Li J Diabetes Metab 2011, 2:6
DOI: 10.4172/2155-6156.1000135

Journal of Diabetes and Metabolism

ISSN: 2155-6156

Research Article Open Access

Flevated Angiotensin II in Rat Nodose Ganglia Primes Diabetes-Blunted
Arterial Baroreflex Sensitivity: Involvement of NADPH Oxidase-Derived

Superoxide

Yu-Long Li
Department of Emergency Medicine, University of Nebraska Medical Center, Omaha, NE 68198, USA

Abstract

Clinical trials and experimental animal studies have confirmed the contribution of arterial baroreflex impairment
in causing excess morbidity and mortality in type-1 diabetes. Our previous study has shown that angiotensin Il (Ang
11)-NADPH oxidase-superoxide signaling is associated with the reduced cell excitability in the aortic baroreceptor
neurons (a primary afferent limb of the arterial baroreflex) from diabetic rats. In this study, we examined whether
above-mentioned signaling might contribute to the blunted baroreflex sensitivity in streptozotocin-induced diabetic rats.
Using Ang Il '?] radioimmunoassay and lucigeninchemiluminescence method, we found Ang Il concentration, NADPH
oxidase activity, and superoxide production in the nodose ganglia were enhanced in diabetic rats, compared to sham
rats.As an index of the arterial baroreflex sensitivity, the reflex decreases in blood pressure and heart rate evoked by
unilateral steady-frequency aortic depressor nerve stimulation were attenuated in diabetic rats. Local microinjection
(50 nl) of losartan (an AT, receptor antagonist, 1 nmol), apocynin (a NADPH oxidase inhibitor, 1 nmol), and tempol (a
superoxide dismutase mimetic, 10 nmol) into the nodose ganglia significantly improved the arterial baroreflex sensitivity
in diabetic rats. In addition, these three chemicals also normalized exogenous Ang ll-attenuated arterial baroreflex
sensitivity in sham rats. These results indicate that overactivation of the Ang II-NADPH oxidase-superoxide signal

pathway in the nodose ganglia contributes to the blunted baroreflex sensitivity in diabetes.
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Introduction

Arterial baroreflex is a homeostatic mechanism that normally
alters heart rate and blood pressure in response to changes in arterial
wall tension detected by the arterial baroreceptors in the carotid sinus
and aortic arch. Much evidence has shown that the arterial baroreflex
sensitivity is attenuated in type 1 diabetic patients and animal models
[1-7], which may contribute to the enhanced morbidity and mortality
in diabetic patients [8,9]. Although the mechanisms responsible for the
attenuated arterial baroreflex function in the type 1 diabetes are not yet
fully understood, any part of the arterial baroreflex arc can contribute
to the arterial baroreflex dysfunction in the type 1 diabetes. Aortic
baroreceptor neurons contained within the nodose ganglia serve as
the primary afferent limb of the arterial baroreflex. One recent study
has shown that the impaired baroreflex sensitivity correlates with the
changes in the nucleus tractus solitarii neural firing rates, which is an
effect of changes in afferent nervous behavior and in the nucleus tractus
solitarii cells themselves in the streptozotocin-induced diabetic rats
[10]. Fazan, et al. [11] have found that the morphological change in
aortic depressor nerve, an afferent arm of the baroreflex may result in
the baroreflex impairment in the streptozotocin-induced diabetic rats.
Our previous study has shown that the cell excitability of the aortic
baroreceptor neurons is blunted in the streptozotocin-induced diabetic
rats [12]. However, until now there is no direct evidence to clarify that
the depressed aortic baroreceptor neuron excitability can be involved
in the impairment of the baroreflex sensitivity in type 1 diabetes.

Angiotensin I (Ang II, an endogenous peptide) in plasma and local
tissues is elevated in human and animals with diabetes [13-16]. Patel
et al. have reported that elevation of the Ang II in the paraventricular
nucleus induces the increase of sympathoexcitation in diabetes through
triggering the superoxide production [17]. Our previous studies have
demonstrated that elevation of local Ang II level in the nodose ganglia
can blunt the membrane excitability of the aortic baroreceptor neurons

via NADPH oxidase-derived superoxide in the type 1 diabetes [14,18].
Therefore, we investigated whether local microinjection of Ang II type
1 (AT,)) receptor antagonist (losartan), NADPH oxidase inhibitor
(apocynin), and superoxide dismutase (SOD) mimetic (tempol) into
the nodose ganglia could improve the arterial baroreflex function in
the streptozotocin (STZ)-induced diabetic rats. We also measured
the endogenous Ang II concentration, NADPH oxidase activity, and
superoxide production in the nodose ganglia from sham and STZ-
induced diabetic rats.

