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This study was designed to determine the role of~ 1-adrenoreceptors in arterial blood 

pressure (ABP) regulation during an orthostatic challenge. Metoprolol was used to block 

~ 1 -adrenoreceptors. Atropine, a peripheral and central acting muscarinic blocker, was 

used to inhibit vagal influences on heart rate. Lower body negative pressure (LBNP) was 

used to simulate an orthostatic hypotensive stimulus before and after receptor blockade. 

Metoprolol administration significantly increased baroreflex sensitivity (BRS) and 

significantly decreased the reflex increase in plasma renin activity (PRA) in response to a 

hypotensive stimulus. Therefore, we suggest that the attenuation ofPRA is 

counterbalanced by an increased heart rate reserve, which allows the heart rate to increase 

more in response to decreases in venous return. This increase in cardiac responsiveness 

was abolished with the administration of atropine. Therefore, we conclude that acute 

administration of metoprolol causes (i) improved ABP stability, as indicated by a 

diminished augmentation of low frequency (LF) ABP variability and (ii) attenuates the 

increase in PRA during LBNP induced central hypovolemic challenge. 
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CHAPTER ONE 

INTRODUCTION 

I. Background 

During normal every day activities, a person will experience many changes in their 

postural position. Each time the posture is changed, it creates a challenge to the body to 

maintain blood pressure. The hemodynamic responses that occur during the assumption 

of the upright posture are essential for normal activities. Tissues and organs need a 

constant supply of blood to remove metabolic wastes and deliver oxygen and nutrients. 

This relatively constant blood flow is maintained by a series of complex interactions that 

work together to keep blood pressure relatively stable [1]. At any given moment, blood 

pressure is determined by the combined interactions of vasomotor tone and cardiac 

output. Furthermore, the cardiac output is the product of heart rate and stroke volume 

that can be modified by venomotor tone and mechanical forces (skeletal muscle pump, 

respiratory pump). The heart and blood vessels are both controlled via humoral and 

neurogenic mechanisms. Changes in heart rate and vasomotion are linked on a moment

to-moment basis via baroreceptors [2]. 

Baroreceptors are found in the cardiopulmonary system, aortic arch, and the carotid 

arteries. These stretch receptors have the ability to detect acute changes in blood 
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pressure. The aortic arch uses the vagus nerve while the carotid arteries use the 

glossopharyngeal nerve to send afferent signals to the nucleus tractus solitarius in the 

brain stem. Increases in blood pressure cause the baroreceptors to stretch, thereby 

increasing their firing rate. This increase in neuronal activity causes an increase in 

parasympathetic nerve activity (PSNA) and a decrease in sympathetic nerve activity .. 
(SNA). Increases in PSNA, mainly through vagal efferents, decrease heart rate via its 

actions on the sinoatrial and atrioventricular nodes. Furthermore, the decrease in SNA 

also leads to a decrease in heart rate, cardiac contractility, and vasomotor tone. 

Reduction in vasomotor tone is primarily due to a diminished release of catecholamines. 

However, the heart rate responsiveness is primarily modulated by changes in PSNA. 

Decreases in pressure cause a reflex increase in heart rate and vasomotor tone, which is 

due to a decrease in PSNA and an increase in SNA in addition to an activation of the 

renin-angiotensin system. Therefore, baroreceptors act as a buffer system to minimize 

acute changes in blood pressure [2, 3]. 

Lower-body negative pressure (LBNP) has been commonly applied to humans as a non-

invasive experimental tool to simulate the effects of acute hemorrhage and orthostatic 

stress and examine the function of cardiovascular homeostasis since the 1960s [3]. 

Application of sub-atmospheric pressure to the lower torso and legs displaces blood 

volume to the lower body regions and decreases the venous return and cardiac output [3]. 

This LBNP induced central hypovolemia unloads the cardiopulmonary baroreceptors and 

arterial baroreceptors with the presence of systemic hypotension, which reflexively 
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stimulates SNA. Also, low to moderate intensity of LBNP from - 1 S to -40 torr has been 

confirmed to significantly stimulate both renal renin release and plasma renin activity 

along with increases in angiotensin II [ 4, 5]. 

It has l?een known for over 200 years that blood pressure does not remain constant but 

varies over time. Blood pressure tends to fluctuate around a set point. Many different 

factors cause these oscillations or variations from the set point [6]. Since the baroreflex 

acts to buffer changes in blood pressure, any conditions that affect baroreflex sensitivity 

(BRS) will change arterial blood pressure (ABP) variability [7]. Furthermore, central 

factors, humoral factors, blood viscosity, respirations, and behavioral factors also 

contribute to ABP variability [6]. The ABP variability is related to a combination of four 

separate fluctuations in blood pressure. First order fluctuations are generated via cardiac 

contractions (i.e. the difference between systolic and diastolic blood pressure). 

Respiration causes changes in thoracic pressure, which influences venous return and, 

thus, cardiac output. These changes in cardiac output caused by changes in respirations 

represent second order fluctuations. Third order fluctuations occur at a slower rate and 

are due to sympathetically mediated changes in vasomotor tone. The last cause of 

fluctuations is due to circadian rhythm changes in blood-pressure [8]. 

Over the years, many different researchers have studied ABP variability in health and 

disease [6, 9-11]. There are several different mathematical methods used to measure the 

amount ofBPV either using time domain analysis or frequency domain analysis. A 
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simple example of time domain analysis of blood pressure consists of plotting blood 

pressure over time and looking for patterns or changes. A more quantitative method is to 

measure the differences between graphed blood pressure with a ruler or caliper and 

describe the variation in terms of mean variance and standard deviation. The advent of 

computt»"S has made it more practical to analyze blood pressure oscillation using non

linear models. Frequency domain analysis describes oscillatory components based on 

their periods. Many different algorithms or formulas can be used to convert time domain 

into frequency domain; however, the most studied is the fast Fourier transformation [12, 

13]. 

There are two main peaks that appear using spectral analysis of ABP variability [8]. 

There is a low frequency (LF), which is centered around 0.1 Hz and considered to be a 

vasomotor wave or Mayer wave. It has been demonstrated that LF ABP variability 

increases around 0.1 Hz following hemorrhage [14], nitroprusside induced hypotension 

[15], or during orthostatic challenges such as LBNP [16] head-up tilt [17] or upright 

standing [18]. This augmented LF ABP variability appears to be an indication of ABP 

instability [16], which is associated with an increased muscle sympathetic nerve activity 

(MSNA) [15, 19] and is abolished by the a-adrenoceptorantagonists phentolamine [15] 

and prazosin [14]. The high frequency, synchronized with breathing rate around 0.20 Hz, 

is thought to be due to spontaneous changes in thoracic mechanical oscillations induced 

by respiration [8]. However, the physiological implication ofHF ABP variability is 

unclear. 
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Cardiovascular disease is a major cause of morbidity and mortality in the United States. 

