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Abstract

Renal sympathetic denervation (RDNXx) has emerged as a novel therapy for hypertension; however,
the therapeutic mechanisms remain unclear. Efferent renal sympathetic nerve activity (RSNA) has
recently been implicated in trafficking renal inflammatory immune cells and inflammatory
chemokine and cytokine release. Several of these inflammatory mediators are known to activate or
sensitize afferent nerves. This study aimed to elucidate the roles of efferent and afferent renal
nerves in renal inflammation and hypertension in the deoxycorticosterone acetate (DOCA)-salt rat
model. Uninephrectomized male Sprague Dawley rats (275-300g) underwent selective afferent-
selective RDNx (A-RDNXx; n=10), total RDNx (T-RDNXx; n=10), or Sham (n=10) and were
instrumented for measurement of mean arterial pressure (MAP) and heart rate (HR) by
radiotelemetry. Rats received 100mg DOCA (s.c.) and 0.9% saline for 21 days. Resting afferent
renal nerve activity (ARNA) in DOCA and Vehicle animals was measured after the treatment
protocol. Renal tissue inflammation was assessed by renal cytokine content and T-cell infiltration
and activation. Resting ARNA, expressed as a percent of peak afferent nerve activity (%0bAmax),
was substantially increased in DOCA vs. Vehicle (35.8+4.4 vs. 15.3+2.8%Amax). The DOCA-
Sham hypertension (132+12 mmHg) was attenuated by ~50% in both T-RDNx (111+8) and A-
RDNXx (117£5mmHg) groups. Renal inflammation induced by DOCA-salt was attenuated by T-
RDNX, and unaffected by A-RDNXx. These data suggest ARNA may mediate the hypertensive
response to DOCA-salt, but inflammation may be mediated primarily by efferent RSNA. Also,
resting ARNA is elevated in DOCA-salt rats, which may highlight a crucial neural mechanism in
the development and maintenance of hypertension.
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INTRODUCTION

Avrterial hypertension continues to be a primary predictor of future cardiovascular disease
morbidity and mortality in the United States!, and worldwide?. Unfortunately, the
development of effective treatment and preventative modalities have not met the increasing
demand. While the pathogenesis of hypertension is complex, the contribution of renal
dysfunction and increased activity of the sympathetic nervous system has been extensively
documented and studied: 4.

The concept that increased renal sympathetic nerve activity (SNA) contributes to
hypertension development and maintenance is supported by studies showing renal
denervation (RDNXx) attenuates and/or reverses experimental hypertension®. These findings
led to the first clinical trials® © to treat patients with drug-resistant hypertension with RDNX,
which reported an effective and sustained decrease in arterial pressure following RDNX.
However, recent clinical trials”- & have failed to support this antihypertensive effect, which
has led to an intense debate over the effectiveness of RDNx as well as the need for further
preclinical study.

The antihypertensive effect of RDNx was initially hypothesized to result from ablation of
renal efferent nerves, which contribute to tubular sodium reabsorption, renin release, and
renal vascular resistance®. However, several studies conducted in the 1980’s suggested an
important role for renal afferent nerves in the pathogenesis of hypertension, since
interruption of visceral afferent input to the spinal cord by dorsal rhizotomy attenuated
several preclinical models of hypertension10-13, These studies suggested increased afferent
renal nerve activity (ARNA) contributes to an increase in SNA to renal and non-renal
vascular beds, and resulting in an increase in arterial pressure. Interestingly, RDNx in
patients with drug resistant hypertension reportedly reduces muscle SNA14, plasma
glucose’®, arrhythmias!® 17 and even episodes of sleep apneal8: 19, Altogether, these
findings are consistent with the hypothesis that a portion of the beneficial responses to
RDNx may be due, in part, to ablation of afferent rather than efferent renal nerves.

