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Abstract

The phosphatidylinositol 3-kinase (PI3K)-dependent signaling pathway in brain of spontaneously
hypertensive rats (SHR), but not Wister-Kyoto (WKY) rats, contributes to elevated mean arterial
pressure (MAP). The role of PI3K in regulation of blood pressure or autonomic function in the
nucleus solitary tract (NTS) is yet to be established in other Angll-dependent models of
hypertension. Thus, we microinjected PI3K inhibitors, wortmannin or LY294002, into the NTS,
and measured MAP, baroreflex sensitivity (BRS) for heart rate control, and heart rate variability
(HRV) in mRen2.Lewis congenic and (mRen2)27 transgenic rats. Bilateral NTS microinjections
of wortmannin (100 nmol/L; 50 nL) reduced MAP in (mRen2)27 and mRen2.Lewis rats (3315
mmHg, n=7, and 326 mmHg, n=9, respectively) for ~90 minutes. Spectral and sequence analysis
showed improvements in spontaneous BRS and HRV (50-100%) following treatment in both
hypertensive strains. Injections of wortmannin into NTS of Hannover Sprague-Dawley or Lewis
control rats failed to alter MAP, BRS or HRV. In mRen2.Lewis, but not control Lewis rats,
LY294002 (50 pmol/L) reduced MAP and increased BRS and HRV similar to wortmannin. Thus,
pharmacologic blockade of the PI3K signaling pathway in NTS reveals an important contribution
to resting MAP and BRS in rats with over expression of the Ren2 gene.
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Introduction

The phosphatidylinositol 3-kinase (PI3K) has been associated historically with cellular
growth, differentiation, and apoptosis.1~3 Recent studies implicate this pathway in the
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actions of Ang Il in cells in culture and the regulation of mean arterial pressure (MAP) in
spontaneously hypertensive rats (SHR). For example, bath application of Ang Il activated
the PI3K pathway in cultured neonatal rostral ventrolateral medullary (RVLM) neurons from
SHR but not WKY.4® An in vivo administration of specific PlzK pathway inhibitors in the
RVLM of SHR led to significant decreases in MAP, but had no effect on MAP in WKY
rats.5 Taken together the above findings suggested that in hypertensive rats, a Pl3K
dependent pathway is up-regulated and is responsible for maintaining blood pressure,
perhaps mediated by actions of Ang Il, in the hypertensive rats. Because there were no
effects on WKY rats, the PI3K pathway may not be active in blood pressure regulation of
normotensive animals despite the fact that this pathway participates in the normal cellular
responses of neurons elsewhere in the medulla. For example, neurons in the dorsomedial
medulla of normotensive rats respond to leptin 7 and insulin 8 via signaling involving Pl3K.
Application of insulin in the nucleus tractus solitarii (NTS) suppressed baroreflex sensitivity
and this was blocked by a PI3K inhibitor, independent of changes in MAP in normotensive
WAKY rats. It is not known, however, whether the PI3K pathway present in the NTS is
involved in a regulated manner in other models of Ang Il-dependent hypertension, such that
this pathway becomes a requisite component in support of resting MAP. Thus, the objective
of this study is to determine the effects of PI3K inhibitors in the NTS of two transgenic
models of Ang Il-dependent hypertension: (mRen2)27 transgenic and mRen2.Lewis
congenic rats. Effects on MAP, the barorereflex sensitivity (BRS) for control of heart rate
(HR), heart rate variability (HRV) and blood pressure variability (BPV) as compared with
control strains of rats were determined.

