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ABSTRACT 

Conflicting data on the alterations in the exercise 

response to beta blockade (BB) may be the result of 

differences in the length of time the subject has been on 

treatment, i.e., hours vs. days. The purpose of this study 

was to examine exercise responses during acute and chronic 

administration of BB. Twenty-eight healthy males performed 

maximal treadmill exercise tests after 1 day and 9 days of 3 

double-blind, randomized conditions: a placebo (PI), 

propanolol (Pr) 80 mg bid, and atenolol (At) 100 mg daily. 

Maximal heart rate (HR), oxygen consumption 'V02^' 

ventilation (V„), and treadmill time (TT) were significantly 
ill 

reduced by Pr and At after an acute and chronic dose when 

compared to PI (p<0.05) in both groups of subjects. An 

acute dose of Pr and At caused a greater decrease in maximal 

HR compared to chronic administration (143.1 +5.0 b min at 

day 1 vs. 147.7 +4.2 b min at day 9). However, the 

overall exercise response was not effected by the change in 

HR in either the TR or UT subjects. These data indicate 

that there is no difference in exercise response to acute 

and chronic BB in young healthy males. 
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CHAPTER 1 

INTRODUCTION 

Beta-adrenergic blockers are used extensively in the 

treatment of hypertension, angina pectoris, migrane, and 

cardiac arrhythmia {16,59,60). More recently they have been 

recognized as a viable treatment for post-myocardial 

infarction patients resulting in a decrease in coronary 

artery disease (CAD) morbidity and mortality 

(3,45,53,56,58,75). The potential for combining beta 

blocker medication and exercise as therapeutic interventions 

in the treatment of CAD has provoked considerable interest 

in research to obtain a better understanding of the 

interaction of these two treatments. 

The first beta-adrenergic blocker suitable for 

clinical investigation was introduced in the early 196 0's by 

Black with the development of pronethalol (8). Because of a 

number of undesirable side-effects associated with 

pronethalol, despite its potential clinical value, Black 

developed propanolol (Pr), an adrenergic beta-receptor 

antagonist which was ten times more active and produced 

fewer side effects than pronethalol. The subsequent 

development of other types of beta blockers, such as those 
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which are primarily beta^ selective, and those with 

intrinisic sympathomimetic properties, has led to 

beta-adrenergic blockers as a general classification of 

drugs being one of the most widely prescribed medications 

for cardiovascular diseases. 

The pharmacological nature of beta blockers, i.e., 

attenuation of sympathetic nervous system activity by way of 

competitive inhibition, provides an ideal physiological 

situation for examining the influence of sympathetic 

activity on exercise performance. In the research conducted 

using beta blockers some investigators {2,5,6,18,29,41, 

43,53,63,67,68) have found that in healthy males, beta 

blockade (BB) reduces maximal oxygen uptake max), 

and/or endurance time compared to placebo or control 

conditions. Other researchers (58,62,78) have found a 

significant decrease in maximal performance time with BB in 

healthy individuals, but no significant impairment in VC^ 
A 

max. In contrast, Reybrouck et al. (57) and Maksud et al. 

(44) have demonstrated maintenance of VC^ max and endurance 

time in similar subject populations. Reybrouck et al. also 

found unimpaired exercise performance in cardiac patients. 

In fact, it has been documented that BB actually increases 

endurance time and VC>2 max in symptomatic populations (23). 

The question of whether one can achieve a trained 

state while beta blocked has also been raised, since 
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sympathetic activity/ which is considered necessary for 

chronic adaptation to exercise training, is attenuated with 

BB. While conflicting data once caused considerable 

confusion, it is now generally accepted that a training 

effect in normals (19,49,59,79) and CAD patients (17) is 

possible while taking beta blockade medication. 

There are several factors which most likely explain 

the differences in results between studies for both acute 

exercise and prolonged exercise training while under chronic 

beta blockade. Factors that could account for these 

discrepancies include: 1) the type of beta blocker used, 

e.g., beta^ selective vs. non-selective? 2) the dose 

administered; 3) the mode of exercise testing? 4) the 

population examined; 5) the interval of time between the 

last dose and the performance test e.g., 2 h vs. 8 h; and 6) 

an acute (24 hour or less) vs. a chronic dose (greater than 

7d) . 

During acute exercise, both beta^ and beta£ (B^ and 

B2) receptors are involved in the cardiovascular changes 

that occur to increase cardiac output: increased heart rate 

(HR), increased blood pressure (BP), and increased stroke 

volume (SV). In addition, B£ receptors are responsible for 

the increase in blood flow to active skeletal muscle and the 

mobilization of glucose from liver and skeletal muscle 

glycogen, while lipolysis is mediated by both B^ and B^ 
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receptors (52). A cardio-selective beta blocking agent may 

have less severe effects on exercise performance when 

compared to a non-selective blocker due to the 

pharmacological nature of a non-selective blocker which acts 

on both and receptor sites (46) . However, as the 

dose of a selective agent is increased, that specific 

agent begins to lose its specific properties, i.e., it 

begins to antagonize B£ receptors (26). 

