
Therapeutic Suppression of mTOR Signaling Prevents and 
Reverses Salt-Induced Hypertension and Kidney Injury in Dahl 
Salt-Sensitive Rats

Vikash Kumar, Louise C. Evans, Theresa Kurth, Chun Yang, Clayton Wollner, Victoria 
Nasci, Nadezhda N. Zheleznova, John Bukowy, Alex Dayton, and Allen W. Cowley Jr.
Department of Physiology, Medical College of Wisconsin, Milwaukee.

Abstract

Mammalian target of rapamycin (mTOR) signaling has emerged as a key regulator in a wide range 

of cellular processes ranging from cell proliferation, immune responses, and electrolyte 

homeostasis. mTOR consists of two distinct protein complexes mTORC1 and mTORC2, each with 

distinct downstream signaling events. mTORC1 has been implicated in pathological conditions 

such as cancer and type 2 diabetes in humans and inhibition of this pathway with rapamycin has 

been shown to attenuate salt-induced hypertension in Dahl salt-sensitive (SS) rats. A number of 

studies have found that the mTORC2 pathway is involved in the regulation of renal tubular sodium 

and potassium transport but its role in hypertension has remained largely unexplored. In the 

present study, we therefore determined the effect of mTORC2 inhibition with compound PP242 

upon salt-induced hypertension and renal injury in SS rats. We found that PP242 not only 

completely prevented but also reversed salt-induced hypertension and kidney injury in SS rats. 

PP242 exhibited potent natriuretic actions and chronic administration tended to produce a negative 

Na+ balance even during high salt feeding. The results indicate that mTORC2 and the related 

downstream associated pathways play an important role in regulation of sodium balance and 

arterial pressure regulation in SS rats. Therapeutic suppression of the mTORC2 pathway 

represents a novel pathway for the potential treatment of hypertension.
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Introduction

Hypertension and the effects of dietary salt on blood pressure remain a major cause of global 

mortality and a primary risk factor for renal, cardiovascular and cerebrovascular disease1. In 

nearly 50% of hypertensive patients, blood pressure increases in response to salt (salt-

sensitivity)2. This figure increases to 75% in African-American populations, who also suffer 
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a disproportionate incidence of hypertension 2–4 with a higher incidence of end stage renal 

disease 5, 6. Despite extensive research, the underlying genetic and molecular mechanisms of 

common forms of hypertension remain largely unclear. Dahl salt-sensitive (SS) rats were 

utilized in the present studies since they represent a naturally occurring genetic model 

possessing many of the same traits observed in the salt-sensitive African American 

population7.

We have begun to explore the role of mammalian target of rapamycin (mTOR) pathways in 

hypertension. mTOR is a serine/threonine kinase in the PI3K-related kinase (PIKK) family 

that forms the catalytic subunit of two distinct protein complexes, known as mTORC1 and 

mTORC2. mTORC1 plays important role in the regulation of cell proliferation, cell growth 

and the immune system. It is known to be deregulated in several pathological conditions8, 9. 

We have recently found that inhibition of mTORC1 with rapamycin reduces salt-induced 

hypertension and kidney injury in SS rats10. Rapamycin did not inhibit renal mTORC2 

activity in that study10 and provided no information about the participation or relevance of 

the mTORC2 pathway in salt-induced hypertension in SS rats.

Given evidence that the mTORC2 pathway can alter renal tubular electrolyte transport11–14 

and given the absence of studies assessing its role in cardiovascular disease and 

hypertension, we have explored the potential role of this pathway in salt-induced 

hypertension in SS rat model. There are currently no pharmacological tools to selectively 

inhibit mTORC2 without affecting mTORC1 and the development of such compounds has 

been difficult given that both complexes share the same catalytic domain15. Currently, the 

most effective pharmacological tools to inhibit mTORC2 are ATP competitive inhibitors 

such as PP242, AZD8055 and Torin1 which also inhibit mTORC111. In the present study, 

PP242 was used to study the effect of mTORC2 inhibition in the development of salt-

induced hypertension and kidney injury in SS rats. The extent of inhibition of the mTORC1 

pathway by PP242 in our study was assessed by determining the phosphorylation of unique 

motifs related to their final downstream effector ribosomal protein S6 at S235/236. 