Our group has recently developed a novel method for selective renal afferent nerve ablation
(A-RDNx)20. Also, we observed both total (T-RDNx) and A-RDNXx attenuated DOCA-salt
hypertension by approximately 50%, suggesting the antihypertensive response to renal
denervation is primarily due to ablation of afferent nerves2°. However, the question of how
afferent-targeted RDNX attenuates hypertension remains unanswered.

Renal nerves, specifically efferent nerves?!, reportedly mediate renal inflammation through
the trafficking and activation of T cells and increased inflammatory cytokine content?2,
Further, several inflammatory proteins (e.g. IL-6, IL-18, MCP-1, and GRO/KC?23: 24) that are
increased in models of hypertension may directly modify the sensitivity of peripheral
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sensory nerves2®, Together, these data suggest the renal inflammation drives renal afferent
activity, and in turn, contributes to the increase in arterial pressure.

The present study was designed to investigate the antihypertensive effect of RDNx on
DOCA-salt hypertension, and the roles of efferent and afferent renal nerves in this response.
We directly tested the hypothesis that afferent renal nerve discharge and sensitivity to
stimulation would be increased after 21 days of DOCA-salt. Next, we tested the hypothesis
that total RDNx (T-RDNXx) and selective afferent RDNx (A-RDNXx) would attenuate the
development of DOCA-salt hypertension. Moreover, we hypothesized A-RDNx would lower
arterial pressure independent of a decrease in renal inflammation.

METHODS

All procedures were approved by the University of Minnesota IACUC and were in
compliance with the NIH Guide for Care and Use of Laboratory Animals. A detailed
description of the methods and materials can be found in the Online Supplement.

Experiment 1: Direct Recording of Resting Afferent Renal Nerve Discharge in Vehicle and
DOCA-Salt Rats

These experiments were conducted using the DOCA-salt rat, a well-established model that
recapitulates moderate to severe human salt-sensitive hypertension and renal
inflammation26. Twenty male Sprague Dawley rats (Weight: 275-300g; Age: 10-12 weeks)
underwent the 21-day DOCA-salt treatment as previously described® 20 (Figure 1). All rats
were nephrectomized, and allowed three weeks to recover. Half of the rats were switched to
0.9% saline, and five days later, administered 100mg DOCA in a subcutaneous silicone
implant (DOCA,; n=10). Controls remained on distilled water and received a silicone vehicle
implant (\ehicle; n=10). Following the 21-day DOCA or Vehicle treatment, multi-unit
resting ARNA in each animal was measured /n vivo under 2% isoflurane anesthesia.
Additionally, afferent nerve sensitivity to mechano- and chemo-sensitive stimuli was
assessed. Expanded methods for the ARNA recording protocol can be found in the Online
Supplement.

The mean value of the 10-minute baseline integrated voltages (JARNA) was used to
quantify resting ARNA. Further, to control for intra-experimental variability in the use of
multi-unit nerve recording?’, resting afferent nerve activity was also normalized to the peak
JARNA response to intrapelvic 50uM capsaicin (in 150mM NaCl), defined as the peak
afferent activity (J ARNApeak), and expressed as a percent of IARNApeak using the
following calculation:

jA RNA baseline

A =1
% Amaz=100 fARNApeak
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Experiment 2: Effect of Total and Selective Afferent Renal Denervation on DOCA-Salt
Hypertension and Renal Inflammation

A separate experiment was designed to determine the role of efferent and afferent renal
nerves in the development of DOCA-salt hypertension and the associated renal
inflammation. Thirty-eight male Sprague Dawley rats (Weight: 275-300g; Age: 10-12
weeks) underwent a unilateral nephrectomy 14 days prior to DOCA-salt treatment (see
Figure 1). Rats were then randomly assigned to one of four experimental groups: (1) 100 mg
DOCA-salt + total renal denervation (T-RDNXx; n=12), (2) 100 mg DOCA-salt + selective
afferent ablation (A-RDNXx; n=11), (3) 100 mg DOCA-salt + sham denervation (DOCA-
Sham; n=10), or (4) 0 mg DOCA + sham denervation (\ehicle-Sham; n=5). Total RDNx
was achieved by surgical sectioning of renal nerves followed by a perivascular application of
10% phenol (in 100% ethanol). Afferent-specific RDNx was achieved by perivascular
application 33mM capsaicin (in 5% Tween 80; 5% ethanol; 90% 150mM NacCl). Animals
were instrumented with radiotelemeters for continuous measurement of arterial pressure and
heart rate. After the 21-day treatment, tissues were collected for further analysis. For
expanded methods, please see the Online Supplement.

