
379
I

At g

AORTIC BARORECEPTOR REFLEX CONTROL

OF BLOOD PRESSURE:

EFFECT OF FITNESS

THESIS

Presented to the Graduate Council of the

University of North Texas in Partial

Fulfillment of the Requirements

For the Degree of

MASTER OF SCIENCE

By

Jean M. Andresen, B.B.A.

Denton, Texas

May, 1992



Andresen, Jean M., Aortic Baroreceptor Reflex Control

of Blood Pressure: Effect of Fitness. Master of Science

(Exercise Physiology), May 1992, 78 pp., 5 tables, 4

illustrations, bibliography, 65 titles.

Aortic baroreflex (ABR) control of blood pressure was

examined in 7 untrained (UT) and 8 endurance exercise

trained (EET) young men. ABR control of blood pressure was

determined during a steady state phenylephrine infusion to

increase mean arterial pressure 10-15 mmHg, combined with

positive neck pressure to counteract the increased carotid

sinus transmural pressure, and low levels of lower body

negative pressure to counteract the increased central venous

pressure.

Functioning alone, the ABR was functionally adequate to

control blood pressure. However, ABR control of HR was

significantly diminished in the EET subjects due solely to

the decrease in the ABR sensitivity. The persistent strain

from an increased stroke volume resulting from endurance

exercise training could be the responsible mechanism.
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CHAPTER 1

INTRODUCTION

The intention of this chapter is to introduce an

investigation concerned with the regulation of blood

pressure by the aortic baroreceptor reflexes. The chapter

begins by briefly discussing mediation of blood pressure by

the various baroreflexes and proceeds to consider the effect

of endurance exercise training on the effectiveness of the

baroreflexes for blood pressure regulation. The problem

addressed by the study is proposed, followed by an

explanation of the purposes and objectives of the study

along with a listing of the hypotheses upon which the

investigation is based. The chapter concludes by

enumerating factors delimiting and limiting the study and

defining terms used.

When an individual rises from a supine position and

attains the upright posture, a redistribution of central

blood volume to peripheral venous capacitance vessels

occurs, leading to decreased ventricular filling pressure

and reductions in cardiac output and arterial blood

pressure. Regulation of arterial blood pressure is mediated

via arterial (carotid and aortic) and cardiopulmonary

baroreflexes. When the baroreflex mediated compensation to

the altered gravitational stress in the upright-position is

1
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sufficient, cardiac output and blood pressure remain

adequate for the maintenance of cerebral perfusion.

However, when ventricular filling pressure becomes

inadequate, the balance between vascular volumes, cardiac

function, and blood pressure regulation is disturbed,

resulting in orthostatic hypotension, culminating in frank

syncope.

The high pressure (aortic and carotid) and low pressure

(cardiopulmonary) baroreceptors sense acute changes in

arterial and cardiac filling pressures respectively, and via

activation of specific reflexes, modify cardiac output and

vascular resistance. Many questions regarding the actual

mechanisms by which the baroreceptors, and their mediated

reflex responses, alter vascular resistance and cardiac

output remain unanswered. For example, the specific roles

that the various baroreflex populations play in vascular and

cardiac adjustments to postural changes, and the attendant

interactions of the various baroreceptor populations, are

not thoroughly understood. The carotid baroreceptors, and

their mediated reflex responses, have been the baroreceptor

population most extensively studied in vivo because they can

be isolated the most easily of the three populations. On

the other hand, the aortic baroreceptors have been difficult

to isolate in man, and little information has been obtained

regarding their regulatory role independent of carotid and

cardiopulmonary baroreceptor mediated reflex responses.
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Another unresolved question regarding the baroreflex

mechanisms is the effect, if any, of endurance exercise

training on the functioning of the baroreceptors and their

mediated reflexes. Over the past thirty years, work in

numerous laboratories (Raven, Rohm-Young, & Blomqvist, 1984;

Stegemann, Busert, & Brock, 1974; Vroman, Healty, & Kertzer,

1988) has suggested that endurance exercise trained

individuals demonstrate an increased susceptibility to

orthostatic intolerance and a greater degree of orthostatic

hypotension when challenged orthostatically, than untrained

individuals. Data suggests that the decreased tolerance

results, at least in part, from reduced baroreflex control

of vascular resistance and cardiac output following training

(Pawelczyk & Raven, 1989; Smith & Raven, 1986).

From the limited data available, it appears that the

various baroreceptor populations and their mediated reflexes

are not uniformly affected by endurance exercise training.

There is fairly substantial evidence that carotid baroreflex

control of vascular resistance is reduced due to endurance

exercise training (Bedford & Tipton, 1987; DiCarlo & Bishop,

1988), but data regarding changes in cardiopulmonary

baroreceptor control due to endurance exercise training are

conflicting (Mack, Shi, Nose, Tripathi, & Nadel, 1987;

Takeshita, Jingu, Imaizumi, Kunihiko, Royanagi, & Nakamura,

1986). However because of technical difficulties, the
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effect of endurance training on the aortic baroreceptor

mediated baroreflexes has not been investigated.

Statement of the Problem

The intent of this investigation was first, to

determine the role of the aortic baroreceptor mediated

reflex in the regulation of blood pressure. Secondly, the

study attempted to ascertain whether the aortic baroreceptor

mediated reflex regulates blood pressure differently in

endurance exercise trained versus untrained individuals.

Purpose and Objectives of the Study

The purpose of this investigation was to: a) increase

the base of knowledge concerning human baroreflex function

by determining the role of the aortic baroreceptors and

their subsequent reflexes in the control of blood pressure;

and b) determine if mediation of the baroreflex regulation

of blood pressure by the aortic baroreceptors was different

in endurance exercise trained individuals compared to

untrained individuals. To accomplish this goal, the

following objectives were proposed:

1. To measure and compare any changes in blood pressure

regulation following isolation of the aortic baroreceptors

in endurance exercise trained and untrained individuals.

Both central venous pressure and mean arterial pressure will

be measured.
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2. To determine changes in factors related to blood

pressure regulation including alterations in heart rate and

heart period, cardiac output, forearm blood flow, and blood

volume.

3. To establish if either the endurance exercise

trained or the untrained group demonstrated a decrement in

regulation of blood pressure following aortic baroreceptor

isolation.

4. To interpret the results of this investigation

within the context of the data collected and observations

made.

Hypotheses

1. The isolated aortic baroreceptors and their reflexes

will be unable to control blood pressure as effectively when

isolated from other baroreceptors and their concomitant

reflexes.

2. Endurance exercise trained subjects will demonstrate

a significantly attenuated isolated aortic-cardiac

baroreceptor mediated reflex function than their untrained

counterparts.

Delimitations

Listed below are the factors incorporated in this study

by the investigator as a means of delimiting this

investigation to increase the feasibility and help insure

meaningful results.
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1. The population will include only healthy men between

the ages of 18 and 35 years from the greater Fort Worth area

who have a maximal oxygen uptake above 60 ml'kg~1-min-' or

below 45 ml.kg-min~'.

2. Orthostatic stress will be limited to that induced

by lower body negative pressure (LBNP) of -20 Torr.

3. Hypertensive stress will be limited to that induced

by the phenylephrine infusion necessary to produce a +10 to

+15 mmHg rise in mean arterial pressure.

4. Subjects will have abstained from alcohol and drugs

for at least 24 hours and from caffeine and food for at

least 4 hours before testing.

Limitations

Listed below are several factors that could potentially

act as negative aspects and confound results of the proposed

investigation.

1. If the aortic baroreceptors are found to function

differently in the endurance exercise trained and the

untrained subjects, it will remain undetermined if this

difference results from the endurance training per se or if

it results from differences, totally unrelated to exercise

fitness, inherent in the two groups of individuals.

2. There may be significant psychogenic differences

between the subjects' response to the procedures. This
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variability of input from the motor center (central command)

could influence the outcome.

3. If experimental manipulation alters the function of

one or all baroreflexes, then the response of the isolated

aortic reflex may not truly represent its integrated

function.

Definition of Terms

1. Baroreflex-A central nervous system integrated

reflex mechanism that serves to regulate arterial blood

pressure by altering cardiac output and/or peripheral

vascular resistance when arterial pressure rises above or

falls below a "set" operating pressure.

2. Blood Volume-The blood volume of a person (normally

approximating 5 L) is comprised of the plasma volume, which

is the fluid portion of the blood (3 L), and the red cell

volume, which is the actual quantity of red blood cells in

circulation (2 L).

3. Endurance Exercise Trained Subjects (EET)-Subjects

who have a maximal oxygen uptake (V02 max) greater than

60 ml-kg-1 .min~' and who only exercise train using aerobic

exercise protocols.

4. Graded Exercise Test (GXT)-A test protocol in which

the subject performs a maximal incremental load test to

volitional fatigue.
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5. High Pressure Baroreceptors-Baroreceptors located

in large systemic arteries. High pressure baroreceptors

include carotid and aortic baroreceptors. These

baroreceptors detect increases or decreases in systemic

arterial blood pressure.

6. Low Pressure (or Cardiopulmonary)

Baroreceptors-Baroreceptors located in the right atrium,

great veins, and pulmonary arteries. Cardiopulmonary

baroreceptors monitor changes in central venous pressure.

These baroreceptors detect changes in pressure caused by

increases or decreases in central venous volume.

7. Lower Body Negative Pressure (LBNP)-A method of

unloading cardiopulmonary baroreceptors. While the subject

lies in a box sealed distal to his iliac crests, negative

pressure within the box causes a shift of intravascular

fluids towards the legs and results in a reduction in

central blood volume and central venous pressure.

8. Maximal Oxygen Uptake ((02 max)--The maximum rate at

which oxygen can be consumed per minute as determined by

breath-by-breathanalysis of respiratory data obtained while

the subject performs a graded exercise test (GXT) on a motor

driven treadmill.

9. Neck Pressure (NP)-A method of unloading carotid

baroreceptors. A flexible lead collar is wrapped around the

subject's neck, and a sustained positive pressure is applied
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to the carotid sinus region, thereby, decreasing carotid

baroreceptor transmural pressure.