Many different drugs are used in the treatment of cardiovascular diseases. With the 

increased incidence of cardiovascular diseases, more people are taking these medications. 

Beta-blockers are used to treat hypertension [20, 21], angina [22], and congestive heart 

failure [lJ-25]. In hypertension, sympathetic dominance limits vagal activity [26, 27] 

and is associated with a decrease in the baroreflex gain [27, 28]. Recently, studies in our 

laboratory have demonstrated that vagal cardiac dysfunction associated with aging [29] 

or simulated by muscarinic cholinergic blockade using atropine [ 16] is significantly 

related to a diminution of the arterial baroreflex function and an augmentation of ABP 

instability. Beta-blockers have been demonstrated to improve parasympathetic 

dominance and increase baroreflex gain [27, 30-32]. Metoprolol, a lipophilic ~ 1 -

adrenoceptor specific antagonist, lowers heart rate, enhances vagal activity, and increases 

baroreflex gain, which has been attributed to improving the outcome for patients with 

hypertension and ischemic heart disease [27]. However, its effects on ABP variability 

have not been extensively studied in normotensive subjects, although studies examining 

the effects of metoprolol on blood pressure variability are performed on people whose 

function of blood pressure regulation is compromised by disease [27, 32-34]. 

Furthermore, how this sympathetic cardiac blockade using ~~-adrenoceptor antagonist 

may affect vasoconstrictive response during the LBNP stimulated SNA and activated 

renin-angiotensin system remains unknown. 
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IT. Statement of the Research Questions 

Question one: Will ~~-adrenoceptor blockade enhance ABP stability if removal of 

sympathetic cardiac restraint helps improve vagal cardiac responsiveness or baroreflex 

sensitivity? 

Question two: Will ~~-adrenoceptor blockade during LBNP induced central hypovolemic 

challenge attenuate plasma renin activity (PRA) and thus affect vasoconstrictive 

response? 

The objective of this research is to study the acute effect of~ 1-adrenoceptor blockade on 

short-term ABP variability. A second purpose is to determine the role of~~

adrenoreceptors in ABP regulation during orthostatic challenge. 

ID. Hypothesis 

We hypothesized that improvement of PSNA and arterial baroreflex function following 

~ 1 -adrenoceptor blockade would help to maintain ABP stability during the LBNP 

simulated orthostatic challenge based on the previous findings that vagal cardiac 

dysfunction has been shown to augment ABP variability [16, 29]. Since the renal renin 

release is mediated by~ 1 -adrenoceptor, the LBNP activated renin-angiotensin system 

would be affected following metoprolol administration, as reflected by a diminished 
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response in PRA [35, 36]. This effect might attenuate a vasoconstrictive response to the 

central hypovolemia during LBNP. However, the function of ABP regulation during 

LBNP would not be compromised since the sympathetic medicated vasoconstriction is 

maintained in addition to an increase in arterial baroreflex control of HR responsiveness. 

When bojh sympathetic and parasympathetic cardiac efferent influences are blocked 

using a combination of metoprolol with atropine, however, the beneficial effect of 

metoprolol would be minimized, indicating the dominant influence of parasympathetic 

modulation. 

In summary, the specific aim of this study was to test the following hypotheses: (i) the 

removal of sympathetic cardiac restraint would improve the vagal cardiac function or 

arterial baroreflex function (ii) ~ 1 -adrenoceptor blockade would diminish PRA without 

compromising ABP stability during LBNP, and (iii) the combination of ~~-adrenoceptor 

blockade with atropine would augment the ABP instability, suggesting an importance of 

vagal cardiac function. 
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ABSTRACT 

Previous studies have suggested that sympathetic-cardiac blockade enhances baroreflex 

function, whereas parasympathetic-cardiac blockade diminishes baroreflex sensitivity and 

elicits arterial blood pressure (ABP) instability. The aim of this project was to test the 

hypothesi& that f31-adrenoceptor blockade is beneficial in maintaining ABP stability 

during lower body negative pressure (LBNP) in a group (N=8) of young healthy subjects. 

LBNP -50 Torr significantly decreased intra-radial systolic ABP (SBP, -6±3 mmHg) and 

increased plasma renin activity (PRA, from 0.72±0.23 to 1.75±0.24 ng mr1 hr"1) and 

norepinephrine (NE, from 1.02±0.11 to 2.13±0.32 pg mr1). Low frequency (LF, 0.04-

0.12 Hz) SBP and diastolic ABP (DBP) variability were significantly augmented by 

LBNP (4.1±1.6 vs 10.8±3.0 mmHg2
, and 3.1±1.0 vs 7.9±1.9 mmHi, respectively). 

Following metoprolol, arterial baroreflex gain (estimated from the slope of pulse interval 

to SBP during injection with 1 Jlg/kg phenylephrine) significantly increased from 

9.86±2.8 to 19.62±4.1 ms/mmHg. LBNP decreased SBP (-10 ±2 mmHg) and increased 

NE, but did not significantly augment PRA (0.59±0.22 vs 1.03±0.18 ng mr1 hr"\ or LF 

SBP and DBP variability (3.3±0.6 vs 5.7±1.3 mmHi, and 3.1±0.7 vs 5.4±1.1 mmHi, 

respectively). The increased PRA during LBNP remained non-significant following 

metoprolol combined with atropine, whereas the augmented LF SBP (2.6±0.7 vs 9.9±2.8 

mmHi) and DBP (2.5±0. 7 vs 11.1±3.0 mmHg2
) variability were significantly 

accentuated compared to the metoprolol or control condition, along with a greater aSBP 

( -17±7 mmHg). During LBNP both LF SBP and LF DBP variability were inversely 
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(P<O.OS) associated with the decreases in cardiac output and SBP. We suggested that 

removal of sympathetic cardiac influence improved cardiovascular stability as indicated 

by a diminished LF ABP variability, which was related to an enhanced cardiac 

responsiveness. 

