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Abstract

Necrosis is a pathologic form of cell death that induces an inflammatory response, and immune 

cell activation contributes to the development and maintenance of hypertension. Necrosis was 

measured in kidney, spleen and aorta of 12–13 week old male and female spontaneously 

hypertensive rats (SHR); male SHR had greater renal necrotic cell death than female SHR. 

Because male SHR have a higher blood pressure (BP) and a more pro-inflammatory T cell profile 

than female SHR, the current studies tested the hypothesis that greater necrotic cell death in male 

SHR exacerbates increases in BP and contributes to the pro-inflammatory T cell profile. Male and 

female SHR were randomized to receive vehicle or Necrox-5, a cell permeable inhibitor of 

necrosis, from 6–12 weeks of age or from 11–13 weeks of age. In both studies, Necrox-5 

decreased renal necrosis and abolished the sex difference. Treatment with Necrox-5 beginning at 6 

weeks of age attenuated maturation-induced increases in BP in male SHR; BP in female SHR was 

not altered by Necrox-5 treatment. Necrox-5 decreased pro-inflammatory renal T cells in both 

sexes, although sex differences were maintained. Administration of Necrox-5 for 2 weeks in SHR 

with established hypertension resulted in a small, but significant decrease in BP in males with no 

effect in females. These results suggest that greater necrotic cell death in male SHR exacerbates 

maturation-induced increases in BP with age contributing to sex differences in BP. Moreover, 

although necrosis is pro-inflammatory, it is unlikely to explain sex differences in the renal T cell 

profile.
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Introduction

Hypertensive stimuli induce cell death 1–3 and vascular necrosis is a hallmark of malignant 

hypertension 4–6. The role of cell death in blood pressure (BP) control however, is unknown. 
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While not extensively studied in hypertension, there is considerable interest in the sex-

specific roles of cell death in injury and recovery following stroke where males have greater 

levels of necrotic cell death compared to females7, 8. Sex differences in cell death pathways 

have also been reported in cell culture studies of cortical neurons and cardiomyocytes, where 

cells isolated from males are more susceptible to cell death compared to cells from 

females9, 10. Based on well-established sex differences in hypertension, where young 

females have lower BP values and are less likely to be hypertensive compared to their age-

matched male counterparts, sex differences in necrotic cell death could contribute to sex 

differences in BP control.

Cell death causes immune activation, although the induction of an immune response is 

dictated by how a cell dies 11–18. Regulated cell death pathways can be broadly subdivided 

into two categories: apoptosis and necrosis. Necrosis is a pathologic process characterized 

by loss of plasma membrane integrity19. Necrotic cells release their contents initiating a pro-

inflammatory “danger response” 11–14, 16. In contrast, apoptosis is a controlled process20 

where phagocytosis of apoptotic cells prevents the release of cellular contents to suppress 

immune activation 21, 22. We have previously published that there is a sex difference in the 

renal T cell profile in hypertension 23–25. Male spontaneously hypertensive rats (SHR) have 

greater pro-inflammatory renal T cell infiltration and pro-inflammatory cytokine expression 

compared to normotensive male Wistar Kyoto (WKY) rats and female SHR. The mechanism 

driving enhanced pro-inflammatory T cell activation in males is unknown.

Although T cells contribute to hypertension in both male and female experimental animals, 

the mechanism initiating the inflammatory response in either sex remains a fundamental 

question in the field. The first goal of this study was to determine the impact of sex on cell 

death. We found greater necrotic cell death in male SHR compared to females. Therefore 

additional studies were designed to test the hypothesis that greater necrotic cell death in 

male SHR exacerbates increases in BP and contributes to the previously published pro-

inflammatory renal T cell profile.

Methods

The authors declare that all supporting data are available within the article and its online 

supplementary files.

