin sigigalPLoS One 2017;12:€0184153.

[17] Liu CJ, Cheng YC, Lee KW, Hsu HH, Chu CH, T&di, Tsai CH, Chu CY, Liu JY, Kuo
WW, et al. Lipopolysaccharide induces cellular hyymphy through calcineurin/NFAT-3
signaling pathway in H9c2 myocardiac cells. Moll@bchem 2008;313:167-78.

[18] Saygili E, Rana OR, Meyer C, Gemein C, Anderggki MG, Ludwig A, Weber C,
Schotten U, Kruttgen A, Weis J, et al. The angisitemalcineurin-NFAT pathway
mediates stretch-induced up-regulation of matrixtath@proteinases-2/-9 in atrial
myocytes. Basic Res Cardiol 2009;104:435-48.

[19] Finsen AV, Lunde IG, Sjaastad I, Ostli EK, Ilgmna M, Jarstadmarken HO, Hasic A,
Nygard S, Wilcox-Adelman SA, Goetinck PF, et al.n8gcan-4 is essential for
development of concentric myocardial hypertropley stretch-induced activation of the
calcineurin-NFAT pathway. PLoS One 2011;6:€28302.

[20] Zhou N, Li L, Wu J, Gong H, Niu Y, Sun A, GeZou Y. Mechanical stress-evoked but

23



504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

angiotensin ll-independent activation of angiotani$itype 1 receptor induces cardiac
hypertrophy through calcineurin pathway. Biochem ofbiys Res Commun
2010;397:263-9.

[21] Fan X, Zhang C, Niu S, Fan B, Gu D, Jiang KR, Li S. Ginsenoside Rgl attenuates
hepatic insulin resistance induced by high-fat ahgjh-sugar by inhibiting
inflammation. Eur J Pharmacol 2019;854:247-55.

[22] Xu Y, Yang C, Zhang S, Li J, Xiao Q, Huang Winsenoside Rgl Protects against
Non-alcoholic Fatty Liver Disease by Amelioratingpid Peroxidation, Endoplasmic
Reticulum Stress, and Inflammasome Activation. Bibarm Bull 2018;41:1638-44.

[23] Xu ZM, Li CB, Liu QL, Li P, Yang H. GinsenostdRg1 Prevents Doxorubicin-Induced
Cardiotoxicity through the Inhibition of Autophagynd Endoplasmic Reticulum Stress
in Mice. Int J Mol Sci 2018;19.

[24] Qin Q, Lin N, Huang H, Zhang X, Cao X, WangLlY,P. Ginsenoside Rgl ameliorates
cardiac oxidative stress and inflammation in steptocin-induced diabetic rats.
Diabetes Metab Syndr Obes 2019;12:1091-103.

[25] Li L, Pan CS, Yan L, Cui YC, Liu YY, Mu HN, H&, Hu BH, Chang X, Sun K, et al.
Ginsenoside Rgl Ameliorates Rat Myocardial IscheReaerfusion Injury by
Modulating Energy Metabolism Pathways. Front PHy2d.8;9:78.

[26] Tang F, Lu M, Yu L, Wang Q, Mei M, Xu C, Han Ru J, Wang H, Zhang Y. Inhibition
of TNF-alpha-mediated NF-kappaB Activation by Gmsside Rgl Contributes the
Attenuation of Cardiac Hypertrophy Induced by Abdioah Aorta Coarctation. J

Cardiovasc Pharmacol 2016;68:257-64.

24



526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

[27] Xu TZ, Shen XY, Sun LL, Chen YL, Zhang BQ, HgaDK, Li WZ. Ginsenoside Rgl
protects against H202induced neuronal damage duenhibition of the NLRP1
inflammasome signalling pathway in hippocampal oesarin vitro. Int J Mol Med
2019;43:717-26.

[28] Park S, Ahn IS, Kwon DY, Ko BS, Jun WK. Ginssides Rb1l and Rgl suppress
triglyceride accumulation in 3T3-L1 adipocytes amthance beta-cell insulin secretion
and viability in Min6 cells via PKA-dependent patlys. Biosci Biotechnol Biochem
2008;72:2815-23.

[29] Huang Y, Zou Y, Lin L, Zheng R. GinsenosidelR4ctivates Dendritic Cells and Acts as
a Vaccine Adjuvant Inducing Protective Cellular passes Against Lymphomas. DNA
Cell Biol 2017;36:1168-77.