10. Untrained Subjects (UT)-Subjects who have a

maximal oxygen uptake ((TO2 max) less than 45 ml-kg-l.min~1 and

do not participate regularly in aerobic activities.

11. Volitional Fatigue-The point at which the subject,

even with strong verbal encouragement, is unable to continue

running at the pace and grade set by the treadmill, and

requests to stop the test.



CHAPTER 2

RELATED LITERATURE

Chapter two begins by discussing the results of earlier

studies that have dealt with the functioning of the carotid,

aortic, and cardiopulmonary baroreceptors and their mediated

reflexes in isolation. Interactions between the various

baroreceptor populations are also considered. The chapter

then proceeds to consider the literature dealing with the

effect of endurance exercise training on the ability of the

aortic baroreceptors and their concomitant reflexes to

regulate blood pressure.

Baroreflex Function

It is well established that short-term changes in

arterial blood pressure are regulated largely by arterial

baroreflexes whose sensing organs are the stretch sensitive

baroreceptors located in the carotid vessels and the aortic

arch. When arterial blood pressure increases above an

established and regulated blood pressure, the fibers of the

baroreceptors in the aortic and carotid vessel wall are

stretched and neural afferent traffic to the cardiovascular

center in the medulla increases. Effector responses emanate

as reduced neural sympathetic traffic and increased vagal

tone resulting in bradycardia, a reduction in cardiac output

10
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and removal of smooth muscle vasoconstrictor tone

(vasodilation). Conversely, when arterial blood pressure

decreases below an established and regulated blood pressure,

the baroreceptors' fibers in the aortic and carotid vessel

wall constrict, and neural afferent traffic diminishes.

Efferent responses consist of increased neural sympathetic

traffic and decreased vagal tone, causing tachycardia and

increased cardiac output as well as heightened smooth muscle

vasoconstrictor tone.

Though the function of the baroreceptors and their

accompanying reflexes has been recognized since the early

part of the 19th century, only during the past twenty years

have the relative contributions of the different

baroreceptor populations and their mediated reflexes been

explored. The delay in the study of the individual roles of

the various baroreceptor populations is primarily a result

of the technical challenges inherent in such a study.

Carotid and Aortic Baroreflexes

The carotid (CBR) and aortic (ABR) baroreceptors are

located in the great arteries and thus are referred to as

the arterial or high-pressure baroreceptors. The CBR, due

to their ease of access and isolation, were the first

baroreceptor mediated baroreflex population to be studied.

Initially, because of the invasiveness of laboratory

techniques, research was confined to animal studies. Early
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findings in the anesthetized dog (Donald & Edis, 1971;

Pelletier, Clement, & Shepherd, 1972) indicated that the CBR

and ABR and their mediated reflexes work together in a

complementary way to regulate blood pressure, i.e., they are

active at different levels in the blood pressure range. The

CBR are more sensitive than the ABR and therefore, the

threshold, saturation points, and maximal sensitivity of the

CBR and their reflexes are lower than those of the ABR and

their reflexes. The carotid baroreflexes are believed to

function as a buffer in normotensive and hypotensive states,

while the aortic baroreflexes are believed to act primarily

as an anti-hypertensive mechanism. The respective functions

of the CBR and ABR may be determined in large part by their

respective morphologies. While the CBR are located in

small, thin-walled, flexible vessels which allow them to

sense even subtle changes in blood pressure, the ABR are

situated in a large, rigid arch which renders them

impervious to all but large swings in blood pressure.

Though the CBR and ABR and their reflexes monitor blood

pressure in different regions of the blood pressure

continuum, both baroreceptor populations mediate blood

pressure using the same mechanisms. When stimulated, the

CBR and ABR and their mediated reflexes alter neural

sympathetic traffic or vagal traffic emanating from the

cardiovascular center within the medulla. The

cardiovascular center integrates afferent information
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arriving from the CBR and ABR and generates appropriate

effector responses to stabilize blood pressure. The

effector responses consist of alterations in vascular

resistance and cardiac output.

Alteration of Vascular Resistance:

Baroreceptors and their mediated reflexes alter blood

pressure, in part, by changing vascular resistance in smooth

and skeletal muscle tissue. However, when a baroreceptor is

stimulated, the ultimate effector response is not equal

constriction or dilation of all vascular beds. Stimulation

of the CBR affects vasoconstriction tone primarily in smooth

muscle in the splanchnic vascular bed, and to a lessor

degree in skeletal muscle tissue in the forearm (Johnson,

Rowell, Niederberger, & Eisman, 1974). Stimulation of the

ABR causes changes in vascular resistance too, but the

primary and secondary effect of this neural response has not

yet been determined.

Twenty years ago, when studies dealing with isolation

of the various baroreceptor populations and their mediated

reflexes were still confined to animals, the CBR and their

reflexes were believed to have a greater effect in mediating

vascular resistance than the ABR and their reflexes

(Dampney, Taylor, & McLachlan, 1971; Donald & Edis, 1971).

With the advent of increasingly sophisticated methods of

baroreceptor isolation, more human studies have appeared,

and the more recent human studies have suggested the
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reverse. The ABR and their reflexes, at least in skeletal

muscle tissue, appear to play the larger role in mediating

vascular resistance. Bath, Lindblad, and Wallin (1981) and

Sanders, Ferguson, and Mark (1988) have both found ABR

control of skeletal muscle sympathetic nerve activity to be

greater than CBR control. What could explain such a

reversal in thinking? The results of previous studies may

have been distorted because of systemic perturbations caused

by the invasiveness of the earlier laboratory techniques.

Recent advances in laboratory techniques and the development

of more sophisticated experimental designs have for the

first time permitted isolation of the baroreceptor

populations and their mediated reflexes without confounding

side effects.

Alteration of Cardiac Output:

In addition to regulating blood pressure by altering

vasoconstriction, the baroreflexes also regulate blood

pressure by altering heart rate. The preponderance of

opinion from animal studies indicates that the ABR and their

mediated reflexes are more important than the CBR and their

mediated reflexes in regulation of heart rate. Vatner,

Franklin, Van Citters, and Braunwald (1970) and Ito and

Scher (1978, 1979) found that the aortic baroreflexes were

more important in controlling heart rate in the conscious

dog than the carotid baroreflexes. In unconscious dogs,

Glick and Covell (1968) determined that aortic baroreflexes
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produced a greater bradycardia than carotid baroreflexes,

and in the anesthetized cat, Oberg and White (1970)

demonstrated that stimulating the ABR and its mediated

reflexes caused greater bradycardia than stimulating the CBR

and its mediated reflexes. Conversely though, Guo, Thames,

and Abboud (1982) found that the carotid baroreflexes and

the aortic baroreflexes were equally important in control of

heart rate in the anesthetized rabbit.

In humans, it has been suggested that both the ABR and

CBR and their reflexes mediate blood pressure by altering

heart rate, but that the ABR and their reflexes have a more

important role, at least during dynamic increases in blood

pressure. Zanchetti, Dampney, Ludbrook, Mancia, and Stella

(1976) compared heart rate responses to increasing and

decreasing carotid transmural pressure, first, with a neck

collar (which activated only the CBR), and second, with

pressor and depressor drugs (which activated all the

baroreceptors). They found that the pressor and depressor

drugs triggered a much greater change in heart rate than the

neck collar, indicating that the ABR and their reflexes must

have the dominant role in controlling heart rate. Ferguson,

Abboud, and Mark (1985) conducted a similar study comparing

the results of the ABR and CBR and their reflexes working

together (perturbed by phenylephrine infusion) and the ABR

and their reflexes working alone (CBR unloaded by neck

pressure). They concurred that during dynamic increases in
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blood pressure, that the ABR and its mediated reflexes

played the more important role in controlling heart rate.

It is important to realize that although the

baroreflexes mediate blood pressure via alterations in

vasoconstriction and also via alterations in cardiac output

that these two mechanisms are separately regulated and do

not necessarily occur in tandem. Heart rate changes can be

mediated by sympathetic or vagal stimulation while

vasoconstriction, on the other hand, is mediated primarily

by sympathetic stimulation (Guo et al., 1982). Also, the

temporal relationships of the two mechanisms is not

identical; for example, the heart rate response occurs more

quickly than the vasoconstrictor response (Pawelczyk &

Raven, 1989). Therefore, if both mechanisms are

simultaneously activated, their effects will not occur

synchronously.

In summary, the ABR and their mediated reflexes may be

far more important in the overall picture of blood pressure

control than was previously believed. The ABR and their

reflexes have greater control over vasoconstrictor tone, at

least in skeletal muscle, than the CBR and their reflexes.

Also, the ABR and their reflexes appear to be more important

in mediation of cardiac output via changes in heart rate

than the CBR and their reflexes. Overall, the aortic

baroreflexes may play a more significant role in controlling

blood pressure than the carotid baroreflexes.
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Cardiopulmonary Baroreflexes

Cardiopulmonary baroreceptors (CPBR) are pressure

sensors that are located in the right atrium, great veins,

and pulmonary arteries. These stretch receptors are called

the low-pressure baroreceptors. The CPBR are sensitive to

volume changes and because of this play a very important

role in the stabilization of blood pressure during

orthostatic challenges in normal humans. For example, when

hypovolemia occurs, such as when blood pools in the leg of a

standing or sitting person, reflex vasoconstriction and

tachycardia result in order to prevent orthostatic

hypotension and eventual syncope. On the other hand, in the

case of hypervolemia, such as occurs with head-down tilt,

reflex bradycardia and loss of vasoconstrictor tone result

in order to return blood pressure to pre-perturbation

levels.