Key word,§: power spectral analysis; lower body negative pressure; plasma renin activity; 

metoprolol; phenylephrine, vasomotion 

INTRODUCTION 

Both sympathetic nerve fibers (mediated by ~ 1 -adrenoceptors) and parasympathetic nerve 

fibers (mediated by muscarinic cholinergic receptors) innervate the heart. Beta

adrenoceptor blockade has been reported to augment respiratory sinus arrhythmia [1, 2] 

and to enhance the baroreflex gain analyzed using frequency domain in healthy young 

volunteers [3] or in hypertensive patients [4, 5]. These studies suggest that sympathetic

cardiac influence inhibits or restraints parasympathetic mediated baroreflex and vagal 

cardiac function [6]. While vagal cardiac function has been demonstrated to play an 

important role in maintaining cardiovascular homeostasis or arterial blood pressure 

(ABP) stability [7], the impact of~ 1 -adrenoceptor antagonist on ABP variability is less 

well defmed. We hypothesized that ~ 1 -adrenoceptor blockade would enhance ABP 

stability, if removal of sympathetic cardiac restraint helps improve vagal cardiac 

responsiveness or baroreflex sensitivity. The main purpose of this study was to compare 

ABP variability prior to and following removal of sympathetic cardiac restraint using the 

~1 -adrenoceptor blocker metoprolol. 
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Release ofbiologically active renin is stimulated by activation of renal sympathetic nerve 

traffic mediated by Pt-adrenoceptors, reduction of renal blood flow, and decrease in 

sodium chloride delivery to the macula densa at the renal juxtaglomerular apparatus [8]. 

Human b~ings typically have low basal renin secretion because of their accessibility to a 

constant source of sodium from food. Therefore, p 1-adrenoceptor blockade may have a 

limited impact on the basal renin activity in healthy young adults. However, metoprolol 

has reported to reduce plasma renin activity in hypertensive patients [9] and suppress 

renin up-regulation during angiotensin converting enzyme inhibitor or diuretics treatment 

[ 1 0]. Thus, the question remains as to whether renin release would be attenuated by p 1-

adrenoceptor blockade when activation of the renin-angiotensin system (RAS) is 

demanded. We hypothesized that the hemodynamic response to LBNP would be affected 

following P1-adrenoceptor blockade due to a lack of the activated RAS if renal release 

was attenuated. Therefore, this study also proposed to evaluate potential humoral 

modulation of ABP stability following Pt-adrenoceptor blockade. 

Metoprolol was selected in the present study because it is a selective Pt-adrenoceptor 

antagonist. Since the buffering effect of reflex cardiac responsiveness is primarily 

determined by vagal modulation [11], we proposed that metoprolol combined with 

atropine would create a "double blockade" or ''vagal dysfunction" condition that would 

counteract the reduced sympathetic cardiac restraint created by Pt-adrenoceptor blockade 

alone. Therefore, comparison of ABP stability following metoprolol with or without 
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atropine would elucidate any potential RAS interaction with cardiovascular homeostasis 

and vagal cardiac function. 

METHODS 

Subjects -· Eight healthy young (29±2 years of age) men (n=6) and women (n=2) 

volunteers (group mean body weight: 71±5 kg and height: 170±4 em) participated in this 

study. All subjects passed a physical screening that consisted of completing a health and 

physical activity questionnaire form and a resting 12-lead ECG. Female volunteers 

completed a urine pregnancy test verifying that they were not pregnant. Volunteers who 

passed the screening test and agreed to be the subjects received both oral and written 

explanation of the experimental protocol, and signed a written consent form that was 

approved by the Institutional Review Board for the Protection of Human Subjects at the 

University of North Texas Health Science Center at Fort Worth. 

Protocol Subjects reported to the laboratory for a total of two visits. During the 

first visit, the subjects were familiarized with LBNP, experimental measurements, and 

procedures that were to be used during the study. The experiment was conducted on the 

second visit. All experiments were conducted approximately the same time of the day 

(from 8 am- 10 am) at 24°C- 26°C room temperature. 

On experimental day, subjects rested in the supine position in the LBNP box for 30 

minutes following arterial catheterization of the radial or brachial artery. Eight minutes 
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of baseline hemodynamic data were collected with frequency controlled breathing at 

fifteen cycles per minute, followed by eight minutes of baseline data with spontaneous 

breathing. Between these two baseline intervals, arterial blood ( 11 ml) was drawn for the 

analysis of hematocrit, plasma catecholamines, and renin activity. After blood sample, 

subjects re~eived a bolus injection of phenylephrine (1.0 J.lg kg-1
) to determine the R

wave interval (RRI) response to the increase in ABP. 

Before the LBNP protocol began, the vacuum controller was preset to ensure rapid 

equilibration of negative pressure to -40 Torr. One minute ofbaseline data was 

collected, followed by eight minutes ofLBNP at -40 Torr and eight minutes at -50 

Torr. At the end ofLBNP at -50 Torr, another arterial blood sample (llml) was 

collected. After the subject's hemodynamic variables returned to baseline, 

metoprolol was injected to block the P1-adrenoceptor with an initial dose of 50 J.tg kg-

1, and continued to a cumulative dose of200 J,tg kg-1
, or until no further bradycardia 

was observed [12]. After stabilization of the subject's hemodynamic variables, the 

above LBNP protocol was repeated. Atropine was then administered at a dose of 5.0 

J,tg kg-1 to a cumulative dose of 40 J.tg kg-1
, or until full muscarinic receptor blockade 

[7, 12]. After the hemodynamic variables stabilized again, after the double block, the 

above LBNP protocol was repeated. If at any time during the experiment ABP fell 

precipitously, such that systolic blood pressure (SBP) <85mmHg, diastolic blood 

pressure (DBP) < 55mmHg, or mean arterial pressure (MAP) <60mmHg, or if signs 
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of pre-syncope or extreme subject discomfort became evident, the experiment was 

terminated and these subjects' data were excluded. 

Measurements During the experiment, beat-to-beat RRI, thoracic impedance (TI), LBNP, 

intra-radial arterial MAP, SBP, DBP, pulse pressure (PP) were continuously recorded on

line as described previously [7]. RRI were measured via lead II of an electrocardiogram 

(ECG). Stroke volume (SV) and cardiac output (CO) were measured by thoracic 

plethysmograpy (Minnesota Impedance Cardiography) with four tetra polar electrodes 

(3/4 inch wide Mylar tape strip) placed around the neck and lower chest. This method 

has been previously established in our lab to reliably estimate SV and CO during supine 

rest with or without LBNP in healthy individuals [7]. LBNP was performed with a 

custom designed box equipped with motors that create negative pressure inside the box. 

ABP was monitored with an intra-radial arterial catheter interfaced with a disposable 

pressure transducer and connected to a monitor (Hewlett Packard 78342A). CO and SV 

were measured by impedance before LBNP and at the znd, 5th, 8th, lOth, 13th, and 16th 

minutes of the LBNP application (i.e., -40 Torr for eight minutes, minute 0 to 8, and -50 

Torr for eight minutes, minute 8 to 16). Total peripheral resistance (TPR) was calculated 

from MAP/CO=TPR. Arterial blood samples were collected in pre-chilled syringes. 

Blood samples for the determination of catecholamines and renin activity were 

centrifuged in a 4°C centrifuge (Beckman model TJ-6) at 2,700 rpms, 1,500 g for 15 

minutes. Test tubes used for determination of catecholamine were pretreated with 100 J.Ll 

of glutathione and 10 J.Ll of heparin, and test tubes used for renin activity were pre-chilled 
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and contained ethylene diamine tetraacetic acid. After centrifuge, the plasma portion of 

samples was transferred into disposable tubes and stored in a - 80° C refrigerator (Puffer 

Hubbard) for subsequent analyses. All samples were assayed within two weeks. 