Statistical Analysis

Temporal data were analyzed by a repeated measurement, two-way ANOVA with a
Bonferroni post-hoc test (a=.05). All other data (2+ groups) were analyzed by one-way
ANOVA with a Bonferroni post-hoc test (a.=.05) or a Student’s t-test (2 groups). Statistical
analyses were performed with GraphPad Prism 6.0 software. *p<.05 versus Vehicle-Sham;
#p<.05 versus DOCA-Sham. Data is presented as mean = SEM.

RESULTS

Experiment 1: Resting Afferent Renal Nerve Activity in the DOCA-Salt Model

Resting Afferent Nerve Activity and Sensitivity in DOCA-Salt Rats—Resting
afferent renal nerve activity (ARNA) was measured under 2% isoflurane anesthesia. Mean
arterial pressure (MAP) was elevated in anesthetized DOCA (151+5 mmHg) rats versus
Vehicle (1064 mmHg). Sample nerve tracings of resting RSNA, resting ARNA, and
background noise signals from both vehicle and DOCA rats are depicted in Figure 2.

Prior to cutting the central end of the nerve, the integrated voltage of total multi-unit nerve
activity (afferent + efferent) was no different between Vehicle and DOCA (Figure 3B). After
sectioning the central end of the nerve, activity fell to less than 10% of this initial level, but
note that resting JARNA was higher in DOCA (Figure 3C). No difference was observed in
peak response to intrapelvic capsaicin between groups (Figure 3D). Finally, when resting
JARNA is expressed as percentage of peak ARNA to intrapelvic capsaicin (YoAmax),
resting ARNA was significantly higher in DOCA (Figure 3E). Notably, resting ARNA was
approximately 2.5-fold higher in DOCA regardless of whether it was expressed as fARNA
or Y%6Amax.

In a subset of six rats in each group, the responses to isobaric intrapelvic perfusion of
isotonic saline (150 mM NacCl), hypertonic saline (600 mM NaCl), and bradykinin (20
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ug/mL) were assessed. Response to increased pelvic pressure from 0 to 20 mmHg was also
measured. No difference between groups was observed in ARNA response to any stimuli
(see Online Supplement).

Experiment 2: Response to Total and Selective Afferent Renal Denervation in DOCA-Salt
Hypertension and Renal Inflammation

Cardiovascular Responses—Prior to DOCA implantation, baseline mean arterial
pressure (MAP) was lower in T-RDNx versus DOCA-Sham (96+1 versus 105x2mmHg) rats
(Figure 4A). In contrast, basal MAP was unaffected by A-RDNXx (103+4mmHg). The
response to treatment was calculated as percent change from baseline (Figure 4B). The
percent increase in MAP in DOCA-Sham was greater than Vehicle-Sham, which was
attenuated equally by T-RDNx and A-RDNXx (Figure 4B). The steady-state absolute change
in MAP (Figure 4C), averaged over the final three days (days 19-21), was greater in DOCA-
Sham versus Vehicle-Sham (A27+2 versus Ad+1mmHg). Further, this response was halved
by T-RDNx and A-RDNx (A15+1 and A14+2mmHg). Baseline HR prior to DOCA-salt
treatment was similar across experimental groups (Figure 4D). The percent decrease in HR
was greater in DOCA-Sham versus Vehicle-Sham (Figure 4E), and T-RDNx and A-RDNXx
also mitigated this response. Steady-state HR response (Figure 4F) to DOCA-sham
(—56x5bpm) was also attenuated by T-RDNx and A-RDNXx (—45%4 versus —39+4bpm). No
effect of T-RDNx or A-RDNXx versus DOCA-Sham was observed in daily or cumulative
sodium intake (Figure S2).