Animals

Male and female SHR (Envigo, Inc. Indianapolis, Indiana) were used in all studies. All 

experiments were conducted in accordance with the National Institutes of Health Guide for 

the Care and Use of Laboratory Animals and approved and monitored by the Augusta 

University Institutional Animal Care and Use Committee. Animals were housed under 

conditions of constant temperature and humidity and exposed to a 12:12-h light-dark cycle. 

All rats were given free access to rat chow and tap water. At the end of all studies, rats were 

anesthetized with isoflurane and a thoracotomy was performed. Terminal blood samples 

were obtained via aortic puncture and tissues were harvested for flow cytometric analysis of 

cell death and T cells (for details on flow cytometric analysis see online Supplement).
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Necrox-5 Treatment to Prevent Hypertension

To determine the role of necrosis in the development of hypertension, 6 week old male and 

female SHR were randomized to receive Necrox-5 (1 mg/kg; Enzo Life Sciences) or vehicle 

treatment (methanesulfonic acid in deionized water, pH 3, Sigma-Aldrich) via twice weekly 

IP injection. BP was measured weekly via tail-cuff plethysmography as previously described 
26 from 6 to 12 weeks of age (n=5–6). A separate group of male and female SHR treated 

with Necrox-5 or vehicle beginning at 6 weeks of age were implanted with telemetry devices 

at 9 weeks of age, allowed 1 week to recover and BP was continuously measured during the 

last 3 weeks of Necrox-5 treatment from 10–13 weeks of age (n=6). Female SHR do not 

survive telemetry implantation prior to 9 weeks of age. Necrox-5 is a cell permeable 

necrosis inhibitor that selectively inhibits oxidative stress induced necrotic cell death.

Necrox-5 Treatment to Treat Hypertension

To determine whether inhibition of necrosis affects established hypertension, Necrox-5 was 

administered for 2 weeks in SHR beginning at 11 weeks of age. 9 week old male and female 

SHR were implanted with telemetry devices for the continuous measurement of BP as 

previously described (n=6) 27. Rats were allowed 1 week of recovery and 1 week of baseline 

BP recording. At 11 weeks of age rats were randomized to Necrox-5 or vehicle treatment via 

intraperitoneal (IP) injection 5 days a week for 2 weeks.

Statistical Analysis

All data are expressed as mean ± SEM. Necrotic cell death in untreated male and female 

SHR was compared using a Student’s t-test. Renal necrotic cell death and T cells in vehicle 

and control treated SHR were analyzed by 2-way ANOVA. BP data within each sex were 

analyzed using repeated measures ANOVA with Tukey’s multiple comparisons test. 

Between group comparisons were made by 2-way ANOVA. For all comparisons, differences 

were statistically significant with p<0.05. Analyses were performed using GraphPad Prism 

Version 6.0 (GraphPad Software, La Jolla, CA).

Results

Male SHR have greater necrotic cell death than female SHR

Initial studies measured necrotic cell death by flow cytometric analysis in kidneys, aorta and 

spleen of 13 week old male and female SHR (Figure 1). Male SHR had significantly greater 

renal necrotic cell death than female SHR (p<0.0001; Figure 1A). Necrotic cell death was 

comparable in aorta and spleen of young adult male and female SHR (p=0.11 and p=0.70, 

respectively; Figures 1B and 1C). To gain insight into the localization of renal cell death, 

kidneys were isolated from additional 13 week old male and female SHR and separated into 

cortex and medulla. Similar to the whole kidney, renal cortical and medullary cell death 

were greater in male SHR vs. female SHR (expressed as percent of total gated cells: cortex- 

2.7±0.23 vs 1.2±0.13, p=0.0003; medulla- 4.3±0.22 vs 2.6±0.24, p=0.0003; n=6).

Renal necrotic cell death was next measured in 6 week old SHR prior to the development of 

established hypertension and in 15 week old SHR with established hypertension. Renal 

necrosis was comparable between 6 week old male and female SHR (expressed as percent of 
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total gated kidney cells: 2.4±0.2 and 1.8±0.1, respectively; n=6) and increased with age only 

in males (expressed as percent of total gated kidney cells: 5.4±0.2 and 1.7±0.3, respectively; 

effect of sex: p<0.0001; effect of age: p<0.0001; interaction: p<0.0001).