Animal preparation

Experiments were performed in adult male transgenic (mRen2)27, congenic mRen2.Lewis
(9-20 wk old) and age-matched HnSD obtained from the Hypertension and Vascular
Research Transgenic Animal Facility at Wake Forest University School of Medicine and
Lewis rats. Lewis rats were obtained from the Charles River Laboratory and acclimated for
at least two weeks prior use. All experiments were carried out in accordance with the
guiding principles for the care and use of animals as mandated by the American
Physiological Society and were approved by the Institutional Animal Care and Use
Committee. Rats were anesthetized with urethane/chloralose (750 mg and 35 mg per kg,
respectively, intraperitoneally), as this anesthetic maintains parasympathetic and
sympathetic components of the baroreflex, independent of resting blood pressure in these
transgenic lines relative to other transgenic and normotensive animals in previous
studies.911 The femoral artery and vein were cannulated for measurement of arterial
pressure and drug injections, respectively. Animals were allowed to breathe a mixture of
65% room air and 35% oxygen. Body temperature was maintained at 37.5°C by an external
heating source. Anesthetized rats were placed in a stereotaxic frame. A dorsal midline
incision was made through the skin and the dorsal neck muscles retracted with sutures to
visualize the foramen magnum. The medulla oblongata was exposed by incising the
atlantooccipital membrane as reported.12:13

Microinjection procedures

Microinjections of either Wortmannin (100 nmol/L, 50 nL) or LY294002 (50 pmol/L, 50
nL) were made bilaterally from multi-barrel micropipettes with tip diameters of 20-50 pm.
The pipettes were made from calibrated microbore capillary glass tubing. Tips were drawn
on a micropipette puller (PMP-100 multibarrel puller, Micro Data Instruments). Injections
(50 nl) were made bilaterally over a 30-s period with hand-held syringe as described
elsewhere.13 Appropriate placement of the pipette tip within the medial NTS on each side of
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the brain stem was established by microinjection of L-glutamate (L-Glu, 2 nmol/L, 50 nL)
and observing a transient depressor response of at least 25 mm Hg that was comparable
among groups (HnSD, 43 + 7 mm Hg, (mRen2)27 47 + 4 mm Hg, Lewis 39 + 4 mm Hg,
mRen2.Lewis 31 £ 5 mm Hg). On this basis, injections into the medial NTS had coordinates
0.4-0.5 mm anterior and 0.5-0.6 mm lateral to calamus scriptorius and 0.4 mm below the
dorsal surface of the medulla.

Mean Arterial Pressure

Avrterial blood pressure and heart rate were continuously measured by a pressure transducer
(DT-XX, Viggoo-Spectramed, Oxnard, CA) connected to a femoral arterial catheter. Data
were recorded and digitized using a computerized acquisition system (Biopac 3.8).

Evoked and Spontaneous Baroreceptor Reflex Sensitivity for the Control of Heart Rate,
Heart Rate Variability and Blood Pressure Variability

In a subset of the animals, progressive bolus injections of phenylephrine (PE) 2, 5, and
10pg/kg were made intravenously to determine the evoked bradycardic response to
increases in blood pressure. The evoked BRS was then determined from the slope of the line
fit to the relationship for changes in arterial pressure and changes in heart rate (expressed as
the pulse interval) as previously published 11:14:15 which is a known indicator of the vagal
component of the baroreflex. Evoked BRS was assessed 20 minutes before and 90 minutes
following wortmannin treatment. We focused on the bradycardia evoked by increases in
pressure as previous studies show no effects on the tachycardic response to decreases in
pressure.9-15

