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Highlights 

 The effect of LCZ696 (Sacubitril/valsartan) against cardiorenal syndrome is proposed. 

 LCZ696 more improved CKD related heart failure than valsartan therapy alone. 

 LCZ696 attenuated CKD related cardiac hypertrophy and fibrosis and aortic fibrosis. 

 Effects of LCZ696 for heart are mediated by anti-inflammation and oxidative stress. 

 LCZ696 also improved indicators of mitochondrial mass/function. 

 

Abstract 

Background: Chronic kidney disease (CKD) is associated with cardiac hypertrophy, fibrosis and 

increased risk of cardiovascular mortality. LCZ696 (Sacubitril/valsartan) is a promising agent which 

has shown significant potential in treatment of heart failure. We hypothesized that LCZ696 is more 

effective than valsartan alone in treatment of cardiovascular abnormalities associated with 

experimental CKD. 

Methods and Results: Male Sprague Dawley rats underwent 5/6 nephrectomy and were subsequently 

randomized to no treatment (CKD), 30 mg/kg valsartan (VAL), or 60 mg/kg LCZ696 (LCZ). After 8 

weeks, cardiovascular parameters including markers of inflammation, oxidative stress, mitochondrial 

abundance/function, hypertrophy and fibrosis were measured. Treatment with LCZ resulted in 

significant improvements in the heart/body weight ratio and serum concentrations of N-terminal pro 

B-type natriuretic peptides (NT-pro BNP) and fibroblast growth factor-23 (FGF-23) along with 

improvement of kidney function. In addition, LCZ ameliorated aortic fibrosis and cardiac hypertrophy 

and fibrosis, reduced markers of cardiac oxidative stress and inflammation and improved indicators of 

mitochondrial mass/function. While VAL-therapy also improved some of these indices, treatment with 

LCZ was more effective than VAL therapy alone. 

Conclusions: CKD-associated cardiovascular abnormalities including myocardial hypertrophy, 

fibrosis, inflammation, oxidative stress, and mitochondrial depletion/dysfunction were more 

effectively attenuated by LCZ treatment than VAL therapy alone. 
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Introduction 

Chronic kidney disease (CKD) is an irreversible condition marked by progressive kidney damage 

culminating in end stage renal disease (ESRD). Due to the pervasive nature of the underlying 

conditions that cause CKD such as diabetes and hypertension, the prevalence of CKD has continued 

to increase in the United States (US) and worldwide.
1, 2

 However, it has also been noted that while 

approximately 9% of the US population have CKD translating into more than 20 million adults, only a 

small fraction reach ESRD.
1
 This discrepancy is partly attributed to the significantly increased risk of 

cardiovascular disease (CVD) and mortality in this patient population
1, 3

 and it is understood that in a 

majority of patients with CKD, premature death from CVD is a more prominent risk than progression 

to ESRD.
4
 In addition, regardless of the stage of CKD, CVD and mortality are major contributors to 

the exceedingly poor outcomes in this patient population. 

The pathogenesis of cardiac and vascular dysfunction in CKD is complex and multifactorial. While 

traditional risk factors, including hypertension and diabetes, make a significant contribution to 

pathogenesis of CVD, there are numerous nontraditional risk factors such as systemic inflammation, 

oxidative stress, mitochondrial dysfunction, reduced Klotho and elevated FGF-23 levels, which also 

play central roles in this process. As a result of the interplay between these factors, CKD is associated 

with ischemic heart disease, left ventricular (LV) hypertrophy and fibrosis and increased risk of 

sudden cardiac death. Therefore, therapeutic strategies which address the mechanisms responsible for 

these pathophysiologic processes hold significant potential in treatment of CKD-related CVD and 

mortality. 