The dose of beta blocker given the subject varies 

greatly from study to study. Several investigators have 

used doses which are much lower than the dose normally 

presribed for clinical purposes. Also, there are 

differences between an intravenous administration compared 

to an oral administration of a beta blocking agent. For 

example, an oral dose of propanolol (Pr) activates a 

metabolite, 4-hydroxypropanolol, an event which does not 

occur with an intravenous administration (47). The exact 

effects of this metabolite are not known, but will add to 

those of oral Pr, resulting in a two-fold difference in 

plasma Pr concentration when compared to an equivalent dose 

administered intravenously (50). 

The duration of BB-mediated physiological alterations 

depends on the half-life and the dose administered (46,50). 

A water soluble beta blocker such as At has a relatively 

long half-life of 7-20 h, while a lipid soluble blocker such 
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as Pr has a shorter half-life, 2-6 h (60). Because of the 

short half-life of Pr, it is necessary to dose twice-a-day, 

while At can be taken only once-a-day. 

The testing mode used may also be a factor 

responsible for the disparity in the data reported on the 

maximal exercise response under BB. Hughson et al. (3 0) 

conducted a. study comparing graded exercise testing on a 

treadmill to graded exercise testing on a cycle ergometer in 

12 male subjects 2 h after medicating with 100 milligrams 

(mg) of metoprolol (Me). Following beta blockade, ̂ 02 max 

was found to be significantly decreased during the cycle 

ergometer tests (7.2%), but not in the treadmill tests 

(3.6%) when using a one-way analysis of variance to compare 

each drug experiment to the placebo test. The investigators 

concluded that it may not be accurate to compare studies 

which use different testing modes. They also found that the 

differences in statistical techniques used to evaluate the 

results of various published studies could explain some of 

the differences found in the literature. 

The population exaimed will also influence the 

results of exercise testing during BB. For example, highly 

trained individuals appear to be effected to a greater 

extent when compared to an aged-matched untrained population 

(80). Angina patients however, are able to work longer and 

more intensely if taking beta blocking medication (17). 
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The time interval between the last active dose and 

the initiation of exercise is also a consideration 

concerning the disparity in results. Folgering et al. (22) 

indicated that peak blood levels of BB occur 1.5 h after 

administration. Most investigations in the literature have 

been conducted using a 2-4 h interval between the last dose 

of BB and the starting time of the exercise test. However, 

Kaiser et al. {37) examined the effects of Pr and atenolol 

(At) on submaximal and maximal exercise performance in 11 

men with systemic hypertension in relation to decreases in 

blood pressure. The subjects received a placebo, Pr, or At 

for 5 weeks prior to testing. The dosing protocol was 

designed to achieve similar reductions in blood pressure 

with both drugs. The subjects were exercise tested 8 h and 

24 h after ingestion of the last dose. There were no 

differences in systolic and diastolic blood pressures and in 

the maximal work rates acheived (with either Pr or At) 

between the 8 h and the 24 h tests. Heart rate responses 

were greater at 24 h at higher work rates and 4 min and 10 

min post exercise in the subjects taking At. Perceived 

exeration ratings were higher at 24 h compared to 8 h with 

all treatments. If testing was performed 2 h post 

medication however, different results may have been 

revealed, since peak blood levels of either drug occur 

before 8 h (21). 
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Another factor which could explain the conflicting data 

reported on the maximal exercise response under BB, is the 

duration of the medication period prior to exercise testing. 

Administration lengths of 1.5 h, 1 day (d), 1 week (wk) , and 

4 wk have all been used in the various studies reviewed. 

Smyth et al. (63) and van Baak et al. (72) examined the 

maximal exercise responses to short-term (h) vs. long-term 

(d) BB. Smyth et al. studied the exercise response of 

healthy subjects following 3 h, 1 wk, and 4 wk of medication 

with low doses of Pr or Me. Compared to the placebo, HR max 

was significantly reduced by BB at all time intervals, 

however, the differences between the three time intervals 

were not significant, i.e., the magnitude of change over 

time was not significant, max was significantly reduced 

with Pr at 1 wk and 4 wk and with Me at 1 wk only when 

compared to the placebo. There was not a significant 

reduction in V02 max after the intial dose (3 h) with either 

Pr or Me. No statistically significant drug/time effects 

were seen in any of the variables measured, although after 4 

wk of Me, VC>2 max was decreased by 2.7% compared to 8.6% at 

1 wk; the difference did not achieve statistical 

significance. The authors concluded that acute vs. chronic 

doses of BB did not result in significant changes in maximal 

exercise performance.However, with chronic oral 

administration Pr accumulates in the plasma (47,5 0), so the 
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effects seen after a 3 h dose are likely to be different 

from responses seen after several doses of Pr. 