Materials and Methods

Male Sprague-Dawley rats (200-220 g) were housed two per cage
under controlled temperature and humidity and a 12:12-h dark-light
cycle. Water and rat chow were provided ad libitum. Experiments were
approved by the University of Nebraska Medical Center Institutional
Animal Care and Use Committee and were carried out in accordance
with the National Institutes of Health (NIH Publication No. 85-23,
revised 1996) and the American Physiological Society’s Guides for the
Care and Use of Laboratory Animals.

Materials

Losartan was a gift from Merck Co., NJ, USA. Apocynin was
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purchased from CalBiochem, CA, USA. Tempol was purchased from
Alexis Biochemicals Co., CA, USA. Other chemicals used in this study
were obtained from Sigma-Aldrich Chemical Co., MO, USA.

Induction of diabetes

Rats were randomly assigned to sham and diabetic rats. Diabetes
was induced by a single intraperitoneal injection of streptozotocin (65
mg/kg, Sigma) in a 2% solution of 0.1 M cold citrate buffer as previously
described (12, 19). Sham rats received a similar injection of vehicle.
Diabetes was identified by polydipsia, polyuria, and blood glucose >
250 mg/dl (Accu-check Aviva, Boehringer Mannheim). Rats receiving
streptozotocin but with blood glucose < 250 mg/dl were excluded from
study. Blood glucose and body weight in all rats were measured weekly.
All experiments were taken at 6-8 weeks after single dose injection of
streptozotocin or vehicle. On the day of the terminal experiment, the
rat was anaesthetized with a combination of urethane (800 mg/kg, i.p.)
and chloralose (40 mg/kg, i.p.). Then, in one part of the experiments,
aortic baroreflex sensitivity was measured (see below). In another part
of the experiments, nodose ganglia in each rat were acutely removed
for varied measurements.

Ang II measurement

Plasma was prepared from arterial blood. Ang II concentration
in plasma and nodose ganglia was measured by Ang II ™I
radioimmunoassay kit (Buhlmann Laboratories, Switzerland). The
final Ang II concentration was counted by 1470 Automatic Gamma
Counter (Perkin Elmer, Shelton, CT) and calculated with a standard
curve generated for each experiment.

Measurement of NADPH oxidase activity and superoxide
production

Nodose ganglion samples were homogenized in PBS solution at4'C
and continuously kept at 4°C until the measurement of NADPH oxidase
activity and superoxide production to prevent the protein degradation
of NADPH oxidase. Total protein concentration was determined using
abicinchoninic acid protein assay kit (Pierce; Rockford, IL). Superoxide
ion production was measured using lucigenin chemiluminescence
method as described previously [20-22]. The homogenate (0.3 ml) was
placed in 0.5 ml microfuge containing dark-adapted lucigenin (5 uM),
and then accumulative light emission was recorded for 5 min in a TD-
20/20 Luminometer (Turner Designs, Sunnyvale, CA). When enough
NADPH (100 uM, a substrate of NADPH oxidase) was added in
homogenate, the accumulative light emission was recorded for 5 min,
which was served as NADPH oxidase activity [23].

Recording of aortic baroreflex sensitivity [24]

The rat is a useful animal model for the study of baroreflex
sensitivity because rataortic depressor nerve contains only baroreceptor
afferent fibers and no chemoreceptor afferent fibers to transmit the
chemoreceptor information [25-28].

Rat was anesthetized with a combination of urethane (800 mg kg,
L.P.) and chloralose (80 mg kg, I.P.), with supplements of chloralose
(10 mg kg, L.P.) per 2 h. After a ventral midline incision was made in
the neck, the trachea was cannulated, and rat breathed spontaneously.
Catheters were implanted into the femoral artery for arterial blood
pressure and heart rate measurements. The blood pressure and heart
rate were recorded by LabChart 6 (ADInstruments, Colorado Springs,
CO).

