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Abstract: Inappropriate mineralocorticoid receptor (MR) activation in different cardiovascular cell
types has deleterious effects on cardiac remodeling and function. Therefore, MR inhibition is a crucial
pharmacological strategy to overcome cardiovascular dysfunction. Despite efficient blockade of MR
with steroidal MR antagonists (MRAs), their clinical application is unsatisfactory due to the adverse
effects. Newer non-steroidal MRAs with greater potency could be suitable for clinical application,
especially in patients with type 2 diabetes mellitus and chronic kidney disease. Although clinical
evidence has shown the beneficial effects of non-steroidal MRAs on cardiovascular outcomes in
patients with heart failure with reduced ejection fraction, clinical trials are ongoing to evaluate the
efficacy of heart failure with preserved ejection fraction. Therefore, comparative pharmacological
characterization of non-steroidal MRAs over classic steroidal MRAs is crucial. Here, we summarize
the pre-clinical evidence of non-steroidal MRAs, which suggests an improvement in cardiac dysfunc-
tion, as well as the underlying molecular mechanisms in animal models mimicking different clinical
conditions. In addition, we discuss up-to-date information from clinical trials regarding the beneficial
effects of non-steroidal MRAs on meaningful cardiovascular outcomes. Both pre-clinical and clinical
evidence support treatment with non-steroidal MRAs in patients with cardiovascular disease.

Keywords: cardiovascular disease; non-steroidal mineralocorticoid receptor antagonist; heart failure

1. Introduction

Cardiovascular disease (CVD) is considered a global health concern, and its preva-
lence is increasing, especially in older people [1]. Among the different comorbidities of
CVD, heart failure (HF) is a complex clinical condition that manifests as abnormal car-
diac structure or function, thereby altering normal cardiac filling and the ejection of an
appropriate blood volume to maintain peripheral organ perfusion. HF is defined according
to the clinical measure of left ventricular (LV) ejection fraction (EF), which may either be
reduced (<40%; HFrEF or systolic HF) or preserved (>50%; HFpEF or diastolic HF) [2,3].
Despite the enormous therapeutic advances that have emerged in the management of CVD
in the past three decades, patients diagnosed with HF still have a very poor prognosis
and quality of life. It is also the most common reason for hospitalization in the aged
population [4]. Traditional guideline-directed therapies primarily slow the progression of
cardiovascular disorders, but there is a need to develop novel, preventive, and reparative
therapeutic strategies.

The mineralocorticoid receptor (MR) is expressed not only in epithelial cells in the
distal nephron but also in other non-epithelial cells, including cardiomyocytes, cardiac
fibroblasts, endothelial cells, and vascular smooth muscle (VSM) cells [5]. In addition
to its critical role in the regulation of electrolyte and fluid homeostasis in the kidney,
inappropriate MR activation has been shown to facilitate multiple deleterious actions in the
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cardiovascular system [6,7]. The classic steroidal MR antagonists (MRAs), spironolactone
and eplerenone, have been validated to block the deleterious effects of MR activation,
thereby exhibiting comprehensive cardiovascular protective actions. The cardiovascular
endpoint trials RALES (Randomized ALdactone Evaluation Study) [8] and EMPHASIS-
HF (Eplerenone in Mild Patients Hospitalization and Survival Study in Heart Failure) [9]
conducted in patients with HFrEF, as well as ALDO-DHF (Aldosterone Receptor Blockade
in Diastolic Heart Failure) [10] and TOPCAT (Treatment of Preserved Cardiac Function
Heart Failure With an Aldosterone Antagonist) [11] conducted in patients with HFpEF,
have demonstrated the beneficial effects of eplerenone or spironolactone on morbidity
and mortality. However, the clinical use of available steroidal MRAs is restricted because
of their major side effects, which include hyperkalemia, gynecomastia, impotence, and
menstrual disturbances [12]. Recently, several non-steroidal MRAs have been developed
and examined in subjects with CVD [13,14]. In this review, we briefly summarize and
discuss the pre-clinical data in a comparative manner, focusing on the beneficial effects
of non-steroidal and steroidal MRAs in different animal models with cardiac dysfunction.
We also discuss the possible molecular mechanisms that underlie the protective effects of
MRAs against cardiac remodeling and dysfunction. Moreover, we provide an update on
cardiovascular endpoint outcomes with non-steroidal MRAs from different clinical studies.

The literature was gathered from online research databases, including NCBI, PubMed,
and Google Scholar, using the keywords “mineralocorticoid receptor antagonist”, “steroidal
MRA”, “nonsteroidal MRA”, “cardiovascular outcomes”, “eplerenone”, “spironolactone”,
“finerenone”, and “esaxerenone”. The pre-clinical and clinical findings on the cardioprotec-
tive effects of MRAs from January 2000 to November 2022 are summarized in this review.

2. Chemical Properties of Steroidal and Non-Steroidal MRAs

The steroidal MRA, eplerenone, is around 40-fold less potent than spironolactone to-
ward the MR; however, it exhibits much greater selectivity than spironolactone and shows
less steroidal hormone-related adverse effects [12,15]. Among the recently developed non-
steroidal MRAs, the cardiovascular endpoint outcomes of finerenone (BAY94-8862, Bayer)
and esaxerenone (CS-3150, Daiichi Sankyo) have been published in both pre-clinical and
clinical studies. Therefore, in this review, we mainly focused on these two non-steroidal
MRAs. Finerenoene, which is a modified prototypical dihydropyridine derivative, is over
500-fold more selective for the MR and at least as potent as spironolactone [16,17]. Similarly,
esaxerenone is 18-fold and 260-fold more potent than spironolactone and eplerenone, respec-
tively, and at least 1400-fold more selective for the MR than other steroidal MRAs [18,19].
Taken together, non-steroidal MRAs can be stated to have greater affinity and suitable
selectivity toward the MR over steroidal MRAs.

In terms of tissue distribution, steroidal MRAs have been suggested to likely accumu-
late in the kidney, which alters electrolyte homeostasis, leading to hyperkalemia [12,17,20].
In contrast, the non-steroidal MRAs finerenone and esaxerenone have a balanced distri-
bution between the kidney and heart [21,22]. On the basis of the available information,
non-steroidal MRAs appear to be potent and selective, and their tissue distribution and
affinity are rather balanced in both the heart and kidney.

The pharmacological actions of different MRAs cause distinct regulation of MR target
gene promoter activity based on ligand-specific gene regulation. The distinct clinical actions
of different MRAs can be explained, at least in part, by the different binding modes to
the MR and the initiation of MR modulation through different molecular mechanisms.
Structurally different MRAs have different MR binding modes, resulting in distinct gene
expression and ligand-specific clinical actions. The molecular mechanism of steroidal
and non-steroidal MRAs is quite different, even though all of the MRAs bind to the
same MR ligand-binding domain (MR-LBD). Spironolactone and eplerenone are both
passive MRAs that are derivatives of aldosterone. However, spironolactone promotes co-
factor (SRC-1) recruitment to an MR-dependent promoter, but to a much lesser extent than
aldosterone [13,14]. Conversely, the non-steroidal MRA finerenone is a complete antagonist,
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unlike spironolactone and eplerenone, which binds to the ligand-binding domain of the MR,
causing a conformational change inside the MR complex and thereby altering the stability,
as well as causing nuclear translocation, of the MR [23]. Esaxerenone is an enantiomer of
atropisomer that binds to the MR-LBD with large side chains, which are flipped and form a
relatively large and secluded binding pocket [24]. Thus, the binding mode of non-steroidal
MRAs is completely different to that of classic steroidal MRAs.

3. Pharmacological Effects of Steroidal and Non-Steroidal MRAs in CVD: Evidence
from Pre-Clinical Studies
3.1. Blood Pressure

Hypertension is considered a predominant risk factor for the development and pro-
gression of CVD [25]. Steroidal MRAs have been proven to be effective in reducing blood
pressure (BP), either alone or as add-on therapy. Similarly, non-steroidal MRAs have
antihypertensive properties. Here, we explore the comparative effects of steroidal and
non-steroidal MRAs on the reduction in BP in different animal models of CVD (Table 1).

Among the experimental animal models of CVD, hypertension-induced HF has been
repeatedly studied in Dahl salt-sensitive (DSS) hypertensive rats with high salt (HS) load-
ing. The steroidal MRAs eplerenone [19,26] and spironolactone [19] reduced the BP by
around 8–10% compared with their counterparts in 8% salt diet-fed DSS rats at higher doses
(100 mg/kg/day), but not at lower doses (10 and 30 mg/kg). Notably, the non-steroidal
MRA esaxerenone caused a reduction in systolic BP (SBP) by approximately 18% and 27%
at a dose of 1 and 2 mg/kg/day, respectively, in the same model (Table 1) [19]. However,
HS loading for 6 weeks prior to esaxerenone treatment (1 mg/kg/day) for 4 weeks re-
duced the BP by around 9% [27]. The deoxycorticosterone acetate (DOCA)-salt model is
frequently considered as a model of cardiovascular remodeling due to the persistently high
BP. In this model in uninephrectomized (UNX) Wistar Kyoto rats, esaxerenone treatment
(3 mg/kg) for 2 weeks significantly reduced the BP (30%), while eplerenone (30 mg/kg)
and spironolactone (30 mg/kg) were not effective in reducing BP (3% decrease and 2%
increase, respectively) [18]. Similarly, in the DOCA-salt model in Sprague–Dawley (SD)
rats, the finerenone (10 mg/kg) treatment-induced reduction in BP was stronger than that
of eplerenone (100 mg/kg) [21].

Finerenone also efficiently reduced the BP in nitrogen monoxide (nitric oxide) synthase
inhibitor N(ω)-nitro-L-arginine methyl ester (L-NAME)-treated transgenic (mRen2)27 rats,
which is a typical hypertensive model [28]. Moreover, in Munich Wistar Fromter rats with
proteinuria and hypertension, finerenone treatment tended to reduce BP, even though the
reduction was not statistically significant [29]. Importantly, in ovariectomized (OVX) mice,
finerenone treatment caused a 13% reduction in BP compared with control [30].