One novel therapeutic approach which has shown a promise in the treatment of chronic heart failure 

(HF) is enhancement of vasoactive peptides such as natriuretic peptides (NPs). Modulation of NPs 

(including atrial, B-type and C-type natriuretic peptide) can address many of the underlying 

pathologic processes involved in CKD-related cardiomyopathy including inflammation, cardiac 

hypertrophy and fibrosis. The level of endogenous vasoactive peptides can be enhanced via inhibition 

of neprilysin which is the key enzyme involved in the degradation of these proteins.
5
 In fact 

pharmacologic inhibition of neprilysin has been shown to be effective in treatment of many different 
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forms of HF and cardiomyopathy.
6-8

 While previous formulations of neprilysin inhibitors, which were 

combined with angiotensin converting enzyme inhibitors (ACEI), increased bradykinin production 

and risk of angioedema, a more recent drug combines an angiotensin receptor blocker (valsartan) and 

a neprilysin inhibitor prodrug (sacubitril). This new drug, which is called LCZ696, has been shown to 

provide the same beneficial effects with less risk of angioedema.
9
 Furthermore, it has been 

demonstrated that LCZ696 is more effective in the treatment of HF with reduced ejection fraction 

(HFrEF) than standard monotherapy with ACEIs. In the PARADIGM trial, LCZ696 therapy resulted 

in a significant reduction of serum N-terminal pro B-type natriuretic peptides (NT-proBNP), HF 

hospitalizations and risk of cardiovascular death when compared with enalapril.
9
 

In light of the above observations, we hypothesized that administration of LCZ696 in an animal 

model of CKD will ameliorate CKD-associated cardiac and vascular hypertrophy and fibrosis beyond 

ARB therapy alone. We used renal mass reduction via surgical 5/6 nephrectomy. In addition, we 

included a group of CKD animals treated with valsartan alone to further delineate any potential 

benefit of LCZ696 beyond that conferred by renin-angiotensin-aldosterone system (RAAS) blockade 

alone. 

 

Material and Methods 

Study groups 

Male Sprague-Dawley rats were purchased from Charles River Labs, Raleigh, NC, USA and used in 

this study. All experiments were approved by the University of California Irvine Institutional 

Committee for the Use and Care of Experimental Animals. All surgeries were performed as 

previously described and based on well-established protocols. For details please see supplement 

section. Animals were randomly assigned and underwent sham surgery (CTL, n=6) or 5/6 

nephrectomy and after two weeks the animals with nephron mass reduction were randomized into 

three groups: no treatment (CKD, n=10), valsartan 30 mg/kg (VAL, n=12) or LCZ696 60 mg/kg 

(LCZ, n=12).
10

 Animals were euthanized after 8 weeks of treatment and the tissue of interest were 

either fixed in 10% buffered formalin or snap frozen in liquid nitrogen and stored at -80℃ for protein 
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analysis. Serum creatinine was measured by George M O'Brian Kidney Research Core at University 

of Texas Southwestern Medical Center. Urinary protein, serum blood urea nitrogen (BUN), NT-

proBNP and fibroblast growth factor 23 (FGF-23) and heart protein carbonyl content were measured 

using commercial kits according to manufacturer protocols (see methods supplement). 

Histologic Analysis 

The heart and aorta were removed immediately after sacrifice and prepared for histological and 

Western blot analyses. The sections taken for histological analysis were fixed in 10% buffered 

formalin. The cross-sections of the heart and aorta were embedded in paraffin and cut at two micron 

sections. Subsequently, these sections were stained with hematoxylin & eosin (H&E) or Masson’s 

trichrome and analyzed using established protocols (see supplement section for details).
11, 12

 

Western blot analyses 

Cytoplasmic and nuclear protein extracts from the LV tissue were prepared and the proteins of 

interest were measured by Western blot analysis as previously described
13

, using the appropriate 

antibodies (for details please see the material supplement section). The expression level was 

determined by measurement of the corresponding band intensities using Quantity one 1-D Analysis 

Software version 4.5.2 (Bio-Rad Laboratories, Richmond, CA, USA). Protein levels were expressed 

relative to housekeeping protein levels and the basal expression relative value in CTL group was 

considered to be 1.0. 

Statistical analysis 

The statistical analysis was performed using GraphPad Prism, version 6.01 (GraphPad Software, Inc. 

San Diego, CA, USA). The values are expressed as the mean ± standard error. Group differences were 

analyzed by one-way analysis of variance with post hoc comparison. Tukey’s post-test was used to 

determine differences between the groups. Statistical significance was defined as a p-value of less 

than 0.05. 