In the same animals for which evoked BRS was determined, digitized MAP and HR were
used for the calculation of spontaneous BRS (as LFa, HFa, Seq UP, Seq DOWN and Seq
ALL), heart rate variability (HRV) as standard deviation of beat-to-beat interval (SDRR)
and the root mean square of successive beat-to-beat differences in R-R interval duration
(rMSSD) and blood pressure variability (BPV) as the standard deviation of the mean arterial
pressure (SD-MAP) both directly before and 90 minutes after the microinjection of
wortmannin or LY294002. Frequency Domain Analysis: Spontaneous BRS was calculated
by the frequency-domain analysis method as in our previous work 216 using analysis
software designed for small animals (Nevrokard SA-BRS, Medistar, Ljubljana, Slovenia). In
brief, BP and HR was recorded via the data acquisition system at 1000 HZ (BIOPAC
acquisition software, Santa Barbara, CA) and the systolic arterial pressure (SAP) and Rto R
intervals (RRI) files generated from 5 minutes of continuous recording at the specified time
points were analyzed using Nevrokard SA-BRS software. Power spectral densities of SAP
and RRI's oscillations were computed by Fast Fourier Transform and integrated over the
specified frequency range (LF; 0.25-0.75 Hz) and (HF; 0.75-3.0 Hz). A Hanning window
was applied and the spectra of SAP and RRI series, and their squared-coherence modulus,
were computed if the coherence was greater than 0.5 in accordance with reported
criteria.%16 The square-root of the ratio of RRI’s and SAP powers were computed to
calculate low frequency and high frequency alpha indices (LFa, HFa), which reflect the
BRS.17 Sequence Method: BRS calculated by this method is based on quantification of
sequences of at least three beats (n) in which systolic arterial pressure (SAP) consecutively
increases (UP sequence) or decreases (DOWN sequence), which are accompanied by
changes in the same direction of the RR intervals (RRI's) of the subsequent beats (n+1). In
order to be included in the BRS estimate, each sequence must fulfill the following reported
criteria: 16 (1) minimal RRI change 1 ms; (2) minimal SAP change 0.5 mmHg; (3) minimal
number of beats, 3 in the sequence; (4) minimal correlation coefficient of 0.85. The software
scans the RRI and SAP records, identifies sequences, and then calculates linear correlation
between RRI and SAP for each sequence. If the correlation coefficient exceeds a pre-set
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critical value (0.85), the regression coefficient (slope) is calculated and accepted. The mean
of all individual regression coefficients (slopes), which is a measure of sequence BRS was
then calculated. Overall, three parameters were obtained by this method (Sequence UP,
DOWN and ALL). Time-Domain Analysis: Heart rate variability was determined by
computing the standard deviation of beat-to-beat interval (SDRR) and the root mean square
of successive beat-to-beat differences in R-R interval duration (rMSSD). The standard
deviation of the mean arterial pressure (SD-MAP) was used as a measure for blood pressure
variability %:16:18:19

Drugs injected were wortmannin (100 nmol/L, Sigma-RBI), a potent, selective, irreversible
P13K inhibitor, LY294002 (50 umol/L, Promega), and L-Glu (2 nmol/L, Sigma-RBI). The
vehicle used to dissolve wortmannin and Ang Il was 1% ethanol in PBS (10 mmol/L
phosphate buffer and 0.9% NaCl, pH 8.0). Drug concentrations have been chosen in
accordance with those of previous in vitro 520 and in vivo © studies. The effect of vehicle
microinjections alone was also assessed and found to have no effect as previously
published.1®

Statistical Analysis

Results

All results are expressed as mean + SEM. Comparisons were made by 2 way ANOVA for
strain and treatment. This was followed by paired or unpaired Student’s test when only two
of the variables were compared and 1 way ANOVA for multiple comparisons across time. p
< 0.05 was the criterion for statistical significance.

Baseline Mean Arterial Pressure and Heart Rate in Transgenic (mRen2)27, HhSD, Congenic
mRen2.Lewis and Lewis Rats

MAP and HR were recorded in anesthetized rats prior to PIsK inhibition. Baseline MAP was
similar in (mRen2)27 versus the HnSD rats, and in mRen2.Lewis versus Lewis control rats;
however, MAP was significantly higher in (mRen2)27 versus mRen2.Lewis rats. HR was
similar in all groups prior to treatment (Table 1).

Effects of Wortmannin on MAP and BRS in in Transgenic (mRen2)27, HhSD, Congenic
mRen2.Lewis and Lewis Rats

Bilateral injections of wortmannin into the NTS significantly decreased MAP in (mRen2)27
and mRen2.Lewis (Figure 1A). This depressor response persisted for ~90 minutes in
mRen2.Lewis and (mRen2)27 animals but the inhibition of the PI3K failed to diminish MAP
in HnSD or Lewis rats over this time frame.