van Baak et al. (72) used intravenous doses of Me for 

the acute testing phase and a daily oral dose of 

slow-release Me over a 4 wk period of chronic 

administration. The investigators concluded that there were 

no significant changes in exercise performance between acute 

and chronic BB, and therefore, no adaptations to BB had 

developed. However, the results may be misleading in that 

the authors compared intravenous (acute) doses to 4 wk of 

administration of slow-release tablets. Peak plasma levels 

after oral administration of Me are approximately 50% of 

plasma levels following intravenous administration of Me 

(55) . 

The studies conducted by Smyth et al. (63) and van 

Baak et al. (72) found that the physiological responses to 

exercise following short-term administration of BB did not 

differ significantly from those following long-term 

administration. However, as mentioned above, the study 

designs in these particular investigations may not have been 

completely adequate for examining potential differences 

between acute and chronic administration of BB. 

Statement of the Problem 

Much research has been done examining the effects of 

beta blockade on maximal and submaximal exercise capacity in 



normals, trained and untrained persons, and in coronary 

heart diseased patients. Also, the effects of 

beta-adrenergic blockade (BB) in combination with exercise 

training in normals and coronary patients has received much 

attention. However, a review of the literature reveals much 

variability and divergency in the results of the research 

examining (1) the acute effects of BB on the basic 

physiological responses to exercise and (2) chronic 

physiological adaptations resulting from training while 

medicated with beta blocking agents. 

Purpose 

A careful examination ; of the exercise responses . to 

both short-term (acute) and long-term (chronic) BB with 

normal clinical doses is needed to determine if the 

disparity in the results from previous investigations can be 

at least partially explained by the differences in the 

length of time the subjects were on medication prior to 

exercise testing and also, if the type of subject population 

used may influence the results. Therefore, the purpose of 

this study was to examine the effects of acute (24 h) and 

chronic (9 d) administration of BB on submaximal and maximal 

exercise responses in two selected populations, highly 

trained and healthy untrained individuals, under two 

different beta blocking agents, non-selective Pr and B^ 

selective At. It was hypothesized that physiological 
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adaptations to BB would occur within 9 d of blockade, 

significantly altering the exercise response when compared 

to 1 d administration. Furthermore, because highly 

conditioned individuals are closer to their genetic 

physiological limitations, the untrained subjects would 

experience more of an adaptation to BB, especially with the 

B^ selective blocker. The importance of this study is 

two-fold. First, it will provide additional insight into 

possible factors that would explain the differences in 

results from previous studies which have examined beta 

blockade and submaximal and maximal exercise performance. 

Secondly, if a 24 h dose produces the same physiological 

alterations as a 9 d dose, future research projects could be 

completed with less time and money invested by reducing the 

medication period prior to testing. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Characteristics of Adrenergic Receptors and Beta Blocking 

Drugs 

Adrenergic receptors are involved in the regulation 

of many metabolic, pulmonary, and renal processes, and all 

functions of the cardiovascular system. There are two types 

of adrenergic receptors: alpha and beta. Each has two 

subtypes designated 1 and 2 (1). Beta^ receptors are found 

predominately in cardiac tissue and in adipose tissue, and 

they have an equal affinity for the catecholamines 

epinephrine and norepinephrine (66). Increases in the rate 

and force of cardiac contractions are the result of 

decreased parasympathetic and augmented sympathetic nervous 

system activity due to the action of catecholamines at beta^ 

receptor sites (46). Beta2 receptors are located primarily 

in smooth and skeletal muscle, bronchial tissue, adipose 

tissue, and in the liver (46,66). There is now evidence that 

these receptors are also present in cardiac tissue (43). 

receptors have a greater affinity for epinephrine, although 

11 
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norepinephrine is also an agonist. Stimulation of these 

receptors causes bronchodilation in the lung and relaxation 

of smooth muscle tissue, in addition to stimulation of 

skeletal muscle and liver glycogenolysis (43). 

An agent which antagonizes catecholamine activity at 

a beta-adrenergic receptor site by way of competative 

inhibition is commonly referred to as a beta blocker (51). 