All of the above information from pre-clinical studies suggests that non-steroidal
MRAs effectively reduce BP in hypertensive animals. Notably, however, animal studies
involve a large amount of drugs, which may not always be an accurate representation
of the situation in clinical studies. Finerenone has not been clinically developed as an
antihypertensive agent and is therefore not clinically used at BP-lowering doses.
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Table 1. Effects of MRAs in different animal models and underlying molecular mechanism.

Salt-Induced Hypertensive Animal Models

MRAs Animal Model
Drug

Dosage Blood Pressure Cardiac Remodeling Cardiac
Function Vascular Changes Molecular Mechanism Ref.

Eplerenone

DSS rats;
8% NaCl diet for

12 weeks

10, 30, 100
mg/kg/day

7 weeks
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP (8.5%
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6 weeks 
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 Cardiomyocytes cross-sectional area 
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 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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Finerenone 
Subtotal Nx; 
B6D2 male 
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6 weeks 

 SBP 
 DBP 
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 Cardiomyocytes cross-sectional area 
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 SV 
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 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

% FS (20%,
22%, 25%) *
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

HR (13%,
9.6%, 13.2%) *
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Wall:lumen ratio
(38%, 46%, 43%) *

Oxidative stress Fibrosis Other

[26]
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

NADPH oxidase
activity (26%, 31%, 37% *)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

p22phox
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

p47phox
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

gp91phox

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Perivascular
fibrosis (31%,
40%, 54% *)

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

TGF-β1
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Collagen-I
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

P-eNOS
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

P-Akt
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Nitrite
production
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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mg/kg/day)

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

BNP (8% ↓ for 100
mg/kg)
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Other pathologies
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Urinary protein
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Glomerulosclerosis (100 mg/kg)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Tubular injury

Spironolactone
DSS rats

8% NaCl diet for
7 weeks

10, 30, 100
mg/kg/day;

7 weeks
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP (10%
for 100
mg/kg/day)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVW/BW (9%, and
12% for 30 and 100
mg/kg/day)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

BNP (19% ↓ for 100
mg/kg)

- -

Other pathologies

[19]
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Urinary protein excretion
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Glomerulosclerosis (100 mg/kg)

Esaxerenone

DSS rats
8% NaCl diet for

7 weeks

0.25, 0.5, 1 and 2
mg/kg;
7 weeks
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVW/BW (13%, 19%,
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mg/kg/day, respectively)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

BNP (38% and 43% ↓ for 1
and 2 mg/kg, respectively)

- - - [19]

DSS rats
8% NaCl diet for

10 weeks

1 mg/kg/day
(0.001%
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4 weeks
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

MYH7
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVIDs (13%)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

ESV (33%)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

EF (16%)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

FS (25%)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SV (19%)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

CO (26%)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

HR

-

Oxidative stress Inflammation Fibrosis

[27]
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

4-HNE
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

gp47phox
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

p22phox
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

MDA
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

CXCL8
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

TNF-α
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

IL-6

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

TGF-β
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

PAI-1
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SGK-1

Finerenone SD rats, UNX,
DOCA/salt

0.1, 1, and 10
mg/kg/day; 10

weeks
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP (10
mg/kg)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

HW/BW (1 and 10 mg/kg)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

pro-BNP (1 and 10 mg/kg)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Focal
vasculopathy
(10 mg/kg)

- -
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Fibrosis [21]
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Table 1. Cont.

Myocardial/Vascular Injury Model

MRAs Model Drug
Dosage Blood Pressure Cardiac

Remodeling
Cardiac Function

Vascular Changes
Molecular Mechanism

Ref.
Systolic Diastolic Oxidative Stress Inflammation Fibrosis

Eplerenone
Wistar rats,

coronary artery
ligation (MI)

100 mg/kg/day -
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVEDP

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

HW/BW
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

pro-BNP
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

dP/dtmax
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

dP/dtmin
(1 mg/kg)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVEDP

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Tau (for 1
mg/kg)

- - -

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Osteo-
pontin
(mRNA)

Eplerenone
C57BL/6,

transverse aortic
constriction

(TAC)

200 mg/kg/day,
4 weeks -
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

BNP

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 dP/dtmax 
 dP/dtmin 
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 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 
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 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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6 weeks 
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  FS 
 SV 
 CO 
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 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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6 weeks 
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 Tau 
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 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 dP/dtmin 
 Tau 
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 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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6 weeks 
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 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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6 weeks 
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 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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6 weeks 
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 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

EF
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVPWd
-
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

NADPH
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

TGF-β
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Col1a1
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Gal3
[33]

Finerenone 10 mg/kg/day
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP
(6.7%)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

HW/TL
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVM/TL
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

GLS
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

EF

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

EDV
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVAWd
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVPWd
-
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

NADPH
oxidase 1
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

CD 68
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

TNX
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Col1a1
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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Table 1. Cont.

Transgenic Hypertensive Model

MRAs Model Drug Dosage Blood Pressure Cardiac
Remodeling Cardiac Function Vascular Changes Molecular Mechanism Ref.

Finerenone

Renin-
transgenic

(mRen2)27 rats,
L-NAME

1 and 3 mg/kg;
7 weeks
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Fibrosis [28]

RacET
transgenic mice

100 ppm with
chow;

5 months
-
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVEDV
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

E/e′ ratio
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

TGF-β
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP - - -
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Ach-induced
relaxation
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

NA-induced
constriction
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

AngII-induced
constriction
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

p47phox
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

UAE [29]

Metabolic Syndrome Model

MRAs Model Drug Dosage Blood Pressure Cardiac
Remodeling

Cardiac Function
Vascular Changes

Molecular mechanism
Ref.

Systolic Diastolic Oxidative Stress Inflammation Fibrosis

Spironolactone

C57BL6J
(female),

Western diet
with high fat

1 mg/kg/day; 7
days
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

DBP
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

MAP
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LV weight
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

sarcomere
lengths
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVDs
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

E′/A′

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

M2 MΦ

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Interstitial
fibrosis

[35]

Finerenone Zucker fatty
fa/fa rats

2 mg/kg;
7 days

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVW
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LV tissue
perfusion
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVDs
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVESPVR
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

TPR

Oxidative stress Fibrosis Other

[36]

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVEDP
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVEDPVR
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Tau
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

TPR -
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Collagen
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 
Proteinuria

Finerenone
OVX

(at 4 month)

1 mg/kg/day
(from 7 months);

1 month

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

SBP
(13%)
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

DBP
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

LVW/TL

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

CO

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Col-III
PECAM-1+
vessels
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Table 1. Cont.

Nephrectomy Model

MRAs Model
Drug

Dosage Blood Pressure Cardiac Remodeling
Cardiac Function

Vascular Changes Molecular Mechanism Ref.
Systolic Diastolic

Finerenone UNX+
DOCA/salt

0.1, 1 and 10
mg/kg/day;

10 weeks
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

pro-BNP (1 and 10 mg)

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Fibrosis [21]

Finerenone Subtotal Nx;
B6D2 male

2.5 mg/kg/d
with chow;

6 weeks
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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6 weeks 
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  HR 
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 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 
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 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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6 weeks 

 SBP 
 DBP 
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 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
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 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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6 weeks 

 SBP 
 DBP 
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 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
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 E/A ratio 
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 dP/dtmin 
 Tau 
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 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
chow; 

6 weeks 
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 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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 SV 
 CO 
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 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
chow; 

6 weeks 
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 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
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  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
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  HR 
  EF 
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 SV 
 CO 
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 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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6 weeks 
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  HR 
  EF 
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 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
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 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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6 weeks 

 SBP 
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 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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6 weeks 
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 DBP 
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  HR 
  EF 
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 E/A ratio 
 dP/dtmax 
 dP/dtmin 
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 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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6 weeks 
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 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

Interstitial fibrosis

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 17 
 

 

 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 
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6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
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 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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2.5 mg/kg/d with 
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6 weeks 
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  HR 
  EF 
  FS 
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 E/A ratio 
 dP/dtmax 
 dP/dtmin 
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- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 

 

NOV
[37]

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; LVES, left ventricular
end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic reticulum Ca2+-ATPase 2; TGF-β1,
transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes atrial natriuretic peptide (ANP); NPPB, encodes
BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE,
4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1;
SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular
end-diastolic pressure; LVEDD, LV end-diastolic diameter; LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left
ventricular posterior wall; Tnnt2, encodes cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal
strain; LVM/TL, left ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter;
TNX, tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, diastolic blood
pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, macrophage; LVEDPVR, left ventricular
end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen species, MCSA, maximal cross-sectional area; IFM, interfibrillar
mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, nephroblastoma overexpressed;
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[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
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3.2. Myocardial Structural Remodeling

During CVD progression, complex alterations in myocardial structure are commonly
associated with cardiomyocyte apoptosis and interstitial and perivascular collagen fiber
accumulation [38]. MRAs have consistently shown beneficial effects on pathological my-
ocardial remodeling [39]. Here, evidence from pre-clinical studies is discussed to compare
the beneficial effects of steroidal and non-steroidal MRAs on myocardial remodeling
(Table 1).

In HS-loaded DSS rats, LV weight and LV end-diastolic diameter were significantly
reduced, and LV end-systolic elastance was increased, in response to eplerenone, while
BP was not altered (10 mg/kg) [26]. Spironolactone reduced LV weight at a higher dose
(30 mg/kg) [19]. In contrast, a significant reduction in LV weight and LV internal diameter
was evident with esaxerenone at doses as low as 0.5–1 mg/kg [19]. In the same study,
the plasma concentration of brain natriuretic peptide (BNP), which is a well-accepted
biomarker of cardiac remodeling, was not significantly reduced, even with a high dose of
eplerenone (100 mg/kg). However, it was significantly reduced by esaxerenone at a dose as
low as 1 mg/kg in salt-loaded DSS rats [19]. In the DOCA/salt model, finerenone caused a
significant reduction in heart weight by 1 mg/kg, but structural heart injury was reduced
by 10 mg/kg [21]. Moreover, in the same study, the reduction in BNP concentration with
1 mg/kg finerenone was comparable to that of 100 mg/kg eplerenone.

