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Abstract

Our understanding of reflex regulation of veins lags behind that of the arterial system. While the
cardiac sympathetic afferent reflex (CSAR) exerts control over sympathetic outflow, its effect on
venous tone is not known. We tested the hypothesis that activation of pericardial bradykinin
sensitive afferents elicits systemic venoconstriction. Male and female Sprague Dawley rats were
chronically instrumented for measurement of arterial pressure and mean circulatory filling
pressure, an index of venous tone, and with an indwelling pericardial catheter. Mean arterial
pressure, heart rate and mean circulatory filling pressure responses were assessed in conscious rats
in response to graded pericardial injections of bradykinin (1.5-20 ug/kg) before and after
ganglionic blockade, and to intravenous norepinephrine (0.05-0.8 ug/kg). Bradykinin B2 receptor
was assessed by Western blot. Pericardial bradykinin injections caused graded increases in mean
arterial pressure, heart rate and mean circulatory filling pressure. These responses were markedly
attenuated after autonomic blockade. The increments in mean circulatory filling pressure were
attenuated in female rats. There were no differences in the venoconstrictor responses to
norepinephrine or ventricular bradykinin receptor expression between male and females. We
interpret these findings to indicate that activation of bradykinin sensitive pericardial afferents
elicits a sexually dimorphic, autonomically mediated systemic venoconstrictor response.
Differences in venous smooth muscle responses to norepinephrine or ventricular bradykinin
receptor expression do not account for the sexual dimorphism. We conclude that systemic
venoconstriction contributes to the overall hemodynamic response to activation of the cardiac
sympathetic afferent reflex and that this effect is sexually dimorphic.
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Introduction

The venous compartment holds approximately 60-75% of the total blood volume and,
consequently, plays a major role in the control of venous return, and cardiac output [1-3].
Data from several groups[1, 4-6], including ours[7-9], show that veins participate in blood
pressure control. The sympathetic nervous system is a key controller of venous function[1,
10]. Dysregulation of sympathetic control of venous function has been linked to conditions
such as heart failure[11, 12], hypovolemia[6] and hypertension [1, 9]. While it is generally
accepted that the sympathetic nervous system plays a key role in the control of venous
function, the mechanisms that control sympathetic drive to the venous compartment remain
less well understood.

The arterial baroreceptor reflex modulates sympathetic drive to the venous compartment.
Unloading of the carotid sinus baroreflex decreases venous capacitance[13] whereas
increasing carotid sinus pressure increased venous capacitance [14]. Subsequent work used
direct denervation to show that venular responses to manipulation of carotid sinus pressures
were mediated via the sympathetic nervous system[15]. Greene showed that arterial
baroreflex-induced changes in venous return were sufficient to alter cardiac output by up to
40%[2]. More recent work showed that electrical stimulation of the carotid sinus nerve
increased venous capacitance while simultaneously decreasing ventricular end diastolic
pressure, consistent with an effect on cardiac filling [16]. Arterial baroreflex control of
venous function largely involves changes in venous tone, with a lesser effect on venous
resistance [10]. In contrast to study of the arterial baroreflex, investigation of the influence
of other cardiovascular reflexes modulating venous tone remains sparse.