A non-selective (NS) beta blocker is a pharmacological agent 

which attenuates both beta^ and beta2 responses, e.g., 

blockers such as Pr and pindolol (Pi) act on both cardiac 

and smooth muscle receptors. The antagonizing action of Pr 

decreases inotropic and chronotropic cardiac responses and 

decreases peripheral vascular dilation. Through its 

inhibition of norepinephrine adrenergic neurons (60), Pr 

exerts anti-hypertensive effects by a reduction of cardiac 

output (Q) (74) and an attenuation of tonic sympathetic 

nerve outflow from vasomotor centers. In addition, a NS 

blocker inhibits hepatic and skeletal muscle glycogenolysis 

and possibly lipolysis in adipose tissue which may result in 

hypoglycemia during exercise (52) . Because of the 

antagonism of bronchial dilation with Pr, this drug is 

considered undesirable for asthmatics (57). 

Pr is lipid-soluble resulting in a short half-life 

which varies from 3 to 6 h. This makes it necessary to 

medicate twice a day. Peak effects are attained in 1.5-2 h 
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(57). Repeated dosing leads to a lower hepatic extraction 

rate. The consequential increase in the amount of the drug 

available to the systemic circulation can increase the 

half-life of Pr up to 6 h (48). 

A selective beta blocker, such as At or Me, is an 

agent which acts predominately on receptors. This is not 

an absolute selectivity, but is relative to the dose 

administered, i.e., with higher doses a B^ selective agent 

will begin to antagonize B^ receptors (3,46). A 

selective blocker affects the sinoatrial node by increasing 

both sinus cycle length and sinus node recovery time, but 

does not affect the reflex mechanism of vagal tone 

withdrawal that is charateristic of bradycardia (55). 

Administration of a singl-e dose of a B^ selective blocker 

results in a decreased heart rate accompanied by a reduction 

in Q which is compensated for by an increase in total 

peripheral resistance (TPR), possibly due to sympathetic 

vasoconstriction activity (15). Continued administration 

reverses the increase in systemic vascular resistance which 

results in the desired hypotensive effect of beta blockade 

(73). Administered orally, At has a plasma half-life of 7 

to 20 h due to its water-soluble nature (60). This allows 

once-a-day dosing. Peak plasma levels usually occur within 

3 h (10). 
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Bioavailability and the duration of action of a 

pharmacological agent depend on the route of distribution, 

absorption, amount ingested, and individual variability 

(47). As mentioned above, the lipid-soluble charateristic 

of some beta blockers can result in removal of the drug by 

the liver during the transport phase from the gut to the 

systemic circulation resulting in a greater hepatic 

extraction and lower plasma levels (46). However, the 

half-life is proportional to the amount distributed and 

total drug clearance is unaffected by plasma binding. The 

absorption of Pr from the gastrointestinal tract following 

an oral dose is nearly complete, i.e., 100% compared to the 

absorption of At which has been reported to be 63% complete 

(10) . 

Physiological Responses to Exercise as Modified by Beta 

Adrenergic Blockade 

Hemodynamic and metabolic adaptations to acute 

exercise include increases in HR, SV, Q, , systolic blood 

pressure (SBP) , mean aterial pressure (MAP), and muscle 

blood flow. These adaptations occur in response to the 

increasing needs of the active muscle for oxygen and are 

mediated, in part, by increases in sympathetic outflow 

through the catecholamine neural and hormonal transmitters, 

norepinephrine and epinephrine (66). 
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The mediation of sympathetic activity via catechol

amines during acute exercise is attenuated by BB, decreasing 

certain hemodynamic and metabolic adaptations to exercise 

(51). Generally there is a large decrease in HR and SBP at 

exercise of moderate intensity, with a corresponding 

increase in SV and arterial venous oxygen difference (a-vO^ 

diff) to maintain V02, and little or no change in 

ventilation (V_) or diastolic blood pressure 

(4, 11,12,18,53,55,77) . 

Responses to an acute bout of maximal exercise under 

beta-adrenergic blockade are quite variable across the 

investigations reported to date. All previous studies 

report marked decreases in maximal HR ranging from 

-1 approximately 20 to 50 beats min depending on the 

concentration of the drug at the beta receptor site (26). 

It has been reported that oral administration of Pr will 

decrease HR to a greater exent compared to intravenous 

administration at high work rates (65). Significant 

decreases in maximal Q usually accompany the reduction in 

heart rate (6,18,57). 

The response of VC>2 to maximal exercise while under 

beta blockade varies considerably from study to study. 

Several investigators found significant reductions in peak 

oxygen consumption during maximal exercise (2,4,18,28, 

29,43,53). Others have reported minimal or no decrease in 
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oxygen consumption at maximal exercise (40,61,62,77,78), and 

it has been noted that BB increases exercise capacity in 

symptomatic populations, i.e., angina patients (11). 

Many investigations have found BB to decrease exercise 

endurance time and/or work capacity (2,18,21, 22,35,61,78). 