Inhibition of necrosis attenuates the development of hypertension in male SHR

To determine the contribution of necrotic cell death to the development of hypertension in 

male and female SHR, rats were treated with Necrox-5 or vehicle beginning at 6 weeks of 

age prior to the development of sex differences in renal necrosis and BP was measured 

(Figure 2). Systolic BP was greater in male SHR compared to female SHR at baseline, and 

BP remained greater in males throughout the treatment period (p<0.05). Treatment with 

Necrox-5 attenuated the age-dependent increase in BP in male SHR when measured by tail-

cuff (final systolic BP: 168±3 vs. 180±4 mmHg, respectively; p=0.078; Figure 2A) with no 

effect in females (final systolic BP: 157±3 vs. 158±4 mmHg; NS). A separate set of rats 

were randomized to vehicle or Necrox-5 treatment at 6 weeks of age then instrumented with 

telemetry devices for the continuous measurement of mean arterial pressure (MAP) 

beginning at 10 weeks of age. MAP was greater in males compared to females at both the 

beginning and the end of the treatment period (p<0.05). Consistent with the tail-cuff data, 

MAP was significantly lower in Necrox-5-treated male SHR compared to vehicle-treated 

rats at the end of the treatment period (final MAP: 149±2 vs. 140±1 mmHg, respectively; 

p=0.036; Figure 2B). MAP was not altered by Necrox5 in females (final MAP: 132±3 vs. 

131±3 mmHg; NS).

At the end of the treatment period, kidneys were collected to confirm the effectiveness of 

Necrox-5 to lower necrosis. Treatment with Necrox-5 for 6 weeks significantly decreased 

renal necrosis in both sexes (effect of treatment: p=0.0002; Figure 3A), although the effect 

was greater in males abolishing the sex difference (effect of sex: p= 0.0006; interaction: 

p<0.0001). To assess the selectivity of chronic Necrox-5 treatment for necrosis, renal 

apoptosis was also measured in vehicle and Necrox-5-treatred male and female SHR at the 

end of the treatment period. Renal apoptosis was reduced by Necrox-5 in both sexes 

(expressed as percent of total gated kidney cells: male vehicle: 4±0.3 vs. male Necrox-5: 

3.2±0.2; female vehicle: 5.2±0.7 vs. female Necrox-5: 2.7±0.4; effect of treatment: p=0.003; 

n=5–6), and the decrease was comparable between the sexes (effect of sex: p=0.52; 

interaction: P=0.09).

Rats were placed in metabolic cages at the end of the treatment period to determine the 

impact of Necrox-5 on 24 hour food intake, water intake, and urine output. There were no 

effects of either sex or Necrox-5 treatment on food intake, water intake, or urine output 

(online Supplement Table S1). Males randomized to Necrox-5 treatment were smaller than 

vehicle control males at baseline, although final body weight in males, body weight in 

females and kidney weights were not altered by Necrox-5. However, males had greater body 

and kidney weights than females. Urinary protein and creatinine excretion, as well as plasma 

creatinine and GFR were also measured to assess renal function. There was no effect of 

Necrox-5 on any parameter of renal health, although males had greater protein and 

creatinine excretion than females (online Supplement Table S2).
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Necrotic cell death is pro-inflammatory 13–16, therefore we also assessed the contribution of 

necrosis to the renal T cell profile (Figure 3). Treatment with Necrox-5 resulted in a 

significant decrease in total CD3+ renal T cells in both sexes (effect of treatment: p<0.0001; 

interaction: p=0.12; Figure 3B) as well as a decrease in CD4+ T cells (effect of treatment: 

p=0.0006; effect of sex: p=0.20; interaction: p=0.83; Figure 3C). Necrox-5 also significantly 

increased renal Tregs (effect of treatment: p=0.0067; interaction: p=0.12; Figure 3D) and 

decreased renal Th17 cells in both sexes (effect of treatment: p<0.0001; interaction: p=0.57; 

Figure 3E). Sex differences in CD3+ T cells (effect of sex: p<0.0001), Th17 cells (effect of 

sex: p<0.0001) and Tregs (effect of sex: p<0.0001) were not altered by chronic Necrox-5 

treatment.

