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Abstract

The renin-angiotensin system (RAS) in the brain is a critical determinant of blood pressure but the
mechanisms regulating RAS activity in the brain remain unclear. Expression of brain renin (renin-
b) occurs from an alternative promoter-first exon. The predicted translation product is a non-
secreted enzymatically active renin whose function is unknown. We generated a unique mouse
model by selectively ablating the brain-specific isoform of renin (renin-b) while preserving
expression and function of the classical isoform expressed in the kidney (renin-a). Preservation of
renal renin was confirmed by measurements of renin gene expression and immunohistochemistry.
Surprisingly, renin-b-deficient mice exhibited hypertension, increased sympathetic nerve activity
to the kidney and heart, and impaired baroreflex sensitivity. Whereas these mice displayed
decreased circulating RAS activity, there was a paradoxical increase in brain RAS activity.
Physiologically, renin-b-deficient mice exhibited an exaggerated depressor response to
intracerebroventricular administration of losartan, captopril or aliskiren. At the molecular level,
renin-b-deficient mice exhibited increased expression of ATq receptor in the paraventricular
nucleus, which correlated with an increased renal sympathetic nerve response to leptin which was
dependent upon AT receptor activity. Interestingly, despite an ablation of renin-b expression,
expression of renin-a was significantly increased in rostral ventral lateral medulla. These data
support a new paradigm for the genetic control of RAS activity in the brain by a coordinated
regulation of the renin isoforms, with expression of renin-b tonically inhibiting expression of
renin-a under baseline conditions. Impairment of this control mechanism causes neurogenic
hypertension.
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Introduction

It is well known that the renin-angiotensin system (RAS) plays a crucial role in regulating
blood pressure (BP) and fluid homeostasis. Many tissues express all components of the RAS
and have the capacity for the synthesis and action of angiotensin-1l (ANG). The importance
of the tissue RAS as an independently regulated system distinct from the circulating or
endocrine RAS has become an accepted paradigm.! Whereas all components of the RAS are
present in the brain, and accumulating evidence indicates that the brain RAS regulates BP,
the mechanisms regulating RAS activity in the brain remain unclear.2:3

Renin expression in the kidney and most other tissues (except brain) is initiated from a
strong promoter upstream of the classical first exon (exon 1a), leading to production of
preprorenin, the precursor for secreted active renin (termed renin-a) (Figure 1A). In the
brain, renin is transcribed from an alternative promoter-first exon (termed exon 1b) which
does not encode the initiation codon present in exon 1a.*° It is predicted that translation
initiates at the next ATG in exon 2, a codon which is both in frame and evolutionarily
conserved.® This translation product (termed renin-b) is virtually brain-specific and lacks
both the signal peptide and the first third of the prosegment. Consequently, renin-b cannot
enter the secretory pathway and should remain intracellular. Renin-b has been reported to be
enzymatically active.* Although renin-b is the dominant isoform of renin in the brain under
normal conditions, the function of renin-b in the brain and whether it encodes a functional
intracellular renin is unknown.>’

There is a long held hypothesis that ANG acts as a neurotransmitter.8 Although this is
supported by functional evidence, the criteria for de novo intracellular synthesis of ANG has
yet to be satisfied.%-11 Renin is expressed in neurons along with its substrate
angiotensinogen (AGT) in regions of the brain controlling cardiovascular function.12:13
Therefore, the hypothesis for an intracellular renin in neurons is particularly compelling as it
may offer the missing mechanistic link defining ANG as a neurotransmitter. There is a
second hypothesis that expression of renin-a and renin-b are differentially but coordinately
regulated in the brain.1* At baseline, renin-a expression in brain is undetectable, and the
predominant isoform is renin-b (albeit expressed at a level orders of magnitude lower than in
the kidney). However, in response to deoxycorticosterone (DOCA)-salt, there is an induction
of renin-a mMRNA expression concomitant with a suppression of renin-b mRNA expression.
This induction of renin-a occurs concordantly with a state of brain RAS activation. Thus the
balance between these two isoforms may dictate brain RAS activity which could have
profound effects on BP. This is further complicated by the fact that the protein products of
renin-a and renin-b mRNAs likely differ. In brain, expression of renin-a should produce and
release prorenin, whereas expression of renin-b should support production of a non-secreted
intracellularly-retained form of active renin. Herein, we used an unconventional genetic
approach to generate mice that selectively lack renin-b in the brain to investigate the
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importance of renin-b and differentiate between these two hypotheses. A notable feature of
the model is the preservation of renin-a expression by the kidney and secretion of renin. This
is critical because renin-a-deficient mice exhibit post-natal lethality.1