Left or right aortic depressor nerve was isolated for 3-5 mm near

its junction with the superior laryngeal nerve. The nerve was placed on
the stimulating electrodes (bipolar) and covered with mineral oil. All
other nerves were intact. Unilateral aortic depressor nerve stimulation
was imposed using 10 s of constant-frequency stimulation with 0.1
ms pulse duration and intensity of 18 V, 1-100 Hz (activating A- and
C-type) [24]. Reflex changes in blood pressure and heart rate related to
different stimulating parameters were used as the indices of baroreflex
sensitivity for the A- and C-type baroreflex. The effect of AT, receptor
antagonist, NADPH oxidase inhibitor, and SOD mimetic on the aortic
baroreflex sensitivity was measured after each of these chemicals (50
nl) was microinjected into unilateral nodose ganglion using a glass
micropipette.

Statistical analysis

All data are presented as means + SE. SigmaStat 3.5 was used for data
analysis. Statistical significance was determined by student’s unpaired
t test for body weight, blood glucose, Ang II concentration, NADPH
oxidase activity, and superoxide production. A two-way ANOVA, with
a Bonferroni procedure for post hoc was used in comparisons of aortic
baroreflex sensitivity in various treatments. Statistical significance was
accepted when p<0.05.

Results
General data

After 6-8 weeks of STZ injection (65 mg/kg, i.p.), the mean blood
glucose in the diabetic group was significantly increased to 436 + 17
mg/dl, compared with that in the sham group (101 + 13 mg/dl, p<0.05).
The body weight and heart rate in the diabetic rats (228 + 22 g and 334
+ 21 beats/min) were lower than those in the sham rats (372 + 18 g
and 365 + 15 beats/min, p<0.05). There was no significant difference in
blood pressure between the sham and the diabetic groups (92 + 8 and
89 + 10 mm Hg).

A. Plasma Ang Il level C. NADPH oxidase activity in nodose ganglia
80 1 257

- *

I
o
L

o
L

Plasma Ang Il level
(pgliml)

NADPH oxidase activity
(MLUMIind100 pg protein)
RN
o [=}

e
o

Sham Diabetes Sham Diabetes Apocynin +

Diabetes

B. Ang Il levelin nodose ganglia D. Superoxide production in nodose ganglia
©
=) 1.5 4 *
< 120 H T
o * =N
[ - B ©
2 e ER
£s | EERLE
o6 80 e 3
[ a o o
c o i Lo
T E B
B g 40 = S £ 05
= 235 #
o i =
2 =
0.0 4

Sham  Diabetes Sham Diabetes Tempol +

Diabetes

Figure 1: Angiotensin Il concentration, NADPH oxidase activity, and
superoxide production in sham and STZ-induced diabetic rats. Apocynin
(a NADPH oxidase inhibitor, 100 uM) and tempol (a superoxide dismutase
mimetic, 1 mM) were used to confirm the specificity of the measurement for
NADPH oxidase and superoxide production respectively. Data are mean * SE,

n=6 rats in each group. *P<0.05 vs. sham rats; #p<0.05 vs. diabetes.
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Figure 2: Representative tracings of blood pressure and heart rate responses
to aortic depressor nerve (ADN) stimulation in sham and STZ-induced diabetic
rats.ABP, arterial blood pressure; MBP, mean blood pressure; HR, heart rate.
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Figure 3: Effects of losartan, apocynin, and tempol on the arterial baroreflex
sensitivity in STZ-induced diabetic rats. A, reflex AMAP and AHR in response
to different frequencies of ADN stimulation in sham and diabetic rats. B, reflex
AMAP and AHR in response to ADN stimulation (100 Hz) in each group
(chemicals were microinjected into the nodose ganglion). Data are mean +
SE, n=6 rats in each group. *P<0.05 vs. sham rats; #p<0.05 vs. diabetic rats.

