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Abstract

Recent evidence indicates that salt-sensitive hypertension can result from a subclinical injury that 

impairs the kidneys’ capacity to properly respond to a high salt diet. However, how this occurs is 

not well understood. Here, we showed that while previously salt resistant wild-type mice became 

salt-sensitive after the induction of renal injury with the nitric oxide synthase inhibitor Nω-Nitro-

L-arginine methyl ester hydrochloride (L-NAME); mice lacking renal angiotensin-converting 

enzyme, exposed to the same insult, did not become hypertensive when faced with a sodium load. 

This is because the activity of renal angiotensin-converting enzyme plays a critical role in: 1) 

augmenting the local pool of angiotensin II and, 2) the establishment of the anti-natriuretic state 

via modulation of glomerular filtration rate and sodium tubular transport. Thus, this study 

demonstrates that the presence of renal angiotensin-converting enzyme plays a pivotal role in the 

development of salt sensitivity in response to renal injury.
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INTRODUCTION

The blood pressure of one in every two hypertensive patients increases in response to high 

salt intake, a condition known as salt-sensitive hypertension. Yet, despite its high prevalence, 

salt sensitivity continues to be poorly understood. There is no consensus definition, it is not 

easy to detect in the clinic and above all, there are fundamental gaps in the understanding of 

its origin. While it is recognized that salt sensitivity has a strong genetic component,1,2 it has 

also become apparent that acquired factors increase the pressor response to dietary sodium. 

Most notably, recent evidence suggests that salt-sensitive hypertension can result from a 

chronic renal inflammatory state that reduces the kidneys’ capacity to excrete a sodium load 

without elevating blood pressure.3–5

Over the last two decades a plethora of studies suggest that inflammation is central to the 

etiology of hypertension. Investigators have shown that T lymphocytes and other 

components of the inflammatory response, including macrophages, dendritic cells, pro-

inflammatory cytokines, and reactive oxygen species (ROS) actively modulate blood 

pressure.6–11 These studies add to the well-established observation that renal inflammation 

and injury are common in experimental and human hypertension and other associated 

conditions like obesity and diabetes.12–14 However, even accepting the kidney injury 

hypothesis, a key question remains how inflammation affects the renal sodium excretory 

pathway to cause sodium retention and hypertension.

We hypothesize that the activity of the renal angiotensin-converting enzyme (ACE)/

Angiotensin (Ang) II pathway is crucial in blunting natriuresis and establishing salt 

sensitivity in the setting of renal inflammation. This novel concept builds on recent analyses 

showing that the renal renin-angiotensin system (RAS) becomes activated in conditions of 

renal injury. It also builds upon previous work emphasizing the importance of Ang II actions 

locally within the kidney.15 Specifically, our group found that local Ang II synthesis by renal 

ACE is indispensable for the development of experimental hypertension: in mice lacking 

renal ACE, neither Ang II infusion nor nitric oxide depletion can induce hypertensive 

disease.16 This is because renal ACE activity is required to increase local Ang II, which in 

turn, induces sodium and fluid retention via activation of key sodium transporters in the 

proximal tubule [Na+/H+ exchanger 3 (NHE3)], the thick ascending limb [Na+-K+-2Cl− co-

transporter 2 (NKCC2)], and the distal nephron [NaCl co-transporter (NCC), epithelial Na+ 

channel (ENaC) and pendrin].16,17 Thus, our data link renal Ang II and local regulation of 

sodium transport as obligatory for the development of hypertension.

We now present evidence that two mouse models lacking ACE in renal tissues, the ACE 3/3 

and the ACE 10/10 mice, do not develop salt sensitivity in response to renal injury. 

Specifically, in the absence of renal ACE these mice maintain a normal renal natriuretic 

response to high salt despite substantial levels of renal inflammation induced by the 

protocol. In other words, our data suggest that without renal ACE, there is no salt-sensitive 

hypertension despite the presence of renal inflammation.
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METHODS

For detailed description see Methods in the online-only Data Supplement.