Generation of renin-bNU! mice

A targeting vector was designed to delete 500 bp upstream and downstream of exon 1b using
a bacterial artificial chromosome clone carrying the mouse Ren-1° gene as a template. Gene
targeting was performed in C57BL/6 inbred ES cells (1C1) by the inGenious Targeting
Laboratory (Ronkonkoma, NY). Neomycin resistance and HSV thymidine kinase gene were
used for positive and negative selection, respectively. Recombinant clone ITL4D5
successfully passed all quality control tests for the presence of loxP and FRT sites and was
used for blastocyst injection. Chimeras were bred with C57BL/6J mice. Positive offspring
were bred to C57BL/6J congenic B6.12954-Gt(ROSA)26Sor™1(FLPL)DYM/RainJ (a FLP
deleter strain, Jax 009086) to eliminate the neomycin gene, and then to C57BL/6J to ensure
removal of FLP. Offspring were bred to C57BL/6J congenic B6.FVB-Tg(Ella-
cre)C5379Lmgd/J (Jax 003724) to generate the REN-bNUll allele. Mice carrying the REN-
bNull allele were maintained by backcross breeding to C57BL/6J, and heterozygotes were
intercrossed to generate the renin-bNull mice.

In this first study, aged matched male REN-bNU!l mice were examined. Control littermates
carrying both wildtype alleles were used as controls in all experiments. Studies are currently
in progress to assess sex differences in both cardiovascular and metabolic parameters. All
mice were fed standard laboratory chow (NIH-31 modified 6% mouse diet, Harlan Teklad)
and tap water ad /ibitum. All studies were approved by the University of lowa Animal Care
and Use Committee and were performed in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals.

Experimental Design

Statistics

Measures of cardiovascular parameters, spectral analysis of heart rate, sympathetic nerve
activity (performed in chloralose-anesthetized mice), plasma renin and angiotensin Il levels,
isolation of specific brain regions and gene expression, and renin immunohistochemistry as
detailed in the Online-only Supplement. The doses of drugs used in this study were
propranolol (5 mg/kg, i.p.), methyl-atropine (2 mg/kg, i.p.), hexamethonium bromide (1
mg/kg, i.p.), losartan (5 pg/h, i.c.v.), captopril (5 pg/h, i.c.v.).

Data were analyzed using t-tests or ANOVA with repeated measures as appropriate,
followed by Tukey multiple-comparisons procedures. Differences were considered
significant if p<0.05. All data are presented as mean + SEM.
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We employed a gene-targeting strategy to selectively delete renin-b while preserving renin-a,
by ablating exon 1b, its promoter and surrounding sequences in the mouse renin gene, while
exon la and the common portions (exon 2 to 9) of the renin gene were retained (Figure 1A).
The selective deletion of exon 1b in renin-bNU!l mice was confirmed by Southern blot
(Figure S1). Importantly, there was no decrease in survival of renin-bNull mice to adulthood
as has been reported for renin-aNull mice.1

Renin-b mRNA has a very limited tissue distribution and is the predominant isoform of
renin mRNA in the brain.>® Thus, renin-bNU!l mice are essentially brain-specific knockouts
of renin-b. Real-time quantitative RT-PCR established a loss of renin-b mRNA in the brain
(Figure 1B), but a preservation of renin-a mRNA in the kidney (Figure 1C). Immunostaining
studies revealed normal expression and distribution of renin protein in juxtaglomerular areas
in the kidneys of both control and renin-bNU!l mice (Figure 1D). For reasons explained
below, plasma levels of renin and ANG were modestly but significantly decreased in renin-
bNUll mice (Figure 1E). We conclude that renin-b was selectively eliminated from the brain
without altering expression of renin-a in the Kidney.

We predicted loss of renin-b to decrease BP. In contrast to our expectation, renin-bNull mice
exhibited a significant increase in systolic BP compared to controls (Figure 2). There was no
difference in diastolic BP during the day or night between groups. The differential effect on
systolic and diastolic BP was reflected in a large increase in pulse pressure in renin-bNull
mice (Figure S2). The increased BP likely caused feedback inhibition which decreased
plasma renin and angiotensin peptides as noted above.