Ribosomal S6 kinase1 (S6K1), a downstream effector of mTORC1, phosphorylates 

ribosomal protein S6 at serine 235, 236, 240, 244 and 247 and the ratio of pS6S235/236/S6 

was used as the functional marker of mTORC1 kinase activity9. Inhibition of mTORC2 was 

assessed by determining activity of its immediate downstream effector kinase AKT at serine 

473 and the ratio of pAKTS473/AKT was used as the functional marker of mTORC2 kinase 

activity9. The results of the present study indicate that the mTORC2 pathway plays an 

important role in determining blood pressure salt-sensitivity in the commonly used SS rats.

Methods Summary

All supporting data used for this study are available within the article and its online 

supplementary files. Experiments were performed with male Dahl SS/JrHsdMcwi rats. 

PP242 (i.p.,15 mg/kg/day) or vehicle (30% PEG, 0.5% Tween 80, and 5% propylene glycol 

dissolved in sterile ultra-pure water) was administered daily to male SS rats (10 wk old) 

while fed a 0.4% NaCl diet (4 days) followed by treatment during 21 days of a high 4.0% 

NaCl diet. Radiotelemetry catheters and transmitters were surgically implanted for 

24hrs/day recording of blood pressure and heart rate as we have described10,. Body weight 
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was measured daily and on the final day of the 4.0% NaCl diet period, rats were placed in a 

metabolic cage for a 24 hr urine collection. Western blot, immunohistochemistry, sodium 

balance, renal interstitium infusion of PP242, renal tubular injury, and glomerular score were 

performed as we have described10, 16, 17 and detailed in the online- Data Supplement.

Statistical Methods

Data are presented as mean values ± standard error. A two-way analysis of variance 

(ANOVA) for repeated measures test was used to compare chronically recorded blood 

pressure measurements, Na+ balance studies, and acute renal interstitial and i.v. infusions of 

PP242. Student’s t-test was used to compare between the vehicle and PP242 treatments in 

the studies. Paired t-test was used to compare the effect of treatments on body weight of SS 

rats fed a 4.0% NaCl diet. p<0.05 was considered significant.

Results

PP242 prevented salt-induced hypertension in SS rats.

One week following recovery from implantation of radiotransmitters, control levels of 

continuously recorded arterial pressures were obtained over a 3 day period while rats 

continued to receive the control salt (0.4% NaCl) diet. Daily PP242 treatment was then 

begun (i.p., 15 mg/kg/day) and effects of the drug or vehicle alone were determined over the 

next four days prior to switching to the high salt (4.0% NaCl) diet. As shown in Figure 1A, 

PP242 tended to lower the mean arterial pressure (MAP) by day four of injection during the 

control salt period (p<0.05). When switched to the high salt diet, MAP rose progressively in 

the vehicle treated SS rats reaching 150 ± 2 mmHg by day 10 and 168 ± 3 mmHg by day 21. 

PP242 treated rats exhibited no increase of MAP after switching to the high salt diet 

throughout the 21 day period of recording. As shown in Figure S1A-C, PP242 nearly 

abolished diurnal rhythms of MAP, diastolic blood pressure (DBP) and systolic blood 

pressure (SBP) in SS compared to vehicle treated rats. However, diurnal heart rate (HR) 

rhythms remained unaffected in PP242 treated rats compared to vehicle treated rats (Figure 

S1D).