RESULTS

Mouse models

The ACE 10/10 mouse is an inbred line (C57Bl/6J) that expresses ACE only in 

myelomonocytic cells.18 The ACE 3/3 mouse has a mixed background (C57Bl/6-129) and 

expresses ACE mostly in hepatocytes.19 Both strains share features that were important for 

this study: normal levels of circulating ACE, normal basal blood pressure and normal basal 

renal morphology and physiology. Even more important, in ACE 10/10 mice, renal ACE 

activity is reduced by 98% (Figure S1A), while in the ACE 3/3 mice it is reduced by 86%. 

Finally, both wild-type (WT) and ACE 10/10 mice are salt resistant at baseline, as they can 

be exposed to a high salt diet without discernable blood pressure changes (Figure S1B).

Renal ACE absence blunts salt sensitivity

We used the post L-NAME model to test our hypothesis. In this protocol, a transient 

exposure (4 weeks) to Nω-Nitro-L-arginine methyl ester hydrochloride (L-NAME) was 

followed by a washout phase (1 week) and then, exposure to a high salt diet (3 weeks). We 

selected this model based on previous publications showing that the transient exposure to L-

NAME elicited renal injury that converted rodents from salt-resistant to salt-sensitive.20 

Indeed, WT mice, previously salt-resistant, developed hypertension when fed a high salt 

diet, regardless of their background strain (Figures 1). Because ACE 10/10 and ACE 3/3 

mice are more resistant to L-NAME than WT mice,17 we increased their L-NAME dosing 

three-fold to raise blood pressure to the level observed in the WT mice. Remarkably, even 

after equivalent levels of hypertension to WT (Figure 1), mice lacking renal ACE remained 

completely resistant to the development of salt sensitivity. After 3 weeks of high salt diet, 

ACE 10/10 mice had a blood pressure that was 109 ± 2 mmHg vs. 107 ± 5 mmHg at 

baseline (Figure 1A; not significant, NS). The blood pressure of ACE 3/3 mice was 102 ± 4 

mmHg vs. 102 ± 7 mmHg at baseline (Figure 1B; NS).

We focused on the ACE 10/10 mice because of their nearly total lack of renal ACE activity. 

Also, the renal function of the C57Bl strain is well characterized.16,21 First, we investigated 

if the dissimilar responses to the sodium load were due to differences in nitric oxide (NO) 

availability and/or residual effects of L-NAME by measuring urinary nitrite/nitrate (NOx) 

excretion. However, WT and mutant mice exhibited similar reductions in NOx excretion 

during L-NAME treatment that recovered to pre-existing levels during the washout and the 

high salt phase (Figure S2).

Renal inflammation and fibrosis

We determined whether differences in renal injury induced by L-NAME accounted for the 

dissimilar blood pressure response to high salt diet by assessing the renal content of 

interleukin 6 (IL-6), Tumor necrosis factor α (TNF-α), IL-17, transforming growth factor β 

(TGF-β), macrophage infiltration, fibrosis, and proteinuria (Figures 2, S3 and S4). Baseline 
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level of these parameters was the same among genotypes. After L-NAME, IL-6 (Figure 2A, 

2B and S3C), TNF-α content (Figure S3A, S3B and S3D), IL-17 (Figure S3E), TGF-β 

(Figure S3F), macrophage number (Figure 2C and 2D), fibrosis (Figure 2E and 2F), and 

proteinuria (Figure S4) increased to the same extent in WT mice and ACE 10/10 mice. 

Further, all these parameters remained elevated throughout the washout in WT and mutant 

mice. Hence, the blunted blood pressure of mutant mice in response to the sodium load 

cannot be attributed to a lesser degree of renal injury. Finally, the high salt diet exacerbated 

the degree of inflammation and injury in WT kidneys, but not in the kidneys from mutant 

mice (Figure 2, S3 and S4).