Renal Inflammatory Chemokine and Cytokine Content—As shown in Figure 5,
several pro-inflammatory markers (GRO/KC, MCP-1, IL-2, and IL-6) were increased in
DOCA-Sham versus Vehicle-Sham. Moreover, compared to DOCA-Sham, T-RDNx
decreased nearly all inflammatory markers (GRO/KC, MCP-1, IL-1p, IL-2, IL-6, IL-17a,
and TNFa). Similarly, A-RDNXx attenuated several pro-inflammatory cytokines (GRO/KC,
MCP-1, IL-2), but fewer markers and to a lesser extent than T-RDNx. Within DOCA treated
rats (DOCA-Sham, T-RDNx, and A-RDNX), no significant correlation between arterial
pressure and cytokine content was observed (see Online Supplement)

Renal T-Cell Infiltration and Activation—To elucidate the role of renal efferent and
afferent nerves in renal inflammation, renal single-cell lymphocyte suspensions were
analyzed by flow cytometry. Renal T-cells and sub-populations, including CD4+ and CD8+
subsets (Figure 6), are nearly all increased in DOCA-Sham rats. T-RDNx tended to prevent
this effect, where CD4+ regulatory T cells (CD25"9M), CD8+ T-cells, and CD8+ central
memory T-cells (CD44M3h/CD62LNgN) were lowered (p<.05) by T-RDNXx versus DOCA-
Sham. No differences were observed between A-RDNx and DOCA-Sham.

Renal Denervation Efficacy—T-RDNXx reduced renal NE content to nearly zero (<5%
DOCA-Sham). In contrast, NE content in A-RDNXx remained similar to DOCA-Sham. T-
RDNx and A-RDNx markedly and similarly reduced CGRP content, indicating a similar
efficacy was achieved. Together, these data indicate T-RDNx and A-RDNx techniques
ablated the majority of the targeted nerves. Data is available in the Online Supplement.
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DISCUSSION

The objective of the present study was to investigate the role of afferent and efferent renal
nerves in the pathogenesis of a model of salt-sensitive hypertension that is associated with
renal inflammation — the DOCA-salt rat. There were four important findings: First, using
direct multiunit /n vivo recording, we observed resting afferent nerve activity (ARNA) was
elevated in the DOCA-salt rat. Secondly, total (T-RDNXx) and selective afferent renal
denervation (A-RDNXx) mitigated both the rate and magnitude of DOCA-salt hypertension
development equally. Third, nearly all activated renal T-cells were lowered by T-RDNXx
compared to DOCA-Sham rats, but not A-RDNX. Lastly, T-RDNXx also lowered the renal
pro-inflammatory marker content versus DOCA-Sham, whereas A-RDNXx attenuated or had
no effect.

Collectively, these findings support the hypothesis that afferent and efferent renal nerves
both play a central role in the pathogenesis of DOCA-salt hypertension and renal
inflammation. Our interpretation of these findings in the context of previous studies is
discussed in greater detail below.

Renal Nerves and Hypertension: Disparate Roles for Afferent and Efferent Sympathetic

Nerves

Increased RSNA and renal inflammation are both recently hypothesized to contribute to the
development and maintenance of many forms of hypertension. In this study, as well as
previous reports from our laboratory® 20, total renal denervation (T-RDNXx) abated the rate of
development of DOCA-salt hypertension by approximately 50%. In addition, as we have
previously observed?®, T-RDNXx decreased the basal level of arterial pressure (prior to
DOCA-salt) by approximately 10mmHg, suggesting renal efferent nerves contribute to
blood pressure homeostasis under normotensive conditions in the rat. In contrast, whereas
A-RDNXx had no effect on the basal level of arterial pressure, it attenuated the rate of
development and magnitude of hypertension in a temporal pattern identical to T-RDNXx. This
finding, combined with the observation that the resting level of afferent renal nerve activity
(ARNA) was substantially increased in DOCA-salt, leads us to conclude the renal nerve-
dependent component of DOCA-salt hypertension is primarily mediated by increased
afferent, rather than efferent, renal nerve activity.