Inhibition of necrosis in established hypertension deceases blood pressure in adult male 
SHR

To determine the contribution of necrotic cell death to the maintenance of established 

hypertension in adult male and female SHR, rats were treated with Necrox-5 or vehicle from 

11 to 13 weeks of age and BP was measured by telemetry (Figure 4). BP was greater in male 

SHR than female SHR at baseline and throughout the treatment period (p<0.001). BP 

increased during the course of the experiment in vehicle-treated control male SHR, and this 

effect was attenuated in Necrox-5-treated male SHR. As a result, at the end of the 2 week 

treatment period MAP was significantly less in the Necrox-5-treated male SHR vs. vehicle-

treated males (final MAP: 156±2 vs. 148±2 mmHg, respectively; p=0.016). There was no 

effect of Necrox-5 on BP in young adult female SHR (final MAP: 134±2 vs. 133±3 mmHg; 

NS). At the end of the treatment period, we again confirmed that treatment with Necrox-5 

decreased necrosis (effect of treatment: p=0.0003; figure 5A), and the effect was again 

greater in males compared to females abolishing the sex difference in renal necrosis (effect 

of sex: p= 0.02; interaction: p=0.04).

The renal T cell profile was assessed following 2 weeks of Necrox-5 treatment (Figure 5). 

Necrox-5 resulted in a significant decrease in total CD3+ renal T cells in both sexes (effect 

of treatment: p=0.002; effect of sex: p=0.39; interaction: p=0.50; Figure 5B) and a decrease 

in renal CD4+ T cells only in male SHR (effect of treatment: p=0.53; effect of sex: p=0.3; 

interaction: p=0.04; Figure 5C). Necrox-5 significantly decreased pro-inflammatory Th17 

cells, and the decrease was greater in males compared to females abolishing the sex 

difference (effect of treatment: p<0.0001; effect of sex: p<0.0001; interaction: P=0.0006; 

Figure 5D). In contrast, anti-inflammatory Tregs were decreased with 2 weeks of Necrox-5 

only in female SHR, also abolishing the sex difference (effect of treatment: p=0.004; effect 

of sex: p=0.018; interaction: p=0.002; Figure 5E).

Discussion

The main finding from this study is that greater necrotic cell death contributes to the onset 

and maintenance of hypertension in male SHR. These results support our hypothesis that 

cell death is an early event that occurs in response to hypertensive stimuli that leads to 

further, sustained increases in BP. Moreover, males appear to be more susceptible to necrotic 
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cell death than females and this may be an important mechanism contributing to established 

sex differences in BP in young adult SHR.

It is well established that there is a sex difference in BP in young adult SHR, with males 

having a higher BP compared to age-matched females28, 29. The mechanism(s) mediating 

sex differences in BP have been highly investigated and many pathways have been 

implicated underscoring the complex nature of BP control. In the current study, we have 

identified cell death as an additional factor that contributes to BP control in a sex-specific 

manner. Indeed, sex differences in cell death may represent a unifying mechanism 

underlying sex differences in many hypertensive stimuli including angiotensin II and 

oxidative stress 30–32. Studies in the 1960’s noted that malignant hypertension was 

associated with the development of necrotic lesions in the vasculature3, 6, and later autopsy 

studies in humans found that the necrotic lesions were most common in the kidneys and 

gastrointestinal tract4. However, little has been done to examine cell death in essential 

hypertension. In the current study we found modest amounts of necrotic cell death in the 