In a rat model of myocardial infarction with coronary artery ligation, neither eplerenone
(100 mg/kg) nor finerenone (1 mg/kg) reduced the heart weight compared with their con-
trol counterparts. However, the plasma concentration of pro-BNP was significantly reduced
only in finerenone-treated rats [21]. In the pressure overload-induced cardiac hypertro-
phy model in mice with transverse aortic constriction (TAC), the LV mass (normalized to
body weight), interventricular septum thickness, and LV posterior wall thickness were
significantly reduced by finerenone treatment, while eplerenone did not change these
parameters [31]. The mRNA expression of BNP was reduced, both in the eplerenone and
finerenone treatment groups, compared with their control counterparts. However, tro-
ponin T type 2, which is a crucial contractile protein, was significantly downregulated by
finerenone, but not eplerenone. Another study showed that finerenone treatment caused a
significant reduction in interventricular septal and LV posterior wall thickness [31]. Trans-
genic mice with cardiac-specific overexpression of Ras-related C3 botulinum toxin substrate
1 (Rac1) showed increased LV end-systolic and diastolic volumes, as well as left atrial (LA)
weight, compared with wild-type control mice. Treatment with finerenone for 5 months
prevented LV dilatation and significantly reduced LA weight [34]. TAC induced cardiac LV
hypertrophy in mice [40], but treatment with finerenone, but not eplerenone, reduced the
LV mass in association with a reduction in the interventricular septal thickness in diastole
and LV posterior wall thickness in systole [31]. In mice with isoproterenol-induced cardiac
hypertrophy, the equi-natriuretic dose of eplerenone and finerenone caused a reduction
in the heart weight, LV mass, LV anterior wall thickness in diastole, LV posterior wall
thickness in diastole, and global longitudinal peak strain, which is a marker of tissue de-
formation in the longitudinal direction of the heart; however, finerenone exhibited greater
efficacy than eplerenone [33].

All of the above pre-clinical studies show that both steroidal and non-steroidal MRAs
have beneficial effects on adverse cardiac remodeling, but non-steroidal MRAs have rela-
tively stronger efficacy than their steroidal counterparts.

3.3. Myocardial Function

In a previous study, salt-loaded DSS rats exhibited hypertensive HF due to volume
overload [41]. Kobayashi et al. [26] demonstrated that LV percent fractional shortening
(%FS), which is an index of systolic function, was significantly reduced with HS loading
for 12 weeks in DSS rats, while treatment with eplerenone attenuated these changes in-
dependent of changes in BP. In the same animal model, HS loading for 10 weeks caused
systolic dysfunction with an increase in LV end-systolic diameter (LVIDs) and a reduction
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in EF, %FS, stroke volume (SV), and cardiac output (CO) [27]. Esaxerenone treatment
(1 mg/kg) significantly improved systolic dysfunction with a 13% reduction in LVIDs and
a significant increase in EF (16%), %FS (25%), SV (21%), and CO (26%) [27]. These data indi-
cate that the non-steroidal MRA esaxerenone has cardioprotective effects in salt-sensitive
hypertensive animals.

The ischemia-driven chronic myocardial infarction model induces both systolic and
diastolic dysfunction. An alteration in myocardial contractility and relaxation was evi-
denced by a decrease in dp/dtmax and a deterioration in dp/dtmin following 8 weeks of
myocardial infarction in rats. These characteristic parameters of LV systolic function in HF
were significantly ameliorated by finerenone (1 mg/kg) but not eplerenone (100 mg/kg).
In contrast, LV end-diastolic pressure and LV relaxation time constant (tau), which are
indices of diastolic function, were significantly increased in mice with myocardial infarction.
In the case of finerenone treatment (1 mg/kg), a decreasing trend was obvious for these
parameters of LV diastolic dysfunction; however, there was no observable change in the
case of eplerenone (100 mg/kg). In mice with TAC-induced LV hypertrophy, altered cardiac
remodeling was improved by finerenone; however, cardiac function was not significantly
changed either by TAC intervention or by finerenone/eplerenone treatment. Above all, the
TAC-induced increase in heart rate was reduced by finerenone but not eplerenone [31].

Transgenic mice with myocardial-specific overexpression of constitutive active Rac1
(RacET) showed increased LV end-diastolic and end-systolic volumes, while treatment with
finerenone normalized these parameters [34]. These data suggest that finerenone prevented
MR-mediated structural remodeling in RacET mice.

OVX mice exhibit isolated diastolic dysfunction without any reduction in LV EF.
Consistently, Pieronne-Deperrois et al. [30] demonstrated that the OVX-induced alteration
in diastolic dysfunction was completely attenuated by finerenone, as evidenced by the
improvement in LV filling pressure, as well as LV diastolic compliance. In Zucker fatty rats,
which are used as a model of metabolic syndrome-associated cardiorenal injury, short-term
(7 days) finerenone treatment caused a reduction in LV systolic diameter, resulting in an
increase in LV FS and a reduction in the LV end-diastolic pressure-volume relationship and
the LV relaxation time constant Tau, while it tended to reduce LV end-diastolic pressure
and increase LV tissue perfusion [36]. However, in case of long-term (90 days) intervention
with finerenone, a reduction in LV diastolic diameter was evident. Subtotal nephrectomy-
associated renal failure induced a moderate decrease in LV FS and EF, but these alterations
were fully prevented with finerenone [37]. Remarkably, these mice exhibited diastolic
dysfunction because there was a substantial decrease in the trans-mitral pulse Doppler
E/A ratio (a ratio of the early to late ventricular filling velocities), but treatment with
finerenone increased the E/A ratio. Collectively, these data indicate that the non-steroidal
MRA finerenone has the potential to improve both systolic and diastolic dysfunction in
various rodent models.

3.4. Vascular Remodeling and Function

The MR is expressed in vascular endothelial and VSM cells, and it is crucial for the
contractile and relaxation responses of the vasculature. Genetic inactivation of the MR
in endothelial cells ameliorated DOCA/salt-induced cardiac remodeling in a previous
study [42]. Furthermore, finerenone treatment accelerated re-endothelialization, as well as
attenuated VSM cell proliferation and neointimal lesion formation, reducing inflammation
and exerting a protective effect against vascular remodeling in C57BL/6 mice [32]. Phar-
macological blockade of the MR with finerenone reduced focal vasculopathy and vascular
fibrosis in DOCA/salt-loaded UNX SD rats [21] and L-NAME-treated (mRen2)27 trans-
genic rats [28]. Intervention with finerenone enhanced acetylcholine-induced relaxation in
the coronary artery in OVX mice [30], while it reduced the noradrenaline and angiotensin
II-induced contractile response in the thoracic artery [29]. These data indicate that blockade
of the MR with non-steroidal MRAs attenuates vascular injury during CVD development.
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4. Molecular Mechanisms Underlying the Beneficial Effects of Non-Steroidal MRAs
on CVD: Evidence from Pre-Clinical Studies
4.1. Oxidative Stress

Cumulative evidence demonstrates the impact of MR activation and associated oxida-
tive stress in cardiac tissues, which contribute to the development of LV remodeling and
dysfunction [43,44]. Of note, activation of the MR in a ligand-dependent manner positively
regulates nicotinamide adenine dinucleotide phosphate (NADPH) oxidase subunits, an im-
portant component for reactive oxygen species (ROS) generation [45]. HS-loaded DSS rats
exhibited high expression of 4-hydroxynonenal, increased expression of the components of
NADPH oxidase gp47phox and p22phox, and elevated lipid peroxidation, as evidenced
by an increased level of malondialdehyde in cardiac tissues (Table 1) [27]. However, esax-
erenone treatment significantly improved all of these indicators of oxidative stress [27].
In contrast, ligand-independent activation of the MR is associated with ROS generation
through the Rac1-dependent pathway [46]. Importantly, finerenone treatment attenuated
NADPH oxidase activity in RacET transgenic mice with constitutively active Rac1 in the
myocardium [34]. In Zucker fatty rats, short-term treatment with finerenone caused a
reduction in LV ROS production and an increase in the bioavailability of nitric oxide, as
evidenced by an increased plasma nitrite concentration [36]. In OVX mice, finerenone effi-
ciently reduced superoxide-mediated endothelial dysfunction in the coronary arteries [30].