There was no difference in baseline heart rate between renin-bNu! and control mice (Figure
3A). Power spectral analysis of heart rate variability showed increased indices of
sympathetic outflow and decreased indices of parasympathetic tone (Figure 3B). To test this
directly, we treated a separate cohort of mice with the B-adrenergic antagonist propranolol
and the parasympathetic agonist atropine. We observed a larger bradycardic response after
propranolol (Figure 3C), and a blunted tachycardic response induced by atropine in renin-
bNUll mice (Figure 3D). Baroreflex gain was decreased in renin-bNU!l mice, indicating
impaired baroreflex sensitivity and autonomic dysfunction (Figure 3E).

Direct measurement of sympathetic nerve activity (SNA) subserving the kidney, a key
cardiovascular organ, revealed higher baseline renal sympathetic tone in renin-bNU! mice
(Figure 4A-B). A higher resolution recording is shown in Figure S3. The sensitivity of
ganglionic blockade to the elevated BP in renin-bNU!l mice was investigated using a dose of
hexamethonium that did not change BP in control mice. Renin-bNU!l mice exhibited
increased sensitivity to hexamethonium as illustrated by a 30 mmHg decrease in BP (Figure
4C), and a similar decrease in HR (data not shown). A comparison of the effect of
hexamethonium on systolic, diastolic and mean BP is shown in Figure S4. Collectively,
these data suggest that mechanistically, hypertension in renin-bNUll mice is sympathetically
mediated.
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The increased BP and SNA are phenotypes consistent with increased brain RAS activity.
Although antithetical to our initial hypothesis, we next considered the possibility that
deletion of renin-bNUll in the brain was causing a paradoxical increase in brain RAS activity.
To test this, we measured BP in mice chronically treated with the AT4 receptor antagonist
losartan or the angiotensin converting enzyme (ACE) inhibitor captopril. Chronic i.c.v.
losartan not only abolished the elevated BP in renin-bNU!l mice, but reduced it below the
baseline in untreated or losartan-treated control mice (Figure 5A). Similarly, chronic i.c.v.
infusion of captopril caused an exaggerated BP reduction in renin-bNU!! mice (Figure 5B).
Summary data for both treatments is shown in Figure 5C, and a comparison of systolic,
diastolic and mean BP is shown in Figure S5. Interestingly, inhibition of the brain RAS
normalized the impairment of baroreflex sensitivity (Figure 5D) and autonomic nervous
function (Figure 5E) in renin-bNU!l mice. We conclude that the hypertension is due to
increased activity of the brain RAS in renin-bNU!l mice, likely reflecting increased local
synthesis of ANG and action at the AT, receptor within the brain.

To identify the potential nuclei underlying the effects evoked by brain RAS activation in
renin-bNU!l mice, we measured expression of RAS genes in several cardiovascular control
regions of the brain. There was no significant difference in expression of angiotensinogen,
prorenin receptor, or Mas receptor mRNA (Table S1). Expression of ACE was increased in
the subfornical organ (SFO) but not in other nuclei. Expression of AT, receptor mRNA was
significantly increased in the paraventricular nucleus (PVN) and there was a trend for an
increase in the rostral ventral lateral medulla (RVLM, Figure 6A). There was no change in
expression of AT, receptor mMRNA in the SFO, arcuate nucleus (ARC) and nucleus tractus
solitarius (NTS).

To address the functional importance of increased AT, receptor, we took advantage of our
previous observation that increased renal SNA in response to leptin is dependent upon AT,
receptors in the brain.18 Consistent with this, the renal SNA response to i.c.v. leptin was
markedly augmented in renin-bNu!' mice compared with controls (Figure 6B—C).
Importantly, this augmented response was ablated by pretreatment with losartan (Figure 6D).
These data suggest that increased sympathoexcitation in renin-bNU! mice is due to increased
activity of AT, receptors.

Finally, given the coordinated regulation of renin-a and renin-b mRNA in the brain of
DOCA-salt mice, we considered the possibility that the loss of renin-b mMRNA might trigger
an increase in renin-a MRNA.14 We employed a sensitive TagMan assay designed to detect
total renin mMRNA instead of an isoform-specific assay because: a) the level of renin-a
mRNA within individual regions of the brain is extremely low and below the level of
detection, b) the assays measuring each renin isoform selectively are inefficient because the
respective exons are very small and primers cannot be optimized, and c) renin-b mRNA is
the dominant form under baseline conditions. Thus, any renin mRNA detected in renin-bNull
mice must be, by definition, renin-a. Like AT, receptor, expression of renin-a mMRNA was
significantly increased in the RVLM, and there was a trend for an increase in the PVN in
renin-bNUll mice (Figure 7A). There was no increase in renin mRNA in the SFO, ARC or
NTS. Given the increase in renin mMRNA, which in renin-bNu!' mice must be renin-a mRNA,
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we tested if the hypertensive response is renin-dependent. Acute i.c.v. injection of aliskiren,
a renin inhibitor, significantly reduced BP in renin-bNU!l but not control mice (Figure 7B).