The absence of renal ACE prevents local Ang II accumulation

We used a validated immunohistochemical method to measure tissue Ang II content (Figure 

3A, 3B and S5A).17 Baseline renal Ang II levels were similar among genotypes. In WT 

mice, L-NAME treatment increased renal Ang II, and this increase persisted throughout the 

washout and the sodium load (Figure 3A, 3B and S5A). In contrast, renal Ang II content in 

ACE 10/10 mice did not change significantly throughout the experiment. Renal Ang II levels 

were confirmed by an enzyme immunoassay in total kidney homogenate (Figure 3C).

In view of these findings, we analyzed the expression of two key renal RAS components: 

angiotensinogen and ACE (Figure S5). As previously reported,16,17 baseline 

angiotensinogen was significantly higher in WT mice than in the mutant mice. In WT mice, 

renal angiotensinogen abundance increased in response to L-NAME, and stayed elevated 

during the washout and the sodium load. In the ACE 10/10 mice, angiotensinogen did not 

change (Figure S5B). As expected, baseline ACE expression was also significantly higher in 

WT mice than in ACE 10/10 mice. Further, while renal ACE expression remained 

unchanged in the ACE 10/10, in WT mice ACE appeared to progressively increase during L-

NAME treatment, washout and salt load (Figure S5C).

Renal ACE is obligatory for sodium retention during renal injury

We previously showed that baseline sodium and urine excretion were similar in WT mice 

and mice lacking renal ACE. We also demonstrated that in response to L-NAME, WT mice 

exhibited transient reductions in sodium excretion and a positive sodium balance that were 

corrected at the expense of hypertension. In contrast, these anti-natriuretic responses were 

blunted in the ACE 10/10 mice.17 In view of these findings, we focused on renal sodium 

handling during the washout and high salt phases (Figure 4, S6 and S7). During washout, 

sodium and urine excretion were similar in both strains. While sodium and urine excretion 

increased in both WT and mutant mice in response to a high salt diet, ACE 10/10 mice 

displayed a markedly enhanced natriuretic and diuretic response (4A and 4B). Importantly, 

the greater natriuresis of the mutant mice is not a reflection of higher sodium intake, as this 

was indistinguishable from WT mice (Figure 4C and S6). Importantly, sodium balance 

studies showed that WT mice developed a positive daily sodium balance during the first 72 h 

of the sodium load (508 ± 62 μmol/24h, Figure 4D) as well as sodium accumulation (Figure 

S6E) that were later corrected at the expense of the increased blood pressure. In sharp 

contrast, the greater natriuresis observed in mice lacking renal ACE was associated with 

lesser sodium retention (108 ± 43 μmol/24h; p<0.01 vs. WT; Figures 4D and S6E), and 
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retained normal blood pressure. Plotting sodium excretion against blood pressure revealed a 

rightward shift in the pressure-natriuresis relationship of WT mice (Figures S7A), but not in 

the mutant mice (Figures S7B), after L-NAME treatment. Finally, none of these differences 

between WT and mutant mice in response to the salt challenge were observed in mice not 

pre-treated with L-NAME (Figure 4, S6 and S7).

Renal ACE blunts the GFR responses of the injured kidney to a sodium load

The GFR of conscious unrestrained mice was assessed by a transcutaneous method.17,22 At 

baseline, the GFR of WT and ACE 10/10 mice was indistinguishable (1461 ± 32 vs. 1481 

± 27 μL/min/100 g b.w., NS, Figure 5). In response to high salt diet without L-NAME pre-

treatment, both strains showed acute GFR increases that were similar in magnitude, 

approximately 20% (Figure 5A). Importantly, L-NAME pre-treatment abolished this rise in 

GFR in WT but not in ACE 10/10 mice (Figure 5B), even though the mutant strain was 

exposed to three times more L-NAME; ACE 10/10 still exhibit an acute GFR increase when 

switched to high salt diet (from 1406 ± 37 to 1596 ± 49 μL/min/100 g b.w, p<0.01, Figure 

5B). Thus, these data indicate a very important role of renal ACE in counteracting the 

adaptive GFR increase in response to high salt diet in the context of renal inflammation.