4.2. Inflammation

Cardiomyocyte-specific MR knockdown leads to a reduced inflammatory burden
in abdominal aortic constriction in mice [47] and an L-NAME-treated hypertensive ani-
mal model [48], as well as a dramatic decrease in the infiltration of inflammatory cells in
DOCA/salt-loaded mice [49]. In contrast, activation of the MR contributed to the mainte-
nance of inflammation through activation of the nuclear factor kappa B (NF-κB) pathway,
as well as the initiation of pro-inflammatory cytokine expression [50]. These data suggest
the critical role of the MR in CV remodeling, dysfunction, and target end-organ damage.
HS-loaded DSS rats exhibited very high levels of CXCL8, which is a key regulator of inflam-
matory cell influx, while esaxerenone treatment downregulated the abundance of CXCL8
in ventricular tissues. Additionally, inflammatory cytokines, specifically tumor necrosis
factor (TNF)-α and interleukin (IL)-6, were reduced by esaxerenone treatment [27]. In a
wire-induced femoral artery injury mouse model, finerenone significantly reduced intimal
and medial leukocyte content, as evidenced by a decrease in the abundance of CD45+
cells [32]. Moreover, activation of the macrophage MR modulated their status toward
the pro-inflammatory M1 phenotype, while MR knockdown in macrophages induced an
anti-inflammatory M2 phenotype [48]. No evidence of macrophage polarization in re-
sponse to non-steroidal MRAs in ventricular tissues has been established. However, in the
ischemic kidney, finerenone led to a 50% reduction in TNF-α and IL-1β (M1 markers) and
a significant increase in plasminogen activator inhibitor (PAI)-1, mannose receptor, peroxi-
some proliferator-activated receptor-γ, IL-10, and arginase 1 (M2 markers) [51]. These data
indicate that non-steroidal MRAs could be equipotent to the steroidal MRA eplerenone [52]
in terms of enhancing cardiac macrophage polarization toward the M2 phenotype. Other
than the contribution to innate immunity, the MR contributes significantly to adaptive
immune cells, specifically in T lymphocytes, which play an important role in cardiovascular
remodeling [47]. In DOCA/salt-loaded animals, MR activation in dendritic cells led to
T-cell polarization toward the pro-inflammatory (Th1/Th17) phenotype [53]. However,
finerenone treatment attenuated cardiorenal injury by reducing renal RORγt γδ T-cell
populations [54]. Transcriptome analysis in human kidney cells revealed that finerenone ex-
hibited efficient antagonism of aldosterone-induced or aldosterone-suppressed genes [55].
During renal fibrosis progression, aldosterone represses pro-inflammatory markers (IL-6,
IL-11, CCL7, and CXCL8), while finerenone prevents this repression. However, future stud-
ies should be undertaken to understand the effects of non-steroidal MRAs in the regulation
of cardiac inflammation.
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4.3. Interstitial Fibrosis

Cardiac fibrosis is caused by elevated accumulation and cross-linking of extracellular
matrix proteins, leading to increased myocyte stiffening, which can impair ventricular
relaxation and contraction of the myocardium [56]. Numerous studies have shown the
critical role of MR activation in diffuse interstitial and perivascular collagen deposition in
the process of cardiac fibrosis [57,58]. Although steroidal MRAs were effective in reducing
cardiac fibrosis [26], in this study, we focused on the molecular mechanism responsible for
the protective effects of non-steroidal MRAs on cardiac fibrosis.

HS-loaded DSS rats exhibited interstitial and perivascular fibrosis in LV tissues. Treat-
ment with esaxerenone reduced cardiac fibrosis in association with a reduction in trans-
forming growth factor (TGF)-β, which is a pleiotropic mediator of cardiac fibrosis; collagen
type I and III, which are major extracellular matrix proteins; and PAI-1, which is an inducer
of regional cytokine production [27]. Serum and glucocorticoid-regulated kinase (SGK)-1
plays an important role in angiotensin or MR-induced cardiac fibrosis [59]. In HS-loaded
DSS rats, esaxerenone treatment blunted the elevation in SGK-1 [27]. In neonatal rat cardiac
fibroblasts, finerenone treatment attenuated aldosterone-induced nuclear MR translocation
in association with the downregulation in connective tissue growth factor (CTGF), which
is a central pro-fibrotic mediator that induces collagen production and subsequent pro-
fibrotic enzymes; lysyl oxidase (LOX), which is a mediator of collagen cross-linking to form
stable collagen fibers; TGF-β; and fibronectin, which is an extracellular matrix protein that
regulates proliferation, differentiation, migration, and adhesion (Table 2) [34].

Table 2. Effects of MRAs in different cells and underlying molecular mechanism.

In Vitro Model

MRAs Cells/Model Drug Dosage Molecular Mechanism Ref.

Eplerenone
H9C2/MR+ cardiomyocytes, aldosterone
1, 10, 100 nmol/L

0.05, 0.5, 5, 50 µM
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reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 
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Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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Finerenone Neonatal cardiac fibroblast; aldosterone
10 nM, 24 h/Ang II 1 µM, 3 h 500 nm for 25 h
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
LVESD, LV end-systolic diameter; Tau, left ventricular diastolic time constant; IVS, interventricular septum; LVPW, left ventricular posterior wall; Tnnt2, encodes 
cardiac troponin T; Ki-67, proliferation marker; α-SMA; α-smooth muscle actin; CD45, cluster of differentiation 45; GLS, global longitudinal strain; LVM/TL, left 
ventricular mass/tibial length; EDV, end-diastolic volume; LVAWd, left ventricular anterio wall diameter; LVPWd, left ventricular posterior wall diameter; TNX, 
tenascin-X; Gal3, galectin-3; LAW, left atrial weight; E/e’ ratio, index for LV filling pressure; CTGF, connective tissue growth factor; LOX, lysyl oxidase; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; LVESPVR, left ventricular end-systolic pressure-volume relations; IVRT, isovolumic relaxation time; MΦ, 
macrophage; LVEDPVR, left ventricular end-diastolic pressure-volume relations; TPR, total peripheral resistance; OVX, ovariectomy; ROS, reactive oxygen spe-
cies, MCSA, maximal cross-sectional area; IFM, interfibrillar mitochondria; SSM, subsarcolemmal mitochondria; UNX, uninephrectomy; Nx, nephrectomy; NOV, 
nephroblastoma overexpressed; , increased; , decreased; , not changed, , tended to be increased; , tended to be decreased; *, dose-dependently. 
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 Structural heart injury (10  
  mg/kg) 

Finerenone 
Subtotal Nx; 
B6D2 male 

2.5 mg/kg/d with 
chow; 

6 weeks 

 SBP 
 DBP 

  HW/TL 
 Cardiomyocytes cross-sectional area 
 nppb (BNP) 

  HR 
  EF 
  FS 
 SV 
 CO 

 E/A ratio 
 dP/dtmax 
 dP/dtmin 
 Tau 

- 
 Interstitial fibrosis 
 α-SMA 
 NOV 

[37] 

DSS rat, Dahl salt-sensitive rat; SBP, systolic blood pressure, LVW, left ventricular weight; BW, body weight, LVEDD, left ventricular end-diastolic diameter; 
LVES, left ventricular end-systolic; FS, fractional shortening; HR, heart rate; NADPH, nicotinamide adenine dinucleotide phosphate; SERCA2, sarco/endoplasmic 
reticulum Ca2+-ATPase 2; TGF-β1, transforming growth factor-β1; P-eNOS, phospho nitric oxide synthase; BNP, brain or b-type natriuretic peptide; NPPA, encodes 
atrial natriuretic peptide (ANP); NPPB, encodes BNP; MYH7, encodes β-myosin heavy chain; LVID, left ventricular internal diameter; ESV, end-systolic volume; 
EF, ejection fraction; SV, stroke volume; CO, cardiac output; 4-HNE, 4-hydroxynonenal; MDA, malondialdehyde; CXCL8, C-X-C motif chemokine ligand 8; TNF-
α, tumor necrosis factor-α; IL-6, interleukin-6; PAI-1, plasminogen activator inhibitor-1; SGK-1, serum/glucocorticoid-regulated kinase 1; dP/dtmax, maximal rate 
of rise of left ventricular pressure (LVP); dP/dtmin, maximal rate of rise of LVP; LVEDP, left ventricular end-diastolic pressure; LVEDD, LV end-diastolic diameter; 
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, tended to be decreased.

Consistently, finerenone in transgenic mice with cardiac-specific overexpression of
Rac1 led to the downregulation of TGF-β, CTGF, LOX, osteopontin (a pro-fibrotic marker),
and collagen 3α1 [34]. In the Zucker fatty metabolic syndrome animal model [36], as well as
in OVX rats [30], finerenone significantly reduced collagen deposition in LV tissue. In the rat
model of chronic myocardial infarction, finerenone-induced improvements in systolic and
diastolic function were associated with a dose-dependent decrease in the mRNA expression
of osteopontin [21]. Moreover, in a mouse model of subtotal nephrectomy, finerenone
reduced interstitial fibrosis in association with attenuating the increased expression of
α-smooth muscle actin, a fibroblast activation marker, and caused increased expression of
nephroblastoma, an anti-fibrotic cytokine [37].
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4.4. Vascular Injury

Aggravated activation of the MR in vascular endothelial and VSM cells has been
indicated to contribute to the pathophysiology of HF [60]. Recent in vitro studies have
demonstrated the preventive effects of finerenone in aldosterone-induced human umbil-
ical vein endothelial cell apoptosis and coronary artery smooth muscle cell proliferation
(Table 2) [32]. Furthermore, endothelial dysfunction in the coronary arteries is efficiently
reduced by treatment with finerenone in OVX mice [30]. Aldosterone promotes atheroscle-
rosis [61], where low-density lipoprotein cholesterol (LDL)-C plays a central role [62].
However, finerenone treatment reduces intrinsic arterial stiffness in Munich Wistar Frömter
(MWF) rats accompanied by changes in elastin organization, normalization of matrix met-
alloproteinases, and reduction of oxidative stress [63]. Taken together, non-steroidal MRAs,
especially finerenone, may have a protective role against vascular injury.

5. Pharmacological Effects of Non-Steroidal MRAs on Cardiovascular Outcomes:
Evidence from Clinical Studies

In a retrospective study in hypertensive patients with HFrEF treated with non-steroidal
MRAs, esaxerenone was proven to be safe without inducing hyperkalemia and hypoten-
sion [64]. In addition, nocturnal hypertension is considered an important marker of
CVD [65,66], and Kario et al. [67] demonstrated that esaxerenone has suitable BP-lowering
efficacy in patients with nocturnal hypertension.