Discussion

Physiological phenotypes in renin-bNUll mice, such as hypertension, elevated renal SNA, and
the enhanced renal SNA response to leptin, are consistent with increased brain RAS
activity.2 Deletion of renin-b paradoxically results in increased brain RAS activity strongly
suggesting that expression of renin-b acts as an endogenous inhibitor of the brain RAS.
Mechanistically, our data suggests that in the brain, expression of renin-b tonically inhibits
expression of renin-a which encodes secreted renin. The processes controlling renin-a in the
kidney have been extensively studied, but there are no data on the regulation or mechanisms
of renin-b expression.1” That this mechanism occurs naturally is supported by our previous
result showing the concomitant increase in renin-a and decrease in renin-b in the brain in
DOCA-salt hypertension.14 A mechanism controlling the regulation of secreted renin in the
brain is conceptually interesting, because the ANG precursor and renin substrate, AGT, is
widely expressed in, and constitutively released from astrocytes and glia.181° Thus, the
extracellular space is essentially bathed with the precursor to ANG. Renin and AGT are
synthesized in neighboring cells in the RVLM.13 Deletion of AGT specifically in the brain
of mice and rats decreases BP and SNA.20-23 Thus, without a control mechanism, the
generation of extracellular ANG may directly activate AT receptors in this region of the
brain leading to increased sympathetic outflow.24 Consequently, expression of renin-b might
provide a counter regulatory control mechanism preventing widespread conversion of
extracellular AGT to ANG peptides.

Our original provocative hypothesis was that renin-b encodes an intracellular isoform of
renin which functions as part of the cellular machinery synthesizing ANG from AGT within
neurons.’ Evidence supporting intracellular ANG synthesis could support the hypothesis that
ANG functions as a neurotransmitter.8 The main weakness of the intracellular ANG
hypothesis is in modeling how intracellular renin could interact with AGT within the cell.
AGT is a secretory protein whereas renin-b lacks the signal peptide needed for incorporation
of the protein into the secretory apparatus. Although we predicted that deletion of an
intracellular mediator for ANG synthesis would be associated with decreased BP, it was in
fact associated with increased BP. However, an argument can be made that intracellular renin
might control an inhibitory neural circuit, and indeed ANG-dependent inhibitory circuits
have been reported.2®> Nevertheless, the strongest data implicating ANG as a
neurotransmitter is in the SFO-PVN axis where ANG is strongly stimulatory.10 Moreover,
disinhibition of an inhibitory neural circuit would not be expected to be RAS-dependent.
Consequently, our data does not provide supporting evidence for a role for intracellular
renin. Rather, our data supports a model in which the synthesis of ANG in the brain is
controlled at the level of renin transcription (Figure 7C). We hypothesize that under normal
conditions, expression of renin-b inhibits expression of renin-a thus limiting the synthesis
and action of ANG (left panel). In the lifelong absence of renin-b (as in the renin-bNull
mice), or in normal mice under conditions where renin-b is suppressed (e.g. DOCA-salt
hypertension), the renin-a transcript is induced, renin (most likely prorenin) is synthesized
and released, which converts AGT (in the presence of ACE) to ANG with consequent
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activation of neuronal AT receptors. Activation of AT, receptors in the PVN and RVLM
increase activity of the sympathetic nervous system. The mechanism converting prorenin to
renin in the brain, and the requirement, if any, of (pro)renin receptor remains undefined. This
model is supported by data showing that AT, receptor blockade in the brain does not affect
BP in normotensive models or under baseline conditions, wherein renin-b inhibits brain
RAS activity.26 Similarly, knockout of renin-a specifically in the brain does not affect BP in
the absence of a hypertension-inducing stress because renin-a is already silent.2” Both data
are consistent with a state of renin-b synthesis and tonic inhibition of brain RAS activity
under normal conditions. Hypertension-inducing signals, like DOCA-salt, cause a
reprogramming of renin synthesis from renin-b to renin-a leading to local secretion of renin
and local ANG synthesis and action.14