Renal sodium transporter profiling

To investigate the blunted natriuresis in the post L-NAME model, we measured the 

abundance, phosphorylation and processing of several key sodium transporters: NHE3, 

NKCC2, NCC, and ENaC. We showed in the past that the baseline transporter profile of WT 

and ACE 10/10 mice is indistinguishable.16 We also showed that WT mice respond to L-

NAME with adaptations that facilitate natriuresis including decreases in total abundance and 

phosphorylation (P) of NKCC2 as well as decreased full length and the active cleaved 

product of αENaC (αENaC-CL). In L-NAME treated ACE 10/10 mice, more extensive and 

substantial natriuretic adaptations occurred. These include: decreases in NHE3, Na+-P(i) 

cotransporter 2 (NaPi2), further decrease in NKCC2-P, decrease in NCC-P and αENaC 

modulation.17 We now show that after the washout week, WT mice transporter profiling 

returned to baseline levels (Figure 6A, left). In contrast, most changes induced by L-NAME 

persisted after the washout in ACE 10/10 mice. Specifically, ACE 10/10 mice displayed 

reductions in either the abundance or the phosphorylation levels of NKCC2, NCC, and 

cleaved αENaC (αENaC-CL) as compared to baseline (Figure 6A, right). Most of these 

changes were significantly greater when compared to WT mice (Figure 6B). Thus, the more 

extensive transporter expression reduction of the ACE 10/10 mice suggests less potential for 

active sodium reabsorption by the time these mice are exposed to the high salt diet.

WT and ACE 10/10 mice never treated with L-NAME displayed equivalent reductions in 

sodium transporters when exposed to a 3-week high salt diet (Figure S8). However, different 

responses were observed in L-NAME pre-treated mice. WT mice responded with reduced 

abundance or phosphorylation of NKCC2, NCC, and αENaC-CL when compared to 

baseline levels (Figure 7A, left). Nonetheless, these mice still developed hypertension. L-

NAME treated ACE 10/10 mice also displayed reductions in sodium transporters (Figure 

7A, right) but maintained normal blood pressure. This was associated with significantly 

greater reductions of NCC abundance and phosphorylation, as well as αENaC-CL 
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abundance, than observed in WT mice (Figure 7B). Thus, these findings indicate that the 

presence of renal ACE in WT mice was associated with higher levels of transporter 

expression and impaired natriuresis during the high salt challenge.

DISCUSSION

Using the post L-NAME hypertension model, there was a major difference in salt sensitivity 

between WT and ACE 10/10 mice. Namely, while the transient exposure to L-NAME 

sensitized WT mice to salt-sensitive hypertension, ACE 10/10 mice could excrete a salt load 

without a rise in blood pressure when challenged with a high salt diet; in other words, they 

remained salt-resistant. The ACE 3/3 mice, a second genetic model of reduced renal ACE 

expression, also remained normotensive following a high salt diet. ACE 10/10 and ACE 3/3 

mice have different mutations, different genetic backgrounds and a different pattern of ACE 

expression. However, both strains maintain normal basal renal structure and function, and 

have normal systemic Ang II levels. What both strains lack is the ability to produce normal 

amounts of renal ACE.

Notwithstanding genetic predilection, a theory put forward to explain salt sensitivity is that it 

arises from a subtle acquired renal injury.4,23,24 Salt-sensitive hypertension is thought the 

result of three renal insults. The first is a transient elevation in blood pressure caused by an 

environmental stress. This establishes the second insult, a chronic renal inflammatory state 

that, although significant, is not overwhelming. The final insult is high salt intake itself, 

which surpasses the compromised compensatory ability of the kidney and leads to overt 

hypertension. We intended to replicate these three insults with the post L-NAME model. 

While we used L-NAME to induce the initial renal injury, others have reported the induction 

of salt sensitivity by other experimental protocols of renal damage, including Ang II 

infusion25 and chronic ischemia.26 Our previous study established that both the ACE 10/10 

and ACE 3/3 mice are resistant to the development of hypertension induced by L-NAME.17 

Thus, in order to apply the post-L-NAME protocol, we increased the dose of L-NAME to 

induce an equivalent level of hypertension in the ACE 10/10 and ACE 3/3 mice as in WT 

mice. One obvious question was whether we did, in fact, achieve equivalent levels of injury 

in both WT and mutant mice. Since analysis showed comparable levels of inflammatory and 

injury markers, we believe there was equivalent injury in both groups of mice throughout the 

experimental protocol.