However, Makskud et al. (44), Reybrouck et al. (57), and 

Wilmore et al. (77) did not find a reduction in endurance 

time and all postulated that the compensatory mechanisims of 

SV and a-vC^ diff are increased enough to maintain VC>2 max. 

van Baak (7 0) reviewed recent literature on BB and exercise 

and noted that there appeared to be a relationship between 

the degree of decrease in max HR and the reduction in 

maximal work capacity; if BB decreased HR greater than 2 0%, 

maximal working capacity achieved was significantly 

effected. McFarlane et al. (43) exercise tested 9 healthy 

subjects after 48 h of Pr administration (160 mg/d in 4 

doses). Work increments were added either every 3 0 seconds 

(s) or every fourth minute (min) of cycle ergometer testing. 

The duration of work was 3 to 4 times longer with the latter 

protocol in both drug and non-drug trials. Exercise time 

was reduced by BB with both protocols, but to a greater 

extent in the 4 min tests, while peak work rate achieved was 

greater in the 30 s tests, although VC^ max was reduced to a 

greater extent with this protocol. 
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Several investigators have found maximal VE (V^ max) 

to be reduced by BB (2,4,5,22,29,73,78), while others 

(61,68) found no reduction in V_ max. Wilmore et al. (78) 

investigated changes in exercise response to BB in 47 

healthy male subjects before and after 7 d of either a 

placebo, Pr (160 mg/d), or At (100 mg/d) and found maximal 

to be decreased by BB with no statistically significant 
ill 

difference between Pr and At, although VE max was 

conisistently lower with Pr. A later study from this 

laboratory using highly trained distance runners found V„ -U 

max to be attenuated by both drugs, but significantly more 

with Pr compared to At (4). Petersen et al. (54) studied 6 

healthy males during steady state and progressive exercise 

cycle ergometer tests to examine the effects of intravenous 

Pr hydrochloride on ventilation and gas exchange responses 

to graded cycle ergometer tests. The investigators 

concluded that despite the 20% decrease in HR and a 15% 

reduction in Q at maximal exercise the ventilatory system 

was not affected by Pr and that changes in kinetics were 

due to the cardiovascular changes as a result of BB. Joyner 

et al. (3 2) postulated that Pr would have a more significant 

effect on the ventilatory response to exercise compared to 

the selective blocker At due to the attenuation of B£ 

receptor-mediated bronchodilation in the lung by Pr. 

Fourteen trained male subjects were treadmill tested during 
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3 seperate trials of placebo, Pr (160 mg/d) and At (100 

mg/d). Tidal volume was significantly reduced at several 

steady state and maximal work rates during the Pr trial 

indicating the role of B^ receptors as airway dilators 

during exercise. 

Probable Reasons for the Variablilty in the Literature 

The designs of these studies reviewed above varied 

considerably in the type and dose of the beta blocker, the 

test mode used, the initial health and fitness level of the 

subject population, and the duration of the medication 

period prior to testing, i.e., acute or chronic. Each of 

these factors or a combination of these could account for 

the differences in exercise response to BB found in the 

literature. 

There appears to be a greater impairment of exercise 

endurance capacity with a non-selective beta blocker, 

possibly because of the metabolic, peripheral, circulatory, 

and ventilatory responses associated with B£ receptors 

(46,52). The inhibition of muscle and liver glycogenolysis 

and free fatty acid metabolism, in addition to the decrease 

in skeletal muscle blood flow with a non-selective blocker, 

may be responsible for the greater reduction in exercise 

time and maximal work capacity achieved when the 

non-selective blocker Pr was administered vs. a selective 

blocker (6,24,41,43,80). Also, as mentioned above, a 
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non-selective blocker Pr was administered vs. a selective 

blocker (6,24,41,43,80). Also, as mentioned above, a 

non-selective blocker has a greater inhibitory effect on 

ventilation due to the attenuation of receptor-mediated 

bronchodilation. Non-selective and"selective differences 

are also evident in training during BB. Wilmore et al. (79) 

enduranced-trained 47 healthy males while BB and found that 

although VC>2 max and total test time were improved despite 

BB, the subjects on At had significantly greater increases 

in these variables compared to Pr when tested on the drug. 

They also noted that exercise testing performed when the 

subjects were off the medication resulted in even greater 

increases in VC>2 max and treadmill time in the subjects who 

were taking Pr. McLeod et al. (48) found an improvement in 

performance after 2 months of dynamic exercise training 

while on Pr (80 mg bid) or At (100 mg/d). However, the 

change was not significant in the subjects taking Pr until 

drug treatment had been discontinued. 