Spontaneous BRS measured by spectral analysis as LFa which measures mainly the
sympathetic arc of baroreflex (Figure 1B) was lower in (mRen2)27 rats as compared with
HNnSD rats and did not improve with the inhibitor, wortmannin, whereas there was no
difference in LFa between Lewis and mRen2.Lewis animals and no effect of the
wortmannin. HFa which measures mainly the parasympathetic arc of baroreflex (Figure 1C)
was lower in mRen2.Lewis and (mRen)27 rats relative to their control strains at baseline and
this was significantly improved by wortmannin microinjection in the transgenic and
congenic animals but not the control rats. BRS measured by either the evoked method or the
sequence method was similar in mRen2.Lewis, Lewis and HnSD rats, but lower in
(mRen2)27 animals relative to HnSD rats at baseline (Figure 2). The PE evoked BRS was
significantly increased in (mRen2)27 and mRen2.Lewis rats following wortmannin
treatment when compared to baseline values (Figure 2A). BRS measured by sequence
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method as Seg-UP which measures mainly the parasympathetic arc of baroreflex (Figure
2B) or Seg-ALL which measures both arms of baroreflex (Figure 2D) was significantly
increased by wortmannin treatment in (mRen2)27 rats, with a similar trend in the
mRen2.Lewis animals. Seq-DOWN which measures mainly the sympathetic arc of
baroreflex (Figure 2C) was also lower in (mRen2)27 rats but did not significantly improve
by wortmannin treatment, consistent with the spectral analysis data in Figure 1B. However,
BRS measured by all 3 methods was not changed significantly in HnSD or Lewis rats
following wortmannin treatment (Figure 2).

Heart rate variability measured as SDRR and rMSSD (Figure 3 A&B) was significantly
lower in (mRen2)27 rats compared with the other 3 strains and increased by wortmannin
treatment. Wortmannin had no effect on HRV in mRen2.Lewis, HnSD or Lewis rats (Figure
3A&B). There was no significant difference in BPV measured as SDMAP among the 4
strains and wortmannin had no effect (Figure 3C).

LY294002 Effects in Lewis and Congenic mRen2.Lewis Rats

Due to the concern that wortmannin might have non-specific effects, in a separate set of
Lewis and mRen2.Lewis rats we evaluated the changes in blood pressure, BRS, HRV and
BPV in response to NTS injection of the Pl kinase inhibitor 2-(4-morpholinyl)-8-phenyl-
chromone (LY294002). Table 2 summarizes the effects of LY294002 treatment. Bilateral
injections of LY 294002 significantly decreased MAP in mRen2.Lewis rats but not in Lewis
control rats, similar to what was reported for wortmannin. The BRS for control of HR
measured by all 3 methods was significantly improved by LY294002 treatment. HRV
measured as SDRR and rMSSD was not different between the two strains at baseline and did
not change by LY294002 treatment (Table 2), which, is similar to the wortmannin data
(Figure 3). BPV was higher in this set of mRen2.Lewis compared to Lewis and LY 294002
treatment tended to reduce SDMAP, but this did not reach statistical significance.

Discussion

The PI3K-dependent signaling pathway in the RVLM of SHRs plays a role in maintenance
of MAP under anesthesia in SHR but not WKY rats in vivo, and participates in Ang I1-
mediated cellular responses in SHR but not WKY neurons in vitro.4-6 Our results reveal that
in the NTS of both (mRen2)27 transgenic and mRen2.Lewis congenic rats an active Pl3K
pathway contributes to resting MAP, despite the fact that at the time of wortmannin or
LY294002 injections MAP was no longer at hypertensive levels under anesthesia. The PIsK
pathway also appears to exert a negative influence on BRS for control of HR when
measured as either the spontaneous BRS or in response to evoked increases in MAP in these
two strains of rats, independent of either baseline MAP or BRS. In contrast, the PI3K
pathway in the NTS does not appear to participate in maintenance of MAP in control HnSD
or Lewis rats, nor was there evidence of PlI3K tone for suppression of BRS in these animals.
Thus, we confirm that the PI3K pathway is up-regulated in models of hypertension that are
dependent upon a chronically overactive RAS, as previously shown for SHR, and provide
evidence that these effects do not require MAP to remain at hypertensive levels at the time
of study.