What then explains the difference in response to a salt load? Our hypothesis is that the 

inflammation triggered by L-NAME activates the renal RAS, resulting in renal Ang II 

accumulation and, ultimately, impaired renal natriuretic responses. In the ACE 10/10 mice 

lacking renal ACE, this does not occur. A strong body of evidence supports the concept that 

the renal RAS is regulated independently from the systemic RAS.15 Specifically, 

inflammation, ROS, and other pathological agents can stimulate several renal RAS 

components, including angiotensinogen, tubular renin, ACE and the AT1 receptor.15,27–29 

Here, we show that in WT mice, the initial L-NAME insult stimulates renal expression of 

angiotensinogen and ACE resulting in increased local Ang II synthesis. Thus, WT mice 

accumulate increasing amounts of renal Ang II during post-L NAME hypertension while the 

intrarenal Ang II is never increased in the ACE 10/10 mice. Because ACE cleaves many 
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substrates, it is possible that at least some of our observations are due to other peptide(s) 

besides Ang II.

Both ACE 10/10 and ACE 3/3 mice are unique animals with very little renal ACE. In 

addition, the genetic mutations used to create these mice result in endothelium (both intra- 

and extra-renal endothelium) that make no ACE.18,19 In terms of systemic effects, studies 

have shown that under basal conditions, plasma Ang II levels are normal in these mice. 

Further, basal GFR and renal concentrating function is also equivalent to WT mice.16,17 

Both L-NAME administration and high salt result in plasma renin suppression and low 

systemic Ang I levels. All this suggests that the lack of systemic endothelial ACE has little 

effect on the physiology of these mice. Indeed, both previously published genetic 

manipulations of endothelial ACE levels and computer simulations of the effects of systemic 

ACE on blood pressure control strongly suggest that the lack of systemic endothelial ACE 

has minimal effects in ACE 10/10 and ACE 3/3 mice.30,31 However, the absence of ACE 

from endothelium and other tissues such as the central nervous system could also contribute 

to our results and cannot be discounted.

The most remarkable aspect of our study is the significant impact of renal ACE on the 

pressure-natriuresis relationship. In the present study, the renal responses of naïve WT and 

ACE 10/10 mice to a high salt diet are undistinguishable. Yet, after injury, the presence of 

renal ACE in WT mice obliges a rightward shift of the pressure-natriuresis relationship and 

the establishment of hypertension. Remarkably, in the ACE 10/10 mice, animals lacking 

renal ACE, this major change is not required to maintain salt balance despite equivalent 

levels of renal injury. Although we observed a strong correlation between sodium balance 

and blood pressure, we cannot establish with absolute certainty that greater sodium retention 

is the sole mechanism explaining the hypertension.32

In theory, renal ACE could dysregulate sodium handling during a high salt diet by causing 

abnormalities of renal hemodynamics and GFR, or by blunting the expected decrease in 

sodium reabsorption along the nephron. We observed that both naïve WT and ACE 10/10 

mice, never exposed to L-NAME, displayed an acute and transient GFR increase in response 

to a salt load. This has been described by others as a first line of defense against sodium-

induced extracellular volume expansion.33,34 After L-NAME treatment, this adaptive 

response to a salt load was lost in WT, but not in the ACE 10/10 mice. The lack of increase 

in GFR after high salt is likely the consequence of the vasoconstrictive effects of Ang II on 

pre-glomerular and post-glomerular vasculature.35 While it is thought that Ang II 

preferentially constricts efferent arterioles, enough Ang II can constrict pre-glomerular 

arterioles via direct activation of AT1 receptors and through increasing the sensitivity of the 

tubule-glomerular feedback mechanism. Although we did not assess this mechanism 

directly, we find that activated (phosphorylated) NKCC2, the tubuloglomerular feedback 

sensor, is reduced by 40% in the ACE 10/10 mice after L-NAME treatment and washout. 