The effects of varying drug dosages have also been 

examined. Hughson et al. (28) compared the effects of Pr 

(20, 40, 80, and 160 mg) to equivalent dosages of Me (25, 

50, 100, and 200 mg) and to equivalent dosages of oxprenolol 

(20, 40, 80, and 160 mg) on the physiological responses to 

cycle ergometer testing. The greatest reduction in exercise 

HR occured at the highest dose of each drug and VC^ max 
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between the dose administered and HR and VC>2 max responses, 

but did not find significant differences between the 

equipotent doses of each drug. Sklar et al. (62) examined 

the effects of Me and Pr on treadmill exercise responses in 

healthy males. The tests were conducted 4 h after dosing 

with 40 mg qid with Pr, 80 mg qid Pr, 50 mg qid Me, or 100 

mg qid Me for 48 h. Both doses of Pr and Me decreased 

exercise tachycardia, however, a three times greater plasma 

concentration of Me was required to produce effects 

equivalent to Pr, i.e., a Pr concentration of 100 ng/ml 

resulted in a 28% decrease in exercise tachycardia, while 

3 50 ng/ml of Me were required to produce the same effect. 

Initial physiological capabilities of the subjects 

can affect the outcome of a maximal exercise test during BB. 

Wilmore et al. (80) reviewed data from a series of 

investigations conducted in their laboratory and found that 

V02 max was unaffected during BB in relatively untrained 

persons, while substantial decrements were noted in highly 

trained subjects. Anderson et al. (4) and Tesch et al. (67) 

used highly trained subjects and found significant decreases 

in VC>2 max. It has been postulated that the maintenance of 

exercise capacity via SV and a-v02 diff may not be possible 

during BB in these highly trained individuals who have 

already approached their innate physiological limitations by 

intense training, resulting in decreased 
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VC>2 max (4,80). Kaiser et al. (35) found that individuals 

with a greater percentage of slow-twitch fibers in 

exercising muscle are more effected by BB. They tested 9 

healthy male subjects and found performance to be impaired 

by 20-25% in subjects with predominantly slow-twitch fibers 

vs. a 5% decrease in subjects with a predominance of 

fast-twitch muscle fibers when all siibjects were BB with Pr. 

Conversely, maximal exercise performance in patients with 

angina may improve with BB due to the decrease in frequency 

of effort angina episodes (17). 

Acute vs. Chronic Dosing 

Recently, two studies in the literature have compared 

exercise responses between acute and chronic dosing of beta 

blockade. Smyth et al. (63) compared maximal exercise 

responses 3 h post BB (50 mg bid Me or 40 mg bid Pr) to 1 wk 

and 4 wk of dosing with the same drugs in healthy subjects. 

Beta blockade significantly decreased maximal HR and max 

when compared to the placebo treatment, but the degree of 

reduction in HR (14-18%) did not significantly differ 

between the three time periods with either the Pr or the Me 

treatment. VO^ max was decreased by 3.8%, 6.3%, and 4.5% 

with the 3 h, 1 wk, and 4 wk dosing respectively with Pr 

compared to the placebo values, although the 3 h value while 

on Pr did not reach statistical significance. There was a 

somewhat different response in VC^ max with Me: an 0.8% 
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decrease after 3 h, an 8.6 % reduction after 1 wk and a 2.7% 

decrease after 4 wk of medication; only the 1 wk value was 

significantly different from the corresponding placebo 

value. 

The duration of drug administration did not have a 

statistically significant effect on VC>2 max, although there 

were substanial differences between the 3 h, 1 wk and 4 wk 

values with both drugs, i.e., ̂ 02 max was attenuated to a 

greater extent at 1 wk compared to 3 h and 4 wk, which the 

authors did not find to be statistically significant. 

Heart rate, systolic blood pressure and cardiac output were 

significantly reduced with both Pr and Me compared to 

placebo during submaximal exercise. Submaximal ^0^ was 

maintained, despite BB, by the compensatory action of 

increased stroke volume and a larger a-vO^ difference. No 

significant effects due to differences in drug duration were 

observed during submaximal exercise. The authors concluded 

that no significant differences between acute and chronic 

dosing of BB had occured. The doses administered were about 

half the amount normally prescribed, which could have 

affected the results. This is illustrated by the lack of an 

expected decrease in resting systolic blood pressure 3 h 

after Pr dosing. Also, the sample size was small; 17 

subjects were divided between four treatment conditions. 
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This could account for the lack of significance between 3 h, 

1 wkr and 4 wk of beta blockade. 

van Baak et al. (72) compared intravenous (i.v.) 

doses of Me with a 4 wk administration of slow-release Me 

tablets to examine exercise responses to varying degrees of 

blockade and duration of medication. A progressive exercise 

test to exhaustion was performed by ten healthy subjects on 

a cycle ergometer. For the acute trial an intravenous 

administration of 0.15 mg/kg body weight and 0.3 0 mg/kg body 

weight were given at the start of the maximal exercise test 

which was performed on a cycle ergometer. Maximal HR was 

reduced by 13% with the 0.15 mg/kg dose and by 23% with the 

0.30 mg/kg dose. V02 max and exercise capacity, defined as 

the maximal workload attained, were significantly decreased 

only following the high i.v. dose of Me (4.7% and 5.5% 

respectively) when compared to the acute placebo condition. 