To our knowledge, there is only one other report where resting ARNA was measured in a
model of hypertension. In agreement with the present study, Moss and Stoltock observed an
increased resting firing rate of single-unit afferent renal nerves in the spontaneously
hypertensive rat (SHR) compared to a normotensive control22. While single-unit recordings
are favorable due to simple quantification and low-experimental variability, this technique is
dependent on large sample sizes to appropriately represent whole-organ activity.
Alternatively, multi-unit recording offers general sampling of multiple units within a bundle
that may be missed using single-unit recording. Also, we feel the use of normalization to a
maximal response avoids the traditional complication of intra-experimental variability and
group comparison. Importantly, the observation from this study using multi-unit recordings
and the previous use of single unit recordings both confirm an elevation in ARNA in
hypertensive models.
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Despite the paucity of direct evidence linking a chronic increase in ARNA to the
hypertension etiology, this hypothesis is supported by studies in which renal deafferentation
was achieved by dorsal rhizotomy (DRZ). Campese and colleagues used this approach to
elucidate the role of renal afferent nerves in the hypertensive response following renal
injuryl0. DRZ also attenuates the hypertensive response in the SHR1!, renovascular
hypertension2, and chronic renal failurel3, It is important to note DRZ ablates not only
renal, but all visceral and somatic sensory input to the spinal cord. Moreover, DRZ
reportedly causes salt-sensitive hypertension by disrupting the reno-renal reflex3C. Our
recent studies show the targeted ablation of renal afferent nerves by periaxonal capsaicin
does not affect sodium handling or salt-sensitivity2?. Whether these disparate reports are due
to the ablation technique or blood pressure measurement methodology remains to be studied.

A more direct approach to elucidate this mechanism is the monitoring of arterial pressure
response to ARNA stimulation. Notably, Kottke and colleagues reported in 1945 that long-
term direct stimulation of renal nerves produced chronic hypertension in dogs®L. Although
efferent renal nerve stimulation was the presumed cause, the role afferent renal nerve
stimulation cannot be ruled out. More recently, studies from Patel and Knuepfer32 and
Simon et al.33 found that acute stimulation of renal afferent nerves in conscious rats elicited
an increase in vasopressin and arterial pressure. However, no follow-up studies examined
whether this response is maintained longer than one hour, so the arterial pressure response to
chronic ARNA stimulation remains speculative.

Afferent renal nerves modulate autonomic neural pathways in the brain integral in
neuroendocrine control of cardiovascular function. For example, afferent renal nerve
stimulation was recently reported to directly modulate the activity of pre-motor autonomic
neurons in the rostral ventrolateral (RVLM) and paraventricular nucleus (PVN) in rats34.
Moreover, hypothalamic lesions attenuate DOCA-salt hypertension3®: 36 as well as the two-
kidney-one-clip model of hypertension3’: 38, a model which is also proposed to be
dependent on afferent renal nerves2. While peripheral sympathetic activity or neural
signaling in the hypothalamus was not measured in the current study, we hypothesize the
attenuation of DOCA-salt hypertension by A-RDNXx is likely due to a disruption of afferent
signal to the PVN and RVLM resulting in an attenuation of sympathetic activity and/or
vasopressin release — both of which are reported to be elevated in DOCA-salt
hypertension3®: 40, The neural and hormonal mechanisms by which A-RDNXx attenuates
DOCA-salt hypertension remained to be established.