Thus, it is logical to predict that the activity of tubuloglomerular feedback depends on renal 

ACE

Although we observed reductions in sodium transporters in WT mice, the establishment of 

hypertension in this group indicates that such compensation was insufficient to prevent the 
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blood pressure increase. We present here evidence to support renal Ang II accumulation as 

the underlying factor for the reduced compensatory capacity. However, it is also possible 

that downregulation of counterbalancing mechanisms, like the dopamine system,36,37 play a 

role in our observations. In contrast to what was observed in WT mice, ACE 10/10 mice 

have greater reductions of abundance, phosphorylation and processing of key sodium 

transporters. Thus, the absence of ACE in the mutant mice reduced nephron sodium avidity 

and preserved the capacity to balance sodium output to the elevated sodium intake without 

increasing blood pressure. Left here unexplored, it is also the possibility that other 

mechanisms, including alterations in the vascular responses, participate in our observations.

In conclusion, our data support a hypothesis in which L-NAME induced hypertension 

injures the kidney, thereby triggering local renal ACE derived Ang II production. The 

increase of local Ang II blunts the appropriate natriuretic responses to a sodium load and 

elevates the blood pressure. The absence of renal ACE prevents changes in renal salt 

handling and the shifting of the pressure-natriuresis relationship, keeping blood pressure 

values in the normal range. Thus, our study strongly suggests that renal ACE exerts a critical 

causative role in the induction of salt sensitivity in response to renal parenchymal injury.
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PERSPECTIVES

Salt-sensitive hypertension affects half of hypertensive patients. Yet, it continues to be a 

poorly understood aspect of hypertension. Here, study of mice genetically lacking renal 

ACE shows that renal ACE plays a pivotal role in the development of salt sensitivity 

following renal injury. We propose a new paradigm in which renal sodium handling, 

including the regulation of the glomerular filtration rate and key sodium transporter 

activity, is ultimately controlled by renal, instead of systemic, Ang II levels. Specifically, 

renal ACE/Ang II pathway facilitates the development of salt-sensitive hypertension. 

Thus, our data offers a very novel mechanistic explanation for the development of salt 

sensitivity following renal parenchymal injury.
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NOVELTY AND SIGNIFICANCE

What Is New?

• Renal injury is associated with renal ACE overexpression, Ang II accumulation 

in the kidney and sodium retention.

• During renal parenchymal injury, renal ACE and Ang II modulate GFR and 

sodium transporter activity to induce a sodium-retentive state that establishes 

salt-sensitive hypertension.

What Is Relevant?

• Renal ACE, and not the systemic RAS, plays a pivotal role in establishing a 

sodium-retentive state that precedes hypertension.

• This study offers a very novel mechanistic explanation as to how renal injury 

causes sodium retention.

Summary

Renal ACE is fundamental for the establishment of an anti-natriuretic state via 

modulation of the glomerular filtration rate and multiple sodium tubular transporters. 

This, in turn, impairs the capacity of the kidney to respond to a sodium load and results in 

hypertension.
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Figure 1. The absence of renal ACE prevents the development of salt-sensitive hypertension
ACE 10/10 (A), ACE 3/3 (B) and wild-type (WT) mice were exposed to 4 weeks of L-

NAME, a 1-week washout period, and then, 3 weeks of high salt diet (4%). L-NAME was 

given to WT (0.5 mg/mL) and mutant mice (1.5 mg/mL) in the drinking water. SBP: 

Systolic blood pressure. Values represent mean ± SEM. n = 6–17 per group, **p<0.01, 

***p<0.001.
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Figure 2. Wild-type (WT) and ACE 10/10 mice display similar levels of renal inflammation and 
injury during post L-NAME hypertension
Kidneys from WT and ACE 10/10 mice were collected at the end of each phase of the post 

L-NAME protocol. Renal sections were stained for IL-6 (A) and results were confirmed by 