The heart has an important sensory function via a variety of cardiac receptors that modulate
cardiovascular function by neural and humoral reflexes. Ventricular cardiogenic reflexes
may be excitatory or depressant on the SNS. Depressant reflexes arise from cardiac
receptors with afferents chiefly in the vagus[17, 18]. Activation of this reflex decreased SNS
activity and blood pressure[17-19]. This depressant reflex was tied to venous control.
Disruption of vagal afferents decreased venous capacitance[20], implying a tonic venodilator
effect. Conversely, activation of cardiac vagal afferents decreased venous tone[20-23] and
ventricular filling[24]. Thus, cardiac vagal afferents affect venous tone, venous return and
cardiac filling. The heart also elicits excitatory responses via cardiac sympathetic afferents
resulting in increased SNS activity, tachycardia, hypertension and arterial
vasoconstriction[25-27]. This cardiac sympathetic afferent reflex is activated by a number of
endogenous stimuli such as hydrogen peroxide or bradykinin released during challenges
such as cardiac ischemia [26, 28]. These responses can be also be evoked experimentally by
application of bradykinin to sensory afferents in the epicardial layers of the left ventricle
[19, 29-31]. While the CSAR has powerful effects on sympathetic outflow[28, 32], its
influence on venous tone is not known. This is an interesting question because sympathetic
control of the arterial and venous compartments may be distinct. Different sympathetic
nerves project to splanchnic arteries and veins [33]. Moreover, sympathetic control of
arteries and veins is different in this region [34, 35]. Accordingly, this work was undertaken
to test the hypothesis that activation of pericardial bradykinin sensitive afferents elicits
systemic venoconstriction. Recent work suggested that estrogen may suppress cardiac
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afferent modulation of sympathetic drive[36]. Therefore, we compared responses in male
and female rats.

2. Materials and Methods

2.1 Surgeries

Sprague Dawley rats were purchased from Harlan Sprague Dawley (Invigo). The rats were
maintained in the Animal Resource Center at the University of South Dakota on a 12 hour
day/night cycle and allowed free access to rat chow and tap water. The Institutional Animal
Care and Use committee of the University of South Dakota reviewed and approved all
procedures involving these animals. All procedures were performed in accordance with the
NIH Guide for the Care and Use of Laboratory Animals. Following acclimatization age
matched male SD rats (300-400 grams) and female rats (200-300 grams) were used in the
following surgical protocols.

An indwelling pericardial catheter was used to deliver bradykinin into the pericardial space
to activate bradykinin sensitive afferents[29]. Approximately 1 week before the planned
experiments, the rats were anesthetized with isoflurane, intubated and placed on a rodent
ventilator (Harvard Apparatus). The left chest was opened at the 41 intercostal space to
reveal the pericardial sac after reflection of the thymus gland. A PE10 catheter was
introduced into the pericardial space and approximated to the ventral surface of the left
ventricle. A small drop of cyanoacrylic glue was used to cement the catheter in place and
seal the hole in the pericardial membrane. The chest was closed in layers, the catheter was
tunneled subcutaneously and exteriorized at the nape of the neck. The chest was evacuated
and the rat was weaned off the ventilator until it resumed spontaneous respiration. The
animals were allowed to recover for at least a week from this surgery. Two days before the
experimental protocol, the rats were again anesthetized with isoflurane and instrumented
with femoral arterial and venous catheters for the measurement of arterial pressure and heart
rate. The rats were also instrumented with a balloon tipped catheter introduced into the right
atrium via the jugular vein. This catheter was used for the periodic transient interruption of
venous return for the estimation of mean circulatory filling pressure as described below. The
catheters were tunneled subcutaneously to the nape of the neck and the rats allowed to
recover. Mean arterial blood pressure and heart rate were recorded from conscious freely
moving rats 48—72 hours later.

2.2 Measurement of Mean Circulatory Filing Pressure

The mean circulatory filling pressure (MCFP) is an integrated estimate of overall venous
tone[37]. MCFP was measured as we described previously[38]. Briefly, MCFP can be
determined by recording the plateau arterial (PAP) and plateau venous (PVP) pressures
during a brief interruption of cardiac output. The right atrial balloon was transiently inflated
(4-5 seconds) to interrupt cardiac output during which time arterial pressure fell and venous
pressure increased. The PAP and PVP were recorded between the 4th and 5th second after
which the balloon was rapidly deflated. Arterial blood pressure and heart were allowed to
return to control levels between successive MCFP measurements. MCFP was calculated as
MCFP = [PVP + (PAP - PVP) / 60][37].
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2.3 Experimental Protocol