Among the data from phase 2 studies using finerenone have been available, but
three clinical trials (ARTS (minerAlocorticoid Receptor Antagonist Tolerability Study) [68],
ARTS-HF [69], and ARTS-HF Japan [70]) have investigated cardiovascular outcomes in
patients with HFrEF with chronic kidney disease (CKD) or diabetes mellitus. In the
ARTS trial, in patients with HFrEF and moderate CKD, finerenone caused a smaller mean
increase in serum potassium compared with spironolactone and decreased N-terminal
pro-BNP to a similar degree as spironolactone [68]. Of note, finerenone was associated
with a lower incidence of hyperkalemia and worsening renal function. Moreover, in the
ARTS-HF study in which finerenone treatment was given in a dose-escalation manner
in patients with worsening HFrEF and CKD and/or diabetes mellitus, treatment with
finerenone and eplerenone induced a 30% or greater decrease in the N-terminal pro-BNP
concentration in a similar proportion of patients [69]. With the same primary endpoint in
the ARTS-HF Japan study [70], finerenone was well tolerated in Japanese patients, while
the serum potassium concentration was similar between the finerenone and eplerenone
treatment groups. In addition to these phase 2 studies, two phase 3 studies (FIDELIO-
DKD [Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic Kidney
Disease] [71] and FIGARO-DKD [Finerenone in Reducing Cardiovascular Mortality and
Morbidity in Diabetic Kidney Disease] [72]) have been completed. In the FIDELIO-DKD
study, the primary endpoints were associated with kidney outcomes, but the secondary
outcomes were associated with cardiovascular death, non-fatal myocardial infarction, non-
fatal stroke, or hospitalization for HF. In patients with CKD and type 2 diabetes mellitus,
finerenone treatment was associated with a lower risk of cardiovascular events than placebo,
with the exception of non-fatal stroke, which was similar between the groups [71]. Cardiac
remodeling and kidney complications enhanced the risk of atrial fibrillation or flutter
(AFF) in patients with CKD and diabetes mellitus [73,74]. In the FIDELIO-DKD study [75],
finerenone reduced the risk of new-onset AFF, as well as the risk of cardiovascular events,
irrespective of the history of AFF at baseline. Then, the primary outcome, which was a
composite of death from cardiovascular causes, non-fatal myocardial infarction, non-fatal
stroke, or hospitalization for HF, was set in the FIGARO-DKD study [72]. In the finerenone
treatment group, primary outcome events occurred in 12.4% of patients compared with
14.2% in the placebo group in patients with type 2 diabetes mellitus with CKD. These data
suggest a definitive improvement in cardiovascular outcomes with finerenone. A new
phase 3 study FINEARTS-HF (NCT04435626) with finerenone, is ongoing with the primary
outcomes of the number of cardiovascular deaths and HF events in patients with HF and
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an LVEF of ≥40% (HFpEF). A phase 3 clinical trial with esaxerenone demonstrated BP
reduction in patients with CKD and type 2 diabetes mellitus without available information
about the cardiovascular composite outcome [76].

6. Conclusions

Despite the availability of advanced therapies, the composite outcomes for a cardio-
vascular endpoint in patients with HF are not satisfactory. Inappropriate overactivation of
the MR induces inflammation and fibrosis, both of which cause adverse cardiac remodeling,
cardiac dysfunction, and end-organ damage in patients with HF. Although treatment with
classic steroidal MRAs has consistently shown an improvement in cardiovascular outcomes,
their clinical applications are limited due to their adverse effects. Several non-steroidal
MRAs have been developed with improved potency and selectivity over steroidal MRAs.
Here, we have discussed the pre-clinical evidence of non-steroidal MRAs and possible
molecular mechanisms underlying cardioprotective effects elaborately and summarized
the information in Tables 1 and 2. Due to the convincing therapeutic efficacies, especially in
terms of cardioprotective effects, we have mainly discussed finerenone and esaxerenone
among the available non-steroidal MRAs.

The non-steroidal MRAs differ in terms of not only their chemical structures but also
their selectivity and potency to block the MR, their distribution in the heart and kidneys, and
their molecular mechanisms of action. Clinical trials on cardiovascular composite endpoint
outcomes are available only for finerenone. The results from the FIDELIO-DKD and
FIGARO-DKD studies are optimistic and support a paradigm shift in the management of
CVD using non-steroidal MRAs in patients with HFrEF. Current therapies for patients with
HFpEF are limited. Pre-clinical data have shown that finerenone can improve both systolic
and diastolic cardiac function (Table 1). However, future studies should be undertaken in
different clinical conditions for better prediction. We hope that promising data will soon be
available from an ongoing clinical trial (FINEARTS-HF) with finerenone in patients.

Author Contributions: A.R. and A.N. designed this study. A.R. gathered the data/information and
wrote the manuscript. N.J., M.T.R. and A.N. revised the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Japan Society for the Promotion of Science (JSPS) Grant-
in-Aid for Early-Career Scientists (KAKENHI) and grant number (20K17585 to A.R.).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We thank Emily Woodhouse for editing a draft of this manuscript.

Conflicts of Interest: A.N. has received speaking honoraria from Taisho, Tanabe Mitsubishi, Boehringer
Ingelheim, Daiichi-Sankyo, Bayer and has received research funds from Daiichi-Sankyo, Boehringer
Ingelheim, Bayer, and Taisho. The funders had no role in the study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

References
1. Roth, G.A.; Mensah, G.A.; Johnson, C.O.; Addolorato, G.; Ammirati, E.; Baddour, L.M.; Barengo, N.C.; Beaton, A.; Benjamin, E.J.;

Benziger, C.P.; et al. Global Burden of Cardiovascular Diseases and Risk Factors, 1990–2019: Update From the GBD 2019 Study.
J. Am. Coll. Cardiol. 2020, 76, 2982–3021. [CrossRef] [PubMed]

2. Slivnick, J.; Lampert, B.C. Hypertension and Heart Failure. Heart Fail. Clin. 2019, 15, 531–541. [CrossRef] [PubMed]
3. Hajouli, S.; Ludhwani, D. Heart Failure And Ejection Fraction; StatPearls Publishing: Treasure Island, FL, USA, 2022. Available

online: https://www.ncbi.nlm.nih.gov/books/NBK553115/ (accessed on 20 December 2022).
4. Chaudhry, S.I.; McAvay, G.; Chen, S.; Whitson, H.; Newman, A.B.; Krumholz, H.M.; Gill, T.M. Risk Factors for Hospitalization

Among Older Persons Newly Diagnosed with Heart Failure: The Cardiovascular Health Study. J. Am. Coll. Cardiol. 2013, 61, 635.
[CrossRef]

http://doi.org/10.1016/j.jacc.2020.11.010
http://www.ncbi.nlm.nih.gov/pubmed/33309175
http://doi.org/10.1016/j.hfc.2019.06.007
http://www.ncbi.nlm.nih.gov/pubmed/31472888
https://www.ncbi.nlm.nih.gov/books/NBK553115/
http://doi.org/10.1016/j.jacc.2012.11.027


Int. J. Mol. Sci. 2023, 24, 1922 14 of 17

5. Bauersachs, J.; Opez-Andrés, N.L.; Opez Andrés, N.L.; Translational, C.; Navarrabiomed, R. Mineralocorticoid receptor in
cardiovascular diseases—Clinical trials and mechanistic insights. Br. J. Pharmacol. 2021, 179, 3119–3134. [CrossRef] [PubMed]

6. Rocha, R.; Funder, J.W. The pathophysiology of aldosterone in the cardiovascular system. Ann. N. Y. Acad. Sci. 2002, 970, 89–100.
[CrossRef]

7. Gekle, M.; Grossmann, C. Actions of aldosterone in the cardiovascular system: The good, the bad, and the ugly? Pflugers Arch.
2009, 458, 231–246. [CrossRef]

8. Ertram, B.; Itt, P.; Aiez, F.; Annad, Z.; Emme, I.J.R.; Obert, R.; Ody, C.; Lain, A.; Astaigne, C.; Lfonso, A.; et al. The Effect of
Spironolactone on Morbidity and Mortality in Patients with Severe Heart Failure. N. Engl. J. Med. 1999, 341, 709–717. [CrossRef]

9. Pitt, B.; Remme, W.; Zannad, F.; Neaton, J.; Martinez, F.; Roniker, B.; Bittman, R.; Hurley, S.; Kleiman, J.; Gatlin, M. Eplerenone, a
Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial Infarction. N. Engl. J. Med. 2003,
348, 1309–1321. [CrossRef]

10. Edelmann, F.; Wachter, R.; Schmidt, A.G.; Kraigher-Krainer, E.; Colantonio, C.; Kamke, W.; Duvinage, A.; Stahrenberg, R.;
Durstewitz, K.; Löffler, M.; et al. Effect of spironolactone on diastolic function and exercise capacity in patients with heart failure
with preserved ejection fraction: The Aldo-DHF randomized controlled trial. JAMA 2013, 309, 781–791. [CrossRef]

11. Savill, P. Spironolactone in heart failure with preserved ejection fraction. Practitioner 2014, 258, 10.
12. Barrera-Chimal, J.; Kolkhof, P.; Lima-Posada, I.; Joachim, A.; Rossignol, P.; Jaisser, F. Differentiation between emerging non-

steroidal and established steroidal mineralocorticoid receptor antagonists: Head-to-head comparisons of pharmacological and
clinical characteristics. Expert Opin. Investig. Drugs 2021, 30, 1141–1157. [CrossRef]

13. Young, M.J.; Kanki, M.; Karthigan, N.; Konstandopoulos, P. The Role of the Mineralocorticoid Receptor and Mineralocorticoid
Receptor–Directed Therapies in Heart Failure. Endocrinology 2021, 162, bqab105. [CrossRef] [PubMed]

14. Kolkhof, P.; Jaisser, F.; Kim, S.Y.; Filippatos, G.; Nowack, C.; Pitt, B. Steroidal and novel non-steroidal mineralocorticoid receptor
antagonists in heart failure and cardiorenal diseases: Comparison at bench and bedside. Handb. Exp. Pharmacol. 2017, 243,
271–305.

15. Garthwaite, S.M.; McMahon, E.G. The evolution of aldosterone antagonists. Mol. Cell. Endocrinol. 2004, 217, 27–31. [CrossRef]
[PubMed]

16. Bădilă, E. The expanding class of mineralocorticoid receptor modulators: New ligands for kidney, cardiac, vascular, systemic and
behavioral selective actions. Acta Endocrinol. 2020, 16, 487.