At one time reflexive responses to postural change were

thought to be stimulated by increased afferent traffic from

the CBR. However, at low levels (-10 to -20 Torr) of lower

body negative pressure (LBNP), a small, but significant,

fall in venous return and central venous pressure occurs

with no significant change in arterial blood pressure or

heart rate. Subsequently, increases in forearm vascular

resistance (FVR) result. Since arterial blood pressure was

unchanged, the CBR cannot be implicated as a mediator of

increases in FVR, and therefore, the low pressure
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baroreceptors and their mediated reflexes are believed to

stimulate the increased FVR (Roddie & Shepherd, 1957;

Zoller, Mark, Abboud, Schmid, & Heistad, 1972). Alteration

in central venous pressure, such as that which occurs during

changes in posture, are thought to induce increases or

decreases in afferent neural traffic from the CPBR.

Moderate increases in vascular resistance in the

splanchnic region have also been noted in response to low

levels of LBNP without changes in arterial blood pressure.

However, the splanchnic area appears to be less sensitive to

the CPBR fluctuations than the arms and legs. The altered

FVR correlates closely with changes in right atrial

pressure, while fluctuations in splanchnic vasomotion appear

to be responsive to changes in the aortic pulse pressure

even though aortic mean pressure remains constant (Johnson

et al., 1974). In summary, it appears that the CPBR and

their mediated reflexes have a greater effect on skeletal

muscle blood flows of the arms and legs than the CBR and

their reflexes which seem to have a greater effect on smooth

muscle in the splanchnic region than on the peripheral

vasculature (Donald & Shepherd, 1979).

When LBNP was increased to beyond -20 Torr, the CBR and

their reflexes were demonstrated to increase peripheral

vascular resistance (Johnson et al., 1974). At higher

levels of LBNP, one cannot determine how much of the

vascular resistance results from the high and low pressure
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receptors and their mediated reflexes. However, it is

suggested that at higher levels of LBNP that the low

pressure baroreceptors and their reflexes continue to make a

significant contribution to vascular resistance (Zoller

et al., 1972).

Interactions between Baroreflex Populations

The question of interaction between the various

baroreflex populations has, until recently, received little

attention. In general, baroreflex interplay has been

considered only when evidence of such an interaction has

appeared in the results of a study. However, more recently

it has been concluded that the autonomic reflex response is

a function of the input of all three baroreflex populations

working together. The various baroreceptors are thought to

be constantly signaling updated information regarding

changes in their transmural pressures to the central

cardiovascular center where the information is integrated

and appropriate reflexes are generated from the entire input

profile (Korner, 1971; Korner, Shaw, West, Oliver, & Hilder,

1973). In order to understand how neural cardiovascular

control is effected, one must understand not only how the

various baroreflex populations function, but also how they

interact with one other and possibly mediate the functioning

of each other.
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Animal studies have produced a considerable body of

evidence suggesting a tonic inhibition of carotid baroreflex

function by the cardiopulmonary baroreflexes. Koike, Mark,

Heistad, and Schmid (1975) demonstrated that, in

anesthetized dogs, denervating the CPBR increased the gain

of the carotid baroreflex at low carotid pressures (75 Torr

to 125 Torr) by improving hypotension-induced

vasoconstriction. They hypothesized that the carotid

baroreflex function was suppressed by the cardiopulmonary

baroreflex through an interaction in the central

cardiovascular center: anatomically this appears possible,

in that afferent traffic from both the CBR and the CPBR

synapse close together in the medulla. DiCarlo and Bishop

(1988) noted a cardiopulmonary inhibition of carotid

baroreflex function in conscious rabbits, as did Guazzi,

Libretti, and Zanchetti (1962) in anesthetized and

unanesthetized cats.

Baroreflex interactions are easier to study in

laboratory animals than in humans, and consequently, the

number of studies exploring a cardiopulmonary-carotid

baroreflex interaction in humans is small. Ebert (1983),

using 20 Torr neck pressure during application of -12 Torr

LBNP, showed that reduced CPBR traffic increased both the

magnitude and duration of CBR responsiveness, as manifested

by changes in FVR. Victor and Mark (1986) using -10 Torr

LBNP and neck pressure of 20 Torr and 30 Torr, also
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demonstrated an inhibitory cardiopulmonary-carotid

baroreflex interaction in humans. They found that after

reducing afferent vagal traffic from the CPBR , that the

forearm vasoconstrictor response to neck pressure more than

doubled, an increase far greater than could be accounted for

by the addition of vasoconstriction induced by LBNP and neck

pressure.

When the carotid baroreflex is inhibited by the

cardiopulmonary baroreflex, the inhibition takes the form of

an attenuated ability to alter vascular resistance. The

inhibition can also affect the carotid baroreflex's ability

to alter heart rate. Data from human studies considering

possible cardiopulmonary-carotid baroreflex inhibition in

the control of heart rate have been less conclusive.

Takeshita, Mark, Eckberg, and Abboud (1979) found that in

humans experiencing neck suction, small changes

(1.0 to 9.0 mmHg) in central venous pressure did not alter

reflex bradycardia. On the other hand, Pawelczyk and Raven

(1989) using ramped changes in neck pressure and neck

suction, determined that carotid baroreflex responsiveness

was inversely related to central venous pressure (CVP).

During -15 Torr LBNP, blood pressure baroreflex gain

increased approximately 80%. They suggested that reductions

in central venous pressure or central blood volume reduced

the cardiopulmonary baroreflex's inhibitory effect on the
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carotid baroreflex and thus increased the carotid

baroreflex's heart rate and blood pressure responses.

What mechanism is implicated in the

cardiopulmonary-induced carotid inhibition? Mancia,

Shepherd, and Donald (1976) hypothesized that afferent nerve

traffic from the CPBR and CBR compete for the same neuronal

pools at the vasomotor center and that the "loser" is

inhibited. Where exactly does the interaction occur?

Pawelczyk and Raven (1989) suggested that since both blood

pressure and heart rate responses to carotid baroreceptor

stimulation were altered by unloading the CPBR, that both

efferent sympathetic and parasympathetic responses must have

been affected. This would indicate the interaction occurred

early in the reflex loop. Since cardiopulmonary and carotid

afferent fibers have not been demonstrated to be connected,

Pawelczyk and Raven theorized the interaction was in the

central nervous system at the medullary level.

The CPBR-induced CBR inhibition is the best studied of

the baroreflex population interactions. Possible

interaction between the aortic baroreflexes and the

cardiopulmonary baroreflexes has not been addressed.

Effect of Endurance Exercise Training

on Arterial Baroreflex Function

It is generally accepted that endurance exercise

training induces specific physiological adaptations, such as
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decreased resting heart rate and increased blood volume,

which are believed to be salutary for both the health and

fitness of the human. However, not all endurance exercise

training adaptations may necessarily be beneficial. Some

researchers think endurance exercise training (EET) leads to

orthostatic intolerance (Raven, Rohm-Young, & Blomqvist,

1984; Stegemann, Busert, & Brock, 1974; Vroman, Healty, &

Kertzer, 1988). Others believe it does not (Convertino,

Montgomery, & Greenleaf, 1984; Greenleaf, et al., 1988;

Lightfoot, Claytor, Torok, Journell, & Fortney, 1989).

Though this question has been debated for over 30 years, no

definitive conclusion has been reached.

Why has this dilemma not been resolved? Two possible

factors come to mind. First, baseline autonomic states have

not been accounted for in previous investigations. If the

subject was not as relaxed as possible, increased muscle

sympathetic nerve activity was induced, and blood pressure

was maintained independent of the question being asked,

thereby distorting the resultant responses. Second, there

has been no distinction between what was a fit or unfit

subject. Studies have classified fit as maximal aerobic

power ((702 max) ranging from 50-70 ml-kg-'.min-'

(Luft, Myhre, Leoppky, & Venters, 1976; Raven, Smith,

Hudson, & Graitzer, 1987) with unfits having maximal aerobic

power varying from 33-47 ml-kg-1-min1 (Diaz & Rivera, 1986;

Falsetti, Burke, & Tracy, 1983). The resultant near overlap
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of V02 has produced a confounding factor of fitness which

has made it difficult to delineate between genetic

susceptibility and exercise training. Some investigations

have only used one category of subject (e.g.,, "healthy

men"),, and these subjects have varied in fitness levels

also. Convertino et al. (1984) tested men with before

training mean V02 max of 55.3 ml.kg-'min~ , while Convertino,

Sather, Goldwater, and Alford (1986) measured men with

before training mean (T0 2 max of 45.2 ml-kg- min-'. Lightfoot

et al. (1989) utilized subjects in the same range

(mean V02 max of 45.7 to 49.4 ml-kg-'.min~').

A substantial body of research exists indicating that

endurance exercise trained (EET) individuals have a

decreased tolerance to orthostatic stress. In 1974

Stegemann, Busert, and Brock (1974) studied the responses of

fifty men, twenty-five EET and twenty-five untrained (UT),

to increased and decreased carotid sinus transmural

pressure, induced by a pressure chamber sealed around the

head. The relationship between carotid sinus transmural

pressure (CSTP) and mean arterial pressure (MAP) was

attenuated for the EET subjects, with the EET also having a

reduced calculated gain of response. Stegemann et al.

(1974) concluded that EET had a compromised blood pressure

control system as a result of a reduced carotid baroreceptor

responsiveness, and raised the issue as to the ability of

the EET individual to handle orthostatic challenges,
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particularly if that challenge were combined with other

stresses such as the loss of plasma volume encountered in

space travel or following endurance exercise competitions.

Luft, Myhre, Leoppky, and Venters (1976) evaluated five

athletes, compared them to five non-athletes, and found

decreased tolerance to LBNP and a higher frequency of

presyncopal reactions in the athletes than in the

non-athletes. The researchers attributed their findings to

possible differences in venous compliance. According to

Klein, Wegmann, and Kuklinski (1977), there is a positive

correlation between Vo2 max and lower limb compliance.

Tipton, Matthes, and Bedford (1982) evaluated the

responses of endurance trained (ET) and non-trained (NT)

rats to LBNP and found the ET rats demonstrated greater and

more rapid declines in arterial blood pressure. In humans,

Raven, Rohm-Young, and Blomqvist (1984) evaluated the

physiological responses of fourteen men, eight EET and six

UT, to orthostatic challenge using LBNP to -50 Torr. The UT

were better able to maintain systolic blood pressure (SBP)

than the EET; UT SBP dropped only an average of 8 mmHg

(6.6%), whereas the EET dropped an average of 15 mmHg (12%).