Mean arterial pressure (MAP), heart rate (HR) and venous pressure were recorded from
conscious unrestrained rats housed in their home cages. Baseline values for these variables
were recorded for at least one hour or until the rats were calm and values were stable.
Graded doses of bradykinin (1.5-20 pg/kg) were injected (20ul) into the pericardial space.
MAP, HR and MCFP responses to pericardial bradykinin were recorded. The rats were
allowed to fully recover (~25-30 minutes) prior to the next dose. In some rats, the responses
to pericardial bradykinin were obtained after ganglionic blockade (chlorisondamine 10
mg/kg + atropine 0.4 mg/kg). MAP, HR and MCFP responses to intravenous infusion of
norepinephrine (0.05-0.8 pg/kg/min) were assessed in a separate cohort of rats.

2.4 Bradykinin Receptor Expression

Hearts were collected from bradykinin naive male and female Sprague Dawley rats for the
assessment of bradykinin receptor expression. A small portion of the left ventricle was then
processed for Western blot as previously described, with some minor modifications [39].
The tissue samples were homogenized in homogenization buffer (50mM Tris pH 7.5, 150
mM NaCl, 1% NP-40, 0.5% Deoxycholic acid, 0.1% SDS, 2 mM EDTA, 10 mM NaF, 10
ug/ml leupeptin, 10 ug/ml pepstatin, and 20 ug/ml aprotinin). Equal amounts of protein (45
ug/well) were loaded onto each lane of 12% acrylamide gels, which were then subjected to
SDS-PAGE electrophoresis and transferred to PVDF membranes (Bio-Rad). The membranes
were probed with bradykinin B2 receptor antibody (BDKRB2; ThermoFisher) (1:500).
GAPDH (Abcam 9484; 1:5000) served as a loading control. The protein bands were
visualized using fluorescently-labeled secondary antibodies and subsequent image detection
(Odyssey Imager, LiCor Biosciences), then quantified by densitometric analysis software on
a Licor. Data were expressed as the ratio of BDKRB2 to GAPDH.

Data Analysis—Baseline data and Western blot data were analyzed using an unpaired t-
test. Responses to pericardial bradykinin injection or intravenous norepinephrine infusion
were analyzed by Two-Factor ANOVA for repeated measures (grouping factors: treatment,
sex). Post hoc comparisons were performed with the Sidak-Holm test to correct for multiple
comparisons. Values are presented as the mean+SEM.

3 Results

3.1 Baseline Values

Baseline values are shown in table 1. Despite being matched in age, male SD had a
significantly greater body weight than female SD (333£8 vs 25246 grams). For the
pericardial injection cohort, (male n=10; female n=11) MAP (male:110+3 vs female: 109+5
mm Hg) and heart rate (male: 371+7 vs female: 3768 bpm) were not significantly different.
On the other hand, MCFP was significantly greater in male (7.5£0.3 mm Hg) compared to
female (6.5£0.3 mm Hg) SD rats. In the cohort used for intravenous norepinephrine
infusions (male n=9; female n=9) MAP was modestly but significantly higher in male
(117+3 mm Hg) vs females (107+3 mm Hg) as was MCFP male:7.6+0.3 vs female: 5.8+0.3
mm Hg) whereas HR was somewhat higher in females (40610 bpm) compared to males
(373+10 bpm).
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3.2 Reponses to Pericardial Injections