Notably, this study contrast with our recent report using a similar approach in the Dahl salt-
sensitive (Dahl S) rat on high salt diet?8. Although T-RDNXx decreased arterial pressure
similarly in both the early and late phases of Dahl salt-sensitive hypertension, A-RDNx had
no effect on arterial pressure. Based on these findings, we concluded afferent renal nerves do
not contribute to the hypertension in the Dahl S rat. Importantly, it is clear that A-RDNx
does not uniformly prevent all experimental models of hypertension. The explanation for
these differences is unfortunately unknown. One possibility is the renal inflammation, which
hypothetically drives ARNA, is less pronounced in the Dahl S rat compared to the DOCA-
salt model. In other words, despite reports of renal inflammation in the Dahl S rats*1, it may
not be of the type or magnitude that assumingly alters ARNA. Additional examination of the
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mechanistic relationship between renal inflammatory mediators and renal afferent nerves is
currently underway.

Renal Nerves and Renal Inflammation: A Bidirectional Communication?

Renal nerve ablation is reported to have an anti-inflammatory effect?l: 22, a concept that is
also supported by the present study. We found the combination of efferent and afferent
denervation (T-RDNX) abated the renal inflammation induced by DOCA-salt. This is
consistent with the previous report that T-RDNx attenuated the development of hypertension
and renal inflammation in the Ang-11 mouse model2L. Moreover, these studies suggest the
renal efferent nerves regulate the trafficking of inflammatory mediators. Interestingly, in
contrast to the previous study where Xiao and colleagues observed A-RDNx had no effect
on the renal inflammation or hypertension in the Ang-11 mouse model?!, we observed an
equal attenuation of the hypertension with A-RDNx and T-RDNX. It is important to note this
crucial difference can not be directly attributed to the renal inflammation, as A-RDNXx had a
lesser effect on renal inflammatory cytokine content or T-cell activation versus T-RDNX.
Moreover, based on the current study’s findings, we conclude the afferent renal nerves
directly contribute to the DOCA-salt hypertension, and the pro-hypertensive effects of renal
inflammation may be relayed by the afferent renal nerves. While the role of afferent nerves
in the blood pressure effect is clear, the mechanism linking afferent nerves and renal
inflammation remains speculative.

Peripheral and central sensitization to afferent sensory input has been reported in models of
systemic inflammation, as well as inflammation isolated in the dorsal root ganglion?3: 24 42,
This raises the question of whether nerves can become activated or sensitized through the
interaction with pro-inflammatory mediators. Though we did not observe an increased
sensitivity, we can not rule out tonic activation since we observed ARNA was elevated under
resting conditions in the DOCA-salt rat. Moreover, in a study by Veelken and colleagues
using a rat model of glomerulonephritis, the investigators suggested inflammatory immune
cells (e.g. macrophage and dendritic cells) may be indirectly communicating with the central
nervous system through the direct interaction with renal afferent nerves?2. When considering
our inflammatory protein content data, which suggests a myriad of pro-inflammatory cell
types and signals are contributing to this cytokine storm, several candidates for the chronic
sensory nerve stimuli remain targets for future study.

Regarding the anti-inflammatory effect of T-RDNx and partial effect A-RDNXx, we believe
this is due in part to a reduced renal perfusion pressure*3. Klanke and colleagues** elegantly
demonstrated a pressure-mediated renal inflammatory response in the DOCA-salt rat. These
investigators reported that both mineralocorticoid and pressure effects individually
contribute to the renal inflammation induced by DOCA-salt in rats. While we observed a
greater reduction in renal inflammation was observed following T-RDNx compared to A-
RDNX, it is important to note the blood pressure reduction remained similar. Interestingly,
the pro-hypertensive effect of renal inflammation may be mediated through renal afferent
nerves, as indicated by the anti-hypertensive effect of A-RDNXx and the increased resting
ARNA in DOCA-salt rats. Further studies are required to elucidate the direct activation of
renal afferent nerves by renal inflammation, and its role in chronic blood pressure control.
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Summary and Clinical Perspectives