17. Agarwal, R.; Kolkhof, P.; Bakris, G.; Bauersachs, J.; Haller, H.; Wada, T.; Zannad, F. Steroidal and non-steroidal mineralocorticoid
receptor antagonists in cardiorenal medicine. Eur. Heart J. 2021, 42, 152–161. [CrossRef] [PubMed]

18. Arai, K.; Homma, T.; Morikawa, Y.; Ubukata, N.; Tsuruoka, H.; Aoki, K.; Ishikawa, H.; Mizuno, M.; Sada, T. Pharmacological
profile of CS-3150, a novel, highly potent and selective non-steroidal mineralocorticoid receptor antagonist. Eur. J. Pharmacol.
2015, 761, 226–234. [CrossRef] [PubMed]

19. Arai, K.; Tsuruoka, H.; Homma, T. CS-3150, a novel non-steroidal mineralocorticoid receptor antagonist, prevents hypertension
and cardiorenal injury in Dahl salt-sensitive hypertensive rats. Eur. J. Pharmacol. 2015, 769, 266–273. [CrossRef]

20. Chaudhuri, A.; Ghanim, H.; Arora, P. Improving the residual risk of renal and cardiovascular outcomes in diabetic kidney disease:
A review of pathophysiology, mechanisms, and evidence from recent trials. Diabetes Obes. Metab. 2022, 24, 365–376. [CrossRef]

21. Kolkhof, P.; Delbeck, M.; Kretschmer, A.; Steinke, W.; Hartmann, E.; Bärfacker, L.; Eitner, F.; Albrecht-Küpper, B.; Schäfer, S.
Finerenone, a novel selective nonsteroidal mineralocorticoid receptor antagonist protects from rat cardiorenal injury. J. Cardiovasc.
Pharmacol. 2014, 64, 69–78. [CrossRef]

22. Yamada, M.; Takei, M.; Suzuki, E.; Takakusa, H.; Kotsuma, M.; Washio, T.; Murayama, N.; Inoue, S.-I.; Izumi, T. Pharmacokinetics,
distribution, and disposition of esaxerenone, a novel, highly potent and selective non-steroidal mineralocorticoid receptor
antagonist, in rats and monkeys. Xenobiotica 2017, 47, 1090–1103. [CrossRef]

23. Gerisch, M.; Heinig, R.; Engelen, A.; Lang, D.; Kolkhof, P.; Radtke, M.; Platzek, J.; Lovis, K.; Rohde, G.; Schwarz, T. Biotransforma-
tion of Finerenone, a Novel Nonsteroidal Mineralocorticoid Receptor Antagonist, in Dogs, Rats, and Humans, In Vivo and In
Vitro. Drug Metab. Dispos. 2018, 46, 1546–1555. [CrossRef] [PubMed]

24. Takahashi, M.; Ubukata, O.; Homma, T.; Asoh, Y.; Honzumi, M.; Hayashi, N.; Saito, K.; Tsuruoka, H.; Aoki, K.; Hanzawa, H.
Crystal structure of the mineralocorticoid receptor ligand-binding domain in complex with a potent and selective nonsteroidal
blocker, esaxerenone (CS-3150). FEBS Lett. 2020, 594, 1615–1623. [CrossRef] [PubMed]

25. Fuchs, F.D.; Whelton, P.K. High Blood Pressure and Cardiovascular Disease. Hypertension 2020, 75, 285–292. [CrossRef] [PubMed]
26. Kobayashi, N.; Yoshida, K.; Nakano, S.; Ohno, T.; Honda, T.; Tsubokou, Y.; Matsuoka, H. Cardioprotective mechanisms of

eplerenone on cardiac performance and remodeling in failing rat hearts. Hypertension 2006, 47, 671–679. [CrossRef] [PubMed]
27. Rahman, A.; Sawano, T.; Sen, A.; Hossain, A.; Jahan, N.; Kobara, H.; Masaki, T.; Kosaka, S.; Kitada, K.; Nakano, D.; et al.

Cardioprotective effects of a nonsteroidal mineralocorticoid receptor blocker, esaxerenone, in dahl salt-sensitive hypertensive rats.
Int. J. Mol. Sci. 2021, 22, 2069. [CrossRef]

28. Kolkhof, P.; Hartmann, E.; Freyberger, A.; Pavkovic, M.; Mathar, I.; Sandner, P.; Droebner, K.; Joseph, A.; Hüser, J.; Eitner, F. Effects
of Finerenone Combined with Empagliflozin in a Model of Hypertension-Induced End-Organ Damage. Transl. Res. Res. Artic.
Am. J. Nephrol. 2021, 52, 642–652. [CrossRef]

http://doi.org/10.1111/bph.15708
http://www.ncbi.nlm.nih.gov/pubmed/34643952
http://doi.org/10.1111/j.1749-6632.2002.tb04415.x
http://doi.org/10.1007/s00424-008-0616-0
http://doi.org/10.1056/NEJM199909023411001
http://doi.org/10.1056/NEJMoa030207
http://doi.org/10.1001/jama.2013.905
http://doi.org/10.1080/13543784.2021.2002844
http://doi.org/10.1210/endocr/bqab105
http://www.ncbi.nlm.nih.gov/pubmed/34050730
http://doi.org/10.1016/j.mce.2003.10.005
http://www.ncbi.nlm.nih.gov/pubmed/15134797
http://doi.org/10.1093/eurheartj/ehaa736
http://www.ncbi.nlm.nih.gov/pubmed/33099609
http://doi.org/10.1016/j.ejphar.2015.06.015
http://www.ncbi.nlm.nih.gov/pubmed/26073023
http://doi.org/10.1016/j.ejphar.2015.11.028
http://doi.org/10.1111/dom.14601
http://doi.org/10.1097/FJC.0000000000000091
http://doi.org/10.1080/00498254.2016.1263766
http://doi.org/10.1124/dmd.118.083337
http://www.ncbi.nlm.nih.gov/pubmed/30171161
http://doi.org/10.1002/1873-3468.13746
http://www.ncbi.nlm.nih.gov/pubmed/31991486
http://doi.org/10.1161/HYPERTENSIONAHA.119.14240
http://www.ncbi.nlm.nih.gov/pubmed/31865786
http://doi.org/10.1161/01.HYP.0000203148.42892.7a
http://www.ncbi.nlm.nih.gov/pubmed/16505212
http://doi.org/10.3390/ijms22042069
http://doi.org/10.1159/000516213


Int. J. Mol. Sci. 2023, 24, 1922 15 of 17

29. González-Blázquez, R.; Somoza, B.; Gil-Ortega, M.; Ramos, M.M.; Ramiro-Cortijo, D.; Vega-Martín, E.; Schulz, A.; Ruilope, L.M.;
Kolkhof, P.; Kreutz, R.; et al. Finerenone attenuates endothelial dysfunction and albuminuria in a chronic kidney disease model
by a reduction in oxidative stress. Front. Pharmacol. 2018, 9, 1131. [CrossRef]

30. Pieronne-Deperrois, M.; Guéret, A.; Djerada, Z.; Crochemore, C.; Harouki, N.; Henry, J.P.; Dumesnil, A.; Larchevêque, M.; do
Rego, J.C.; do Rego, J.L.; et al. Mineralocorticoid receptor blockade with finerenone improves heart function and exercise capacity
in ovariectomized mice. ESC Heart Fail. 2021, 8, 1933–1943. [CrossRef]

31. Grune, J.; Benz, V.; Brix, S.; Salatzki, J.; Blumrich, A.; Höft, B.; Klopfleisch, R.; Foryst-Ludwig, A.; Kolkhof, P.; Kintscher, U.
Steroidal and Nonsteroidal Mineralocorticoid Receptor Antagonists Cause Differential Cardiac Gene Expression in Pressure
Overload-induced Cardiac Hypertrophy. J. Cardiovasc. Pharmacol. 2016, 67, 402–411. [CrossRef]

32. Lavall, D.; Jacobs, N.; Mahfoud, F.; Kolkhof, P.; Böhm, M.; Laufs, U. The non-steroidal mineralocorticoid receptor antagonist
finerenone prevents cardiac fibrotic remodeling. Biochem. Pharmacol. 2019, 168, 173–183. [CrossRef] [PubMed]

33. Fliegner, D.; Schubert, C.; Penkalla, A.; Witt, H.; Kararigas, G.; Dworatzek, E.; Staub, E.; Martus, P.; Noppinger, P.R.; Kintscher, U.;
et al. Female sex and estrogen receptor-beta attenuate cardiac remodeling and apoptosis in pressure overload. Am. J. Physiol.
Regul. Integr. Comp. Physiol. 2010, 298, R1597–R1606. [CrossRef] [PubMed]

34. Grune, J.; Beyhoff, N.; Smeir, E.; Chudek, R.; Blumrich, A.; Ban, Z.; Brix, S.; Betz, I.R.; Schupp, M.; Foryst-Ludwig, A.; et al.
Selective Mineralocorticoid Receptor Cofactor Modulation as Molecular Basis for Finerenone’s Antifibrotic Activity. Hypertension
2018, 71, 599–608. [CrossRef] [PubMed]

35. Klotz, S.; Hay, I.; Zhang, G.; Maurer, M.; Wang, J.; Burkhoff, D. Development of heart failure in chronic hypertensive Dahl rats:
Focus on heart failure with preserved ejection fraction. Hypertension 2006, 47, 901–911. [CrossRef]

36. Lachaux, M.; Barrera-Chimal, J.; Nicol, L.; Rémy-Jouet, I.; Renet, S.; Dumesnil, A.; Wecker, D.; Richard, V.; Kolkhof, P.; Jaisser,
F.; et al. Short- and long-term administration of the non-steroidal mineralocorticoid receptor antagonist finerenone opposes
metabolic syndrome-related cardio-renal dysfunction. Diabetes. Obes. Metab. 2018, 20, 2399–2407. [CrossRef]