Pericardial injection of saline vehicle did not affect the monitored variables (Males: n=3
MAP 2+2 mm Hg; HR 844 bpm; MCFP -0.1+£0.1 mm Hg, Females: n=3 MAP 4+2 mm Hg,
HR 3+7 bpm, MCFP -0.2+0.1 mm Hg). Pericardial injection of bradykinin was associated
with graded increases in MAP, HR and MCFP. These responses reached a plateau in 1- 2
minutes after injection and began to wane about 5 minutes following injection. In male rats,
the arterial pressor responses ranged between 9+3 to 364 mm Hg. Similar pressor
responses were observed in female rats with increases ranging between 1243 to 31+3 mm
Hg. ANOVA and posthoc analysis detected a significant effect of pericardial bradykinin
injection on blood pressure in both groups, however there were no differences in responses
between male and female rats (Figure 1). The heart rate responses to pericardial bradykinin
were quite variable. In males, the tachycardic response to pericardial bradykinin ranged
between 8+10 to 38+16 bpm whereas in females these responses spanned from 2648 to
3949 bpm (Figure 1). These responses represented significant elevations from baseline heart
rate, however these responses were not different between males and females. Pericardial
bradykinin injections were also associated with significant increases in MCFP, indicative of
systemic venoconstriction. The changes in MCFP in response to pericardial bradykinin
injection ranged from 0.6+0.5 to 2.4+ 0.3 mm Hg in male rats. In females the responses
ranged between 0.4+0.12 to 1.4+0.2 mm Hg and overall these represented significantly
smaller responses compared to males.

3.3 Effect of Ganglionic Blockade

Interruption of autonomic function via ganglionic blockade decreased baseline values for
MAP, HR and MCFP. Following ganglion blockade MAP and HR were not different
between the groups (MAP: Males; 69+1 mm Hg vs Females; 68+6 mm Hg). Although
MCFP decreased significantly in both males and females in response to ganglionic blockade,
MCFP remained significantly higher in males (6.5+0.3 mm Hg) compared to females
(5.1+0.3 mm Hg). After ganglion blockade, the MAP, HR and MCFP responses to
pericardial bradykinin were greatly attenuated. MAP responses to pericardial injection of
bradykinin ranged from —0.3£3 mm Hg to —2+4 mm Hg in male rats. In female rats
subjected to ganglion blockade, MAP responses to pericardial bradykinin spanned from
0.12+5 mm Hg to 4+5 mm Hg. MAP did not increase significantly above baseline in either
group. Similarly, the MCFP responses to pericardial injection of bradykinin were essentially
abolished after ganglionic blockade (Males; 0.0+£0.4 to —0.2+ 0.3 mm Hg vs Females;
-0.0+0.1 to 0.4+0.1 mm Hg). Thus ganglionic blockade abolished the pressor responses to
pericardial injection of bradykinin. In female rats, ganglionic blockade also abolished the
tachycardic response to pericardial bradykinin injections (2+4 bpm to 56 bpm).
Unexpectedly, after ganglionic blockade pericardial bradykinin injections were associated
with significant decreases in heart rate in male rats (-14+ 6 to —32+5 bpm). These responses
were significantly different from those observed in the female rats.

3.4 Reponses to Norepinephrine

Intravenous administration of norepinephrine (NE) was associated with graded increases in
MAP, and MCFP, and decreases in HR. In male rats, the pressor responses ranged between
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—2+2 to 47£4 mm Hg. Pressor responses observed in female rats were modestly smaller
ranging between 32 to 364 mm Hg. Nevertheless, these pressor responses to NE were
only statistically significant between males and females at a single dose. The pattern of heart
rate responses to NE was similar in male and female rats consisting of an initial small rise in
heart rate following by a bradycardic response at higher doses of NE. Intravenous NE
elicited a systemic venoconstrictor response as MCFP increased in both males and female
rats. In males the changes in MCFP ranged from —0.7+0.3 to 2.9+ 0.5 mm Hg in male rats
while in females the responses ranged between —0.3+0.3 to 2.4+0.6 mm Hg. Although there
was a significant increase in MCFP in both males and females, these responses were not
significantly different.

3.5 Bradykinin Receptor Expression

Figure 3 shows a Western blot image and summary data for bradykinin B2 receptor
expression in the left ventricle. Bradykinin receptor expression was not significantly
different between male and female Sprague Dawley rats.