[30] Xu Z, Li C, Liu Q, Yang H, Li P. GinsenosideggR protects H9c2 cells against nutritional
stress-induced injury via aldolase /AMPK/PINK1 stfimg. J Cell Biochem
2019;120:18388-97.

[31] Zhang YJ, Zhang XL, Li MH, Igbal J, Bourant@¥, Li JJ, Su XY, Muramatsu T, Tian
NL, Chen SL. The ginsenoside Rgl prevents tranevaostic constriction-induced left
ventricular hypertrophy and cardiac dysfunction iblibiting fibrosis and enhancing
angiogenesis. J Cardiovasc Pharmacol 2013;62:50-7.

[32] Tornatore TF, Dalla Costa AP, Clemente CFidr, Rocco SA, Calegari VC, Cardoso
L, Cardoso AC,

Goncalves A, Jr., Franchini KG. A role for focahadion kinase in cardiac mitochondrial

biogenesis induced by mechanical stress. Am JsiBhyHeart Circ Physiol

25



548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

2011;300:H902-12.

[33] Wang LN, Wang C, Lin Y, Xi YH, Zhang WH, Zha€, Li HZ, Tian Y, Lv YJ, Yang BF,
et al. Involvement of calcium-sensing receptor srde@ac hypertrophy-induced by
angiotensinll through calcineurin pathway in cuddirneonatal rat cardiomyocytes.
Biochem Biophys Res Commun 2008;369:584-9.

[34] Liu L, Wang C, Sun D, Jiang S, Li H, Zhang VMhao Y, Xi Y, Shi S, Lu F, et al.
Calhex(2)(3)(1) Ameliorates Cardiac Hypertrophy Ibiibiting Cellular Autophagy in
Vivo and in Vitro. Cell Physiol Biochem 2015;36:15812.

[35] Calaghan SC, White E. The role of calciumhe tesponse of cardiac muscle to stretch.
Prog Biophys Mol Biol 1999;71:59-90.

[36] Molostvov G, Hiemstra TF, Fletcher S, BlandZhnder D. Arterial Expression of the
Calcium-Sensing Receptor Is Maintained by PhysicklgPulsation and Protects
against Calcification. PLoS One 2015;10:e0138833.

[37] Ruwhof C, van Wamel JT, Noordzij LA, Aydin $jarper JC, van der Laarse A.
Mechanical stress stimulates phospholipase C #ctamd intracellular calcium ion
levels in neonatal rat cardiomyocytes. Cell Calck001;29:73-83.

[38] Kumar S, Wang G, Liu W, Ding W, Dong M, Zheig Ye H, Liu J. Hypoxia-Induced
Mitogenic Factor Promotes Cardiac Hypertrophy vialcim-Dependent and
Hypoxia-Inducible Factor-lalpha Mechanisms. Hypesien 2018;72:331-42.

[39] Wei WY, Zhang N, Li LL, Ma ZG, Xu M, Yuan YHeng W, Tang QZ. Pioglitazone
Alleviates Cardiac Fibrosis and Inhibits EndotheileMesenchymal Transition Induced

by Pressure Overload. Cell Physiol Biochem 20128&26.

26



570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

[40] Chen HH, Zhao P, Zhao WX, Tian J, Guo W, Xu KEhang C, Lu R. Stachydrine
ameliorates pressure overload-induced diastolict ti@dure by suppressing myocardial
fibrosis. Am J Transl Res 2017;9:4250-60.

[41] Yuan H, Fan Y, Wang Y, Gao T, Shao Y, ZhaoLBH, Xu C, Wei C. Calciumsensing
receptor promotes high glucoseinduced myocardiao$is via upregulation of the

TGFbetal/Smads pathway in cardiac fibroblasts. Miedl Rep 2019;20:1093-102.

27



592

593
594
595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

Table 1. Parameter s of cardiac function in rats

group LVEF (%) LVES (%) LVIDd (mm)
Sham 78.69+2.65 39.15#3.31 6.88+0.34
AAC 57.97+6.96* 27.30+2.95* 8.70+0.55*
AAC+Rgl 69.14+4.31 33.21+3.67 7.62+0.5%
AAC+NPS2143 66.26+6.75 33.69+4.30 7.58+0.35

LVEF, left ventricular ejection fraction; LVFS, le¥entricular fractional shortening; LVIDd,
left ventricular internal diastolic diameter. Dat@re presented as the mean + SD, n=6 rats
for each group. *P < 0.01 versus the Sham gro(ip;< 0.05 versus the AAC group.
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610 Figurelegends

611 Fig. 1 Ginsenoside Rgl inhibited cardiac hypertrophy induced by AAC. A: Visual size of
612 the heartsB: H&E staining microscope imagin@;: Cardiomyocyte cross-sectional diameter
613 analyzed by H&E staining resulfS-E: Data on HW/BW (mg/g) and LVW/BW (mg/g). F-H:
614 mMRNA expression of BNP and ANP determined by RT-PORta were presented as the
615 mean = SD, n=4 for B-C and F-H; n=8 for D and EP*% 0.01 compared with the Sham
616 group; P < 0.01 compared with the AAC group.