Despite a smaller drop in SBP, the UT demonstrated greater

compensatory tachycardia per mmHg drop in SBP than the EET

(1.36 beats/mmHg versus 0.7 beats/mmHg). Furthermore, Raven

et al. (1984) found no fitness related differences in the

degree of venous pooling, and hypothesized that the EET
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subjects had an altered high pressure baroreflex response to

central hypovolemia.

Mack, Shi, Nose, Tripathi, and Nadel (1987) evaluated

the FVR responses of six EET and seven UT individuals to

high and low levels of LBNP. Low levels of LBNP (0 to -20

Torr) unloaded the CPBR resulting in decreased neural

afferent traffic to the cardiovascular center, and their

findings demonstrated that the linear relationship between

FVR and CVP, was attenuated in the EET, -2.42 PRU/mmHg

versus -5.15 PRU/mmHg in the UT.

Vroman, Healty, and Kertzer (1988) conducted a

longitudinal study in which six previously sedentary men

underwent a twelve week aerobic conditioning program. Their

responses to orthostatic challenge were then compared to

those of a sedentary control group. At -40 Torr LBNP, the

EET group demonstrated no differences in the heart rate

response per mmHg decrease in SBP. However, the EET group

did show changes in control of peripheral circulation,

demonstrating a decreased forearm vasoconstrictor response

to high levels of LBNP. From these data investigators

suggested that endurance exercise training altered

cardiopulmonary baroreflex function.

Pawelczyk, Kenney, and Kenney (1988) also conducted a

longitudinal study using 10 unconditioned individuals, five

men and five women, who underwent a seven week training

program. Head-up tilt to 700 was used to trigger the
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hypotensive challenge. Results were somewhat different than

when LBNP stimulated the orthostatic challenge, and

Pawelczyk et al. (1988) suggested that perhaps results of

these two types of experiments were not comparable.

However, their results did demonstrate that after seven

weeks of training, SBP was less effectively regulated than

before.

The majority of studies that have demonstrated an

attenuation in orthostatic tolerance in the endurance

exercise trained individual have implicated the

baroreflexes. From the limited data available, it appears

that the various baroreceptor populations and their mediated

reflexes are not uniformly affected by EET. For example,

with the exception of one study (Gaugl, Gwirtz, & Caffrey,

1988) indicating that endurance exercise trained dogs

evidenced greater changes in vascular resistance after

perturbation than sedentary dogs, there is fairly

substantial evidence that carotid baroreflex control of

vascular resistance is reduced due to EET (Bedford & Tipton,

1987; DiCarlo & Bishop, 1988). However, data regarding

changes in CPBR control of vasoconstriction due to EET is

conflicting. Two studies have reported that the slope of

the central venous pressure-forearm vascular resistance

(CVP/FVR) relationship was reduced in trained men suggesting

that CPBR were less effective in increasing vascular

resistance after training (Chase, Reiling, & Seals, 1988;
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Mack et al., 1987). However, Takeshita et al. (1986) found

vasoconstriction responses to LBNP at -10 Torr greater in

varsity football players than in non-athletes.

Unfortunately, the T0 2 max of the football players was not

determined. No studies dealing with the effect of EET on

the functioning of the aortic baroreceptors and their

mediated reflexes have been published.

Other investigators contend that the endurance exercise

trained individuals have no decrement or even demonstrate a

slight improvement in their ability to regulate blood

pressure. Convertino, Montgomery, and Greenleaf (1984)

conducted a longitudinal study with eight men utilizing an

8-day cycle ergometry training program. The subjects were

evaluated at 600 head-up tilt before and after the short

training program. Cardiovascular adjustment during tilt was

enhanced after training. In a cross-sectional study,

Convertino, Sather, Goldwater, and Alford (1986) tested 18

men using LBNP to tolerance. The researchers found a low

correlation between LBNP stress indices and level of

fitness. They explained 98% of peak LBNP by lower leg fluid

accumulation, leg compliance indices, and blood volume.

Greenleaf et al. (1988) evaluated the physiological

responses to 600 head-up tilt of five men who underwent a

six-month exercise training program. The training program

consisted of endurance exercise training plus calisthenics

and weight lifting. At the start and end of the training
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program, the researchers subjected the men to 600 head up

tilt before and after six hours of water immersion. They

concluded that six months of this exercise training program

did not have a significant effect on 60 head-up tilt

tolerance.

Lightfoot, Claytor, Torok, Journell, and Fortney (1989)

evaluated fifteen untrained men, eight of whom underwent a

ten week treadmill and cycle ergometer training program and

seven of whom remained sedentary as a control group. At the

start and end of the training program, the subjects

participated in LBNP tolerance tests and underwent neck

pressure-suction testing. After ten weeks of training, LBNP

tolerance had not changed in either group. The

investigators concluded that ten weeks of aerobic training

did not change LBNP tolerance or the functioning of the

baroreflexes activated during LBNP.

Summary

In summary, the review of literature indicates that the

aortic and carotid baroreflexes work together to regulate

blood pressure acutely by altering vasoconstriction and

cardiac output. The preponderance of recent studies

indicate that the aortic baroreceptors and their mediated

reflexes play the greater role in mediation of both

vasoconstriction and cardiac output. The cardiopulmonary

baroreflexes function as inhibitors of the carotid
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baroreflexes and may possibly inhibit aortic baroreceptor

mediated reflexes. No determination of the interaction

between aortic and carotid baroreceptors mediated reflexes

has been carried out.

The effect of EET on the responsiveness of

baroreflexes being orthostatically challenged is still being

debated. On one hand, a number of studies have been

conducted that indicate that EET does not affect an

individual's ability to cope with orthostatic challenge.

Conversely, there is a substantial body of evidence to

suggest that the body's ability to regulate blood pressure

during gravitational challenge is diminished by EET. The

attenuated response to gravitational challenge is suggested

to result from alterations in the baroreceptor mediated

baroreflexes, causing them to be less effective in

modulating vasoconstriction and cardiac output, and thus,

ultimately less effective in mediation of blood pressure.

However, because each baroreflex population is unique,

it cannot be assumed that EET alters each population

identically. As far as attenuating the ability to alter

vasoconstriction during gravitational challenge, the CBR and

their mediated reflexes and possibly the CPBR and their

mediated reflexes have both been implicated. Which

baroreceptor mediated baroreflex population is responsible

for attenuating the ability to alter cardiac output during

gravitational challenge has not been determined. No studies
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have been published showing the effects of EET on the

functioning of the ABR and their mediated reflexes in

altering vasoconstriction or cardiac output. Thus, the

effects of EET on the ability of the ABR and their mediated

reflexes to regulate blood pressure remain undetermined.



CHAPTER 3

METHODS

The purposes of this study were first, to determine the

role of the aortic baroreceptor cardiac-reflex in the

regulation of blood pressure, and second, to ascertain

whether the aortic baroreceptor cardiac-reflex regulates

differently in endurance exercise trained individuals versus

untrained individuals. Each individual subject underwent

two days of testing. On the first day each subject

participated in a graded exercise test and based on his

maximal oxygen uptake (VO2 max) was assigned to either the

endurance exercise trained group or the untrained group.

On the second day excitation of the aortic baroreceptor

mediated reflexes was accomplished in the following manner:

a) the subject's baroreceptors (carotid, cardiopulmonary,

and aortic) were stimulated by an infusion of phenylephrine;

b) the increased central venous pressure due to the

phenylephrine infusion was counteracted by graded use of

lower body negative pressure; and c) the increased

transmural pressure induced by an increased stretch of the

carotid baroreceptors was counteracted by use of a

calculated sustained positive neck pressure. To assess the

effectiveness of the aortic baroreceptors in controlling

blood pressure independent of the other baroreceptors, three

32
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measurements (heart rate, mean arterial pressure, and

central venous pressure) were continuously recorded

throughout the test and two measurements (forearm blood flow

and cardiac output) were periodically recorded. This

chapter describes the methods used in this study, including

selection of subjects, experimental protocols, procedures

used in data acquisition, and the statistical analyses.

Subjects

Fifteen healthy non-smoking men ranging in age from 18

to 35 years were recruited from area universities to

participate in the study. Eight of the subjects were

endurance exercise trained with a maximal aerobic capacity

(V02 max) greater than 60 ml-kg-1-min'. These subjects all

regularly engaged in aerobic exercise training at a high

intensity level. Seven of the subjects were runners with

training sessions varying in distance from three to fifteen

miles at a pace averaging under eight minutes a mile. The

remaining subject was a cyclist who trained one to two hours

a day at a brisk pace. Another seven subjects were

designated untrained with a 102 max less than

45 ml-kg~1-min 1 , and who had an sedentary lifestyle.

Following participation in the complete investigation

protocol, subjects were compensated $100 for their time and

travel.
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All subjects were informed of the purpose, protocol,

and experimental procedures to be followed before acceptance

into the study. Each subject signed an informed consent

form which had been approved by the Texas College of

Osteopathic Medicine Advisory Committee for Research

Involving Human Subjects (see Appendix). Before

participation in the study, all subjects received a medical

screening examination, which included a medical history

questionnaire, a resting electrocardiogram (ECG), and

measurements of resting, sitting, and standing heart rate

and blood pressure. This was then followed by an exercise

stress ECG test to V02 max. Table 1 on page 50 summarizes

the demographic and physiological description of each

subject.

Experimental Protocols

Each subject reported to the laboratory on two separate

days for testing. The testing days were not sequential, but

were within two weeks of each other. On each day the

subject was asked to have refrained from drugs and alcohol

for the previous 24 hours; abstained from food and caffeine

for the previous four hours, and had a restful night's

sleep.

The first day was used for screening, familiarization

of procedures, and measurement of blood volume. Screening

consisted of the procedures described previously and
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included the graded exercise stress (ECG) test to volitional

fatigue for determination of TO2 max. The subject was

approved for participation in the study if no abnormalities

were revealed in his medical screening or exercise stress

test, and if his measured Qo 2 max exceeded 60 ml-kg-'-min~' or

was below 45 ml-kg-.min-.