Limitations

With the recent conflicting clinical reports of the efficacy of RDNx>8, it is crucial to
elucidate the mechanisms of the effect of RDNx and if it may be improved or tailored for the
treatment of hypertension complicated by renal disease. Collectively, the data from the
present study suggests the DOCA-salt hypertension is mediated by both efferent and afferent
renal nerves. Firstly, efferent renal nerves appear to contribute to renal inflammation
development, and the pro-hypertensive effect of renal inflammation is likely mediated
through the presence and activation of afferent renal nerves. In concert with our other recent
findings28 where no preventative or reversal effect of afferent-specific denervation was
observed in Dahl S rats, perhaps these data collectively suggest RDNXx is not a universal
treatment for all hypertension types. Further, perhaps RDNx would be most effective in
patients with confirmed renal inflammation and elevated peripheral or renal SNA. Indeed,
development of diagnostic tests for renal inflammation and elevated RSNA could isolate this
patient population. Furthermore, our current study highlights an important role for renal
afferent nerves to consider in the future study of renal denervation.

Anesthesia—Measurement and analysis of RSNA is potentially complicated by
anesthesia. It is not clear whether renal afferent nerve activity is affected since recordings
were made directly from axonal projections of sensory nerves, where anesthetic modulation
of synaptic transmission is not an issue. Although we did employ a normalization procedure
to minimize this confounder, we cannot rule out the possibility that isoflurane modulates
afferent nerve discharge. We are currently developing a method to record afferent renal
nerve activity in conscious rats to explore this possibility.

Denervation Efficacy—Based on our previous study?8, we have validated the efficacy of
periaxonal capsaicin for targeted ablation of renal sensory neurons. We observed pelvic
CGRP content is undetectable 10 days post-capsaicin, but becomes detectable after four
weeks. This time-dependent recovery of neurotransmitter content suggests reinnervation
may be occuring; however, it is not clear whether the detectable levels of neurotransmitter
content in this study is due to partial denervation attainment or reinnervation. Moreover,
although the loss of pelvic CGRP content is consistent with ablation of sensory nerve
terminals, it is not known whether a single capsaicin treatment results in the loss of renal
dorsal root ganglion cell bodies and axons. Further studies are needed to more clearly
establish the extent and duration of targeted renal afferent denervation using this method.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND SIGNIFICANCE
What is New?

We report resting afferent renal nerve activity is elevated in the DOCA-salt
model of hypertension in the rat.

Afferent renal denervation attenuated the development of salt-sensitive
hypertension independent of a decrease in renal inflammation.

What is Relevant?

The present study suggests that afferent renal nerves may contribute directly
to the development and maintenance of salt-sensitive hypertension
complicated by renal inflammation.

Summary

Resting afferent renal nerve activity (ARNA) was elevated in the hypertensive rat. Total
and afferent-specific renal denervation similarly attenuated the development of the
hypertension by approximately 50%. While total nerve ablation largely blunted renal
inflammation and afferent-specific denervation had a lesser effect, the blood pressure
effects were equal. Together, these data indicate afferent renal nerves mediate the
antihypertensive response to total renal denervation in this model. Also, these data
suggest the pro-inflammatory response is chiefly mediated primarily by efferent renal
nerves, whereas the hypertensive response is mediated largely by afferent renal nerves.

Hypertension. Author manuscript; available in PMC 2017 December 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Banek et al. Page 14

Experiment 1

Unilateral Start High- Salt Basal Afferent Renal
Nephrectomy (0.9% Saline) Nerve Recording
| | | | /)
Protocol Day: -ZIG -:{2 -;3 (') 21
(Experiment 2) 100mg DOCA Experiment 2
1) T-RDNx/A-RDNx/Sham or Tissues Collected for
2) Transmitter Implant  Silicone Implant Inflammation Analysis

Figurel.
The DOCA-salt protocol timeline for experiments 1 and 2.
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Examples of original nerve tracings for total renal nerve activity (efferent+afferent+noise),
afferent(+noise), and background noise from a vehicle and DOCA rat. Afferent signal was
recorded after proximal sectioning of the isolated renal nerve. Background noise was
recorded following a distal sectioning of the isolated nerve. Scale bars: 1200ms (x-axis); 5pV