During the study, the animals remained active and appeared healthy based on levels of 

alertness, appearance of their eyes, and the condition of their fur and grooming. However, 

PP242 treated rats did not gain body weight throughout the study (298 ± 7 g on day 0 

compared to 302 + 6 g on day 21 of 4.0% NaCl diet) in contrast to vehicle treated rats which 

averaged a 60 g weight increase during the same period. Renal hypertrophy which is 

commonly observed in high salt fed SS rats10 was not found in PP242 treated rats in which a 

24% lower kidney to body weight ratio was observed compared to vehicle treated rats (renal 

hypertrophy index; P<0.05) (Figure 1B).

PP242 treatment prevented renal injury, and immune cell infiltration.

PP242 treated rats displayed a complete protection from the renal injury compared to vehicle 

treated rats assessed at the end of the 21 day period of the high salt diet. As shown in Figure 

2A, PP242 treated rats exhibited very low levels of medullary tubular casts averaging only 

2% positive cast area versus 12% positive area in vehicle treated rats. Similarly, albumin 
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excretion (UalbV) and protein excretion rates (UprotV) were significantly lower in PP242 

treated rats averaging 33 ± 7 mg/day compared to 256 ± 37 mg/day in vehicle treated and 84 

± 10 mg/day compared to 351 ± 44 mg/day in vehicle treated SS rats, respectively (Figure 

2B&C). Further evidence of the protective effects of PP242 treatment are seen in Figure 2D-

F which compares the glomerular injury scores, inflammatory CD3 (T-lymphocyte) and 

CD68 (macrophage) labeled cells. PP242 treatment significantly protected glomerular injury 

in SS rats compared to vehicle treated SS rats (Figure 2D). As seen in Figure 2E&F, CD3+ 

and CD68+ cells/mm2 were significantly reduced in the renal medulla in PP242 treated rats 

compared to vehicle treated SS rats. Similarly, PP242 tretament reduced both CD3 and 

CD68 labeled cells in the renal cortex compared with vehicle treated rats (Figures S2A-B).

Ability of PP242 to reverse early stage salt-induced hypertension in SS rats.

To determine if PP242 could also reverse salt-induced hypertension, SS rats were fed a 4.0% 

NaCl diet for 7 days to produce hypertension and then randomly divided into two groups; 

one treated daily with PP242 and the other with vehicle over the following 14 days (days 7–

21) of 4.0% NaCl diet. A third group of SS rats was treated daily with an i.p. saline injection 

during the first 7 days of the 4.0% NaCl diet at which point the experiment was stopped and 

kidney collected for assessment of the effects of the high salt diet and associated 

hypertension on renal injury prior to PP242 treatment. As seen in Figure 3A, MAP initially 

rose equally in each of the three groups of rats, reaching approximately 143 mmHg by day 7 

of 4.0% NaCl. PP242 (i.p.,15 mg/kg/day) resulted in complete normalization of MAP by the 

second day of treatment which was sustained throughout the remaining 12 days of therapy 

despite the maintenance of the 4.0% NaCl diet. The MAP of vehicle treated rats continued to 

rise throughout the 4.0% NaCl challenge, averaging 184 ± 10 mmHg by day 21. The body 

weight of the vehicle treated rats increased from 324 ± 14 to 360 ± 14 g during this same 

period. In contrast the PP242 treated rats which showed no change of body weight averaging 

311 ± 26 g during the control period and 308 ± 21 g at the end of the 21 day study.

In addition to reducing MAP, PP242 treatment resulted in an almost complete reversal of 

renal injury. As shown in Figure 3B, Urine albumin excretion rate determined in the group 

of SS rats treated with saline for 7-days of the 4.0% NaCl diet averaged 80 ±18 mg/day, a 

value higher than those determined in the PP242 treated rats after 21-days of high salt (52 

±12 mg/day). Similarly, the histological analysis (Figure 3C) showed that PP242 treatment 

significantly reduced medullary protein casts to levels less than those observed after 7-days 

of 4.0% NaCl and well below those of the vehicle treated rats.