Catecholamine levels from arterial blood plasma were determined by high performance 

liquid cin:gmatography. Plasma renin activity (PRA) was analyzed by radioimmunoassay 

(Angiotensin I [1251 Radioimmunoassay kit). All assays were processed in duplicate. 

Data analysis Each eight-minute data set was plotted using Sigma Plot software and 

examined for variance of ABP and RRI, and the six-minute segment with least variation 

was selected. This 6-minute "steady state" data was then linearly interpolated and 

resampled at 2 Hz. After resampling, the data were detrended with third order 

polynomial fitting and divided into 128 point segments with 50% overlap for fast Fourier 

transform analysis, using the templates created in the data analysis and display software 

(DADiSP/AdvDSP, DSP Development Corporation, Cambridge, MA). Spectral power in 

high frequency (HF, 0.20-0.30 Hz) and low frequency (LF, 0.04-0.12 Hz) was extracted. 

Data are reported as group means± the standard error (SE) of the mean. One-way 

analysis of variance (ANOVA) was applied to determine the difference in the baseline 

data between frequency-controlled breathing (15 cycles min-1
) and spontaneous 

breathing. Two-way ANOV A was used to test the effects of drug blockade and LBNP on 

the arterial blood samples and hemodynamic variables. If the ANOVA P value was S0.05 

in drug factor (i.e., control, metoprolol, double, i.e., metoprolol plus atropine) or LBNP 
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factor (i.e., baseline with spontaneous breathing, -40, and -50 Torr), the post-hoc test for 

multiple comparisons of the means (Duncan method) was applied. Simple linear 

regression analysis was used to test for significance in the correlation between the 

variables. Analysis of covariance was used to test for differences in the rate of changes 

for differe~t slopes. Statistical analysis system (SAS) software was used for all analyses 

and significance was set at P~0.05 for all statistical tests. 

RESULTS 

Baseline variables The difference in the baseline hemodynamic variables (see Table 

. 1) or spectral density (see Table 2) data between frequency controlled breathing at 15 

cycles min-1 and spontaneous breathing was insignificant. 

Metoprolol significantly increased RRI; however, it had no significant effect on SBP, 

DBP, MAP, CO, SV, or PVR (seeTable 1). The resting spectral power ofRRI variability 

and ABP variability (see Table 2) were not significantly different after metoprolol. 

However, the baroreflex gain assessed by injection of phenylephrine (1.0 J.lg kg-1
) 

increased significantly after metoprolol (9.86 ± 2.8 to 19.62 ± 4.1 ms mmHg-1
, n=5). 

Beta1-adrenoceptor blockade did not significantly change PRA or catecholamine levels at 

rest (see Figure 1). 

Metoprolol combined with atropine (i.e., double blockade) significantly decreased RRI. 

The baroreflex gain was almost abolished when assessed by phenylephrine injection 

21 



(0.91±0.05 ms mmHg-
1
). Double block also significantly increased the baseline DBP 

(likely related to the tachycardia that shortens diastolic period), but did not significantly 

change SBP, MAP, or PP. Resting SV was significantly reduced while CO and PVR 

were not significantly altered (see Table 1). RRI variability in both LF and HF spectrum 

was signif\9antly decreased compared to either the control or metoprolol condition (see 

Table 2). Double blockade did not significantly change the baseline PRA and 

catecholamine levels when compared to the control or metoprolol condition (see Figure 

1). 

Response to LBNP LBNP decreased SBP and PP, increased DBP, whereas MAP was 

maintained in the control condition (i.e., no blockade drug), (see Table 1). This systemic 

hypotension was associated with a significant sympathoexcitation, as indicated by an 

increase in norepinephrine (NE) concentration from the baseline of 1.02±0.11 to 

2.13±0.32 pg mr1 at LBNP -50 Torr. Furthermore, PRA was significantly increased 

from 0.72±0.23 to 1.75±0.24 ng mr1 hr-1 (see Figure 1), indicating an activation of the 

renin-angiotensin system (RAS). However, the change in plasma epinephrine was not 

statistically significant (baseline vs LBNP -50 Torr: 1.10±0.39 vs 3.03±0.92 pg mr1
). 

After metoprolol (with or without atropine), the LBNP induced decrease in SBP was 

exacerbated (see Table 1). The application ofLBNP significantly increased NE levels 

after metoprolol (from 1.15±0.18 to 2.73±0.46 pg mr1
) and after the double blockade 

(i.e., metoprolol combined with atropine, from 1.16±0.24 to 2.32±0.45 pg mr1
). 

However, the increase in PRA during LBNP was not significant following metoprolol 
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(0.59±0.22 vs 1.03±0.18 ng mr1 hr-1
) or double blockade (0.61±0.16 vs 1.22± 0.31 ng mr 

1 hr-1
), (see Figure 1). Changes in epinephrine were insignificant in the metoprolol 

(1.66±0.71 vs 2.09±0.67 pg mr1
) and the double blockade condition (1.01±0.48 vs 

2.06±0.37 pg mr1
). 

During LBNP, the decrease in PP was not different between the control and metoprolol 

conditions. However, this decrease in PP was consistently (P=0.015) greater following 

the double blockade (see Table 1 and Figure 2). In terms of unit decrease in SV, the 

decreased PP in the double blockade (slope: 2.18±0.77) tended to be greater (P=0.11) 

than that in the control (0.83±0.11) or metoprolol (0.97±0.12) condition. When 

metoprolol was combined with atropine, the decrease in CO was significantly 

exacerbated compared to the control or metoprolol alone (see Table 1). The calculated 

TPR was increased with LBNP and this augmented TPR was greater (P=0.001) in the 

double blockade condition. 

In the control condition, the slope of D.CO/D.SV was 0.60±0.03 (Figure 3), i.e. a 60% 

decrease in CO explained by per unit decrease in SV, suggesting that the tachycardiac 

compensation was 40%. Following (3 1-adrenoceptor blockade, the slope of D.CO/D.SV 

shifted to 0.45±0.06, implying a 15% increase in tachycardiac compensation (P=0.054 

the metoprolol vs control slopes). After double blockade, the slope of D.CO/D.SV was 

0.98±0.06 (almost parallel with the identity line), indicating an abolished tachycardiac 

compensation. 
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Power spectral response High frequency (HF) ABP variability or ABP variance was 

not significantly affected by LBNP (see Table 2 and Figure 4). However, both LF SBP 

variability and LF DBP variability were increased with LBNP. This increase in LF SBP 

or LF DBP from the control condition (no blockade drug) reached a significant level 

during LBNP -50 Torr based on post-hoc ANOV A, but disappeared following 

metoprolol. When metoprolol was combined with atropine in the double blockade 

condition, this increase in LF SBP variability and LF DBP variability reached 

significance during LBNP --40 Torr, which was significantly greater than both the control 

and metoprolol conditions (see Table 2). Figure 5 illustrates that increases in LF DBP 

variability are significantly associated with decreases in CO. During graded LBNP, both 

LF SBP variability and LF DBP variability were inversely correlated with the decreases 

in SBP, in PP, and in CO, and were significantly associated with the increases in TPR 

(see Table 3). 