kidney, aorta, and spleen of young adult SHR, with a sex difference only noted in the kidney 

of adult SHR with hypertension. Furthermore, systemic administration of an inhibitor of 

necrosis lowered BP only in males, making it tempting to speculate that renal necrosis 

specifically contributes to increases in BP in male SHR. Indeed, correlation analyses 

performed between MAP and levels of renal necrosis showed a positive significant 

correlation between MAP and renal necrosis, and this positive correlation was most evident 

in the males (Supplementary figure S3). The decrease in BP in male SHR with Necrox-5 

was not accompanied by a decrease in indices of renal injury, although this is not surprising 

as young adult SHR are not a model of renal injury29, 33, 34.

Inhibition of necrosis did not completely prevent increases in BP with maturation in males 

or abolish the sex difference in BP, although our findings support the hypothesis that 

necrotic cell death is a novel pathway contributing to the development of hypertension in 

male SHR. Consistent with the current findings, treatment of male SHR with chloroquine to 

inhibit endosomal TLR signaling by circulating mitochondrial DNA attenuates age-related 

increases in systolic BP with no effect on systolic BP in established hypertension35. Taken 

together, these data lend support to the notion that cell death may be a central pathway 

involved in the development of hypertension in male SHR. We propose that necrotic cell 

death and the subsequent release of danger associated molecular patterns, including 

mitochondrial DNA, is an early event that contributes to increases of BP and the 

development of hypertension in male SHR. In contrast, inhibition of necrosis in established 

hypertension had a much smaller impact on BP, suggesting that inhibiting necrosis once 

hypertension has developed is of little utility. This finding may not be surprising if cell death 

is an early initiating event that underlies the activation of several additional pathways known 

to control BP culminating in the development of hypertension. As a result, preventing this 

cascade of events is much more impactful than attempting to reverse them.

Greater necrosis in male SHR is consistent with cell culture studies showing that isolated 

cells from males are more prone to necrotic cell death compared to cells from females, in 

part because cells from females show a better survival in response to a variety of 

stressors36–38. The reason for the sex difference in renal necrosis is unknown, although it 
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may be related to sex differences in susceptibility of cells to cell death and/or cell death 

machinery. Males have been reported to have higher levels of RIP1, a kinase involved in 

necroptosis, and less caspase 3, a protein controlling apoptosis, compared to females 

following brain injury39. Estrogens have been implicated in conferring protection against 

cell death via activation of Fas/FasL in bone40 and inhibition of PARP1 in kidneys41. 

Alternatively, studies have identified intrinsic peptides that confer protection against cell 

death, including renalase. Renalase protects against renal tubular and myocardial cell death 

and, of relevance to the current study, renalase levels are reduced in experimental models of 

hypertension42, 43. Future studies will be designed to identify the cells that are most 

susceptible cell death in hypertension and assess potential sex differences on cell death 

machinery in SHR.

Necrosis is associated with the loss of the plasma membrane integrity which initiates an 

inflammatory response and promotes immune cell infiltration17, 18. We examined splenic, 

aortic, and renal cell death in the current study. The spleen is the largest lymphoid organ in 

the body and plays a fundamental role in the maintenance of immune homeostasis which is 

now known to contribute to the development of hypertension, and vascular inflammation and 

dysfunction contributes to the development of hypertension44–46. However, we observed a 

sex difference in necrotic cell death only in the kidney of adult SHR. Moreover, the absence 

of a sex difference in renal necrosis in young, pre-hypertensive SHR makes it tempting to 

speculate that renal necrosis in particular is important in BP control in SHR. Recent studies 

have established that increases in renal perfusion pressure are required for renal T cell 

infiltration in male Dahl rats47. Increases in renal perfusion pressure can result in 

baurotrauma and initiate cell death, leading to immune cell infiltration/activation and 

increases in BP. These studies would suggest that renal cell death may be central to the 

development of hypertension; future studies are planned to directly address this hypothesis.