4. Discussion

In the present work, we tested the hypothesis that activation of bradykinin sensitive afferents
in the heart elicits systemic venoconstriction as assessed by measuring mean circulatory
filling pressure. The data demonstrate the following: 1) Pericardial injection of bradykinin
elicited an increase in MCFP, indicative of systemic venoconstriction. 2) Interruption of
autonomic function abolished these venoconstrictor effects. 3) These responses were
attenuated in female versus male Sprague Dawley rats. 4) There were no differences in left
ventricular bradykinin B2 receptor expression between male and female Sprague Dawley
rats. Together, these findings are consistent with the view that, in addition to their other
actions on the cardiovascular system, the cardiac sympathetic afferents contribute to the
control of peripheral venous tone.

Convincing data shows that the venous compartment plays an important role in circulatory
regulation by controlling venous return, cardiac filling and cardiac output [1, 3, 16]. A major
mechanism controlling venous tone and thus venous return is sympathetic drive to the veins
system [1]. The CSAR is recognized as a powerful sympathoexcitatory reflex originating
from the heart [26, 28, 40]. The CSAR is invoked by activation of chemoreceptors in the
ventricular wall that respond to endogenous factors such as adenosine, bradykinin, and
reactive oxygen species (e.g. hydrogen peroxide [28, 40]. These substances are released in
response to stimuli such as myocardial ischemia [26, 28, 40], presumably as a mechanism to
increase coronary blood flow via increases in pressure gradient or cardiac output.
Accordingly, we hypothesized that activation of the CSAR by stimulating bradykinin
sensitive afferents on the heart would increase venous tone. We chose to assess systemic
venous tone by measuring the mean circulatory filling pressure (MCFP). We showed
previously that MCFP is increased in settings of increased sympathetic drive [41-43],
consistent with the view that the MCFP is a reliable estimate of systemic venous tone [37].

It is relatively well established activation of the CSAR by application of bradykinin to the
epicardial surface of the heart elicits a strong sympathetically mediated pressor response [19,
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28, 32, 44, 45]. Many of the studies investigating the effects of the CSAR on cardiovascular
function have used open chest vagotomized preparations to allow application of bradykinin
directly to the epicardial surface. However, given the sensitivity of the venous circulation to
changes in chest pressure, we chose to perform our studies in baroreflex intact conscious rats
to avoid potential confounds in the interpretation of the venous pressure responses. Our
approach most closely resembles that described by McDermott et al. [29] which reported
that intrapericardial injection of bradykinin in awake rats caused dose dependent increases in
blood pressure with a maximum effect of 25-35 mm Hg. We observed a graded pressor
response ranging between 10-35 mm Hg, which compares favorably with previously
reported responses in conscious rats. Our observations also align with findings in a broader
context of anesthetized vagotomized animals and using different methods for activation of
the cardiac sympathetic afferents [19, 44, 46, 47]. Thus, despite methodological differences,
we believe our findings are generally consistent with the established literature for bradykinin
activation of the CSAR.

Coupled with the pressor and tachycardic responses, we also observed dose dependent
increases in MCFP in response to pericardial injection of bradykinin. These responses
ranged between 0.6 to 2.2 mm Hg. Although these are seemingly small changes in pressure,
it is important to recognize that the venous compartment operates at substantially lower
pressures/resistances than the arterial compartment. Thus, even small changes in venous
pressure can have substantial impact on venous function. The changes in MCFP that we
observed represent changes ranging from 6-28% of baseline MCFP. Moreover, Greene has
reported that in anesthetized dogs, the maximum baroreflex change in MCFP was
approximately 3.4 mm Hg and that this MCFP response altered cardiac output by 40% [2].
Accordingly, the CSAR-induced increases in MCFP observed in our study could be
predicted to increase CO by as much as 26%. In fact, epicardial application of bradykinin
increased left ventricular end diastolic volume and cardiac output in rats with heart failure
[44]. Thus activation of bradykinin sensitive afferents in the pericardial space induces a
venoconstrictor response of sufficient magnitude to influence systemic hemodynamics.