617 Fig. 2 Ginsenoside Rgl attenuated myocardial fibrosis induced by AAC. A and D:
618 Representative pictures of Masson trichrome ana da€CVF according to Masson trichrome.
619 B-C and E-F: Representative pictures of collagédhithmunohistochemistry and statistical
620 data on collagen I/lll expression. G-I: TGBE-and Smad2 protein expression determined by
621 western blot analysis in heart tissue. All dataeveresented as the mean + SDP*® 0.01
622 compared with the Sham grodpP < 0.01 compared with the AAC group (n=4).

623 Fig. 3 Ginsenoside Rgl treatment inhibited the Ca**/CaSR/CaN signaling pathway. A-B:

624 Representative pictures of CaSR immunohistocheyniatrd statistical data on CaSR
625 expression. C-D: [C]; fluorescence assayed by Fluo-3/AM incubati@hG: CaN and
626 nucleus NFAT-3 expressions determined by westeshdnalysis in myocardial tissue. Data
627 were presented as the mean + SCP ¥ 0.01 versus the Sham grodfP < 0.01 versus the
628 AAC group (n=4).

629 Fig. 4 Ginsenoside Rgl treatment attenuated cardiac hypertrophy in cultured
630 cardiomyocytes. A-B: Cultured cardiomyocytes surface area were noredsaccording to

631 rhodamine-labeled phalloidin staining. The barsresent the cell surface area. C-E:
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Cardiomyocytes mRNA expressions of ANP and BNP rdateed by RT-PCR. Data were
presented as the mean + SDP* 0.01 versus the Con groupP < 0.01 compared with the
MS group (n=4).

Fig. 5 Ginsenoside Rgl inhibited fibrosis in cultured cardiac fibroblasts. A:
Representative images of cardiac fibroblasts aedlyrcording to EAU incorporation assay.
B-D: Cardiac fibroblasts collagen | and 11l expliess determined by RT-PCR. E-G: TGE-
and Smad2 protein expression determined accordingestern blot analysis in cardiac
fibroblasts. Data were presented as the mean #'9P< 0.01 versus the Con groupp <
0.01 versus the MS group (n=4).

Fig. 6 Ginsenoside Rgl inhibited CaSR and CaN signaling in cardiomyocytes and
fibroblasts. A: Representative images of CaSR immunofluorescestaming. Blue is the
nucleus of DAPI staining; red is the cytoskeletdrrlimdamine-labeled phalloidin staining;
green is CaSR expression; the last line is a mgrgeh of three kinds of coloring. B-C: CaN
and nucleus NFAT3 protein expression determinedraaty to western blot analysis in
cardiomyocytes. D-F: CaSR, CaN and nucleus NFAT8teom expression determined
according to western blot in cardiac fibroblastatdwere presented as the mean + SIP, **
< 0.01 versus the Con groupP < 0.01 versus the MS group (n=4).

Fig. 7 The effect of Rgl on [Ca*"]iand I P3R expression. A: [Ca?"]; fluorescence assayed by
Fluo-3/AM incubation.B: Data on [C&]; fluorescence intensity analyzed with Image Pro
Plus 6.0. C: The protein expression of IP3R in icemgocytes. Data were presented as the
mean + SD, *P < 0.01 versus the Con grodpP < 0.01 versus the MS group (n=4).

Fig. 8 CaSR mediated CaN pathway activation induced by MS. A: Cultured
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cardiomyocytes surface area were measured accotdindhodamine-labeled phalloidin
staining. B: [C&]; fluorescence assayed by Fluo-3/AM incubation. CtaDaf cell surface
area. D: [C4T; fluorescence intensity analyzed with Image Pres 0. E-H: CaSR, CaN
and nucleus NFAT3 protein expression determinedordoty to western blot in
cardiomyocytes. Data were presented as the medd, #*® < 0.01 versus the Con group;

P < 0.01 versus the MS group*P < 0.01 versus the Gdggroup (n=4).
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