After the subject was approved for the study and on the

same day, he was familiarized with the procedures to be used

during the actual testing. Lying supine in the lower body

negative pressure (LBNP) box with the neck pressure collar

fitted appropriately around the neck, he was exposed to

lower body negative pressures and positive neck pressures

comparable to those he was expected to encounter during the

test day. A forearm strain gauge was selected and

positioned, and trial blood flow measurement procedures were

practiced. An M-mode echocardiogram was performed for the

determination of end-systolic and diastolic diameters along

with the determination of the aortic root diameter. Some

two hours following the V02 max treadmill test and

familiarization trials, the subject's blood volume was

determined using the carbon monoxide (CO) dilution technique

described by yhre, Brown, Hall, and Dill (1968).

On the second day that the subject reported to the

laboratory, the experimental investigation was performed.

The experimental protocol to evaluate the individual's
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aortic baroreflex function was performed on the second day

of testing and is summarized as stages i through vii below.

i. control

ii. neck pressure (NP) only

iii. infusion of phenylephrine (PE)

iv. PE + NP

v. PE + lower body negative pressure (LBNP)

vi. PE + NP + LBNP

vii. recovery (PE, NP, and LBNP removed)

Figure 1 on the following page provides a schematic

representation of the experimental protocol. The same

measurements were updated and recorded during each stage.

Three measurements (heart rate, mean arterial pressure, and

central venous pressure) were monitored continuously and

recorded intermittently throughout the test on a multi-pen

recorder (Grass model #7D) and high fidelity FM magnetic

tape recorder (Hewlett-Packard model #3968A). Two

measurements (forearm blood flow and cardiac output) were

intermittently taken during each stage. The forearm blood

flows were recorded at various time intervals using the

multi-pen recorder (Grass model #7D). The cardiac output

(OC = heart rate x stroke volume) was recorded on videotape

(VHS) using continuous Doppler echocardiography (Interspec

model XL3) for beat-by-beat measures of stroke volume (SV).

The measurement protocol and time sequence for each

stage (i-vii) was the same. The first minute of each stage
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FIGURE 1 - TEST PROTOCOL
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was allocated as a period of time for the body to

equilibrate to a new steady state following a sustained

perturbation. After the hemodynamic equilibration, three

measurements of forearm blood flow (FBF) and one

determination of 0, were made. Subsequently a further three

FBF measures were recorded.

Preliminary Procedures

1. Graded Exercise Test (GXT)

The graded exercise test was a short-duration ramp

test to volitional fatigue on a motor driven treadmill

(Quinton model #24-72). The exercise test consisted of four

stages. Initially, the subject warmed-up by walking at a

comfortable pace (3.5 mph) at grades of 5.0, 7.5, and 10.0%

for two minute at each stage. Immediately following warmup,

the grade was decreased to 0% and the speed increased to 5.0

to 7.0 mph for the next 4 minutes. The speed selected

depended on the subject's projected maximal oxygen uptake

(T0 2 max). During the third stage the treadmill was

controlled by an automatic programmer (Quinton model #644)

and speed and grade were increased every minute by 0.15 mph

and 1.5% grade respectively until the subject requested to

stop or his physical condition warranted stopping. Finally,

in stage four, the subject was allowed to recover by walking

for 5 minutes at 0% grade and 2.0 mph.
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The subject's heart rate and blood pressure were

monitored and recorded throughout the test. During the

maximal exercise test, the subject respired through a

mouthpiece attached to a saliva trap and a turbine volume

meter transducer (Alpha Technologies model VMM). Respired

oxygen (02) and carbon dioxide (CO2) partial pressure (PO 2

and PCO2 ) were measured from a sampling port in the saliva

trap by a mass spectrometer (Perkin-Elmer model MGA-1100AB).

The analog signals from both the mass spectrometer and the

volume meter underwent analog-to-digital conversion

utilizing a laboratory mini-computer (Digital Equipment

Corporation model MINC 23) for on-line, breath-by-breath

computation using a customized software package designed to

calculate on-line oxygen uptake ((02), carbon dioxide output

((7002), respiratory exchange ratio (R), minute ventilation

(V), end tidal PO2 (PETO2), end tidal PC0 2 (PFeC02 ) ,

ventilatory equivalent for 02 ( E/V02), and ventilatory

equivalent for C02 (VE/VCO2). The data were continuously

displayed on an on-line graphics terminal (Digital Equipment

Corporation model VT125) and a hard copy produced by a

printer terminal (Digital Equipment Corporation model LA50).

2. Blood Volume.

Blood volume was calculated using the carbon monoxide

dilution method determined by Myhre et al. (1968). The

measurement technique was performed by having the subject

inhale and rebreathe 30 ml of pure 100% CO in a 100% oxygen



40

10 liter gas volume. Initially, the subject rested

reclining for 30 minutes so that his fluid compartments were

equilibrated in the supine position. The subject inhaled

100% oxygen for 5 minutes, at the end of which a 3 ml venous

blood sample was drawn for control measurements.

Independently, a bolus volume of CO (30 ml) was injected

into the system while the subject exhaled to residual volume

and held his breath. The subject then inhaled and

rebreathed the CO in 100% 02 for 8-10 minutes. At the end

of the rebreathe period, a second 3 ml blood sample was

drawn. The subject then returned to breathing room air.

The bolus of CO increased the blood carboxyhemoglobin (COHb)

concentrations to 3-5% above pre-inhalation concentrations.

Hematocrit (%) and COHb (%) were determined on each of the

blood samples. The hematocrit was determined by

microcentrifugation and the hemoglobin (Hb) and

carboxyhemoglobin (COHb) were determined by a co-oximeter

(Instrumentation Laboratories Model #282). Plasma volume

and total blood volume were calculated in the following

manner:

COHbb = %COHb,,,/Hct

COHba = %COHb,,8 /Hct

COHb = COHba - COHBb

Vrbc = [Ve,-(sysvol . resconc)I]/COHb

BV = Vrb/Hct

PV = BV - V,
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where: COHbb = carboxyhemoglobin concentration
before administration of CO

COHba = carboxyhemoglobin concentration
after administration of CO

Hct hematocrit

Resconc = residual CO concentration in
rebreathing system

Sysvol = rebreathing system volume (104 ml)

V0= volume of CO administered (STPD)

Vrbc = volume of red blood cells.

Experimental Procedures

1. Phenylephrine Infusion

A steady-state infusion of phenylephrine hydrochloride

(PE), an a-adrenergic agonist, was used to globally

stimulate the baroreceptors. At the beginning of stage 3,

see Figure 1, page 37, PE was infused into the subject using

an infusion pump that attached to a second port on the

central venous pressure catheter. Initially the infusion

rate was set at 60 gg/minute. If this rate produced the

desired increase of 10-15 mmHg in mean arterial pressure

(MAP), the pump remained set at 60 pg/minute for the

remainder of the investigation. If further increases in

pressure were needed to raise mean arterial pressure 10-15

mmHg, the infusion rate was adjusted to achieve the 10-15

mmHg elevation in MAP. At the time of steady state increase

in MAP, the infusion rate was maintained for the remainder

of the investigation.
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2. Lower Body Negative Pressure (LBNP)

To achieve lower body negative pressure, the subject

lay supine, sealed at the iliac crests in a laboratory

constructed LBNP box. Pressure was changed manually by

altering the variable autotransformers that regulated

voltage to two AC vacuum sweeper motors (Evans), which

evacuated the LBNP box. LBNP was monitored by use of a

pressure transducer (Biotek Instruments model DP-1), which

was connected to the LBNP chamber and provided direct

readout of pressure in Torr. LBNP was gradually increased

to a pressure which returned central venous pressure to

control values obtained in stage 1, see figure 1, page 37.

Electromyographic activity of the rectus femoris and

quadriceps muscles was monitored continuously to insure that

each subject remained relaxed throughout the entire

experimental protocol.

3. Neck Pressure (NP)

Carotid baroreceptor transmural pressure was altered by

applying sustained neck pressure to the carotid sinus region

via a flexible lead collar that wrapped around the anterior

two-thirds of the subject's neck. Pressure was delivered

from a vacuum sweeper motor (Asco model 8215B). The neck

pressure system was controlled by custom software developed

for a laboratory mini-computer (Digital Equipment

Corporation model MINC 23 with performance enhancement by

Adcomp). Since only 86% of positive neck pressure is
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transmitted to the vessels (Ludbrook, Mancia, Ferrari, and

Zanchetti, 1976), neck pressure was applied at 1.16x the

increase in mean arterial pressure in order to reduce

carotid baroreceptor transmural pressure to the value

equivalent to that present in the control condition seen in

stage 1, see Figure 1, page 37.

Techniques of Measurement

1. Heart Rate (HR)

Heart rate (beats/minute) and heart period, the R-R

interval (RRI) in msec, were monitored using standard

bi-polar chest electrodes (5 leads) connected to an

electrocardiogram monitoring system (Quinton model #633) and

recorded on a beat-by-beat basis on a multi-pen recorder

(Grass model #7D), a laboratory mini-computer, and an eight

channel FM tape recorder (Hewlett-Packard model #3968A).

2. Mean Arterial Pressure (MAP)

Mean arterial pressure was monitored on a beat-by-beat

basis using a finger plethysmograph blood pressure monitor

(Finapres Ohmeda model #2300) placed on the middle finger of

the right hand. Throughout the test, the hand lay relaxed

at the subject's mid-axillary line, palm up. This

optico-mechanical plethysmographic system measured

instantaneous changes in vascular volume using a light

source and photoelectric cell incorporated into an

inflatable digit cuff. A fast servo pump inflated and
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deflated the cuff to maintain vascular volume during each

pulse. Mean arterial pressure was derived from a

computerized integration of each arterial pulse wave.