Another important consideration is that the present study was conducted in conscious rats
with intact arterial and vagal baroreflexes. Given the relatively large pressor responses to
activation of the CSAR, it is possible that pressor and venoconstrictor responses to
pericardial bradykinin injection were damped to a certain degree by reflex compensatory
mechanisms. Consistent with this possibility, denervation of arterial baroreceptors or
cervical vagotomy potentiated the pressor response to activation of the CSAR by epicardial
application of capsaicin [48] suggesting that these reflex mechanisms inhibit the CSAR. On
the other hand, it was also shown that activation of the CSAR inhibited the arterial
baroreflex [49]. Thus, the extent to which any reflex compensatory mechanisms impacted
our observations is unclear. Nevertheless, we believe that collectively these data suggest that
the CSAR is capable of inducing marked increases in venous tone and is an important reflex
system regulating venous function.

It is generally accepted that sex affects cardiovascular function, yet the interaction of sex
with circulatory function remains complex and under active investigation. In the present
work we assessed the impact of sex on the CSAR by comparing responses in male and
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female rats. While we did not observe a difference in blood pressure between male and
female rats, MCFP was significantly lower in females compared to males. This finding is
supported by our earlier work [38, 50] and that of others showing venous tone as assessed by
MCFP was lower in female rats or by treatment with estrogen[51]. We observed that the
pressor and tachycardic responses to pericardial injection of bradykinin with an intact
autonomic nervous system were not different in male and female rats. This is consistent with
previous work showing that the increases in blood pressure and heart rate to epicardial
application of capsaicin were not sexually dimorphic [36]. However, following ganglionic
blockade, surprisingly, we observed that pericardial bradykinin injections were associated
with a reduction in heart rate in male rats, a response that was not observed in female rats. A
direct negative chronotropic effect of bradykinin was reported in dogs[52], however in rats a
positive chronotropic effect dependent on sympathetic ganglionic stimulation was reported
[53]. It is possible that in the presence of a ganglion blocker, a direct negative chronotropic
effect was revealed. To our knowledge there are no reports addressing sex differences in the
direct chronotropic effects of bradykinin. Given that we did not observe a similar response in
female rats, the response is not related to injection volume or vehicle, but may be sexually
dimorphic. However, at present this observation is challenging to explain. We also observed
that the venoconstrictor responses to injection of bradykinin into the pericardial sac were
attenuated in female compared to male rats. To our knowledge, this is the first report of sex
differences in CSAR reflex control of venous tone. The physiological implications of the
reduced CSAR-mediated venoconstriction remain to be explored. However, it is possible
that females exhibit a lesser venoconstrictor response because other variables controlling
cardiac filling (e.g. resistance to venous return, cardiac pressures, ventricular compliance)
promote venous return at lower MCFP. Direct measurement of cardiac volumes and
pressures will be needed to address this question.

Sex differences in cardiovascular responses may be mediated at the level of the vascular
smooth muscle [54], via the peripheral autonomic nervous system [55]or via effects in the
brain[56]. Since estrogen receptors are found in vascular smooth muscle [57] and reportedly
decrease venous responsiveness to alpha adrenergic stimulation[54], we assessed whether
post synaptic responses to norepinephrine were different in male and female rats. We
observed no marked differences between male and female rats in the norepinephrine dose
response curves for the changes in arterial pressure or mean circulatory filling pressure. The
pressor responses to norepinephrine were modestly lower at higher doses, although only one
dose showed a statistically significant effect. The MCFP responses to norepinephrine
showed a similar pattern, although no significant differences were detected. We interpret
these data to indicate that the differential MCFP responses to pericardial injection of
bradykinin are not due to changes in vascular smooth muscle responsiveness to
norepinephrine. Another possibility is that bradykinin receptor expression was lower in the
female hearts. We assessed BDKRB2 protein expression in ventricular tissue and found no
differences between male and female rats, which is consistent with previous work show that
neither estradiol nor ovariectomy affected bradykinin mRNA expression in the heart [58].
Alternatively, the male female differences may be mediated modulation of sympathetic drive
to the veins since sex differences in renal sympathetic nerve activity responses to CSAR
activation were reported [36].
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There are some limitations to this work. An important consideration is the experimental
design. We chose to use cumulative dosing and a paired design wherein bradykinin
injections were given sequential before and after ganglionic blockade. A limitation to this
approach is that bradykinin responses are known to desensitize with repeated activation
(tachyphylaxis) [29]. It is possible that the magnitude the responses at the higher doses may
have been attenuated somewhat due to desensitization. Similarly, it could be argued that
attenuation of the response following ganglion blockade was due to desensitization. While
we cannot exclude these possibilities, our experimental design incorporated a rest period
between doses of 25-30 minutes. McDermott showed that this time interval was sufficient to
avoid development of tachyphylaxis. We have also done a limited number of experiments
with repeated dose response curves showing that this interval largely avoids desensitization
of the response (Data supplement). A second limitation is that in addition or in conjunction
with activation of the sympathetic nervous system, cardiac afferents also may convey pain
signals [18, 40]. We did not observe any overt signs of pain such as vocalization or biting.
However we cannot rule out the possibility that activation of pain pathways contributed to
the sympathetic activation and the venoconstrictor and pressor responses.