Ang II concentration, NADPH oxidase activity, and
superoxide production in the sham and the diabetic rats

The Ang II concentration in the plasma and local nodose ganglion
tissue from diabetic rats was significantly elevated, compared to those
from sham rats (Figure 1A and 1B). Similarly, diabetes also increased
the NADPH oxidase activity and superoxide production in the nodose
ganglia (Figure 1C and 1D, p<0.05 vs. sham rats). Additionally,
apocynin (a NADPH oxidase inhibitor, 100 uM) significantly inhibited
the diabetes-enhanced NADPH oxidase activity; and tempol (a SOD
mimetic, 1 mM) markedly scavenged the superoxide production
in diabetes (Figure 1C and 1D), which confirmed the specificity of
NADPH oxidase and superoxide production measured in the method.

Effect of losartan, apocynin, and tempol on the aortic
baroreflex sensitivity in diabetic rats

Reflex changes in blood pressure and heart rate related to different
electrical stimulation of aortic depressor nerve were used as the indices
of the aortic baroreflex sensitivity. Figure 2 illustrates typical recording
of the blood pressure and heart rate in some electrical stimulating
frequencies in sham and diabetic rats. From mean data shown in
Figure 3A, reflex decreases in blood pressure and heart rate evoked by
unilateral, steady-frequency stimulation of the aortic depressor nerve,
were attenuated in anesthetized diabetic rats compared with sham rats.
Local application (50 nl) of losartan (an AT, receptor antagonist, 1
nmol), apocynin (a NADPH oxidase inhibitor, 1 nmol), or tempol (a
SOD mimetic, 10 nmol) into the nodose ganglion markedly improved
the responses of blood pressure and heart rate to the aortic depressor
nerve stimulation (100 Hz) in diabetic rats. However, these reflex
responses to the aortic depressor nerve stimulation (100 Hz) were not
recovered to the level seen in sham rats (Figure 3B).

Effect of Ang II on the aortic baroreflex sensitivity in sham
rats

To further clarify whether endogenous Ang II is involved in the
attenuated aortic baroreflex sensitivity in diabetic rats, I investigated
the effect of Ang II on the aortic baroreflex sensitivity in sham rats.
Local application of Ang II (0.2 nmol) into the nodose ganglion
mimicked the diabetes to decrease the responses of blood pressure and
heart rate to the aortic depressor nerve stimulation in sham rats (Figure

A). Although losartan (1 nmol), apocynin (1 nmol), or tempol (10
nmol) alone (without Ang II) did not show any effect on the aortic
baroreflex sensitivity, these chemicals totally normalized the inhibitory
effect of Ang II on the aortic baroreflex sensitivity (Figure 4B).

Discussion

The present study demonstrates that: 1) diabetes blunted the aortic
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Figure 4: Effects of exogenous Ang Il on the arterial baroreflex sensitivity in
sham rats. A, reflex AMAP and AHR in response to different frequencies of
ADN stimulation before and after local microinjection of Ang Il into the nodose
ganglia in sham rats. B, reflex AMAP and AHR in response to ADN stimulation
(100 Hz) in each group. Data are mean + SE, n=6 rats in each group. *P<0.05

vs. control without Ang II; #p<0.05 vs. control with Ang II.
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baroreflex sensitivity; 2) local microinjection of losartan (a selective
AT, receptor antagonist), apocynin (a NADPH oxidase inhibitor),
and tempol (a SOD mimetic) into the nodose ganglion partially
improved the aortic baroreflex sensitivity in STZ-induced diabetic rats;
3) losartan, apocynin, and tempol also fully normalized exogenous
Ang II-attenuated aortic baroreflex sensitivity in sham rats; 4) Ang II
concentration in plasma and nodose ganglia, NADPH oxidase activity,
and superoxide production were increased in the diabetic rats. These
results indicate that over-excited endogenous Ang II-NADPH oxidase-
superoxide signaling in the nodose ganglia is involved in the attenuated
aortic baroreflex sensitivity in the diabetic state.