DISCUSSION 

The present study provides two new major findings: (i) an enhanced cardiac 

compensatory responsiveness following removal of sympathetic restraint improved ABP 

stability, as indicated by a diminished augmentation ofLF ABP variability and (ii) the Pt

adrenoceptor blockade using metoprolol attenuated the increase in PRA during LBNP 
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induced central hypovolemic challenge. Our discussion will focus on the effect of~ 1-

ad.renoceptor blockade on PRA response; changes in ABP variability following ~ 1 -

adrenoceptor blockade and implication of ABP variability during LBNP induced central 

hypovolemia. 

Effect of~1-adrenoceptor blockade on PRA response To our knowledge, the 

present study is the first to indicate that the response ofPRA during LBNP simulated 

orthostatic challenge is diminished by selective ~ 1 -adrenoceptor blockade. This inhibited 

PRA response appeared not to cause ABP instability during the LBNP-induced central 

hypovolemia. 

During LBNP, reductions in CO are accompanied by a vasoconstrictive response in order 

to maintain ABP, which appears to be mediated by both a sympathoexcitation and an 

activation of the RAS. It has been established that renin release is regulated by (i) the 

intra-renal baroreceptor, which senses changes in ABP in the afferent arteriole, (ii) the 

chemoreceptor, which is located at the macula densa of the juxtaglomerular apparatus to 

sense sodium chloride delivery to the distal tubule, and (iii) the renal sympathetic nerve 

activity, which is mediated by ~ 1 -adrenoceptors [8). Grassi et al [13) previously reported 

that PRA was significantly increased during LBNP - 15 Torr and +60° head-up tilt (+0.83 

and+ 1.02 ng m1"1 hr-1, respectively) in a group of young normotensive or mild 

hypertensive subjects. Tidgren et al [14) confirmed that both renal renin release and PRA 

were significantly enhanced in a group of young, healthy volunteers during LBNP - 18 
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and -27 Torr, which was accompanied by significant increases in NE, angiotensin IT 

(Ang In, and renal vascular resistance. Our data agreed with these previous studies and 

showed that both NE and PRA were increased by LBNP in the control condition (no 

blockade drug). However, when metoprolol (a selective ~ 1 -adrenoceptor antagonist) was 

administer~d, the increase in PRA was blunted, despite the presence of a significant 

increase in plasma NE (see Figure 1). No significant difference in plasma [Na+] was 

observed between the control and metoprolol conditions during the experiment, 

indicating that the intra-renal chemoreceptors were not responsible for the difference in 

the PRA response. Furthermore, decreases in ABP during LBNP tended to be greater 

following metoprolol with or without atropine compared to the control condition, 

suggesting that the response of the intra-renal baroreceptor was not the dominant factor 

for the PRA increase. Collectively, these data suggest that the increase in PRA during 

LBNP was stimulated by the effective transmission of renal sympathetic nerve activity 

mediated by the ~ 1 -adrenoceptor. Sympathetic nerve traffic is the most potent stimulus 

for renin release during LBNP-induced central hypovolemia. 

Previously, Violet al [15] observed that an increase in DBP was significantly less 

pronounced during 60° head-up tilt following Metoprolol, indicating diminished 

vasoconstrictive response, which was associated with a diminished PRA. In contrast, 

Sonkodi et a1 [ 16] reported that the increased DBP during 85° head-up tilt was not 

different before and after metoprolol. However, they showed that a decrease in SBP was 

significantly greater with the ~~-adrenoceptor antagonist. Furthermore, their data 
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confirmed that the increases of PRA, Ang II and aldosterone during head-up tilt were 

significantly attenuated following metoprolol [16]. These data appeared to confirm that a 

vasoconstrictive response is associated with both sympathoexcitation and activation of 

the RAS. However, the sympathoexcitation mediated vasoconstrictive response appeared 

to be dominant during LBNP. Although the LBNP induced decrease in MAP was more 

significant and a reversed change in DBP was observed (i.e., ADBP became negative 

from the positive in the control condition) following P1-adrenoceptor blockade, the 

decreases in SBP or PP were similar between the control and metoprolol conditions (see 

Table 1 ). Furthermore, ABP instability as indicated by ABP variability was less 

significantly augmented by LBNP (see Table 2). 

Effect of p 1-adrenoceptor blockade on ABP variability Although the baseline LF 

(0.04- 0.12 Hz) ABP variability was not different before and after P1-adrenoceptor 

blockade, metoprolol appeared to diminish the augmentation of LF ABP oscillation, 

which occurred during LBNP (see Table 2 and Figure 4). This finding confirmed our 

hypothesis that removal of sympathetic cardiac restraint following P1-adrenoceptor 

blockade enhanced ABP stability as evident by the blunt LF ABP variability during 

LBNP induced central hypovolemia. 

It has been demonstrated that LF ABP variability around 0.1 Hz was increased following 

hemorrhage [17] nitroprusside induced hypotension [18], or during orthostatic challenges 

such as LBNP [7], head-up tilt [19], or upright standing [3]. This augmented LF ABP 
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variability was associated with an increased muscle sympathetic nerve activity (MSNA) 

[18, 20] and was abolished by the cx.-adrenoceptor antagonists phentolamine [18, 21] and 

prazosin [17]. The present study confirmed that the LF ABP variability significantly 

increased during LBNP prior to metoprolol (see Table 2), which was associated with a 

significant increase in NE concentration. Although metoprolol diminished the PRA 

response to LBNP in the present study, both previous and present data seemed to suggest 

that the diminished augmentation ofLF ABP variability following ~ 1 -adrenoceptor 

blockade was unlikely due to reduced activation of the RAS. Previously, Rongen et al 

[22] reported that neither NE spillover nor LF ABP variability was affected following 

one week of Ang II receptor blockade with losartan. Taylor et al [1] showed that the 

angiotensin converting enzyme inhibitor, enalaprilat, did not alter the augmentation of LF 

ABP oscillation during 40° head-up tilt. Furthermore, despite a non-significant change in 

PRA following metoprolol combined with atropine in the present study (see Figure 1), 

the augmented LF ABP variability was significantly intensified in the double blockade 

compared to that in the metoprolol or the control condition (see Table 2). These double 

blockade (metoprolol combined with atropine) data agreed with previous studies and 

suggested that a less augmented LF ABP oscillation following ~~-adrenoceptor blockade 

was not related to the diminished activation of the RAS during LBNP. 