For the chronic trial, 4 wk of daily administration of 200 

mg of Me in slow-release tablets, HR max was significantly 

reduced by 25% (44 b min ^), VC^ max by 6.0% and maximal 

work capacity was decreased by 6.6% when compared to the 4 

wk placebo treament. There were no significant differences 

in exercise response between the high i.v. dose and the 

chronic dose of Me. The investigators concluded that 

chronic dosing with a blocker did not result in 

significant physiological adaptations and that acute and 
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chronic effects of BB on maximal work capacity were the 

same if the degree of blockade as reflected by the 

reduction in HR max, was the same. However, as noted 

earlier, comparing an i.v. dose of beta blockade to oral 

tablets could have caused spurious results. 



CHAPTER 3 

METHODS 

Twenty-eight young, healthy males volunteered for 

this study. Fourteen of the subjects were involved in a 

consistent cardiorespiratory training regimine and comprised 

the trained group (TR). The remaining fourteen subjects 

were not involved in any formal exercise program and 

comprised the untrained group (UT). The physical 

characteristics of both groups are described in Table 1. 

Age ranged from 20 to 34 years and the mean VC^ max was 65.5 

-1 -1 -1 -1 ml • kg • mm and 5 0.2 ml • kg • min in the TR and UT 

groups respectively. 

Prior to initiating the study, each subject received 

a verbal and written explanation of the study and its risks 

and then signed a subject consent form (Appendix A). The 

study protocol had been previously approved by the 

University of Arizona's Human Subjects Committee. A brief 

personal history form was completed which included questions 

on health status and current physical activities. A 

physical examination was conducted by a physician on each 

subject prior to testing. 

25 



26 

Table 1 SUBJECT CHARACTERISTICS 

UNTRAINED TRAINED 

AGE, years 22.4 +2.2 25.7 +3 .3 

HEIGHT, cm 173 .3 ±4.9 176.7 +6 .9 

WEIGHT, kg 69.4 

vo • 

CO +1 

69.7 +6 .3 

BODY FAT, % 17 .5 + 4.2 9.6 ±2 .5 

LEAN BODY WEIGHT, 

kg 57 .1 +6.2 63.0 + 5 .3 

INITIAL V02 MAX, 

i i -1 . -1 ml-kg .mm 50.2 +4.4 65.5 + 5 .3 

All values are presented as mean + standard deviation. 
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Each subject completed an initial maximal treadmill 

test (T^) without medication. The purpose of this initial 

control test was to determine each subject's ̂ 02 max from 

which a rate of work equivalent to 45%, 6 0% and 7 5% of V02 

max could be determined. UT subjects began at a speed of 

3.5 mph, 0% grade. At the end of 4 min, speed was increased 

by 1 mph every 2 min throughout 12 min. At this point, 

speed remained constant at 7.5 mph and grade was increased 

to 2.5% and was increased by 2.5% at the end of each 

subsequent two minute period until volitional fatigue. The 

TR subjects' protocol was similar except the initial speed 

was 5.5 mph, at 0% grade, with speed increasing by 1 mph 

every 2 min throughout 12 min, at which time speed remained 

constant at 9.5 mph and the grade was increased to 3% for 2 

min and was increased by 3% at the end of each subsequent 

two minute period until volitional fatigue. The UT subjects 

had a mean maximal treadmill time of 15.5 min compared to 

16.3 min for the TR group during T^. Twelve-lead resting 

and exercise electrocardiograms (EKG) were included as part 

of the initial test. No significant abnormalities were 

identified. 

The standard experimental protocal used during all 

subsequent treatment periods consisted of an incremental 

maximal exercise test on the treadmill starting with a 6 min 

steady state period at a work rate equivalent to 45% of each 
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subject's VC>2 max as determined from T^. Two additional 4 

min steady state periods followed at work intensities of 60% 

and 7 5% of VC^ max respectively. The duration of these work 

rates was selected to ensure that steady state VC^ was 

attained, allowing sufficient time to account for altered 

VC>2 kinetics with BB, without thermoregulatory factors 

causing significant changes. These particular intensities 

were choosen to limit the test duration to 2 0 min or less 

and were based on the investigator's previous experiences 

with test duration during BB trials. After completion of 

the steady state portion of the test, the subjects then 

continued with the protocol established for the control test 

at the next highest workload, continuing until the point of 

volitional fatigue. Verbal encouragment provided the 

subjects with the motivation needed to push themselves to 

their physiological limits. However, one test on one 

subject was repeated at a later time after the investigator 

decided that maximal exertion was not reached, i.e., the 

test had been terminated prematurely. 