ELISA in kidney homogenates. Data were expressed as pg of IL-6 per mg of total kidney 

protein (B). Macrophage infiltration was performed by F4/80 staining (C) and data were 

expressed as F4/80 positive cells per area (D). Fibrosis was assessed by Masson’s Trichrome 

staining (E) and expressed as percentage of positive staining per area (F). L-NAME was 

given to WT (0.5 mg/mL) and ACE 10/10 (1.5 mg/mL) in the drinking water. Values 

represent the mean ± SEM. n = 5–11 per group, *p<0.05; **p<0.01; ***p<0.001 vs. non-

treated mice; #p<0.05 vs. all groups.
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Figure 3. Renal angiotensin (Ang) II immunostaining during post L-NAME hypertension
Kidneys from wild-type and ACE 10/10 mice were collected after each phase of the post L-

NAME protocol. Renal sections were stained for Ang II (A) and values were expressed as 

percentage of positive staining per area (B). Renal Ang II content was confirmed by an 

enzyme immunoassay and data were expressed as fmol of Ang II per gram of kidney (C). L-

NAME was given to WT (0.5 mg/mL) and ACE 10/10 (1.5 mg/mL) in the drinking water. n 
= 5–10 per group, ***p<0.001 vs. non-treated mice.
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Figure 4. Mice lacking renal ACE display improved sodium (Na+) handling
Wild-type (WT) and ACE 10/10 mice were housed individually in metabolic cages with free 

access to food and water before and during the high-salt diet. Na+ excretion (A) and urine 

output (B) as well as Na+ ingestion (C) were used to calculate Na+ balance (D). Values were 

expressed as μmol Na+ per day. L-NAME was previously given to WT (0.5 mg/mL) and 

ACE 10/10 (1.5 mg/mL) in the drinking water. WT and ACE 10/10 mice not pre-treated 

with L-NAME were used as controls. Values represent mean ± SEM. n = 8 per group, 

*p<0.05; **p<0.01.
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Figure 5. Renal ACE impairs the acute increase of glomerular filtration rate (GFR) elicited by a 
high salt diet
GFR was estimated by the transcutaneous method at the indicated times during the 3-week 

course of the high salt diet in: naïve, not pre-treated with L-NAME, wild-type and ACE 

10/10 mice (A), and in animals previously exposed to the L-NAME (B). Values represent the 

mean ± SEM. n = 5–7 per group, **p<0.01.

Giani et al. Page 17

Hypertension. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. Lower abundance and/or phosphorylation of NHE3, NKCC2, NCC and the cleaved 
(CL) subunit of ENaC were observed in animals lacking renal ACE after the washout phase
(A) Transporter expression was analyzed in kidney homogenates from non-treated mice and 

after the washout phase. L-NAME was given to wild-type (0.5 mg/mL) and mutant mice 

(1.5 mg/mL) in the drinking water. Immunoblots were performed with a constant amount of 

protein per lane. Relative abundance from each group is displayed below the corresponding 

blot as mean ± SEM. n = 12 per group, *p<0.05; **p<0.01; ***p<0.001 vs. corresponding 

non-treated mice. (B) Bars represent the relative reduction vs. non-treated mice (set as 0), 

*p<0.05; **p<0.01; ***p<0.001.
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Figure 7. The absence of renal ACE amplifies reductions in abundance and/or phosphorylation 
of NCC and the cleaved (CL) portion of αENaC after 3 weeks of a high salt diet
(A) Transporter expression was analyzed in total kidney homogenates from non-treated mice 

and after a 3-week high salt phase. L-NAME was given to wild-type (0.5 mg/mL) and 

mutant mice (1.5 mg/mL) in the drinking water. Immunoblots were performed with a 

constant amount of protein per lane. Relative abundance from each group is displayed below 

the corresponding blot as mean ± SEM. n = 12 per group, *p<0.05; **p<0.01; ***p<0.001 

vs. corresponding non-treated mice. (B) Bars represent the relative reduction vs. non-treated 

mice (set as 0), *p<0.05; **p<0.01; ***p<0.001.
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