The mechanism responsible for a diminished augmentation of LF ABP variability 

following metoprolol was probably associated with an enhanced compensatory cardiac 

reflex during LBNP. It has been demonstrated that removal of the sympathetic cardiac 
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restraint with the f3-adrenoceptor antagonist atenolol (orally taken for 4 days) increased 

the closed-loop gain ofbaroreflex control ofHR using frequency domain analysis [23]. 

In the present study, the open-loop baroreflex gain assessed by the slope of~ 6SBP 

following bolus injection of phenylephrine induced systemic hypertension was 

significantly increased after metoprolol administration (19.6 ± 4.1 ms mmHg-1 from the 

control9.9 ± 2.8 ms mmHg-1
). Sympathovagal balance is changed after f3 1-adrenoceptor 

blockade, thus enhancing vagal control over heart rate. This altered balance could 

explain the decrease in LF BPV and the increase in BRS. This altered cardiac 

responsiveness following f3 1-adrenoceptor blockade was subtle and physiologically 

important in maintaining cardiovascular homeostasis. During LBNP, one unit decrease 

in SV was associated with 60% of the decrease in CO in the control condition (the slope 

of 6CO/ 6SV was 0.60), indicating that the tachycardiac response contributed 

approximately 40% to the maintenance of CO. Following metoprolol administration, this 

tachycardiac compensation was increased (P=0.054) from 40% in the control condition to 

55% (the slope of 6C0/6SV was 0.45), which alleviated the decrease in CO during 

LBNP induced central hypovolemia (see Figure 3). Nonetheless, the LF ABP variability 

was inversely (r = -0.92, P=0.001) correlated with the decrease in CO during LBNP (see 

Figure 5). 

Implication of ABP variability ABP lability or instability has been observed 

following sino-aortic baroreceptor denervation in dogs [24, 25], rats [26-29] cats [30], 
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lambs [31] rabbits [32] and monkeys [33]. It appears to be well recognized that a 

compromised baroreflex function is one mechanism responsible for an augmented LF 

ABP variability [25, 28, 30]. 

Following metoprolol combined with atropine (i.e., double blockade}, the efficacy of 

vasoconstrictive response to the LBNP was also diminished (see Table 1), which 

suggested that the activation of the RAS was suppressed by f3 1-adrenoceptor blockade, as 

indicated by the blunt elevation ofPRA during LBNP (see Figure 1). Further, the 

decrease in CO was systemically greater (P=0.001) in the double blockade condition (see 

Table 1 ). The mechanism responsible for this difference in the CO reduction was 

associated with the tachycardiac compensation or arterial baroreflex function (see Figure 

3). Following metoprolol combined with atropine, the slope of llCO/ llSV was 0.98, 

which was almost parallel with the identity line (i.e., a unit decrease in CO was caused by 

a unit decrease in SV). This change indicated an abolished reflex tachycardiac 

compensation that explained a greater decrease in CO in the double blockade condition. 

This finding confirmed our previous observation that vagal cardiac function was 

important in the regulation of the cardiovascular homeostasis [7]. Parasympathetic 

blockade using atropine proceeded with (see Table 2 and Figure 4) or without Pt

adrenoceptor antagonist [7] significantly accentuated the augmentation of LF ABP 

variability. This augmented ABP oscillation was explained by a progressive decrease in 
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CO (see Figure 5 and Table 5) and was inversely associated with a systemic hypotension 

during graded LBNP [7], indicating ABP instability. 

The present data suggested that the accentuated vasoconstrictive response was essential 

to establish the first defense line against falling of ABP during LBNP (see Table 1), 

which was primarily modulated by sympathoexcitation. Without this compensatory 

mechanism, orthostatic hypotension would occur immediately. However, this vasomotor 

response did not provide compensatory mechanism to alleviate the cause for central 

hypovolemia induced vasomotion. When this vasoconstrictive response alone, mediated 

by unloading of arterial baroreceptors, along with cardiopulmonary baroreflex, cannot 

reflexively maintain adequate ABP, a tachycardiac response (primarily associated with 

the parasympathetic nerve responsiveness) would be initiated. This tachycardia 

compensated for systemic hypotension with accelerating the blood flow (i.e., CO) into 

the circulation, in addition to the vasoconstrictive response, which contributed to the 

cardiovascular homeostasis with the tendency to maintain CO and, thus, to alleviate the 

error signal that causes vasomotion. Following ~~-adrenoceptor blockade the demanded 

vasomotion appeared to be diminished, which was associated with a smaller decrease in 

CO that contributed to alleviating the central hypovolemia-related systemic hypotension. 

This tachycardiac compensation following removal of sympathetic cardiac restraint 

diminished ABP instability, as indicated by an attenuated increase in LF ABP variability, 

and thus enhanced cardiovascular homeostasis during LBNP simulated orthostatic 

challenge. When this CO compensatory mechanism was diminished by a compromised 
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arterial baroreflex function following metoprolol combined with atropine (double 

blockade), the augmentation ofLF ABP variability was significantly accentuated, which 

was indicative of an increase in vasomotion demand. This accentuated LF ABP 

variability was inversely correlated with decrease in ABP and CO (see Table 5). 

Perspectives Metoprolol diminishes the response of PRA, which may not diminish 

vasoconstrictive response during LBNP. Removal of sympathetic cardiac restraint 

following metoprolol enhances the compensation of vagal cardiac responsiveness and 

diminishes the LF ABP variability or the ABP instability. Following metoprolol 

combined with atropine, the suppressed response ofPRA remains, which is accompanied 

by an abolished cardiac compensation during LBNP. Thus, double blockade with 

metoprolol and atropine compromises the regulation and control of the cardiovascular 

homeostasis, which further elucidates the importance of vagal cardiac function. Our data 

provide physiological implication to support previous clinical trials that metoprolol may 

effectively treat or prevent vasovagal syncope [34-36]. Furthermore, ~~-adrenoceptor 

blockade is beneficial in terms of maintaining ABP stability with the diminished 

activation of the RAS, in addition to removal of sympathetic cardiac restraint. 
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Table 1. Hemodynamic variables during experiment. 