Indices of renal inflammation were also reduced by PP242 treatment as seen by the 

significant reduction of infiltrated T lymphocytes assessed by CD3/mm2 (Figure S3A). After 

14 days of PP242 treatment, T-lymphocytes were reduced from levels of 277± 15 observed 

after 7 days of 4.0% NaCl diet to levels of 45 ± 4 CD3/mm2 (Figure S3A). Consistent with 

these lymphocyte counts the tissue protein level of CD3 as determined by Western blot 

analysis was significantly reduced (P<0.0001) in the medullary tissue (Figure S3B) and in 

the renal cortex (Figure S3C&D). All indices of renal injury were significantly higher in the 

vehicle treated rats than both the PP242 and saline treated rats. Taken together, these results 

show that PP242 is a potent antihypertensive drug which not only prevents but also reverses 
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salt-induced hypertension. The reversal of hypertension was associated with significant 

reductions in both renal injury and renal inflammation.

PP242 produced natriuresis acutely and chronically.

The effects of PP242 upon renal electrolyte excretion were studied first in anesthetized rats 

in which the compound was delivered both intrarenally into the outer medullary interstitial 

space (at the medullary-cortical junction), and by intravenous infusion. As summarized in 

Figure 4A, acute renal interstitial (r.i.) infusion of PP242 (5 mg/kg; 20 min) in anesthetized 

SS rats produced nearly a 4-fold increase of Na+ excretion (P<0.05) and a 3-fold increase of 

urine output (P<0.05) compared to rats receiving vehicle. The peak natriuretic response 

occurred 30 minutes after the initiation of PP242 administration. In contrast, K+ excretion 

was not significanly altered by PP242 compared to vehicle (Figure S4).

Intravenous (i.v.) infusion of PP242 (10 μg/kg/min) over a 3 hour period resulted in an 

approximately 4-fold increase of Na+ excretion, although the response occured gradually 

over the infusion period (Figure 4B). In contrast, rapamycin (10 μg/kg/min) had no effect on 

Na+ excretion the duration of the study (Figure 4B)

Figure 4C summarizes the effects of PP242 upon the daily intake and excretion of Na+ and 

the calculated Na+ balance in conscious SS rats. While rats continued to receive a a 0.4% 

NaCl diet PP242 (15 mg/day i.p.) or vehicle treatment was begun. After four days, rats were 

switched to a high (4% NaCl) liquid diet for five days. Na+ intake was determined based on 

volume of liquid diet consumed. As summarized in Figure 4C, switching to the 4.0% NaCl 

diet caused a significant increase in Na+ intake in both groups of rats, although intake was 

blunted in PP242 treated rats. This reduction of liquid food intake in PP242 treated rats then 

tended to increase on days 3–5. Given the reduction of Na+ intake, Na+ excretion levels were 

lower in the PP242 rats than the vehicle treated rats. The calculated Na+ balance 

nevertheless tended to be negative in the PP242 treated rats and albeit not significant is 

consistent with the acute natriuretic effects of this compound shown in Figure 4A&C.

The effects of PP242 on mTORC1/C2 in the prevention of salt-induced hypertension.

On day 21 of the high salt diet period the kidneys were removed for Western blot analysis of 

cortical and medullary tissue, 24 hr after the last PP242 injection. As seen in Figure 5A, 

pAKTS473/AKT expression in PP242 treated rats was not significantly changed in the renal 

medulla but tended to be suppressed in the renal cortex (Figure 5B; P=0.06). However, 

pS6S235/236/S6 was significantly reduced in both regions of the kidney (Figure 5C&D; 

P<0.05).

PP242 inhibited short-term mTORC2 and SGK1 kinase activities in SS rats.