 

Results 
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General Data 

We analyzed the data 8-week post-randomization. As expected, BUN, serum creatinine and urine 

protein excretion were significantly higher in CKD animals compared with CTL animals (Table 1). In 

addition, there was a significantly higher in the ratio of heart to body weight and a modest but 

statistically significantly higher in systolic arterial pressure (SBP) in CKD animals when compared to 

the CTL group. Serum concentration of NT-pro BNP and FGF-23 were significantly higher in the 

CKD group when compared to CTL animals. Both valsartan and LCZ administration resulted in a 

significant improvement of SBP and urinary protein excretion while LCZ therapy also resulted in a 

significant improvement in BUN and serum creatinine concentration. While the ratio of heart to body 

weight and hypertrophy were significantly improved in both VAL and LCZ treated animals, the 

amelioration of these abnormalities was substantially greater with LCZ therapy when compared to 

VAL therapy alone. 

Impact of CKD and treatment modalities on cardiac hypertrophy 

Representative photomicrographs of H&E stained LV cardiomyocytes are shown in Figure1 and 

Supplemental Table1. The LV tissue in the CKD animals exhibited significant hypertrophy and large 

size of cardiomyocytes. In addition, cardiac markers of hypertrophy including LV protein abundance 

of myosin heavy chain 7B (MyH7B), tropomyosin and myocardin were significantly higher in CKD 

animals when compared to the CTL group. Both VAL and LCZ therapies resulted in reduction in LV 

cardiomyocyte size and protein abundance of MyH7B and myocardin. However, the degree of 

improvement in these indices was significantly greater with LCZ treatment when compared with VAL 

therapy alone. 

Impact of CKD and treatment modalities on cardiac and aortic fibrosis 

Representative photomicrographs of Masson’s trichrome stained LV tissue are shown in Figure 2 and 

Supplemental Table1. The ratio of interstitial and perivascular fibrosis were significantly higher in LV 

of animals with CKD when compared with the CTL group. In addition, the molecular markers of 

cardiac fibrosis including the LV protein abundance of transforming growth factor-β (TGF-β) andα 

smooth muscle (α-SM) actin were significantly higher in the CKD group when compared to the CTL 
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animals. Valsartan and LCZ therapy significantly attenuated LV fibrosis and reduced the abundance of 

the protein markers of fibrosis. However, the degree of improvement in perivascular fibrosis and 

TGF-β content was significantly greater with LCZ treatment compared with VAL therapy alone. We 

also evaluated the ratio of wall to lumen and collagen content in an area of the aorta (Figure 3 and 

Supplemental Table1). The CKD animals showed a significantly higher aorta wall to lumen ratio and 

collagen content when compared to CTL group. While both LCZ and VAL were effective in 

improving the wall to lumen ratio, only LCZ therapy significantly reduced the collagen content in the 

aorta. 

Impact of CKD and treatment modalities on cardiac inflammatory and oxidative pathways 

Data are shown in Figures 4 and 5. The nuclear translocation of the p65 subunit of nuclear factor-

kappa B (NF-κB) indicating its activation was significantly higher in untreated CKD animals when 

compared to CTL group. This was accompanied by upregulation of pro-inflammatory and reactive 

oxygen, nitrogen and halogen species-generating proteins including monocyte chemotactic protein 1 

(MCP-1), cyclooxygenase 2 (COX-2), gp91
Phox

, nicotinamide adenine dinucleotide phosphate oxidase 

4 (NOX-4), myeloperoxidase (MPO) and higher cardiac protein carbonyl content. While both VAL 

and LCZ therapy reversed or markedly attenuated many of these abnormalities, treatment with LCZ 

was more effective than VAL therapy alone. 

Impact of CKD and treatment modalities on cardiac Nrf2 pathway 

Data are shown in Figure 6. The LV tissue from the untreated CKD animals showed marked 

reduction in nuclear translocation of nuclear factor erythroid 2-related factor 2 (Nrf2) and down-

regulation of its key target gene products including copper-zinc superoxide dismutase (Cu/Zn SOD), 

catalase, glutathione peroxidase (GPX), heme oxygenase 1 (HO-1), and endothelial nitric oxide 

synthase (eNOS). These findings point to impairment of the Nrf2 pathway which contributes to the 

prevailing oxidative stress, inflammation and fibrosis of the cardiac tissue in CKD. While both VAL 

and LCZ therapy were effective in significantly improving the protein abundance of many of these 

enzymes, only LCZ treatment was associated with a significantly higher nuclear translocation of Nrf2 

leading to the activation of this important antioxidant pathway. 
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Impact of CKD and treatment modalities on cardiac mitochondrial proteins 

Data are shown in Figure 7. The protein abundance of adenosine triphosphate (ATP) synthase 

components beta/porin-1 was significantly decreased in LV cardiac tissue from untreated CKD 

animals when compared with controls. In addition, porin-1/GAPDH ratio determined in the whole 

heart tissue homogenate was markedly reduced in the CKD animals indicating a significant reduction 

in cardiac mitochondrial mass. LCZ therapy ameliorated theses abnormalities more effectively than 

VAL therapy alone. 