Collectively, we believe that these data show that pericardial injection of bradykinin causes
systemic venoconstriction sufficient to participate in the overall cardiovascular response to
activation of the CSAR. Convincing data show that activity of the CSAR is enhanced in the
settings of heart failure [44, 59] and hypertension [28, 60]. Venous tone is increased in heart
failure [51] and in hypertension [1, 9, 61]. It is possible that augmented activity of the CSAR
contributes to the elevation in systemic venous tone observed in these pathophysiological
conditions. Studies employing cardiac afferent ablation in hypertensive animals coupled
with measurement of venous tone will be needed to answer this question. Recent work is
consistent with this possibility since ablation of cardiac sensory afferents attenuated
hypertension development in the SHR[60], a model in which elevation in venous tone and
cardiac output are associated with hypertension development.

Supplementary Material
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Figure 1: Responses to Pericardial Bradykinin
This figure shows the mean arterial pressure (mm Hg; top panel, heart rate (bpm; middle

panel) and mean circulatory filling pressure (mm Hg; bottom panel responses to injection of
bradykinin into the pericardial space in conscious male and female rats. p< 0.05 * versus pre
injection baseline male; T versus pre injection baseline female; ® pre vs post ganglion

blockade male; o pre vs post ganglion blockade male; w male vs female.
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Figure 3: Ventricular Bradykinin Receptor Expression
This figure shows BDKRB2 receptor expression in ventricular tissue from male and female

rats. The upper panel is an example of a Western blot membrane. The lower panel shows
summary data expressed as the ratio of BDKRB2 and the housekeeping protein GAPDH.
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Group Pericardial Injection Cohort Pre Pericardial Injection Cohort Post Norepinephrine Infusion
Ganglion Blockade Ganglion Blockade Cohort
Male Female Male Female Male Female

Mean Arterial 110+£3 10945 69+1 * 68+6 * 11743 107+3 @
Pressure (mm Hg)

Heart Rate (bpm) 3717 37618 306+8 * 248+19 *w 373+10 406+10 @

Mean Circulatory 7.5+£0.3 6.5+0.3 @ 6.5i0.3* 5_1io_3*a) 7.6+0.3 5.840.3 @

Filling Pressure (mm
Ha)

*
p<0.05 preganglionic blockade vs postganglionic blockade

wp<0.05 male vs female

Auton Neurosci. Author manuscript; available in PMC 2021 January 01.



	Abstract
	Introduction
	Materials and Methods
	Surgeries
	Measurement of Mean Circulatory Filing Pressure
	Experimental Protocol
	Bradykinin Receptor Expression
	Data Analysis


	Results
	Baseline Values
	Reponses to Pericardial Injections
	Effect of Ganglionic Blockade
	Reponses to Norepinephrine
	Bradykinin Receptor Expression

	Discussion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Table 1.