RRI SBP DBP MAP pp sv co TPR 
Experiment 

(ms) (mmHg) (mmHg) (mmHg) (mmHg) (ml bear1
) (Lmin'1) (unit) 

Control 

C-Breath 980±38 122±2 66±2 85±2 56±2 100±5 6.18±0.30 14.0±0.9 

S-Breath 1000±49 121±2 66±3 85±3 55±2 101±6 5.93±0.37 15.2±1.3 

A -40 Torr -53±33 -4±2 +3±2 0±2 -7±1* -26±2* -1.21±0.23* +3.6±1.2* . 
A-50Torr -128±41* -6±3* +4±2 0±2 -11±2* -43±3** -1.78±0.26* +5.3±1.3* 

Metoprolol 

C-Breath 1167±58+ 120±3 69±3 87±3 51±2 104±5 5.42±0.40 16.6±1.8 

S-Breath 1172±58+ 121±3 70±3 88±4 51±2 109±6 5.70±0.36 16.3±1.5 

A-40 Torr -65±29 -4±2 -I± I -2±1 -3±1* -22±4* -0.90±0.14* +3.0±0.9* 

A-50Torr -174±43* -10±2* -2±1+ -5±2* -9±1* -36±5** -1 .28±0.20* +3.9±1.2* 

Double 

C-Breath 661±18+# 125±4 75±3+ 92±3 50±2 65±5+# 5.89±0.45 16.4±1.6 

S-Breath 671±26+# 127±3 76±3+ 93±3 51±2 65±5+# 5.76±0.42 16.9±1.5 

A-40 Torr -31±12 -11±2*+# -I± I -4±1* -10±2*+# -23±2* -1.95±0.16*+# +8.3±1.4*+# 

A-50Torr -30±14+# -17±7*+ -2±2+ -7±2*+ -14±1*+ -27±3*+ -2.25±0.27* +9.2±1.6• 

Pvalue 

Drug factor 0.015 0.001 0.004 0.010 0.001 0.054 0.001 0.001 

LBNP factor 0.001 0.001 0.960 0.001 0.001 0.001 0.001 0.001 

Drug X 0.084 0.031 0.120 0.168 0.012 0.024 0.025 0.061 

LBNP 

Data are group mean with SE (n=S). Blood pressure and R-R interval data are the average from 6 minutes. C-Breath and S

Breath: frequency (15 cycles/min) controlled breathing and spontaneous breathing. SBP, DBP, MAP and PP: systolic, diastolic, 

mean and pulse arterial blood pressure; SV, CO and TPR: stroke volume, cardiac output and total peripheral resistance. Double: 

double cardiac autonomic blockade with metoprolol and atropine. P value is the ANOV A outcome. Drug X LBNP: indicates the 

int~on between blockade drug and lower body negative pressure (LBNP). • indicates a significant change from the baseline 

(S-Breath); •• indicates a significant difference compared with both the baseline and -40 torr;+ indicates a significant 

difference compared with the control (no blockade drug) condition; and # indicates a significant difference compared with 

metoprolol, from post-hoc (Duncan) analysis. 
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Table 2. Spectral power ofR-R interval variability and arterial blood pressure variability. 

RRI variability (ms2
) SBP variability 

(mmHg2) 

DBP variability (mmHg
2

) 

Experiment 

LF HF VAR LF HF VAR LF HF VAR 

Control 

C-Breath 266±136 32±26 1826±810 2.7±0.8 1.3±0.4 14±3 2.3±0.6 0.4±0.2 9±2 ... 
S-Breath 313±77 21±11 2004±334 4.1±1.6 1.5±1.0 20±7 3.1±1.0 0.2±0.1 14±4 

-40Torr 298±92 12±8 2835±767 6.4±1.7 0.6±0.2 20±4 5.2±1.2 0.2±0.1 11±1 

-50 Torr 
517±163 17±8 3532±977 10.8±3.0* 1.2±0.6 27±8 7.9±1.9* 0.3±0.1 16±3 

Metoprolol 

C-Breath 275±65 20±9 5323±1729 2.4±0.5 0.8±0.1 14±2 2.5±0.6 0.2±0.1 14±4 

S-Breath 333±53 20±10 5052±1119 3.3±0.6 0.5±0.1 18±3 3.1±0.7 0.1±0.1 16±5 

-40Torr 237±54 9±5 4438±1445 3.2±0.7 0.5±0.1 17±4 3.3±0.7 0.2±0.1 11±2 

-50 Torr 238±29 4±2 2973±521 5.7±1.3 0.6±0.1 16±2 5.4±1.1 0.2±0.1 12±2 

Double 

C-Breath 33±30+# 0.6±0.4+# 34±8+# 3.0±0.8 0.9±0.2 11±2 2.7±0.7 0.2±0.1 22±14 

S-Breath 5±2+# 0.2±0.1+# 61±19+# 2.6±0.7 0.9±0.3 18±5 2.5±0.7 0.2±0.1 11±3 

-40Torr 8±2+# 0.1±0.0+# 76±17+# 9.0±2.3*# 0.9±0.2 18±5 10.1±2.4*+# 0.3±0.1 15±4 

-SO Torr 
11±2+# 0.1±0.0+# 67±14+# 9.9±2.8* 1.2±0.3 22±6 11.1±3.0* 0.6±0.3 19±5 

P value 

Drug factor 0.001 O.ot5 0.001 0.013 0.924 0.449 0.001 0.053 0.099 

lBNP factor 0.444 0.388 0.938 0.001 0.267 0.790 0.001 0.026 0.671 

DrugxlBNP 0.257 0.764 0.234 0.146 0.470 0.917 0.023 0.233 0.569 

Data are group mean with SE (n=8). C-Breath and S-Breath: frequency (15 cycles/min) controlled breathing and 

spontaneous breathing. Double: double cardiac autonomic blockade with metoprolol and atropine. RRI, SBP, and 

DBP variability: spectral power ofR-R interval, systolic, and diastolic blood pressure variability; LF, HF, and V AR: 

low-frequency, high-frequency, and variance. P value is the ANOV A outcome. Drug X LBNP: indicates the 

interaction between blockade drug and lower body negative pressure (LBNP). • indicates a significant change from 

the baseline;+ indicates a significant difference compared with the control (no blockade drug) condition;# indicates 

a significant difference compared with metoprolol, from post-hoc (Duncan) analysis. 
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Table 3. Correlation between spectral density of arterial blood pressure variability and 

hemodynamic response to lower body negative pressure. 

Variable %i\SBP %L\FP %L\CO %i\TPR 

LF SBP Variability R -0.743 -0.882 -0.884 0.902 
... 

p 0.022 0.002 0.002 0.001 

LF DBP Variability R -0.880 -0.913 -0.919 0.972 

p 0.002 0.001 0.001 0.001 

LF SBP variability and LF DBP variability: low frequency (0.04 -0.12 Hz) systolic and 

diastolic blood pressure variability. R and P: Pearson correlation coefficients and their P 

values. %.1SBP, %L\FP, %.1CO, and %.1 TPR: percent changes in systolic blood pressure, 

pulse pressure, cardiac output, and total peripheral resistance. 
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Figure Legends 

Figure 1. Arterial plasma norepinephrine and epinephrine concentrations, and renin 

activity. Metoprolol combined with or without atropine has no significant effect on any 

baseline v1niable. Lower body negative pressure (LBNP) -50 Torr significantly increases 

norepinephrine, but it dose not significantly increase epinephrine {P=0.15). Although 

renin activity is significantly affected by LBNP in the control condition, following 

metoprolol with or without atropine this significant increase in renin activity is absent. 