 

Discussion 

As expected, CKD resulted in significant and cardiac and aortic fibrosis. Furthermore, serum 

indicators of cardiovascular hypertrophy and fibrosis, mainly FGF-23 and NT-pro BNP, were 

significantly elevated in animals with CKD when compared to controls. These findings were 

accompanied by upregulation of markers of hypertrophy and fibrosis as well as activation of 

inflammatory and oxidative stress pathways in the cardiac tissue. Furthermore, we found impairment 

of cardiac antioxidant machinery caused by a disruption of the Nrf2 pathway. These findings were 

consistent with previously reported impairment of Nrf2 pathway and upregulation of oxidative, 

inflammatory and fibrosis pathways in the kidney and vascular tissue of CKD rats
13, 14

 and impaired 

Nrf2 activity in the circulating leukocytes of ESRD patients.
15

 Additionally, animals with CKD had 

reduced left ventricular mitochondrial mass as well as decreased abundance of proteins involved in 

mitochondrial function. Treatment with LCZ resulted in a substantial improvement of these indices, 

beyond that achieved with valsartan therapy alone. To our knowledge, this is the first study which 

comprehensively evaluates the impact of LCZ therapy on markers of cardiac and vascular pathology 

in a well-established rat model of CKD. 

It is well known CKD is associated with significant cardiac and vascular abnormalities which result 

in increased risk of cardiovascular mortality. Many diverse mechanisms contribute to the development 

CVD in CKD which manifest mainly as LV hypertrophy, cardiovascular fibrosis, arteriosclerosis and 

atherosclerosis.
16

 These mechanisms include oxidative stress, inflammation, fluid and electrolyte 
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disorders, retained uremic metabolites and mitochondrial dysfunction. In this regard, studies have 

documented oxidative stress and inflammation in the cardiac tissue of animals with experimental 

CKD.
17-19

 CKD also results in mitochondrial depletion and dysfunction in the myocardium and 

skeletal muscle.
20, 21

 In fact, mitochondria from cardiac tissue of CKD animals were unable to retain 

calcium, had diminished cytochrome C levels and decreased respiratory function. Given the known 

vulnerability of mitochondria to calcium and oxidative stress, CKD-induced mitochondrial 

dysfunction may be, in part, related to the pervasive oxidative stress and altered calcium 

metabolism.
21

 

Partly as a result of the above-mentioned mechanisms, CKD results in significant myocardial 

hypertrophy and activation of cellular apoptotic signals which trigger activation of extracellular 

matrix production pathways leading to fibrosis.
16, 22

 In fact CKD induced by subtotal nephrectomy 

leads to increased cross-sectional area of cardiomyocytes and increased abundance of protein markers 

of hypertrophy such as α-SM actin.
23

 In addition, cardiac tissue from CKD animals had increased 

matrix and TGF-β abundance and reduced matrix metalloproteinase-1.
24

 It should also be noted that 

there are other CKD-related factors which play a role in the pathogenesis of uremic cardiomyopathy 

such as increased concentrations of FGF-23, Klotho deficiency and activation of the RAAS.
25, 26

 The 

effectiveness of RAAS inhibition in treatment of HF has been demonstrated in numerous clinical 

trials using ACEI or ARB therapy.
27

 Moreover, use of RAAS blockade in patients with CKD is 

advocated based on its renoprotective properties as well as the cardioprotective potential shown on the 

sub-analyses of data from cardiovascular trials.
28

 However, despite optimum use of RAAS inhibition, 

patients with CKD continue to suffer from a significant residual risk for CVD and poor cardiovascular 

outcomes. Therefore, RAAS blockade only partially addresses the underlying mechanisms 

responsible for uremic CVD. In this regard, a new therapeutic target which has shown significant 

potential is augmentation of vasoactive peptides such as NPs. The latter consist of a family of peptides 

which have a wide range of cardiovascular effects including amelioration of volume overload and 

hypertension.
29

 While the inhibitory effect of NPs on the RAAS pathway undoubtedly plays a major 

role in their cardioprotective characteristics, there is also evidence that NPs have important 
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cardioprotective antioxidant, anti-inflammatory and antifibrotic properties.
29, 30