37. Bonnard, B.; Pieronne-Deperrois, M.; Djerada, Z.; Elmoghrabi, S.; Kolkhof, P.; Ouvrard-Pascaud, A.; Mulder, P.; Jaisser, F.;
Messaoudi, S. Mineralocorticoid receptor antagonism improves diastolic dysfunction in chronic kidney disease in mice. J. Mol.
Cell. Cardiol. 2018, 121, 124–133. [CrossRef]

38. Azevedo, P.S.; Polegato, B.F.; Minicucci, M.F.; Paiva, S.A.R.; Zornoff, L.A.M. Cardiac Remodeling: Concepts, Clinical Impact,
PathophysiologicalMechanisms and Pharmacologic Treatment. Arq. Bras. Cardiol. 2016, 106, 62. [CrossRef]

39. Díez, J.; González, A.; López, B.; Querejeta, R. Mechanisms of disease: Pathologic structural remodeling is more than adaptive
hypertrophy in hypertensive heart disease. Nat. Clin. Pract. Cardiovasc. Med. 2005, 2, 209–216. [CrossRef]

40. Lother, A.; Fürst, D.; Bergemann, S.; Gilsbach, R.; Grahammer, F.; Huber, T.B.; Hilgendorf, I.; Bode, C.; Moser, M.; Hein, L.
Deoxycorticosterone Acetate/Salt-Induced Cardiac But Not Renal Injury Is Mediated By Endothelial Mineralocorticoid Receptors
Independently From Blood Pressure. Hypertension 2016, 67, 130–138. [CrossRef]

41. Dutzmann, J.; Musmann, R.J.; Haertlé, M.; Daniel, J.M.; Sonnenschein, K.; Schäfer, A.; Kolkhof, P.; Bauersachs, J.; Sedding, D.G.
The novel mineralocorticoid receptor antagonist finerenone attenuates neointima formation after vascular injury. PLoS ONE 2017,
12, e0184888. [CrossRef]

42. Queisser, N.; Schupp, N. Aldosterone, oxidative stress, and NF-κB activation in hypertension-related cardiovascular and renal
diseases. Free Radic. Biol. Med. 2012, 53, 314–327. [CrossRef] [PubMed]

43. Takahashi, K.; Murase, T.; Takatsu, M.; Matsuura, N.; Nagasawa, K.; Hattori, T.; Watanabe, S.; Murohara, T.; Nagata, K. Roles of
oxidative stress and the mineralocorticoid receptor in cardiac pathology in a rat model of metabolic syndrome. Nagoya J. Med. Sci.
2015, 77, 275. [PubMed]

44. Briones, A.M.; Touyz, R.M. Aldosterone/MR Signaling, Oxidative Stress, and Vascular Dysfunction. In Aldosterone-
Mineralocorticoid Receptor-Cell Biology to Translational Medicine; IntechOpen Limited: London, UK, 2019; ISBN 978-1-83962-199-4.
[CrossRef]

45. Nagase, M.; Ayuzawa, N.; Kawarazaki, W.; Ishizawa, K.; Ueda, K.; Yoshida, S.; Fujita, T. Oxidative stress causes mineralocorticoid
receptor activation in rat cardiomyocytes: Role of small GTPase Rac1. Hypertension 2012, 59, 500–506. [CrossRef] [PubMed]

46. Li, C.; Zhang, Y.Y.; Frieler, R.A.; Zheng, X.J.; Zhang, W.C.; Sun, X.N.; Yang, Q.Z.; Ma, S.M.; Huang, B.; Berger, S.; et al. Myeloid
Mineralocorticoid Receptor Deficiency Inhibits Aortic Constriction-Induced Cardiac Hypertrophy in Mice. PLoS ONE 2014,
9, e110950. [CrossRef] [PubMed]

47. Usher, M.G.; Duan, S.Z.; Ivaschenko, C.Y.; Frieler, R.A.; Berger, S.; Schütz, G.; Lumeng, C.N.; Mortensen, R.M. Myeloid
mineralocorticoid receptor controls macrophage polarization and cardiovascular hypertrophy and remodeling in mice. J. Clin.
Investig. 2010, 120, 3350–3364. [CrossRef]

48. Rickard, A.J.; Morgan, J.; Bienvenu, L.A.; Fletcher, E.K.; Cranston, G.A.; Shen, J.Z.; Reichelt, M.E.; Delbridge, L.M.; Young,
M.J. Cardiomyocyte mineralocorticoid receptors are essential for deoxycorticosterone/salt-mediated inflammation and cardiac
fibrosis. Hypertension 2012, 60, 1443–1450. [CrossRef]

49. Bene, N.C.; Alcaide, P.; Wortis, H.H.; Jaffe, I.Z. Mineralocorticoid Receptors in Immune Cells; Emerging Role in Cardiovascular
Disease. Steroids 2014, 91, 38. [CrossRef]

50. Barrera-Chimal, J.; Estrela, G.R.; Lechner, S.M.; Giraud, S.; El Moghrabi, S.; Kaaki, S.; Kolkhof, P.; Hauet, T.; Jaisser, F. The myeloid
mineralocorticoid receptor controls inflammatory and fibrotic responses after renal injury via macrophage interleukin-4 receptor
signaling. Kidney Int. 2018, 93, 1344–1355. [CrossRef]

http://doi.org/10.3389/fphar.2018.01131
http://doi.org/10.1002/ehf2.13219
http://doi.org/10.1097/FJC.0000000000000366
http://doi.org/10.1016/j.bcp.2019.07.001
http://www.ncbi.nlm.nih.gov/pubmed/31283930
http://doi.org/10.1152/ajpregu.00825.2009
http://www.ncbi.nlm.nih.gov/pubmed/20375266
http://doi.org/10.1161/HYPERTENSIONAHA.117.10360
http://www.ncbi.nlm.nih.gov/pubmed/29437893
http://doi.org/10.1161/01.HYP.0000215579.81408.8e
http://doi.org/10.1111/dom.13393
http://doi.org/10.1016/j.yjmcc.2018.06.008
http://doi.org/10.5935/abc.20160005
http://doi.org/10.1038/ncpcardio0158
http://doi.org/10.1161/HYPERTENSIONAHA.115.06530
http://doi.org/10.1371/journal.pone.0184888
http://doi.org/10.1016/j.freeradbiomed.2012.05.011
http://www.ncbi.nlm.nih.gov/pubmed/22609249
http://www.ncbi.nlm.nih.gov/pubmed/25797993
http://doi.org/10.5772/intechopen.69065
http://doi.org/10.1161/HYPERTENSIONAHA.111.185520
http://www.ncbi.nlm.nih.gov/pubmed/22232135
http://doi.org/10.1371/journal.pone.0110950
http://www.ncbi.nlm.nih.gov/pubmed/25354087
http://doi.org/10.1172/JCI41080
http://doi.org/10.1161/HYPERTENSIONAHA.112.203158
http://doi.org/10.1016/j.steroids.2014.04.005
http://doi.org/10.1016/j.kint.2017.12.016


Int. J. Mol. Sci. 2023, 24, 1922 16 of 17

51. Rafatian, N.; Westcott, K.V.; White, R.A.; Leenen, F.H.H. Cardiac macrophages and apoptosis after myocardial infarction: Effects
of central MR blockade. Am. J. Physiol.-Regul. Integr. Comp. Physiol. 2014, 307, R879–R887. [CrossRef]

52. Amador, C.A.; Barrientos, V.; Peña, J.; Herrada, A.A.; González, M.; Valdés, S.; Carrasco, L.; Alzamora, R.; Figueroa, F.; Kalergis,
A.M.; et al. Spironolactone decreases DOCA-salt-induced organ damage by blocking the activation of T helper 17 and the
downregulation of regulatory T lymphocytes. Hypertension 2014, 63, 797–803. [CrossRef]

53. Luettges, K.; Bode, M.; Thiele, A.; Ritter, D.; Klopfleisch, R.; Kappert, K.; Foryst-Ludwig, A.; Kolkhof, P.; Wenzel, U.; Kintscher, U.
Finerenone reduces renal RORgt gd T-Cells and protects against cardiorenal damage. Am. J. Nephrol. 2022, 53, 552–564. [CrossRef]
[PubMed]

54. Le Billan, F.; Perrot, J.; Carceller, E.; Travers, S.; Viengchareun, S.; Kolkhof, P.; Lombès, M.; Fagart, J. Antagonistic effects of
finerenone and spironolactone on the aldosterone-regulated transcriptome of human kidney cells. FASEB J. 2021, 35, e21314.
[CrossRef] [PubMed]

55. Travers, J.G.; Kamal, F.A.; Robbins, J.; Yutzey, K.E.; Blaxall, B.C. Cardiac Fibrosis: The Fibroblast Awakens. Circ. Res. 2016, 118,
1021–1040. [CrossRef] [PubMed]

56. Wilson, P.; Morgan, J.; Funder, J.W.; Fuller, P.J.; Young, M.J. Mediators of mineralocorticoid receptor-induced profibrotic
inflammatory responses in the heart. Clin. Sci. 2009, 116, 731–739. [CrossRef]

57. Tesch, G.H.; Young, M.J. Mineralocorticoid receptor signaling as a therapeutic target for renal and cardiac fibrosis. Front. Pharmacol.
2017, 8, 313. [CrossRef]

58. Yang, H.; Gao, L.; Niu, Y.; Zhou, Y.; Lin, H.; Jiang, J.; Kong, X.; Liu, X.; Li, L. Mangiferin inhibits renal urate reabsorption by
modulating urate transporters in experimental hyperuricemia. Biol. Pharm. Bull. 2015, 38, 1591–1598. [CrossRef]