Ang Il binding to the angiotensin type 1 receptors (AT;R) activates the PI3K signal
transduction pathway for support of MAP In SHR, which are a brain RAS-dependent form
of hypertension.2! Transgenic (mRen2)27 rats are characterized by overexpression of the
mouse mRen2 gene in extrarenal tissues of the outbred Hannover SD rats, excessive
generation of local brain tissue Ang Il is a prominent feature.22 SHR and (mRen2)27 are
sensitive to central RAS blockade, but there is no effect of AT{R blockade on MAP in
normotensive rats.23-26 The mRen2.Lewis congenic rats are derived from the original
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(mRen2)27 line, through a series of backcrosses with the inbred Lewis strain.2” In spite of
the varied backgrounds of the three models of hypertension and their MAP response to
anesthesia, a common feature appears to be the dependence of the MAP on the PI3K
pathway in brain areas controlling sympathetic nervous system outflow. In the SHR, MAP
was lowered by wortmannin injections into the RVLM from an elevated baseline with
respect to the WKY animals, making it difficult to determine whether the MAP lowering
effect required an elevated pressure. However, we observed reductions in MAP even though
resting levels of MAP were normalized in the congenic and lowered in the transgenic strain
under anesthesia. The PI3K pathway was also activated in brainstem neurons in culture from
neonatal SHR %20 and our unpublished findings suggest that the PI3K regulatory subunit
(p85a) MRNA is elevated by ~50% in brain dorsal medulla of (mRen2)27 relative to HhSD
rats unexposed to anesthesia (1.03 = 0.10 vs 1.63 + 0.25 relative gene expression,
respectively; p<0.05). Thus, recruitment of the PI3K pathway as a mediator of AT{R actions
appears to be an intrinsic property of the brain medulla independent of anesthesia or resting
MAP at the time of study, but possibly resulting from an overactive brain RAS.

Ang Il acting at the AT{R has been shown to initiate specific intracellular signaling events
in the RVLM via the PI3K and MAPK.® Both PI3K and MAPK pathway are functional in
the NTS and the PIsK pathway participates in the attenuation of the baroreceptor reflex in
response to NTS administration of insulin.28 Interestingly, the Pl3K pathway in dorsal
medulla is active in normotensive (WKY) rats in that it mediates the responses to insulin in
the NTS, even though the inhibition of the pathway does not alter resting MAP.8
Hypertension associated with increased activity of the brain or peripheral RAS is
accompanied by lower BRS for control of HR in response to increases in MAP.13:29-31 Ang
I administration icv reduces HRV,32 and elevated Ang Il at the level of the NTS attenuates
BRS and HRV, effects that are mediated by the AT;R.26:33-36 Moreover, we and others
show that within the NTS the effects on MAP and BRS are independently
regulated.%15:29:30 Our current studies show that blockade of the PIsK pathway in the NTS
enhances BRS and improves HRV measured as a significant change in SDRR in (mRen2)27
with a similar trend in mRen2 Lewis rats in association with lowered MAP. These effects
were not seen in normotensive HNSD or Lewis control rats, again suggesting that the PIsK
pathway is only tonically active in animals with the hypertensive phenotype. Thus, while we
cannot exclude the lower MAP as a mechanism contributing to the improvement in the BRS
in the hypertensive strains, the two effects are not necessarily linked. Interestingly, the PIsK
blockade-mediated improvement in BRS occurred regardless of the resting BRS. Evoked
BRS was not different between Lewis and mRen2.Lewis, whereas HnSD had significantly
higher BRS than the (mRen2)27 rats as previously reported. The reason for the difference in
resting BRS between mRen2.Lewis and (mRen2)27 rats is not known.