Studies in mice found that PP242 has short half-life and did not sustain the suppression of 

mTORC1/C2 past 4 hours11. To estimate PP242’s duration of drug action in SS rats, a 

comparison was made of the one hour effects versus 24 hour effects on inhibition of AKT 

and S6 phosphorylation after 15 mg/kg i.p. injection of PP242. As summarized in Figure 

6A&B, phosphorylation of both AKT and S6 were strongly reduced in both cortical and 

medullary tissue one hour following treatment. At 24 hours, the inhibitory effect of PP242 
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on phosphorylation of AKT and S6 was no longer apparent in either the renal cortex or 

medulla.

Studies were also carried out to assess whether PP242 at the dose used in the present study 

actually resulted in a reduction of the mTORC2-SGK1 pathway as anticipated from 

published studies11. Since the antibodies available for SGK1 lacked appropriate sensitivity 

and specificity, effective antibodies for pNDRG1T346 and NDRG1 were used and measured 

pNDRG1T346/NDRG1 which is considered an acceptable surrogate marker of SGK1 

activity18. As shown in Figure 6C, 1 hour following i.p. injection of PP242 (15 mg/kg) to SS 

rats, pNDRG1T346 expression was reduced in medulla. pAKTT308, which is upstream of 

mTORC2, was not reduced. These results indicate that the dose of PP242 used in the present 

studies was effective in reducing activity of SGK1 in the kidney which is a pathway related 

to tubular sodium transport.

Discussion.

Many of the underlying mechanisms responsible for naturally occurring forms of 

hypertension and salt-sensitivity remain obscure. Among the many physiological pathways 

that have been examined in efforts to elucidate underlying mechanisms responsible for 

naturally occurring forms of hypertension, the mTOR signaling pathways have been given 

little attention in this field. Our focus on the mTORC2 pathway in the present study was 

motivated by evidence that activation of this kinase have been found to regulate renal tubular 

sodium transporters including ENaC, NCC, and NKCC211–13, 19–21. It was logical therefore 

to ask whether this pathway could be involved in sodium homeostasis and salt-sensitive 

forms of hypertension since the role of mTORC2 in the regulation of cardiovascular function 

and more specifically in hypertension had not yet been elucidated.

Potent anti-hypertensive actions of chronic PP242 treatment.

The present results show that the combined inhibition of mTORC1 and mTORC2 with 

PP242 completely prevented salt-induced hypertension in SS rats. The antihypertensive 

effects were far more striking than was observed in our previous study with mTORC1 

inhibition alone with rapamycin10. Furthermore, PP242 was also able to completely reverse 

both hypertension and renal injury when administered early in the development of the 

disease.

It is not yet possible to selectively inhibit only the mTORC2 pathway. Essential components 

of mTORC2 including Protor1/2, SGK1, and Rictor have been targeted in mouse models 

although the consequences on cardiovascular function and hypertension were not evaluated 
11, 13, 18–22. One study evaluated the effects of a tissue specific Rictor knockout mouse (in 

the mouse brain and adipose tissue) and found only a 5 mmHg rise of blood pressure and 

reduced nocturnal dipping23.

In a rat model of DOCA-salt induced hypertension, increased levels of PI3K/Akt/mTOR 

were found in the kidney suggesting participation of the mTORC2 pathway24, but we have 

found no other hypertension related studies related to this pathway in mice or rats. Nor have 
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cardiovascular or blood pressure effects of rapamycin or PP242 been evaluated in human 

subjects.

The degree of protection from hypertension that we have observed in SS rats with PP242 

treatment exceeded what we and others have previously observed with antioxidant 

therapies25, 26, inhibition of the renin-angiotensin system27, or renal denervation28. The only 

comparable response was that which we observed with chronic renal medullary infusion of 

L-arginine into the remaining kidney of SS rats29. It is also notable that PP242 was also 

capable of completely reversing hypertension, renal injury, and immune cell infiltration 

when administered in the early stages of hypertension.

Natriuretic actions of PP242 contribute importantly to antihypertensive actions.