3. Central Venous Pressure (CVP)

Central venous pressure was monitored with a 17-gauge,

46-cm radio-opaque catheter advanced from the subject's

right median antecubital vein to his superior vena cava at

the level of the second rib by a board certified

anesthesiologist or an internist (pulmonologist). The

placement of the catheter tip was directed by intermittent

fluoroscopic observation with a fluoroscope and radiographic

unit (Phillips model BV-22). The radiation exposure in this

experiment was limited to a maximum of that equivalent to 50

chest X-rays (1000 mRem). This level of exposure has been

shown not to produce an increased incidence of cancer in

humans. Because of technical difficulties, one subject only

received a maximum X-ray exposure of 1075 mRem. All other

subjects received approximately 450-550 mRem. However, the

attending physician did not feel that the 75 mRem excess

exposure was harmful. The catheter had an extension tube

connected to a slow drip of heparinized normal saline.

Central venous pressure was recorded with a pressure

transducer (Statham model P23 ID) positioned at the level of

the suprasternal notch.



45

4. Forearm Blood Flow (FBF)

Forearm blood flow was determined by measuring changes

in venous volume using venous occlusion plethysmography. A

dual-loop mercury-in-silastic strain gauge (Parks

Electronics) was used. The gauge was calibrated at the

length it would be stretched on the forearm. It was

determined how much deflection would be caused on the chart

recorder by a 1 mm stretch of the dual looped length of the

strain gauge. Following calibrations, the strain gauge was

placed on the forearm. The forearm rested at an angle with

the gauge levelled at the subject's mid-axillary line.

Electrical current was sent from a plethysmograph (Parks

Electronics model #271) through the strain gauge.

Periodically, venous outflow from the arm was prevented by

the placement of an occlusion cuff around the upper arm with

the occlusion pressure set at +60 Torr, and blood flow to

the hand was prevented by placement of an occlusion cuff

around the wrist with the occlusion pressure set at

+250 Torr. The changes in forearm circumference were

recorded continuously on the multi-pen recorder. Following

the experiment, blood flow could be calculated using the

following formulas, which were determined by Whitney (1953).

V e (2d/C) x 100

BF = V/T

where V = volume
d = change in circumference
C = initial circumference of limb
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BF = blood flow
T = time.

5. Stroke Volume (SV)

Stroke volume was determined during each stage of the

protocol using continuous wave Doppler echocardiographic

techniques. The echocardiograph measurements were made

using an Ultrasound System Interspec XL Series 3 and

recorded on a videotape (VHS) for analysis. A 3.5 Mhz/13 mm

medium focus adult cardiac transducer was used to acquire

M-mode and 2D imaging. A peristernal long axis view was

used for M-mode and 2D imaging of the aortic root.

Continuous wave Doppler recordings were made using a 2.0 Mhz

cardiac probe. A suprasternal view was used for continuous

wave Doppler of the ascending aortic arch.

The cardiac output was determined from videotape

playback using the Advanced Cardiac Calculations package on

the XL3 system. Both M-mode and continuous wave Doppler

measurements were used in the calculations. Cardiac output

was calculated as follows:

de = FVI x CSA x HR

where HR = heart rate at time of measurement
CSA = cross sectional area of the aortic root taken

from the M-mode diameter
FVI = (average velocity x flow period)sec.
QC = cardiac output.

A minimum of four flow velocity curves were averaged to

determine the mean stroke volume during each sampling
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period, and 2, was calculated as heart rate and stroke

volume averaged over the four beats.

FIGURE 2 - STATISTICAL ANALYSIS
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Statistical Analyses

The independent variables were (a) the seven different

stages of the protocol during which varying perturbations

and combinations of perturbations occurred; and (b) the

groups of subjects, which were determined by fitness levels.

A t-test of independent means was used to verify that the

fitness groups were statistically different as far as

VO2 max. The dependent variables were heart rate, mean

arterial pressure, central venous pressure, forearm blood

flow, and cardiac output. Effects upon dependent variables

were determined by two-way analysis of variance (ANOVA) with

repeated measures. Post hoc analysis included analysis of

least significant difference. Descriptive statistics such

as means, standard deviation, and correlations were also

used. A significant difference was accepted at P<.05.



CHAPTER 4

RESULTS

Chapter 4 presents the results of the present

investigation into the role of the cardiac aortic

baroreceptor reflex using the experimental design and

statistical analysis procedures described in Chapter 3. The

data are presented as the mean values for both subject

groups plus or minus the standard error of the mean ( SEM).

Comparisons of the subjects' responses to various

perturbations were made by groups (fitness), by stages

(baroreceptor isolation), and by group by stage. The goal

of this investigation was to determine if the aortic

baroreceptor mediated cardiac reflex of the endurance

exercise trained (EET) subjects functioned differently than

those of their untrained (UT) counterparts.

Descriptive Comparisons of Subject Groups

A demographic and physiological description of the two

subject groups is presented in Table 1, on the next page.

The two groups were similar in age, height and blood volume

(BV). By design the EET group had a significantly higher

V02 max than the UT group. In addition, the EET group was

significantly lighter than the UT subjects and had a smaller

body surface area (BSA). Though BV was not significantly

49
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TABLE 1 - DEMOGRAPHIC AND PHYSIOLOGICAL DESCRIPTION
OF SUBJECT GROUPS

Group Age Height Weight BSA V02 max BV PV/WT
(yrs.) (cm) (kg) (m) (ml-kg'-min') (ml) (ml/kg)

UT x 28 183 91.5 2.14 43.7 6929 49.7
+2 2 6.4 0.08 1.4 663 3.0

EETx 27 178 69.4 1.86 62.6 7227 68.6
+2 2 2.1 0.03 2.0 483 4.9

P ns ns P<0.001 P<0.001 P<0.001 ns P<0.004

Values are means SE. BSA, body surface area; V02, 0. uptake; BV,
blood volume; PV, plasma volume; WT, weight.

different between the two groups, when the subjects' plasma

volume (PV) was normalized for body weight, the EET subjects

had significantly greater PV.

Cardiovascular Response

The resting control values and the group means the

SEM of the responses of the measured and calculated

hemodynamic variables to each stage of the experimental

perturbations are summarized in Table 2, page 51. Recovery

stage (stage 7) measurements are not submitted because

measurements during stage 7 were recorded at different times

for different subjects, and therefore the group average data

were not thought to be a valid representation of the

recovery period. A summary of the statistical significance

of the dependent variables' responses to experimental

perturbations is presented in Table 3, page 53.



- CARDIOVASCULAR RESPONSES TO EXPERIMENTAL
PERTURBATIONS OF BLOOD PRESSURE

STAGE 1 2 3 4 5 6

(1-.min')

HR
(beat-min"')

SV
(ml)

CVP
(mmHg)

MAP
(mmHg)

PVR
mmHg/(L/min)

FBF
(ml/10Cm! /mi n)

FVR mmHg/
(ml/10Gm1/mi n)

UT 6.43
0.27

EET 6.39
0.31

UT 59
6

EET 51
4

UT 114
11

EET 126
9

UT 6.2
1.3

EET 7.0
0.4

UT 95
4

EET 97
5

UT 14.8
0.4

EET 15.2
1.0

UT 3.8
0.4

EET 2.8
0.1

UT 25.3
2.8

EET 34.2
2.8

Values are means + SE. Q, cardiac output; HR,, heart rate; SV, stroke
volume; CVP, central venous pressure; MAP, mean arterial pressure; PVR,
peripheral vascular resistance; FBF, forearm blood flow; FVR, forearm
vascular resistance; UT, untrained (n=7); EET, endurance exercise
trained (n=8).

TABLE 2

51

6.54
0.28
6.37
0.30

62
6

53
4

116
11

127
13

6.0
1.3
6.7
0.6

100
4

101
6

15.3
0.3
15.8
1.2

3.7
0.4
2.5
0.1

27.4
3.3

41.0
3.4

6.37
0.20
5.79
0.38

48
5

44
3

133
10

132
9

8.7
1.5
9.0
0.4

108
4

113
5

17.0
0.9

19.5
2.2

3.2
0.5
2.4
0.2

33.7
4.5

46.4
4.2

6.00
0.30
5.85
0.38

51
5

46
3

123
10

132
13

8.9
1.7
9.3
0.4

112
3

118
6

18.6
1.0

20.2
1.6

3.2
0.3
2.5
0.2

35.4
3.7

46.6
4.7

6.41
0.39
6.30
0.23

49
7

46
2

129
11

139
8

6.6
1.3
7.1
0.2

112
4

114
6

17.4
0.6

18.1
1.0

3.2
0.4
2.7
0.1

34.8
3.9

42.7
3.4

6.27
0.20
6.06
0.40

51
5

49
3

129
10

130
11

6.2
1.4
6.9
0.3

114
5

117
7

18.2
0.8

19.3
2.2

3.2
0.3
2.5
0.2

35.6
2.8

46.4
3.6
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As discussed in chapter 3, the heart rate (HR), central

venous pressure (CVP), and systolic, diastolic, and mean

arterial pressures (SBP, DBP, and MAP) were monitored and

recorded continuously. At the hemodynamic steady state of

each stage, cardiac output (0j), stroke volume (SV), and

changes in forearm circumference were determined. Average

volumes of HR, CVP, and SBP, DBP, and MAP were recorded at

the times of the hemodynamic steady state measures of 0, and

SV, while the calculated volume of forearm blood flow (FBF),

forearm vascular resistance (FVR) , and peripheral vascular

resistance (PVR) were determined using the recorded

measures.

Changes in cardiac output (0) were not different

between groups (P=1.82), nor was there a significant

interaction effect of group x stage (P=0.824). However,

there were significant differences in 0, between stages

(P=0.049). Application of neck pressure (NP) during

phenylephrine infusion (i.e., stage 4) resulted in a

significant drop in 0, from the resting control (P<0.05).