 For example, NPs 

have been shown to inhibit activation of the nuclear factor NF-ĸB and reduce the production of 

inflammatory mediators in macrophages, endothelial cells and cardiomyocytes.
31, 32

 In addition, NPs 

have been shown to have important protective effects on myocyte mitochondrial function and cardiac 

mitochondria by preventing aberrant calcium handling and reducing mitochondrial ROS production.
33, 

34
 Furthermore, enhancement of NPs in CKD-related CVD would represent a logical therapeutic 

approach given that inflammation, oxidative stress and mitochondrial dysfunction are major 

contributors to uremic cardiomyopathy. 

There are several limitations of the current study which need to be mentioned. Firstly, in the present 

study we did not assess functional markers using echocardiography or Millar conductance catheter 

system  and future studies are needed to provide further details regarding vascular compliance and 

mitochondrial function. Secondly, in our study we did not check LV weight in isolation given 

concerns for introducing operator bias/variability.  In addition, the contribution of the myocyte 

hypertrophy and collagen deposition to heart weight/LV weight changes cannot be estimated based on 

our findings. Therefore, future studies are needed to build on our findings and provide further 

histological details regarding the impact of LCZ on cardiomyocytes in CKD.  Thirdly, additional 

mechanistic studies are needed to further elucidate the molecular pathways by which LCZ therapy 

may mediate the many different effects observed in this study. Furthermore, clinical utility and 

effectiveness of LCZ will need to be confirmed in randomized clinical trials in patients with CKD.
35

 

Finally, the model used in this study is that of advanced CKD due to renal mass reduction and the 

effectiveness of LCZ therapy in treatment of CVD in different models of CKD such as that of 

glomerulosclerosis due to heavy proteinuria should be determined in future investigations. 

Conclusions 

LCZ therapy in rats with uremic cardiomyopathy resulted in significant improvement of cardiac and 

aortic hypertrophy and fibrosis. These findings may be a result of a direct cardioprotective impact of 

LCZ and secondary beneficial effects of improved BP control and renal function. These 

improvements were associated with and likely mediated by a significant amelioration of myocardial 
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inflammation and oxidative stress, improvement of Nrf2-mediated antioxidant system, and restoration 

of mitochondrial abundance and activity. It should also be noted that LCZ therapy was more effective 

than valsartan treatment alone in ameliorating the markers of uremic cardiomyopathy in this 

experimental model. 
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Figures and figure legends 

Figure 1. Impact of treatment on cardiac hypertrophy 

 

 Representative microphotographs of LV tissue stained with hematoxylin & eosin in the following 

groups (A) CTL, (B) CKD, (C) VAL, and (D) LCZ. (E) Quantification analysis for mean cross 

sectional areas of cardiomyocytes in each group. (F through H) Representative Western blots and 

group data depicting the LV protein abundance of (F) MyH7B, (G) tropomyosin, and (H) myocardin 

8-weeks post-randomization. Data are mean + SEM. CTL (n=6), CKD (n=10), VAL (n=12), LCZ 

(n=12) were investigated. * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001 
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Figure 2. Impact of treatment on cardiac fibrosis 

 

 Representative photomicrographs of the Masson’s trichrome stained LV interstitial and perivascular 

sections in the (A, E) CTL, (B, F) CKD, (C, G) VAL, and (D, H) LCZ. (I) Quantification analysis for 

the ratio of LV interstitial fibrotic area, (J) Quantification analysis for the ratio of LV perivascular 

fibrotic area, and representative Western blots and group data depicting the LV protein abundance of 

(K) TGF-β and (L) PAI-1 8-weeks post-randomization. Data are mean ± SEM.CTL (n=6), CKD 

(n=10), VAL (n=12), LCZ (n=12) were investigated. * p<0.05, ** p<0.01, *** p<0.001, **** 

p<0.0001 
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Figure 3. Impact of treatment on aortic fibrosis 

 

 Representative photomicrographs of the Masson’s trichrome stained aortic tissue in the (A, E) CTL, 