The failure to sustain a hypertensive phenotype under anesthesia in the two genetic models
of hypertension may be considered a concern in these studies for study of the BRS, but the
finding is consistent with previous reports.31 While both the transgenic and congenic
animals exhibit this same phenotype, previous studies by us and others in SHR clearly
demonstrate maintenance of high resting arterial pressure under this same anesthetic.26:30
The reason for the sensitivity to anesthesia in the (mRen2)27 and mRen2.Lewis rats as
opposed to SHR is not known, and blockade of the brain RAS selectively normalizes
pressure in (mRen2)27 rats,23:33:37 a5 well as mRen2.Lewis and SHR animals.2’38 The
increase in plasma Ang Il in male mRen2.Lewis rats under anesthesia was much less (3 fold
increase) than that seen in male Lewis rats (20-fold increase), which is only explained in
part by the higher baseline levels of Ang Il in the congenic rats.3%:40 If there is
desensitization of central pathways to the effects of Ang Il in hypothalamic sites of the
transgenic and congenic animals 22:3%41 then the lower level of circulating Ang Il and less
response to the peptide to activate or maintain brain pathways for sympathetic outflow may
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account for the reduction in pressure under anesthesia relative to the conscious state.37:4041
Nonetheless, regardless of either the resting MAP or resting BRS, there were improvements
in the presence of the PI3K blockade in both hypertensive strains and not in the
normotensive strains. There are no data on baroreceptor reflex function in the congenic rats
prior to this report. The fact that they do not exhibit an impaired baroreflex at baseline is an
intriguing finding that will require further studies to define the mechanisms. However, there
are other distinct differences between these models of Ang I1-dependent hypertension
including differences in ganglionic transmission with regards to long-term potentiation and
ganglionic responses to exogenous Ang 11.24

Potent Pl3 kinase inhibitors such as wortmannin and LY 294002 have rarely been used in
vivo, so data gleaned from these studies must be interpreted cautiously. However, both
wortmannin and a more specific PIsK inhibitor 2-(4-morpholinyl)-8-phenyl-chromone
(LY294002) produced similar effects.#-8:20 Another caveat is that our studies with the
inhibitors are short term in design and a recent report suggests that long-term interruption of
the pathway with expression of a mutated form of PI3K in SHR resulted in lower MAP.42
Nonetheless, in the NTS of two genetic forms of Ang Il-dependent hypertension blockade of
the PI3K pathway alters acute control of MAP, BRS and HRV.

Genetic models of hypertension, whether polygenetic such as the SHR or monogenetic such
as the (mRen2)27 and mRen2.Lewis rats, exhibit a phenotype consistent with increased
actions of Ang Il either in the systemic circulation or in tissues including the brain, or both.
While SHR express elevated AT receptors, the hypertensive strains used in our study
functionally over express Ang Il and under express Ang-(1-7),31:33 suggesting the exact
mechanisms underlying the hypertension differ. In addition, investigation of differences in
biochemical pathways in SHR versus WKY is limited by the potential for strain differences.
The comparison of mRen2.Lewis congenic animals with the inbred Lewis control strain, as
well as comparison of outbred (mRen2)27 transgenic rats with the outbred HnSD control
strain show remarkably similar results with respect to the involvement of the PIsK pathway
in regulation of MAP and BRS in animals exhibiting chronic hypertension and not in the
control normotensive strains. Therefore, the current findings strengthen the concept that
alterations in this signal transduction pathway are a crucial feature of brainstem neural cell
function accompanying the hypertensive phenotype. Importantly, the current data also
support the hypothesis that the central RAS not only utilizes the PI3K pathway in regulation
of the SNS, but the RAS may also be involved in the regulation or recruitment of this same
pathway. Since the PI3K pathway mediates actions of other hormones, such as insulin, 43
within the NTS of normotensive animals, understanding the mechanisms for differential
activation of the pathway by Ang Il in the hypertensive animals will be key to improved
therapeutic interventions in cardiovascular as well as metabolic diseases.
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Figure 1.