(y-axis).
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Following DOCA-salt treatment, resting afferent renal nerve activity (ARNA) was measured
in anesthetized rats. Panel A: A sample tracing of raw (top), rectified (middle), and
integrated (bottom) nerve activity from a Vehicle-Sham animal is depicted, in which ARNA
was recorded before and during the response to intrapelvic administration of 50puM capsaicin
to establish the peak level of afferent renal nerve discharge. ARNA was quantified from the
integrated (JARNA) signal. Panel B: Raw integrated signal of resting total renal nerve
activity is no difference between Vehicle and DOCA rats. Panel C: Following proximal
sectioning of the renal nerve, signal recorded represents only JARNA. The resting JARNA
was elevated in DOCA versus Vehicle (0.24+0.04 versus 0.10+0.01 pV-sec). Panel D: Peak
afferent nerve response to intrapelvic perfusion of 50uM capsaicin was no different between
Vehicle and DOCA. Panel E: Basal ARNA, expressed as a percentage of peak ARNA
response to intrapelvic capsaicin (YoAmax). After normalization, resting activity remained
increased in DOCA-salt rats compared Vehicle (32.0£5.7 versus 13.8+2.7%Amax). All data
presented as mean+SEM (n=10/group). *p<.05 versus Vehicle-Sham.
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Figure 4.

Panel A: Baseline mean arterial pressure (MAP) prior to DOCA treatment, was lower in T-
RDNx group versus DOCA-Sham (*96+1 versus 105£2mmHg) rats and A-RDNXx had no
effect (103+4mmHg). Panel B: The percent increase from baseline MAP in DOCA-Sham
rats was attenuated equally by T-RDNx and A-RDNx. Panel C: The end AMAP was
averaged from the final three days of treatment (days 19-21) in the four treatment groups.
The AMAP DOCA-Sham (27+2mmHg) was halved by T-RDNx and A-RDNx (15+1 and
14+2mmHg). Panel D: No differences in baseline HR was observed. Panel E: The percent
change in heart rate from baseline was reduced in DOCA-Sham compared to Vehicle-Sham
rats, and both T-RDNx and A-RDNx mitigated this effect. Panel F: End AHR averaged of
the final three days of treatment was decreased in DOCA-sham versus Vehicle-Sham (-56+5
versus —17+4bpm), and T-RDNx and A-RDNXx attenuated this response (—45+4 versus
—-9+4bpm). All data presented as mean+SEM. *p<.05 versus Vehicle-Sham; #p<.05 versus
DOCA-Sham.
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1

DOCA-ARDNx (n=5)

Renal cortical and medullary (mixed) tissue inflammatory marker content was measured by
Luminex multiplex immunoassay. Several pro-inflammatory markers (GRO/KC, MCP-1,
IL-2, and IL-6) were increased (*p<.05) in DOCA-Sham rats versus Vehicle-Sham. T-RDNXx
greatly decreased (#p<.05) the levels of GRO/KC, MCP-1, IL-1B, IL-2, IL-6, IL-17a, and
TNFa versus DOCA-Sham. A-RDNXx attenuated fewer pro-inflammatory cytokines
(GRO/KC, MCP-1, IL-2) versus DOCA-Sham. All data presented as mean+SEM. *p<.05
versus \Vehicle-Sham; #p<.05 versus DOCA-Sham.
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Figure 6.
Renal T-cell infiltration and activation were assessed by flow cytometry. Nearly all T-cells

subtypes were elevated with DOCA-salt treatment. Total renal nerve ablation (T-RDNX)
tended to lower renal T-cell infiltration and activation versus DOCA-Sham. Compared to
afferent-targeted RDNx (A-RDNXx), CD4+ central memory (Tcm), effector memory (Tem),
and regulatory (Treg) were lower in T-RDNx animals. All data presented as mean+SEM.
*p<.05 versus Vehicle-Sham; #p<.05 versus DOCA-Sham.
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