Renal T cell infiltration has been shown to increase BP and we previously published that 

there is a sex difference in renal T cells in SHR where males have more pro-inflammatory 

Th17 cells, while females have more anti-inflammatory Tregs. The mechanism mediating 

sex differences in the renal T cell profile is unknown. Therefore additional studies measured 

the renal T cell profile following Necrox-5 treatment since greater necrotic cell death in 

male SHR is associated with a more pro-inflammatory renal T cell profile in the current 

study. Both Necrox-5 treatment protocols decreased total renal T cells and pro-inflammatory 

Th17 cells in both sexes. Despite male SHR having greater necrosis, inhibition of necrosis 

did not have a greater impact on the renal T cell profile in males and sex differences in renal 

Th17 cells were maintained following chronic Necrox-5 treatment. Therefore, while necrotic 

cell death contributes to the increase in pro-inflammatory T cells in both sexes, this does not 

mediate the sex difference in the renal T cell profile. Interestingly, the acute (2 week) 

treatment with Necrox-5 abolished the sex difference in Th17 cells with minimal impact on 

BP in males and no change in BP in the female. This suggests that in established 

hypertension, renal necrosis contributes more to the renal pro-inflammatory T cell profile 

than it does to the control of BP. Although the 2 week treatment period did not induce large 

changes in resting BP, physiological responses to any challenge that activates the immune 

system may be altered.
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Tregs are anti-inflammatory and anti-hypertensive, and we previously reported that female 

SHR have a BP-dependent increase in Tregs that is not observed in males24. In the current 

study, the sex difference in Tregs was maintained with chronic inhibition of necrosis. In 

contrast, 2 weeks of Necrox-5 treatment abolished the sex difference by decreasing Tregs 

preferentially in female SHR. Tregs have been shown to confer protection against cell death 

and tissue injury as well as promote tissue repair and proliferation 48, therefore it is possible 

that greater Tregs in females attenuates cell death relative to males. Moreover, females tend 

to be more resilient to tissue injury than males and depletion of Tregs is associated with 

more severe injury in females compared to their male counterparts, further supporting a key 

role for Tregs in the female 48. The finding that 2 weeks of Necrox-5 treatment in young 

adult female SHR decreased Tregs with no effect on BP leads us to speculate the female 

SHR respond to cell death by upregulating Tregs to limit injury. Since Necrox-5 lowered 

necrosis in females as well as males, the need for Tregs was lessened and renal Tregs were 

decreased. Future studies will test this hypothesis.

It should be noted that the 2 weeks of treatment with Necrox-5 in the established 

hypertension experiment was relatively short compared to the 6 week treatment protocol. It 

is possible that longer treatment times could have resulted in a more pronounced effect on 

BP. Apoptosis was also measured in rats chronically treated with Necrox-5 to assess the 

selectivity of the drug for necrotic cell death since in the heart and neutrophils reducing 

necrosis increases apoptosis49, 50. However, Necrox-5 resulted in a significant decrease in 

apoptosis as well as necrosis in both male and female SHR. While it is possible that the BP-

lowering effect of Necrox-5 may also be related to the decrease in apoptosis, apoptosis is 

largely thought to be a protective form of cell death51, 52 therefore it is unlikely that 

decreases in apoptosis in males would decrease BP. In addition, BP in females was 

unaffected by Necrox-5 despite females tending to have greater decreases in apoptosis. 

However, future studies will be designed to specifically test the contribution of apoptotic cell 

death to BP control.

Perspectives

Despite all of the currently available anti-hypertensive medications on the market, control of 

BP in patients with essential hypertension remains sub-optimal. In this study we identified a 

novel role for necrosis in mediating age-related increases in BP in male SHR. Further 

studies are needed to unveil the molecular mechanisms underlying the sex difference 

observed in cell death profile in order to provide an additional target for a better control of 

BP in the hypertensive population.