59. Kim, S.K.; Biwer, L.A.; Moss, M.E.; Man, J.J.; Aronovitz, M.J.; Martin, G.L.; Carrillo-Salinas, F.J.; Salvador, A.M.; Alcaide, P.; Jaffe,
I.Z. Mineralocorticoid Receptor in Smooth Muscle Contributes to Pressure Overload-Induced Heart Failure. Circ. Heart Fail. 2021,
14, 217–231. [CrossRef]

60. McGraw, A.P.; Bagley, J.; Chen, W.S.; Galayda, C.; Nickerson, H.; Armani, A.; Caprio, M.; Carmeliet, P.; Jaffe, I.Z. Aldosterone
Increases Early Atherosclerosis and Promotes Plaque Inflammation Through a Placental Growth Factor-Dependent Mechanism.
J. Am. Heart Assoc. Cardiovasc. Cerebrovasc. Dis. 2013, 2, e000018. [CrossRef]

61. Scicchitano, P.; Milo, M.; Mallamaci, R.; De Palo, M.; Caldarola, P.; Massari, F.; Gabrielli, D.; Colivicchi, F.; Ciccone, M.M. Inclisiran
in lipid management: A Literature overview and future perspectives. Biomed. Pharmacother. 2021, 143, 112227. [CrossRef]

62. Gil-Ortega, M.; Vega-Martín, E.; Martín-Ramos, M.; González-Blázquez, R.; Pulido-Olmo, H.; Ruiz-Hurtado, G.; Schulz, A.;
Ruilope, L.M.; Kolkhof, P.; Somoza, B.; et al. Finerenone Reduces Intrinsic Arterial Stiffness in Munich Wistar Frömter Rats, a
Genetic Model of Chronic Kidney Disease. Am. J. Nephrol. 2020, 51, 294–303. [CrossRef]

63. Iwahana, T.; Saito, Y.; Okada, S.; Kato, H.; Ono, R.; Kobayashi, Y. Safety and efficacy of esaxerenone in Japanese hypertensive
patients with heart failure with reduced ejection fraction: A retrospective study. PLoS ONE 2021, 16, e0259485. [CrossRef]
[PubMed]

64. Kario, K.; Williams, B. Nocturnal Hypertension and Heart Failure: Mechanisms, Evidence, and New Treatments. Hypertension
2021, 78, 564–577. [CrossRef] [PubMed]

65. Fujiwara, T.; Hoshide, S.; Kanegae, H.; Kario, K. Cardiovascular Event Risks Associated with Masked Nocturnal Hypertension
Defined by Home Blood Pressure Monitoring in the J-HOP Nocturnal Blood Pressure Study. Hypertension 2020, 76, 259–266.
[CrossRef] [PubMed]

66. Kario, K.; Ito, S.; Itoh, H.; Rakugi, H.; Okuda, Y.; Yamakawa, S. Effect of esaxerenone on nocturnal blood pressure and natriuretic
peptide in different dipping phenotypes. Hypertens. Res. 2022, 45, 97–105. [CrossRef]

67. Pitt, B.; Kober, L.; Ponikowski, P.; Gheorghiade, M.; Filippatos, G.; Krum, H.; Nowack, C.; Kolkhof, P.; Kim, S.Y.; Zannad, F.
Safety and tolerability of the novel non-steroidal mineralocorticoid receptor antagonist BAY 94-8862 in patients with chronic
heart failure and mild or moderate chronic kidney disease: A randomized, double-blind trial. Eur. Heart J. 2013, 34, 2453–2463.
[CrossRef]

68. Filippatos, G.; Anker, S.D.; Böhm, M.; Gheorghiade, M.; Køber, L.; Krum, H.; Maggioni, A.P.; Ponikowski, P.; Voors, A.A.; Zannad,
F.; et al. A randomized controlled study of finerenone vs. eplerenone in patients with worsening chronic heart failure and
diabetes mellitus and/or chronic kidney disease. Eur. Heart J. 2016, 37, 2105–2114. [CrossRef]

69. Sato, N.; Ajioka, M.; Yamada, T.; Kato, M.; Myoishi, M.; Yamada, T.; Kim, S.Y.; Nowack, C.; Kolkhof, P.; Shiga, T. A Randomized
Controlled Study of Finerenone vs. Eplerenone in Japanese Patients With Worsening Chronic Heart Failure and Diabetes and/or
Chronic Kidney Disease. Circ. J. 2016, 80, 1113–1122. [CrossRef]

70. Bakris, G.L.; Agarwal, R.; Anker, S.D.; Pitt, B.; Ruilope, L.M.; Rossing, P.; Kolkhof, P.; Nowack, C.; Schloemer, P.; Joseph, A.; et al.
Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2020, 383, 2219–2229. [CrossRef]

71. Pitt, B.; Filippatos, G.; Agarwal, R.; Anker, S.D.; Bakris, G.L.; Rossing, P.; Joseph, A.; Kolkhof, P.; Nowack, C.; Schloemer, P.; et al.
Cardiovascular Events with Finerenone in Kidney Disease and Type 2 Diabetes. N. Engl. J. Med. 2021, 385, 2252–2263. [CrossRef]

72. Alonso, A.; Lopez, F.L.; Matsushita, K.; Loehr, L.R.; Agarwal, S.K.; Chen, L.Y.; Soliman, E.Z.; Astor, B.C.; Coresh, J. Chronic kidney
disease is associated with the incidence of atrial fibrillation: The Atherosclerosis Risk in Communities (ARIC) study. Circulation
2011, 123, 2946–2953. [CrossRef]

73. Rolfes, C.D.; Howard, S.A.; Goff, R.P.; Iaizzo, P.A. Cardiac remodeling as a consequence of atrial fibrillation: An anatomical study
of perfusion-fixed human heart specimens. J. Geriatr. Cardiol. 2011, 8, 141. [PubMed]

http://doi.org/10.1152/ajpregu.00075.2014
http://doi.org/10.1161/HYPERTENSIONAHA.113.02883
http://doi.org/10.1159/000524940
http://www.ncbi.nlm.nih.gov/pubmed/35675794
http://doi.org/10.1096/fj.202002043RR
http://www.ncbi.nlm.nih.gov/pubmed/33417258
http://doi.org/10.1161/CIRCRESAHA.115.306565
http://www.ncbi.nlm.nih.gov/pubmed/26987915
http://doi.org/10.1042/CS20080247
http://doi.org/10.3389/fphar.2017.00313
http://doi.org/10.1248/bpb.b15-00402
http://doi.org/10.1161/CIRCHEARTFAILURE.120.007279
http://doi.org/10.1161/JAHA.112.000018
http://doi.org/10.1016/j.biopha.2021.112227
http://doi.org/10.1159/000506275
http://doi.org/10.1371/journal.pone.0259485
http://www.ncbi.nlm.nih.gov/pubmed/34748605
http://doi.org/10.1161/HYPERTENSIONAHA.121.17440
http://www.ncbi.nlm.nih.gov/pubmed/34225469
http://doi.org/10.1161/HYPERTENSIONAHA.120.14790
http://www.ncbi.nlm.nih.gov/pubmed/32520613
http://doi.org/10.1038/s41440-021-00756-5
http://doi.org/10.1093/eurheartj/eht187
http://doi.org/10.1093/eurheartj/ehw132
http://doi.org/10.1253/circj.CJ-16-0122
http://doi.org/10.1056/NEJMoa2025845
http://doi.org/10.1056/NEJMoa2110956
http://doi.org/10.1161/CIRCULATIONAHA.111.020982
http://www.ncbi.nlm.nih.gov/pubmed/22783300


Int. J. Mol. Sci. 2023, 24, 1922 17 of 17

74. Filippatos, G.; Bakris, G.L.; Pitt, B.; Agarwal, R.; Rossing, P.; Ruilope, L.M.; Butler, J.; Lam, C.S.P.; Kolkhof, P.; Roberts, L.; et al.
Finerenone Reduces New-Onset Atrial Fibrillation in Patients With Chronic Kidney Disease and Type 2 Diabetes. J. Am. Coll.
Cardiol. 2021, 78, 142–152. [CrossRef] [PubMed]

75. Ito, S.; Shikata, K.; Nangaku, M.; Okuda, Y.; Sawanobori, T. Efficacy and Safety of Esaxerenone (CS-3150) for the Treatment of
Type 2 Diabetes with Microalbuminuria: A Randomized, Double-Blind, Placebo-Controlled, Phase II Trial. Clin. J. Am. Soc.
Nephrol. 2019, 14, 1161–1172. [CrossRef] [PubMed]

76. Bostick, B.; Habibi, J.; DeMarco, V.G.; Jia, G.; Domeier, T.L.; Lambert, M.D.; Aroor, A.R.; Nistala, R.; Bender, S.B.; Garro, M.; et al.
Mineralocorticoid receptor blockade prevents Western diet-induced diastolic dysfunction in female mice. Am. J. Physiol. Heart
Circ. Physiol. 2015, 308, H1126–H1135. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.jacc.2021.04.079
http://www.ncbi.nlm.nih.gov/pubmed/34015478
http://doi.org/10.2215/CJN.14751218
http://www.ncbi.nlm.nih.gov/pubmed/31248950
http://doi.org/10.1152/ajpheart.00898.2014

	Introduction 
	Chemical Properties of Steroidal and Non-Steroidal MRAs 
	Pharmacological Effects of Steroidal and Non-Steroidal MRAs in CVD: Evidence from Pre-Clinical Studies 
	Blood Pressure 
	Myocardial Structural Remodeling 
	Myocardial Function 
	Vascular Remodeling and Function 

	Molecular Mechanisms Underlying the Beneficial Effects of Non-Steroidal MRAs on CVD: Evidence from Pre-Clinical Studies 
	Oxidative Stress 
	Inflammation 
	Interstitial Fibrosis 
	Vascular Injury 

	Pharmacological Effects of Non-Steroidal MRAs on Cardiovascular Outcomes: Evidence from Clinical Studies 
	Conclusions 
	References