Effect of bilateral injection of wortmannin in the NTS on mean arterial pressure (MAP), A;
spontaneous baroreflex sensitivity measured by spectral analysis, B and C. Values are mean
+ SEM, * p<0.05 vs the before treatment in the same strain, # p<0.05 vs HnSD before
treatment and $ p<0.05 vs Lewis before wortmannin treatment
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Figure 2.
Effect of bilateral injection of wortmannin in the NTS on phenylephrine-evoked BRS, A;

spontaneous BRS measures, B, C and D. Values are mean £ SEM, * p<0.05 vs the before
treatment in the same strain, # p<0.05 vs HnSD before wortmannin treatment.

J Cardiovasc Pharmacol. Author manuscript; available in PMC 2012 October 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Logan et al.

Page 13
Lewis (N=4
A SDRR ( )
mRen2.Lewis (N=4)
59 HnSD (N=6)

(mRen2)27 (N=4)

Before After Before After Before After Before After

B Lewis (N=4)
RMSSD mRen2.Lewis (N=4)
6- HNSD (N=6)
E3 (mRen2)27 (N=4)
= n
a1 =
Fura] #
: 2
2
o
, _
[ g ) =
c = = -
Before After Before After Before After Before After

SDMAP Lewis (N=4)

6- mRen2.Lewis (N=4)
EE3 HnSD (N=6)

BE3 (mRen2)27 (N=4)

04—l E s == ==
Before After Before After Before After Before After

Figure 3.

Effect of wortmannin treatment on heart rate variability measured as standard deviation of
beat-to-beat interval (SDRR), A; and the root mean square of successive beat-to-beat
differences in R-R interval duration (rMSSD), B; and blood pressure variability measured as
the standard deviation of the mean arterial pressure (SD-MAP), C. Values are mean + SEM,
* p<0.05 vs the before treatment in the same strain, # p<0.05 vs HnSD before wortmannin
treatment.
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Table 1

Resting values for mean arterial blood pressure and heart rate

Strain MAP HR

HNSD (n=9) 94+5 251423

(mRen2)27 (n=7) 11149"* | 29817

Lewis (n=5) 86+3 256+13

mRen2.Lewis (n=9) | 85+6 27714

Values expressed as Mean + SEM for 5 — 9 observations in each strain. The mean arterial pressure (MAP) and heart rate (HR) under anesthesia
were not different between HnSD and (mRen2)27 rats or between Lewis and mRen2.Lewis rats at baseline.

*%
p<0.001 when comparing MAP of (mRen2)27 vs mRen2.Lewis at baseline.
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Effect of LY 294002 treatment on mean arterial pressure and indices of baroreflex function.

Table 2

Lewis (n=3) mRen2 Lewis (n=4)
Before After Before After

MAP (mmHg) 78£42 | 79t1 | 87£82% | 790459
LFa (ms/mm Hg) 34+05 | 40£10 | 19202 | 1g9402*
HFa (ms/mm Hg) 25+03 ] 29203 | 1.0£01$ | 5g+03*
Seq UP (ms/mm Hg) 25+01 | 29+04 | 1.0+0.0$ | 19+0.2"
Seq DOWN (ms/mmHg) | 2702 | 3.1+£05 | 0.9+0.1$ | 51 +02*
Seq ALL (ms/mm Hg) 2601 29+04 | 1.0£00$ | 29+02"
SDRR (ms) 40+05 | 38+03 | 35+0.2 44+03
rMSSD (ms) 50+04 | 53+06 | 3.8%£0.1 56+0.8
SDMAP (mmHg) 25+03 | 20402 | 55+0.7% | 2.8+0.6

Page 15

Values are expressed as mean + SEM. Mean arterial pressure (MAP) and baroreflex function measured by spectral analysis as low frequency alpha
index (LFa), high frequency alpha index (HFa), and by sequence methods (Seq-UP, Seq-DOWN, Seq-ALL), heart rate variability measured as

standard deviation of beat-to-beat interval (SDRR) and the root mean square of successive beat-to-beat differences in R-R interval duration
(rMSSD), and blood pressure variability measured as the standard deviation of the mean arterial pressure (SD-MAP).

*
p< 0.05 versus mRen2 Lewis before LY treatment, $ p<0.05 vs Lewis before LY treatment.
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