A number of studies that have found that the mTORC2 pathway is involved in the regulation 

of renal tubular sodium11, 12 and potassium transport13. Activated mTORC2 physically 

associates and phosphorylates serum-and glucocorticoid-induced protein kinase 1 (SGK1) at 

serine 422. This then provides a docking site for phosphatidylinositol-3 kinase (PDK1) 

which phosphorylates threonine at 256 within the activation loop of SGK1 for its full 

activation12. SGK1 phosphorylation of NEDD4–2 which binds, internalizes and degrades 

ENaC thereby modifying the actions of aldosterone in the cortical collecting ducts resulting 

in natriuresis30,31. The data is less consistent regarding K+ transport and kalliuresis11, 12, 20. 

Mice lacking mTORC2 activity in the distal tubule (Rictorfl/fl Ksp-Cre) exhibited reduced 

ROMK activity and developed hyperkalemia on a high K+ diet. This occurred despite a 10-

fold increase in serum aldosterone levels with only a mild impairment of ENaC activity 

observed13. Our present observations in rats with PP242 treatment did not find kalliuresis 

which suggests that in SS rats the natriuretic effects of inhibition of SGK1 upon Na+ 

transport probably predominates over K+ channel effects and plays the dominant role in 

reducing blood pressure salt-sensitivity.

In the present study, PP242 tended to progressively reduce MAP even during the low salt 

control period which become most apparent on day four of treatment prior to switching to 

4.0% high salt feeding. A nearly 3-fold increase of Na+ excretion with significant increases 

in the urine volume were observed with either intravenous or intrarenal administration of 

PP242. These natiruretic responses are similar to those observed by others in mice following 

intraperitoneal PP242 injections, although no signficant increases of urine volume were 

found 11. The robust natriuretic responses observed with PP242 treatment but not with the 

specific inhibition of mTORC1 with rapamycin indicates that the mTORC2 pathway plays 

an important role in salt-induced hypertension in SS rat. The data also indicate that the 

immediate natriuretic responses in responses to i.p. PP242 are relatively short in duration 

since when renal tissue expression of pAKTS473 and pS6S235/236 was determined one hour 

following administration of the drug, both pAKTS473 and pS6S235/236 were clearly reduced 

(Figure 6A&B). When analyzed 24 hours after i.p. PP242 administration expression of 

pAKTS473 and pS6S235/236 were no longer remained suppressed. Such short-term inhibitory 

responses are known to occur with commonly used diruretic agents such as furosemide 

which has a circulating half-life of only 2 hours but provides a sustained reduction of arterial 

pressure throughout the day. This because a potent natriuretic compound immediately 
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reduces the extracellular fluid volume and many hours may be required to replete the system 

of sodium and water with normal eating and drinking.

PP242 contributes to reduction of renal inflammatory responses in SS rats.

To the extent that we could determine, PP242 totally prevented glomerular injury and 

infiltration of T-cell (CD3) and macrophage (CD68) cells in SS rats fed a high salt diet for 

21 days. Lymphocyte infiltration was reduced to a greater extent than was previously 

observed with rapamycin treatment10. This was probably attributable to the control of 

arterial pressure since as we have previously shown by servo-control studies in SS rats, renal 

perfusion pressure is a major determinant of lymphocyte infiltration32. With chronic 

rapamycin treatment, hypertension was only partially blunted in SS rats10 and only partial 

reduction of immune cell infiltration although rapamycin is well recognized to reduce 

immune and inflammatory responses33. We have also shown that chronic rapamycin 

treatment reduced tissue phosphorylation of S6 in the kidneys of high salt fed SS rats10. It 

therefore appears that dual mechanisms are responsible for protection from renal injury with 

PP242 treatment, the reduction of renal perfusion pressure and a parallel inhibition of 

mTORC1 mediated inflammatory responses.

Conclusions.