During stage 5, i.e. phenylephrine (PE) infusion with lower

body negative pressure (LBNP), which was used to bring CVP

to control values, 0, was significantly greater than during

stage 4, (i.e., when NP was applied during PE infusion),

P<0.05. However, neither Oc measured during stage 5 nor

stage 6 (stage 6 included application of NP and LBNP while

infusion of PE was continued) was significantly different.
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TABLE 3 - SUMMARY OF THE STATISTICAL SIGNIFICANCE OF

THE DEPENDENT VARIABLES' RESPONSES TO

EXPERIMENTAL PERTURBATIONS

GROUP STAGE INTERACTION

QC 0.1818 0.0492 0.8236
HR 0.0113 0.0288 0.8695
SV 0.2214 0.4741 0.7961
CVP 0.3073 0.0010 0.9975
MAP 0.2945 0.0001 0.9964
PVR 0.0752 0.0002 0.8546
FBF 0.0001 0.2687 0.7874
FVR 0.0001 0.0008 0.8894

QC9 cardiac output; HR, heart rate; SV, stroke volume; CVP, central
venous pressure; MAP, mean arterial pressure; PVR, peripheral vascular
resistance; FBF, forearm blood flow; FVR, forearm vascular resistance;
UT, untrained (n=7); EET, endurance exercise trained (n=8). from Q
measured during stage 1 (resting control).

The stage differences in Q0 were related to the changes

in HR and SV induced by the experimental manipulations.

However, there were no statistical differences in SV between

the fitness groups (P=0.221) or across experimental stages

(P=0.474),, or in group x stage interaction (P=0.796). In

addition, despite the HR of the EET group being

significantly lower than UT group (P=0.011) consistently

across all experimental conditions, there were no

significant group x stage interactions (P=0.870). During

stages 3, 4, 5, and 6 HR was consistently significantly less

than in control (P<0.05). However, the alterations in

average HR and SV across each experimental manipulation were

consistent with the expected physiological responses.

Oscillations in CVP occurred throughout the various

perturbations; however, no significant between-group
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difference (P=0.307) or interaction differences of group x

stage (P=O.998) were found. However, there were significant

differences between stages (P=0.001). CVP increased with

the infusion of PE alone (stage 3) from resting control

(P<0.05). Application of NP with PE infusion (stage 4)

caused CVP to increase slightly (P>0.05), remaining

significantly greater than in stage 1 (P<0.05). In stage 5

(the period in which LBNP was applied in addition to the

infusion of PE) CVP was brought back to resting control

values with LBNP. In accordance with the design, during

stage 5, CVP dropped sharply, and continued at a decreased

level through stage 6 (when NP was added to the LBNP and

steady state PE infusion). In both stages 5 and 6, CVP was

not statistically different (P>0.05) from the resting

control (stage 1) values.

Fluctuations in MAP were not different between groups

(P=0.295). However, MAP varied significantly between stages

(P<0.001). The infusion of PE by itself (stage 3) raised

MAP significantly (P<0.05) and achieved the aim of the

experimental design. When NP was combined with the PE

infusion (stage 4), MAP increased slightly. MAP continued

significantly elevated (P<0.05) above control levels during

all stages in which PE was infused (i.e., stages 3, 4, 5

and 6). Furthermore, there were no significant interaction

effects of group x stage (P=0.996).
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Changes in PVR were not different between groups

(P=0.075) nor was there a significant interaction effect of

group x stage (P=0.855). However, there were significant

differences across experimental stages (P<0.001). When the

PE infusion began (stage 3), PVR increased significantly

(P<0.05). There were slight,, yet non-significant,

fluctuations observed in all subsequent stages. In all

stages during which PE was being infused (i.e., stages 3, 4,

5, and 6), PVR was significantly increased (P<0.05) above

that observed in the resting control stage.

There were significant between-group differences in FBF

(P<0.001). Fitness group differences in FBF were observed

at control rest, and during stage 2 when only NP was

applied, and during stage 6 when NP and LBNP were applied

during PE infusion. During these three stages (1, 2, and 6)

the EET subjects had significantly lower FBF compared to the

UT subjects (P<0.05). However, changes in FBF across

experimental stages were not different (P=0.269), nor were

there any significant group x stage interactions (P=0.787).

Fitness group differences were also seen in FVR

(P<0.001) in the control stage, stage 2 (NP only), stage 3

(PE only), and stage 6 (PE + NP + LBNP). In addition,

significant differences were also seen across the

experimental stages (P<0.001). When PE infusions were begun

during stage 3, all subjects evidenced a significant

increase in FVR above resting control (stage 1) and this
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increase in FVR was seen in stages 4, 5, and 6. Therefore,

increases in FVR were observed during each of the stages in

which PE was infused (3, 4, 5, and 6). Still, no

significant group x stage interactions was found (P=0.889).

Alteration in Aortic Baroreceptor-Cardiac Reflex

Responsiveness

The responsiveness of a system can be assessed from the

amount of response that occurs in the responding variable

for a given unit of the stimulus (i.e., gain). In the

present investigation, this gain is the change in heart

period (ARRI) per unit change in the systolic blood pressure

(ASBP). The experimental manipulation (stages) of interest

in the present investigation includes the ARRI and ASBP

between control (or stage 1) with (a) the PE stage (#3) when

both aortic and carotid baroreceptors were activated; (b) PE

+ NP stage (#4) where the carotid baroreceptor transmural

pressure was returned to control values and aortic and

cardiopulmonary baroreceptor reflexes were fully active; and

(c) PE + NP + LBNP (stage 6) where the aortic baroreceptor

mediated reflexes were activated alone without carotid or

cardiopulmonary interaction. The average calculated gains

of the subjects are presented in Table 4 on page 57.

The AR:RI/ASBP or arterial baroreceptor cardiac reflex

gain was higher in the UT subjects than in the EET subjects

(P>0.05) for all stages of isolation. However, as the
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variance measure (SEM) of these calculated variables was

greater than 5% of the mean, the data were reanalyzed

TABLE 4 - CALCULATED ARTERIAL-CARDIAC REFLEX

GAINS OF 15 SUBJECTS
(ms/mmHg)

Stage UT EET Delta P value
(N=7) (N=8)

3 20.45 3.06 12.97 3.48 7.48 ns
4 13.46 6.30 6.64 2.22 6.82 ns
6 13.59 6.22 4.27 1.68 9.32 ns

on an individual basis to assess the physiologic validity of

the data. In the UT subjects one subject was clearly

systolically hypertensive at rest, while another had

aberrant responses to PE with calculated gains being more

than three standard deviations above the group mean. In the

EET subjects two subjects were systolically hypertensive at

rest and one subject had a negative calculated gain, which

represented a non-physiological response. Removal of these

five subjects (two in the UT and three in EET) from their

respective fitness groups and reanalysis did not affect the

hemodynamic responses observed when the UT group was seven

in number (N=7) and the EET group was eight in number (N=8).

However, reanalysis with smaller subject numbers in each

group (UT, N=5 and EET, N=5) did result in greater

significant differences between groups and a reduction of

the intra-group variance, see Table 5 on page 58.
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TABLE 5 - CALCULATED ARTERIAL-CARDIAC REFLEX

GAINS OF 10 SUBJECTS

(ms/mmHg)

Stage UT EET Delta P value
(N=5) (N=5)

3 11.93 1.07 6.89 3.23 5.04 ns
4 7.21 0.40 2.19 1.25 5.02 P<0.02
6 7.85 1.01 2.16 1.36 5.69 P=O.01

Looking at the UT gains compared to the EET gains in

Table 5 above and seeing the gains presented graphically in

Figure 3 on the next page, one sees that the EET arterial-

cardiac reflexes were compromised compared to those of the

UT. At all stages (3,4, and 6) the EET subjects' reflexes

generated smaller gains than the UT. When PE was infused to

increase MAP 15 mmHg, the calculated gain from stage 1 to

stage 3 was smaller in the EET subjects than in the UT

subjects. However, this difference was not significant.

During stage 4 when the carotid baroreceptors' transmural

pressure was reduced to control levels, ostensibly isolating

the aortic baroreceptor-cardiac reflexes, the calculated

gain from stage 1 to stage 4 was significantly less in EET

subjects than in the UT subjects. Similarly, the calculated

gain obtained from the changes in heart period between stage

1 (control) and stage 6 (when cardiopulmonary and carotid

baroreceptor reflexes were counteracted) was significantly

less for the EET subjects than for the UT subjects. The

gain of the aortic baroreflex (i.e., PE infusion plus NP to
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bring carotid sinus transmural pressure to pre-infusion

levels) was not significantly different between stage 4 and

stage 6, although application of LBNP appeared to slightly

reduce an inhibitory effect of cardiopulmonary baroreceptors

on the ABR in the UT group.

FIGURE 3 - CALCULATED ARTERIAL-CARDIAC REFLEX GAINS OF

10 SUBJECTS
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between stages 1 and 6. The reflex control of HR was

dominated by the ABR in the UT subjects (65.3 4.8%) and this

control was significantly greater than the CBR. However, in

the EET subjects the reflex control of HR was primarily

contributed from the CBR (60.9 31.3%) yet this was not

statistically different from the ABR.

FIGURE 4 - CONTRIBUTION TO HEART RATE REFLEX CONTROL
IN STAGE 6
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CHAPTER 5

DISCUSSION AND SUMMARY

The purpose of Chapter 5 was to review the pertinent

findings produced from this investigation and to assess

their importance in light of previous research. The major

findings of the present investigation were first, that the

contribution of the aortic baroreceptors (ABR) and their

concomitant reflexes to heart rate reflex control was

significantly attenuated in the endurance exercise trained

(EET) subjects compared to their untrained (UT)

counterparts. However, despite the attenuation in their

efficacy, in this investigation the ABR and their mediated

reflexes, when isolated from the other baroreceptors and

their concomitant reflexes, were able to prevent blood

pressure from rising significantly. Therefore, the first

hypothesis proposed in Chapter 1, that the isolated aortic

baroreceptors and their reflexes would be unable to control

blood pressure as effectively when isolated from the other

baroreceptors, was rejected. The second hypothesis, that

endurance exercise trained subjects would demonstrate a

significantly attenuated isolated aortic baroreceptor

mediated reflex function compared to their untrained

counterparts, was accepted. The results of the

investigation were explained and conclusions were drawn

61
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based on this data along with extrapolation of findings from

other studies. In addition, recommendations for further

investigation into the problem are presented.