(B, F) CKD, (C, G) VAL, and (D, H) LCZ. (I) The ratio of wall to lumen, (J) the ratio of collagen 

content in vascular area was quantified for each group 8-weeks post-randomization. Data are 

mean ± SEM CTL (n=6), CKD (n=10), VAL (n=12), LCZ (n=12) were investigated. * p<0.05, ** 

p<0.01, *** p<0.001 
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Figure 4. Impact of treatment on cardiac markers of inflammation  

 

Representative Western blots and group data depicting the LV protein abundance of (A) NF-κB p65, 

(B) MCP-1, and (C) COX-2 8-weeks post-randomization. Data are mean ± SEM. CTL (n=6), 

CKD (n=10), VAL (n=12), LCZ (n=12) were investigated. * p<0.05, ** p<0.01, *** p<0.001, **** 

p<0.0001 

Figure 5. Impact of treatment on cardiac markers of oxidative stress 

 

Heart protein carbonyl content was shown (A). Representative Western blots and group data 

depicting the LV protein abundance of (B) Gp91phox, (C) NOX-4, and (D) MPO 8-weeks post-

randomization. Data are mean ± SEM. CTL (n=6), CKD (n=10), VAL (n=12), LCZ (n=12) were 

investigated. * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001 
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Figure 6. Impact of treatment on cardiac Nrf2 pathway 

 

Representative Western blots and group data depicting the LV nuclear protein abundance of markers 

of cardiac Nrf-2 pathway including (A) nuclear protein abundance of Nrf-2, (B) Cu/Zn SOD, (C) HO-

1, (D) catalase, (E) GPX, and (F) eNOS 8-weeks post-randomization. Data are mean ± SEM. CTL 

(n=6), CKD (n=10), VAL (n=12), LCZ (n=12) were investigated. * p<0.05, ** p<0.01, *** p<0.001, 

**** p<0.0001 

 

Figure 7. Impact of treatment on cardiac mitochondrial proteins 

 

Representative Western blots and group data depicting the LV nuclear protein abundance of (A) 

ATP synthase subunit α/porin-1, (B) ATP synthase subunit β/porin-1, and (C) porin-1/GAPDH 8-
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weeks post-randomization. Data are mean ± SEM. CTL (n=6), CKD (n=10), VAL (n=12), LCZ 

(n=12) were investigated. * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001 
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Table1. General and laboratory data 

 

CTL (n=6) CKD (n=10) VAL (n=12) LCZ (n=12) 

Heart weight/body weight (mg/g) 2.6±0.05
 *

 3.3±0.12
 *,§,

 
||

 2.9±0.10
 §,

 
#

 2.5±0.04
 ||,#

 

Heart weight (mg) 1.18±0.02
 *,‡

 1.30±0.05
 *,§,

 
||

 1.14±0.03
 §,

 
#

 0.99±0.03
 ‡,||,#

 

Body weight (mg) 430.3±10.3 394.5±12.9 394.4±10.3 397.8±7.5 

Systolic blood pressure (mmHg) 92.5±2.8
 *,†,

 
‡

 143.1±2.2
 *,§, ||

 119.7±2.6
 †,§

 117.7±2.2
 ‡, ||

 

Blood urea nitrogen (mg/dl) 8.7±0.3
*,†,‡

 53.9 ±1.8
*,||

 53.7 ±2.2
†, #

 44.6 ±1.4
‡, ||,#

 

Serum creatinine (mg/dl) 0.33±0.03
*,†,‡

 1.12±0.11
*,||

 1.09±0.05
†, #

 0.86±0.04
‡, ||,#

 

Urine protein (mg/24 h) 4.1 ±0.7
*

 22.8±3.0
*,§, ||

 8.4 ±1.1
§

 8.9 ±0.6
||

 

FGF-23 (ng/ml) 1.8±0.2
 *

 4.2±0.6
 *,||

 2.6±0.4 2.2±0.3
 ||

 

NT-pro BNP (ng/dl) 48±4
 *,†

 137±4
 *,§, ||

 105±10
 †,§, #

 39±10
 ||,#

 

We analyzed the data 8-weeks post-randomization. Data are mean ± SEM. * p<0.05: CTL vs. CKD, 

†p<0.05: CTL vs. VAL, ‡p<0.05: CTL vs. LCZ, §p<0.05: CKD vs. VAL, ||p<0.05: CKD vs. LCZ, 

#p<0.05: VAL vs. LCZ. 
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