It is evident from these studies that the dual inhibition of mTORC1 and mTORC2 with 

PP242 strongly protected SS rats from salt-induced hypertension and renal injury. The extent 

to which the antihypertensive effects of PP242 treatment were due to inhibition of mTORC1 

versus mTORC2 could not be directly assessed given the absence of a specific mTORC2 

inhibitor. However, comparisons of the antihypertensive effects that we have observed with 

rapamycin treatment alone compared to those of PP242 suggest that inhibition of mTORC2 

alone was solely responsible for actions. PP242 acutely administered in the dose used in our 

chronic study produced an immediate and potent natriuretic response which was not 

observed with rapamycin. Sodium balance tended to remain negative despite a very high 

level salt in the diet. We and others have found that rapamycin alone produces an increase of 

arterial pressure and appears to blunt the hypertensive effects in SS rats fed a high salt diet 

largely by reducing renal inflammation and fibrotic injury10 whereas PP242 completely 

abolished these phenotypes in SS rats.

Perspective.

A rich body of literature about the ‘mechanistic target of rapamycin’ (mTOR) emerged since 

the discovery of these kinases in 2002 and it is well recognized that mTOR is a critical 

effector of cell cycle events/metabolism/growth/proliferation and signaling pathways 

commonly deregulated in human cancers. Several studies have found that mTOR pathways 

affect kidney growth, vesicle trafficking, podocyte homeostasis and tubular Na+ and K+ 

transport, all of which could potentially affect arterial pressure. The present study examined 

the role of mTOR (mTORC2) in sodium homeostasis and explored the therapeutic inhibition 

of these pathways on the development of salt-sensitive hypertension. The broad significance 

of the present study is as follows: First, inhibtion of mTORC2 with PP242 not only 

abolished but was able to completely reverse salt-induced hypertension in SS rats. Second, 
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PP242 exhibited potent natriuretic and anti-inflammatory actions in SS rats. Together these 

data suggest that targetting mTORC2 signalling may provide a novel therapeutic target for 

hypertension, which has the advantage of simulataneously modulating several pathways 

which contribute to increased pressure, namely sodium homeostasis, renal inflammtion and 

renal injury. Studies will now be required to reveal the upstream regulator of mTORC2 in 

response to high salt diet feeding and test the ability of PP242 in other forms of 

hypertension.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

• What is new?

– The first study to recognize that the mTORC2 pathway plays an 

important role in blood pressure salt-sensitivity in SS rats.

– Systemic inhibition of mTORC1/2 with PP242 prevented and 

reversed the salt-induced hypertension and kidney injury in SS rats.

– PP242 exhibited potent natriuretic and anti-inflammatory actions in 

SS rats.

• What is relevant

– It is apparent from this study that mTORC2 signaling contribute 

importantly to blood pressure salt-sensitivity and renal injury 

thereby justifying further exploration of the role of this pathways in 

other forms of experimental and human hypertension. .

– Chronic treatment of PP242 compound not only prevented but was 

also able to reverse salt-induced hypertension and kidney injury in a 

clinically relevant model of hypertension.

• Summary

The potent natriuretic actions of PP242 is a result of mTORC2 inhibition 

which appear to largely account for determining blood pressure salt-

sensitivity aided by anti-inflammatory actions upon the inhibition of 

mTORC1 pathway in SS rats. Combined inhibition of these pathways 

represents a new avenue in the search for novel therapuetic targets for salt-

sensitive hypertension in humans.
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Figure 1. 
(A) Mean arterial pressure (MAP; 24 hrs average) was measured by telemetry in rats fed a 