Perspectives

Perhaps the most important question to ask is whether our results have implications for
blood pressure control in humans and if this pathway is involved in human hypertension.
Two experimental findings suggest that our results may have applicability to humans. First,
the initial identification of renin-b expression in the brain was in a transgenic animal model
in which expression of the human renin gene was exquisitely regulated and responsive to
physiological cues.>28:29 This suggests that encoded in the human renin gene is the capacity
for expression of both renin-a and renin-b. Our second experimental finding is that renin-b
(not renin-a) is the primary isoform of renin expressed in human brain.> Thus humans, like
mice, express renin-b as the predominant isoform in the brain. Therefore, the main question
that remains unresolved is whether the “molecular switch” we propose herein is active in
humans. Future mechanistic studies in cultured neurons or neuronal cell lines may help to
address this issue.

Are our findings applicable to human hypertension? It is interesting to note that increased
sympathetic outflow has been attributed to be the basis of the failure of antihypertensive
therapy in refractory hypertension.30 Refractory hypertension differs from resistant
hypertension. Resistant hypertension is defined as uncontrolled high blood pressure despite
the use of effective doses of 3 or more different classes of antihypertensive agents, including
a diuretic.31 Refractory hypertension defines an extreme phenotype of antihypertensive
treatment failure most recently classified by uncontrolled blood pressure with optimal dose
of 5 or more different classes of antihypertensive agents, including chlorthalidone and a
mineralocorticoid receptor antagonist.3%:32 Whereas persistent intravascular fluid retention is
a characteristic commonly associated with resistant hypertension, this is not the case in
refractory hypertension. Instead, increased heart rate has been observed in refractory
hypertension suggesting a neurogenic etiology. Although RAS blockers effectively lowered
blood pressure in renin-bNu!l mice, it is important to recall that the drugs were administered
intracerebroventricularly and therefore had direct access to the “compartment” where ANG
was being generated and where it acted. We did not determine if systemic administration of
RAS blockers lowered blood pressure. In retrospect, it would have been interesting to make
this assessment. Antihypertensive agents differ in their ability to access to the central
nervous system through the blood-brain barrier, which may differ if the blood-brain barrier
becomes compromised in hypertension.33 Future studies will clearly be needed to determine
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if the renin-b/renin-a regulatory pathway is active in the central nervous system humans and
to determine if it plays a role in some patients such as those with refractory hypertension.
Unfortunately, we expect that assessing the importance of this pathway in humans may be a
very challenging undertaking.

Supplementary Material

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

What Is New?

. There are two forms of renin, renin-a, which is expressed in the kidney
and encodes preprorenin, and renin-b, which is expressed in the brain
and has been proposed to encode a non-secreted form of active
prorenin.

. We generated a unique mouse model by selectively ablating the brain-
specific isoform of renin-b while preserving expression and function of
renin-a in kidney.

. Selective deletion of renin-b results in hypertension and increased

sympathetic nerve activity due to activation of the brain RAS in
response to an isoform switch which induces renin-a in the absence of
renin-b in the brain.

What Is Relevant?

. Expression of renin-b provides a sensitive control mechanism which
limits activity of the brain renin-angiotensin system under normal
conditions.

Summary
. These data support a new paradigm for the genetic control of RAS

activity in the brain by coordinated regulation of the renin isoforms
with expression of renin-b tonically inhibiting expression of renin-a
under baseline conditions.

. This control mechanism becomes impaired under hypertension-
inducing conditions.

. Impairment of this control mechanism causes neurogenic hypertension.
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Figure 1. Generation of Renin-bNU!! Mice
(A\) Strategy for generating renin-bNU! mice. The locations of exon 1a (green) and exon 1b