Subject Group Comparisons

The study was designed to compare two groups of

individuals who demonstrated a significantly different

(T02 max, but were not significantly different in age or

height. The groups of subjects selected met these criteria.

It was important that the groups not vary in age or height

because older people (Ebert, Hughes, Tristani, Barney, &

Smith, 1982;) and shorter people (Ludwig, Convertino,

Goldwater, & Sandler, 1987) have been shown to exhibit a

diminished cardiovascular response to postural adjustment

compared to their younger or taller cohorts.

Although the EET subjects were comparable in age and

height to the UT subjects, the EET individuals were

significantly lighter. The increased bulk of the UT

subjects was not a confounding factor in this experiment

because oxygen consumption was expressed in relation to body

weight. Nevertheless, because the EET subjects were

lighter, they displayed smaller body surface areas. By

inspection it appeared that the EET subjects had less body

fat than the UT.

Blood volume expansion is a well documented effect of

exercise (Harrison, 1985), and it was anticipated that the

EET group would have a significantly greater blood volume
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(BV) than the UT group. However, the BV of the two groups

was not significantly different when compared using

absolute values (milliliters). Normalization of the

measured BV for body weight resulted in the EET exhibiting

significantly greater blood volumes and plasma volumes

(ml/kg). Blood volume is a function of weight (Guyton,

1986), as well as several other factors including exercise.

In the present study the increased BV that was anticipated

in the EET group as a result of their endurance exercise

training was offset by the increased BV of the UT group that

was a result of their greater bulk. However, by normalizing

the BV to the individuals' body weight (ml/kg) we obtain an

index of intravascular volume. This index clearly

demonstrates the effect of endurance exercise training in

that the EET subjects had a significantly greater plasma

volume (+38%) than the UT subjects.

Hemodynamic Responses to Pharmacologic Perturbation

As expected, the EET subjects had significantly lower

resting heart rates (HR) than the UT subjects. These

results confirm the previous findings of Pawelczyk, Kenney,

and Kenney (1988) and Vroman, Healty, and Kertzer (1988) and

suggest differences in autonomic control of the heart (Smith

& Raven, 1986). The resting cardiac outputs (0,) of the EET

and UT groups were not different, and although the stroke

volumes (SV) of the EET were larger than those of the UT
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group, the difference was not statistically significant. As

the HR's were significantly lower for the EET and the &,'s

were not different, we conclude that differences in resting

SV were physiologically different and that the variance of

the measurement of 0, was large and the subject numbers

small such that we accepted a Type II statistical error

regarding SV.

Despite the large difference in intravascular volumes

of the EET subjects compared to the UT subjects, there were

no group differences in resting mean arterial pressures

(MAP) or central venous pressures (CVP). These data would

indicate that endurance exercise training increased venous

capacitance or venous compliance as a means of containing

the increased BV. Levine, Lane, Buckey, Friedman, and

Blomqvist (1991) have recently reported increased central

venous compliance in endurance trained athletes. In

addition, peripheral vascular resistance (PVR) of both

groups of subjects was not different, yet the resting FVR of

the EET subjects was greater than that of the UT subjects

primarily as a result of reduced forearm blood flows (FBF).

These data suggested that regional vasoconstriction in the

forearm was present in the EET subjects and may reflect a

more sensitive local temperature regulatory response to

ambient temperature conditions. However, it was unlikely

that a difference in baseline sympathetic tone was present

between the two groups as PVR was not different.
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The experimental design required that each individual's

MAP be increased 10-15 mmHg by infusion of phenylephrine

(PE). The average group increase in MAP for stage 3 of the

experiment was 13 mmHg for the UT subjects and 16 mmHg for

the EET subjects (P>0.05). Despite the average increase in

MAP being similar in both groups of subjects, the EET

subjects required substantially less PE (3.6 1.8 mg versus

13.4 6.6 mg) than the UT subjects to achieve the same rise

in MAP. These data clearly indicate the a-adrenergic

receptor sensitivity (or responsiveness) of the EET subjects

was greater than the UT subjects. This further indicates

that endurance exercise training alters neurohormonal

regulation of blood pressure (Smith, Graitzer, Hudson, &

Raven, 1988). However, the arterial baroreflex mediated

bradycardia due to the increase in MAP was significant in

both groups, yet was significantly less in the EET subjects.

These findings further confirm the suggestion of Raven,

Rohm-Young, and Blomqvist (1984) and Smith et al. (1988)

that the arterial baroreflexes were attenuated in trained

subjects.

During stage 4, the application of neck pressure (NP)

at a level calculated to return the individual's average

carotid sinus transmural pressure to resting control levels,

the HR and MAP rose slightly from the levels achieved in

stage 3 (PE infusion only). These data indicate that

regulation of blood pressure via cardiopulmonary
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baroreceptor and aortic baroreceptor mediated reflexes was

functionally adequate. Removal of cardiopulmonary

baroreceptor input by use of LBNP in stages 5 and 6 resulted

in relatively little further change in HR and/or MAP. This

suggests that the aortic baroreceptor reflexes, acting

alone, were functionally adequate to control blood pressure,

once again confirming the redundancy of the blood pressure

regulatory system (Mitchell, 1990). Cardiac output and

stroke volume showed no significant between-stage

differences. Peripheral vascular resistance showed a

significant increase in all stages in which phenylephrine

was being infused, which was expected due to the design of

the study.

Aortic Baroreceptor-reflex Responsiveness

The major finding of the present investigation was that

the aortic baroreceptor-cardiac reflex control of HR was

significantly diminished in the EET subjects during

steady-state increases in MAP. The data confirmed previous

studies (Mancia et al., 1977; Ferguson, Abboud, & Mark,

1985) which hypothesized that in a normal healthy adult the

ABR and their mediated reflexes made a greater contribution

to HR reflex control than the CBR and their mediated

reflexes. In addition, the results of the present

investigation indicated that the previous findings of

endurance exercise training induced attenuated baroreflex
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control of HR during LBNP (Raven et al., 1984) were due to

a decrease in ABR responsiveness.

The total gains of the high pressure baroreceptor

cardiac reflex can be modelled as the sum of the ABR and CBR

(Ferguson et al., 1985), and the percent contribution of

each baroreceptor population to HR reflex control can be

calculated. In the present investigation, in the UT

subjects the ABR gain was 7.9 1.0 msec/mmHg (65% of total

gain) and CBR gain was 4.1 0.6 msec/mmHg (35% of total

gain), see Figure 4 page 60. Endurance exercise training

reduced the ABR gain of the EET subjects to 2.2 1.4

msec/mmHg (39% of total gain), while the CBR gain of

4.7 2.5 mmsec/mmHg (61% of total gain) remained unaffected.

The endurance exercise training induced attenuation of

the ABR may be an indirect result of the chronically

expanded BV of the EET individuals (Convertino, Mack, &

Nadel, 1991) exemplified by the data of the EET subjects of

the present study. In addition, it is well known that

chronic endurance exercise training induces left ventricular

hypertrophy (Longhurst, Kelly, Gonyea, & Mitchell, 1980) and

improves cardiac contractility in humans at rest (DeMaria,

Neuman, Lee, Fowler, & Mason, 1978; Ehsanei, Hagberg, &

Hickson, 1978; Kanakis, Coehlo, & Hickson, 1982). These

morphological and functional changes accompanied by sinus

bradycardia, a consequence of the increased filling time and

pre-load as a result of the increased BV, result inevitably
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in an expanded SV following endurance exercise training.

The expanded BV and enlarged SV enhances cardiac reserve and

has been directly linked to the EET individuals greater

VO2 max (Rowell, 1986). However, the enlarged SV at rest

will chronically impact on the aortic vascular wall by

producing a greater pulsatile deformation in the area of the

aortic baroreceptors. This prolonged period of increased

pulsatile stretch of the aortic vascular wall during rest

may result in aortic baroreceptor resetting or down

regulation (Catton, 1970).

Conclusions

In the present investigation, the CBR control of HR was

not different between the UT and EET subjects, while the ABR

control was significantly diminished in the EET subjects.

However, the diminished ABR control of HR in the EET

subjects could reflect changes in afferent nerve traffic,

central integration, efferent nerve traffic, and effector

responses, or a possible combination of all the adaptations.

The present investigation was unable to discern the specific

cause and effect of the diminished ABR functioning, although

our hemodynamic measures resulted in our focusing on the

increased SV of the EET subjects.

In summary, the present investigation suggested that

the gain of the ABR control of HR was significantly

diminished in the EET subjects during steady-state increases
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in MAP. The relative contribution to HR reflex control was

dominated by the ABR in the UT group and by the CBR in the

EET subjects. The attenuated arterial baroreflex control of

HR in the EET subjects was due solely to the decrease in the

ABR sensitivity. The persistent strain with an enlarged SV

resulting from chronic endurance exercise training could be

the responsible mechanism for the resetting of the aortic

baroreceptors.

Recommendations for Further Investigation

In order to more completely understand the functioning

of the aortic baroreflexes, an investigation that was a

mirror image to this could be conducted subjecting the

baroreceptors to a steady-state decrease in MAP, such as by

infusion of nitroprusside. It would also be interesting to

observe the functioning of the aortic baroreflexes as they

responded to changes in mean arterial pressures under acute

exercise conditions.
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APPENDIX

INFORMED CONSENT

I have read and understand the description of the

technique, including the possible risks involved. I have

been given the opportunity to ask questions and discuss the

study and its potential risks and benefits. I understand

that I may withdraw from the procedure at any time, and that

I will be able to request and receive all information

pertinent to me. I understand that my reimbursement for time

and effort spent will be a maximum of one hundred dollars

and will be prorated if for any reason I do not complete the

experiment.

I hereby give my consent to the study.

Date Patient/Subject's Signature

Witness to Patient/Subject's
Consent and Explanation
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