0.4% NaCl diet for 7 days the final 4 days of which rats were treated with PP242 or vehicle 

prior to switching to 4.0% NaCl diet for 21 days. Open circles represent PP242 (n=7) and 

black circles represent vehicle (n=7) treated SS rats. * Significant difference between vehicle 

and PP242 treated SS rats (P<0.05) as determined using a two-way RM ANOVA; Holm-

Sidak post hoc. (B) Hypertrophic index was determined by measuring the ratio of right 

kidney weight (gm) and total body weight (gm) of these rats.
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Figure 2: 
(A) Outer medullary tubular injury and representative images of kidney depict the protein 

cast in vehicle or PP242 treated rats. (B&C) Summary of albumin (UalbV) excretion rate and 

protein excretion (UprotV) rate. (D) Quantification of glomerular injury and representative 

images of cortical glomerulus from vehicle or PP242 treated rats are shown. (E&F) 

Quantification of T lymphocyte (CD3+) and macrophage (CD68+) measured by cells per 

mm2 of kidneys of these rats. CD3+ cells/mm2 and CD68+ cells/mm2 in the renal medulla 

and representative kidney sections illustrating the immunohistochemical localization of T 

cells and macrophage cells in the renal medulla are shown.
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Figure 3: 
(A) Mean arterial pressure (MAP; 24 hrs average) was measured by telemetry in rats fed a 

4.0% NaCl diet for 7 days treated with saline (blue square, n=6) and then treated with PP242 

(brown triangle, n=7) or vehicle (red triangle, n=7) for 14 days. * Significant difference 

between vehicle and PP242 treated SS rats (p<0.05) as determined using a two-way RM 

ANOVA; Holm-Sidak post hoc. (B) Showing albumin excretion rate (C) Medullary protein 

cast and representative images of kidney depicting protein cast in saline/vehicle/PP242 

treated rats.
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Figure 4: 
(A) Anesthesized SS rats were infused renal intersititially with PP242 at the dose of 5mg/kg 

(black circle, n=6) or vehicle (open circle, n=6), and urine was collected at 15 minute 

intervals. The average mean value Na+ excretion rate and urine volume determined in these 

rats. (B) Na+ excretion rate of i.v. infusion of PP242 with dose 10 ug/kg/min (black circle, 

n=3) or rapamycin (10 ug/kg/min; black triangle, n=4) or vehicle (open circle, n=3) was 

determined in SS rats. (C) Sodium balance in chronic administration of PP242 i.p. 

15mg/kg/day (black circle, n=5) or vehicle (open circle, n=6) to SS rats. Rats were fed a gel 

diet delivering a fixed sodium intake per day. In the control period rats were not receiving 

PP242 or vehicle. Rats were treated with PP242 or vehicle while maintaining at 0.4% NaCl 

diet for 4 days before switching to 4% NaCl diet for 5 days. * P<0.05 vs Vehicle.
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Figure 5: 
(A-D) Western blots of pAKTS473 and pS6S235/236 were normalized with total endogenous 

AKT and S6 proteins, respectively. Graphs represent the intensity (A.U.) of pAKTS473/AKT 

or pS6S235/236/S6 in the cortex and medulla of SS rats treated with PP242 (open circle, n=6) 

or vehicle (black circle, n=6). Corresponding representative immunoblots are shown below 

each graph. Student’s t-test was used to compare PP242 and vehicle treatment.
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Figure 6: 
. (A&B) SS rats were injected with 15 mg/kg PP242 or vehicle and kidneys were harvested 

after 1 hr and 24 hr of treatment, respectively. Western blots of pAKTS473 and pS6S235/236 

were normalized with total endogenous AKT and S6 proteins, respectively. (C) To determine 

inhibitory effect of PP242 on surrogate marker of SGK1 (pNDRG1T346/NDRG1), kidneys 

were excised 1 hr post-IP injection. Medullary tissue was used to asses pAKTT308, 

pAKTS473 and pNDRG1T346 as well as AKT, NDRG1 and GAPDH expression by Western 

blot analysis. In all panel graphs represent the fold change of pAKTS473/AKT or 

pS6S235/236/S6 or pNDRG1T346/NDRG1 or pAKTT308/AKT from vehicle in the cortex or 

medulla of these rats. Student’s t-test was used to compare PP242 and vehicle treatment.
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