(red) along with FRT (orange block) and loxP (black triangle) sites are indicated. The
location of isoform-specific translation start sites and splice sites to exon Il are indicated.
Homologous recombinant founder mice containing the targeted allele were bred with
FLPase mice to generate the floxed allele. The null allele was then generated by breeding
with EIIA-Cre transgenic mice. Exon 1a and the common portions (exon 2 to 9) of the renin
gene were retained in the Ren-bNull allele to preserve renin-a expression. (B-C) Renin-b and
renin-a mRNA expression were measured in brain (B) and kidney (C) by real-time
quantitative RT-PCR analysis (n=5 per group). ND, not detected. Graphs are mean+SEM.
(D) Immunohistochemistry for renin in the kidney. Scale bars: 10 um. Open arrow head,
glomerulus; closed arrowhead, juxtaglomerular apparatus. (E) Plasma renin and angiotensin
peptide levels were measure by ELISA (n=5 per group). *, P<0.05 vs control.
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Figure 2. Arterial Pressure Phenotyping
Systolic, diastolic, and mean BP are plotted hourly (top panel) and averaged across the light,

dark, and 24-hour phases (bottom panel). Shaded areas indicate the dark phase (control n=7,
renin-bNUll mice n=8). *, P<0.05 vs control.
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Figure 3. Heart Rate Phenotyping
(A) Heart rate is plotted hourly (left panel) and averaged across the light, dark, and 24-hour

phases (right panel). Shaded areas indicate the dark phase (control n=7, renin-bNu!l mice
n=8). (B) Relative low frequency, high frequency (LF/HF) ratio derived from power spectral
analysis of heart rate variability (n=7 per group). (C-D) Heart rate responses to i.p. injection
of propranolol (C) or atropine (D) (n=7 per group). (E) Baroreflex gain derived from
Sequence method (n=7 per group). *, P<0.05 vs control.
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Figure 4. Sympathetic Nervous System Activation
(A) Representative raw tracing of renal sympathetic nerve activity in chloralose-anesthetized

control and renin-bNU! mice. (B) Basal RSNA (control n=5, renin-bNU!l mice n=7). (C) BP
responses to ganglionic blockade (control n=5, renin-bNU!l mice n=8). Base, baseline; HEX,
hexamethonium. *P<0.05 vs Control, **P<0.05 vs Baseline.

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



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shinohara et al.

>

Systolic BP (mmHg)

Systolic BP (mmHg) O

150

125

100

75-

Page 16

B
=
= @ Ren-bNU! veh
ff O CON, Veh
o B Ren-b"" Drug
S [J CON, Drug
2
n

D

4- [ conN
- e S B REN-pNY!
O o) = =
T ©

5 [ 5] %* o

e E w

° S s

22 1y g

Bl 0.

VEH LOS CAP VEH LOS CAP “"VEH LOS CAP

Figure 5. Activation of the Brain RAS
(A-B) Effect of chronic RAS inhibition in response to i.c.v. losartan (LOS, A) and i.c.v.

captopril (CAP, B) on BP. BP was measured by radiotelemetry and is plotted hourly (A-B).
Shaded area reflects the dark cycle. Sample size was 5 control vehicle, 6 control LOS, 5
control CAP, 7 renin-bNu!l vehicle, 6 renin-bNull LOS, 6 renin-bNull CAP. Note that the
vehicle groups in A and B are the same and were repeated for clarity and easy comparison.
(C-E) Summary data of 24 hour systolic BP (C), baroreflex gain (D) and spectral analysis
(E). *P < 0.05 vs. control. **P < 0.05 vs. vehicle.
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Figure 6. Role of AT Receptors
(A) AT13R mRNA expression in PVN (n=10 per group), RVLM (n=10 control, n=9 renin-

bNull) 'SFO (n=10 per group), ARC (n=9 per group) and NTS (n=9 control, n=10 renin-
pNully > p< 0.05 vs control. (B) Representative tracings of RSNA in chloralose-anesthetized
mice before and during the 41 hour following i.c.v. administration of leptin (5 pg). (C-D)
Renal sympathetic nerve activity (SNA) response to i.c.v. injection of leptin. Percent
changes in renal SNA for 4 hours after i.c.v. leptin are plotted and the last 60 minutes are
summarized (control n=10, renin-bNUl n=5, renin-bNull + j.c.v. losartan n=5). *, P<0.05 vs
control; #, P<0.05 vs renin-bNull without losartan.
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Figure 7. Role of Brain Renin
(A) Total renin mRNA expression in PVN (n=9 per group), RVLM (h=9 per group), SFO

(n=8 control, n=9 renin-bNU!, ARC (n=9 per group) and NTS (n=9 per group). *, P<0.05 vs
control. (B) Acute BP effect of i.c.v. infusion of aliskiren over 30 min (control n=5, renin-
bNull n=7). * P<0.05 vs control; #, P<0.05 vs. i.c.v. vehicle. (C) Model illustrating
coordinate regulation of renin-a expression by renin-b in the brain under normal (left) and
hypertension-inducing conditions (right).
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