Arterial baroreflex contributes to regulating the blood pressure and
heart rate by acting on both sympathetic and parasympathetic efferent
limbs of the cardiovascular autonomic nervous system and maintaining
the enough blood flow into all organs. Previous studies have shown
that the arterial baroreflex dysfunction occurs in type-1 diabetic
patients and experimental animal models [1-7]. Diabetic patients with
the impairment of the arterial baroreflex have a higher mortality rate
than those without normal arterial baroreflex function [8]. However,
the mechanisms for the attenuated arterial baroreflex are still unclear.
Baroreceptors (the primary afferent limb of the arterial baroreflex arc)
sense the systemic blood pressure by baroreceptor terminals innervating
aortic arch and carotid sinus and then transmit the arterial baroreceptor
afferent discharge into the dorsal medial nucleus tractus solitarii (NTS,
the first site of baroreceptor contacting with central nervous system),
in which the integrated input signal elicits parasympathetic activation
and sympathetic inhibition with subsequent decreases in peripheral
vascular resistance, heart rate, cardiac contractility, and arterial blood
pressure [29]. In general, the process of translating changes in arterial
wall tension into impulse traffic to the nucleus tractus solitarii involves
two broad functional steps: 1) mechanotransduction which is governed
by the properties of mechanosensitive ion channels in the nerve
terminal and the mechanical properties of the coupling of the arterial
wall to the sensory terminal; and 2) spike initiation which is governed
by the excitability of membrane voltage sensitive ion channels that
influence the electrical (cable) properties of the axonal projection and
cell body. In the present study, the reflex decreases of blood pressure
and heart rate to the electrical stimulation of the aortic depressor nerve
are markedly attenuated in STZ-induced diabetic rats (Figure 2 and 3).
In addition, local microinjection of Ang II into the nodose ganglion
could mimic the diabetes to decrease the arterial baroreflex sensitivity
(Figure 4), and losartan (an AT, receptor antagonist) significantly
improved diabetes- and Ang II-induced the blunted arterial baroreflex
sensitivity (Figure 3 and 4). These data provide the direct evidence that
alteration of the baroreceptor function contributes to the attenuated
arterial baroreflex sensitivity in STZ-induced diabetic rats.

Much evidence has indicated that Ang II-NADPH oxidase-
superoxide signaling may be a potential candidate in the regulation of
the arterial baroreflex in diabetes. Ang II binds with AT, receptors to
activate NADPH oxidase, and the latter is thought to be a main source
of the intracellular superoxide in many tissues including nodose ganglia
[18,21,30-35]. In the present study, Ang II concentration, NADPH
oxidase activity and superoxide production in the nodose ganglia were
enhanced in STZ-diabetic rats (Figure 1). More importantly, losartan,
apocynin, and tempol partially recovered the arterial baroreflex
sensitivity in STZ-diabetic rats (Figure 3). Additionally, exogenous
Ang 11, like the diabetes, decreased the arterial baroreflex sensitivity
in sham rats through the AT, receptor-NADPH oxidase-derived
superoxide because losartan, apocynin, and tempol also normalized the
effect of exogenous Ang II on the arterial baroreflex sensitivity in sham

rats (Figure 4). Our previous studies have shown that endogenous
Ang II-NADPH oxidase-superoxide signaling is involved in diabetes-
attenuated aortic baroreceptor neuron excitability [18]. Based on the
above results, we believe that endogenous Ang II-NADPH oxidase-
superoxide signaling contributes to the arterial baroreflex dysfunction
in the type 1 diabetes mellitus via depressing the aortic baroreceptor
neuron excitability.

Our present study also found that the plasma Ang II concentration
was elevated in STZ-induced diabetic rats (Figure 1). In addition, local
microinjection of losartan, apocynin, and tempol into the nodose
ganglion partially improved the diabetes-attenuated arterial baroreflex
sensitivity (Figure 3). It is possible that Ang II-NADPH oxidase-
superoxide may also affect other site(s) of the arterial baroreflex arc to
blunt the arterial baroreflex in the diabetic state (such as central neural
areas because enhanced Ang II-NADPH oxidase-superoxide signal is
found in the paraventricular nucleus from STZ-induced diabetic rats
[17]). It will be clarified in further study.

In conclusion, endogenous Ang II-NADPH oxidase-superoxide
signaling is over-activated in the nodose ganglia, which contributes to
the attenuated arterial baroreflex function in the diabetes. The present
study provides new information on the mechanisms underlying the
impaired arterial baroreflex in the type 1 diabetes and unveils important
pharmacological targets for improving the arterial baroreflex function
and reducing the mortality in the type 1 diabetes.
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