Supplementary Material

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

What Is New

Although it has been known for decades that hypertensive stimuli can induce barotrauma 

and localized cell death, the impact of cell death on the development of hypertension has 

not been examined. The current studies establish a role for necrotic cell death in the 

development of hypertension in male, but not female, hypertensive rats.

What Is Relevant?

The mechanisms that drive the development of hypertension in either sex remain 

unknown. Greater understanding of the initiating events that increase blood pressure can 

lead to the development of more effective therapeutics in both men and women with 

hypertension. The current study identifies a novel role for necrosis in the development of 

hypertension in males.

Summary

The main finding from this study is that greater necrotic cell death contributes to the 

onset and maintenance of hypertension in male SHR. Moreover, males appear to be more 

susceptible to necrotic cell death than females and this may be an important mechanism 

contributing to established sex differences in BP in young adult SHR.
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Figure 1: 
Necrotic cell death measured by flow cytometric analysis in whole kidney (panel A), 

thoracic aorta with perivascular adipose tissue intact (panel B), and spleen (panel C) of 13 

week old male (M) and female (F) spontaneously hypertensive rats (SHR). Data were 

compared via Student’s t-test; n=5–8.
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Figure 2: 
Blood pressure (BP) in male (M) and female (F) spontaneously hypertensive rats (SHR) 

treated with vehicle or Necrox-5 beginning at 6 weeks of age. Systolic blood pressure (BP) 

was measured by tail-cuff in M and F SHR treated with vehicle or Necrox-5 from 6 to 12 

weeks of age (panel A; n=5–6). Mean arterial pressure (MAP) was measured in a separate 

set of M and F SHR treated with Necrox-5 or vehicle beginning at 6 weeks of age and 

implanted with telemetry devices at 9 weeks of age (panel B; n=6). Rats were allowed 1 

week to recover and MAP was measured from 10–13 weeks of age. Data within each sex 

were analyzed using repeated measures ANOVA with Tukey’s multiple comparisons test and 

between group comparisons were made by 2-way ANOVA. # indicates p<0.05 vs. male 

Necrox-5 (treatment effect); * indicates p<0.05 vs. male SHR (sex effect).

Abdelbary et al. Page 14

Hypertension. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: 
Necrotic cell death and T cells measured by flow cytometric analysis in whole kidney from 

male (M) and female (F) spontaneously hypertensive rats (SHR) treated with vehicle or 

Necrox-5 from 6 to 12 weeks of age. Necrotic cells (Panel A) and CD3+ T cells (panel B) 

are expressed as % total gated kidney cells; CD4+ T cells (panel C) are expressed as % 

CD3+ T cells; Tregs (panel D) and Th17 cells (panel E) are expressed as % CD3+CD4+ 

cells. Data were compared using a 2-way ANOVA; n=5–6.
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Figure 4: 
24 hour mean arterial pressure (MAP) measured by telemetry in male (M) and female (F) 

spontaneously hypertensive rats (SHR) treated with vehicle or Necrox-5 from 11 to 13 

weeks of age (panel A). Data within each sex were analyzed using repeated measures 

ANOVA with Tukey’s multiple comparisons test and between group comparisons were 

made by 2-way ANOVA; n=6. # indicates p<0.05 vs. male Necrox-5 (treatment effect); * 

indicates p<0.05 vs. male SHR (sex effect).
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Figure 5: 
Necrotic cell death and T cells measured by flow cytometric analysis in whole kidney from 

male (M) and female (F) spontaneously hypertensive rats (SHR) treated with vehicle or 

Necrox-5 from 11 to 13 weeks of age (panel A). Necrotic cells (Panel A) and CD3+ T cells 

(panel B) are expressed as % total gated kidney cells; CD4+ T cells (panel C) are expressed 

as % CD3+ T cells; Tregs (panel D) and Th17 cells (panel E) are expressed as % CD3+CD4+ 

cells. Data were compared using a 2-way ANOVA; n=6.
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