Double: double cardiac autonomic blockade with metoprolol and atropine. • indicates a 

significant difference between 0 and -50 Torr LBNP from post-hoc test. 

Figure 2. Changes in arterial pulse pressure (PP) associated with stroke volume (SV) 

during the 2nd, 5th, and 8th minutes of lower body negative pressure (LBNP) -40 Torr 

(i.e., 0-8 minutes) and -50 Torr (i.e., 8- 16 minutes), respectively. The magnitude of 

decrease in pulse pressure during LBNP was significantly greater in the double blockade 

condition (-15.1±2.5%, -24.3 ±2.3%, -24.7±2.0%, -28.9±1.9%, -28.3±2.6%, and -32.1 

±2.5%, respectively) than in the control ( -0.1±2.0%, -8.6±2.2%, -11.0±2.3%, -

18. 7±2. 7%, -20.2 ±3 .0%, and -20.4±2. 7%, respectively) or metoprolol ( + 1.6± 1.1 %, -

9.2±2.4%, -13.2±2.7%, -17.5 ±2.8%, -18.9±2.4%, and-20.2±2.8%, respectively) 

condition (left panel). This decrease in pulse pressure during LBNP is statistically 

explained by the decrease in stroke volume in the control (-23.4 ±3.9%, -28.4±3.9%,-
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33.1 ±4.4%, -40.2±1.6%, -44.1±1.5%, and -47.7±2.1 %, respectively), metoprolol (-

12. 7±2.9%, -19.1 ±3.8%, -22. 7±3.4%, -29.5±3.9%, -31.3±4.4%, and -34.4±4.6%, 

respectively), and double blockade (-37.0±3.1 %, -37.5±2.4%, -37.7±3.2%, -41.4±4.4%,-

41.7 ±3.0%, and -41.1±3.8%, respectively) conditions (right panel). Decrease in pulse 

pressure per unit decrease in stroke volume during LBNP (i.e., the slope of APP/ dSV) 

tended to be greater in the double blockade (2.18) than in the control (0.83) or metoprolol 

(0.97) condition (right panel). There is no statistical difference in the changes in pulse 

pressure or in the slopes of APP/dSV between the control and metoprolol conditions. 

Figure 3. Association between changes in cardiac output and stroke volume during lower 

body negative pressure. Dash-line indicates the identity line (slope= 1), i.e., change in 

cardiac output is explained by an equivalent change in stroke volume without 

tachycardiac compensation. The slope changes in cardiac output and stroke volume in 

the control condition (i.e., no blockade drug) is 0.60, suggesting that a unit decrease in 

stroke volume causes a 60% of decrease in cardiac output or a 40% of the decreased 

cardiac output is compensated with a tachycardiac response. Following metoprolol the 

slope (0.45, P=0.0538 compared to the control slope 0.60) shifts away from the identity 

line, indicating an enhanced (from 40% to 55%) tachycardiac compensation. Following 

the double blockade the slope is 0.98, which almost runs parallel with the identity line, 

indicating an abolished (2%) tachycardiac response. The decreases in cardiac output 

during the 2nd, 5th, and 8th minutes ofLBNP -40 torr and -50 torr, respectively, were 

consistently smaller in the metoprolol (-13.4±2.5%, -14.8±3.4%, -16.2±3.0%, -21.7 
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±3.3%, 21.3±3.8%, and -21.7±4.4%, respectively) than the control condition (-19.1 

±4.4%, -23.0±4.1 %, 25.9±4.2%, -30.4±3.2%, -32.6±3.3%, and - 33.3±3.4%, 

respectively). These changes in both experimental conditions were significantly smaller 

than those occurred in the double blockade condition (-33.1±3.3%, -33.8 ±2. 7%, -34.4± 

3.6%, -31:9±4.2%, -37.7±3.1%, and -37.2±4.1 %, respectively). 

Figure 4. Group mean spectral density of systolic blood pressure (SBP) variability and 

diastolic blood pressure (DBP) variability. Baseline-C and Baseline-S: baseline with 

frequency controlled breathing (15 times/min) and spontaneous breathing with no lower 

body negative pressure. 

Figure 5. Relationship of low-frequency (0.04- 0.12 Hz) diastolic blood pressure 

variability with decrease in cardiac output. Low-frequency diastolic blood pressure 

variability is augmented with a progressive decrease in cardiac output (r = -0.919, 

P<0.001) during lower body negative pressure, suggesting that an augmented low

frequency arterial blood pressure variability is an indication of hemodynamic instability 

(see Table 3). 
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CHAPTER THREE 

CONCLUSIONS 

--our data suggested that an enhanced cardiac compensatory responsiveness 

following removal of sympathetic restraint using J31-adrenoceptor antagonist metoprolol 

improved ABP stability, as indicated by a diminished augmentation ofLF ABP 

variability. When metoprolol was combined with atropine, ABP variability was 

significantly augmented which was associated with a greater systemic hypotension 

elicited by LBNP. These data confirm that vagal cardiac function is important in 

maintaining ABP stability during orthostatic challenge. Although the J3 1-adrenoceptor 

antagonist attenuated the increase in PRA, presumably through RAS diminution during 

LBNP induced central hypovolemic challenge, it did not compromise the body's ability 

to maintain a stable blood pressure at rest or during orthostatic challenge, as evident by 

systemic hypotension. These data imply that the SNA plays a predominant role over the 

RAS in the reflex response of vasoconstriction during the LBNP induced central 

hypovolemic hypotension. Beta1-adrenoceptor blockade increased arterial baroreflex 

function and attenuated the activation of the RAS. The combination of these properties 

allows metoprolol to be beneficial in treatment of cardiovascular conditions without 

causing orthostatic intolerance. 
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CHAPTER FOUR 

PROPOSAL FOR FUTURE RESEARCH 

The current study emphasized the influence of~ 1-adrenoceptor antagonist 

metoprolol as an anti-hypertensive in the cardiovascular homeostasis during LBNP 

simulated orthostatic challenge. The following are suggestions for future research 

projects. 

I) Determine the arterial blood pressure variability before and after a

adrenoceptor blockade during LBNP simulated orthostatic challenge. 

2) Compare and contrast the short-term and long-term effects of angiotensin 

II receptor antagonist and angiotensin converting enzyme inhibitor, 

respectively, on vasomotor responsiveness and arterial blood pressure 

stability. 
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