The subsequent exercise tests were conducted 

following both 1 d and 9 d medication periods with a placebo 

(PI), oral At, and oral Pr. Clinically equivalent doses of 

100 and 160 mg/day for the At and Pr trials respectively 

were administered along with PI in a randomized, 

double-blind manner to minimize subject or investigator 
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have been completely achieved, since some subjects, 

especially the TR subjects, noticed decreases in HR and had 

greater feelings of fatigue when training during BB trials. 

The tablets were provided to the subjects in two bottles 

marked "A" and "B" and were physically indistinguishable 

among the three treatment conditions, i.e., PI, Pr, and At. 

A 12 h interval between doses was followed. One tablet was 

taken out of each bottle for the morning dose and only one 

tablet out of bottle "B" for the evening dose. This ensured 

that two active tablets of Pr would be taken daily, with an 

inert placebo tablet in bottle "B" for the At trial. 

For each treatment period (see Table 2) subjects 

began medicating 24 h before their first scheduled treadmill 

test; thus a morning, an evening, and a second morning dose 

were administered prior to testing. Two active doses of Pr 

taken over a 24 h period allowed the saturation effect, 

characteristic of Pr (46), to be more of a factor in the 

physiological response to the exercise tests, as opposed to 

providing the initial active dose only 2 to 3 h prior to 

testing. On the designated test day each subject took his 

morning dose 3 h before his test to allow for peak blood 

levels of the respective drug to be obtained. After the 

first submaximal and maximal test for each treatment period, 

i.e., test A, medication was continued, starting with that 

evening's dose, for the next 7 days through the second 
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Table 2. TIME-LINE OF STUDY 

WEEK 1 

WEEKS 2 & 3 

Day 1 

Day 2 

Day 3 

Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 

Maximal treadmill test: Control 

Trial A 

Begin medication period with drug "A", 
morning and evening dose 
Maximal treadmill test, 3 h post-morning 
medication, continue medication with 
drug "A" evening dose 
morning and evening dose of drug "A", 
continue medication through day 8 
Drug "A" 
Drug "A" 
Drug "A" 
Drug "A" 
Drug "A" 
Maximal treadmill test, 3 h post-morning 
medication; end of trial A 

5 DAY WASHOUT PERIOD 

WEEKS 4 Sc 5 Trial B: same protocol noted above with 
drug "B" 

5 DAY WASHOUT PERIOD 

WEEKS 6 & 7 Trial C: same protocol noted above with 
drug "C" 

All drugs were distributed in a double-blind, randomized 
manner on day 1 of each trial. 
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treadmill test, test B. The treatment period totaling 9 

days, was defined in this study as chronic BB, while the 24 

h period was defined as acute BB. To account for all 

medication, any unused tablets were returned to the 

investigator after each medication trial, when the subject 

reported to the laboratory for test B. Following 5 d of 

drug washout, to allow for complete bio-transformation of Pr 

and plasma clearance of At (60), the treatment/testing 

schedule was repeated until each subject had completed each 

of the three treatment conditions. The subjects' scheduled 

treadmill time during a 24 h day was consistant within 1.5 h 

across the treatment periods for the duration of the study 

to reduce potential diurnal effects. 

Treadmill testing was conducted in the Exercise and 

Sport Sciences Laboratory at the University of Arizona. 

Each subject had been exposed to treadmill running at least 

one time before the first control test. A manually 

controlled, motor driven treadmill, Quinton model 24-72, was 

used for testing. Subjects breathed through a two-way 

non-rebreathing Hans Rudolph valve connected to a Daniels 

head gear apparatus. Expired air was collected in a 10 

liter (1) mixing chamber. Oxygen and carbon dioxide 

analyzers, Applied Electrochemistry Inc., Models S-3AS and 

CD-3A respectively, were used to determine 0^ and C02 

fractions of the expired air. Calibration was conducted 
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after each test with a gas mixture of 16.00% 0^ and 3.95% 

CO^ which had been analyzed previously by the 

rtvicro-Scholander technique. A Parkinson-Cowan dry gas meter 

was used to measure inspired gas volumes and breathing 

frequencies. Analog signals from the gas analyzers and gas 

meter were directed into a computer which had been 

— 1 —1 programmed to calculate (l.min BTPS), (1-min and 

—1 —1 —1 
ml - kg • min ) , (1 * min ) an<^ respiratory exchange 

ratio (RER) every 15 s, from FEOg, FEC02, and ̂  (1) values. 

A heart rate was calculated from the ECG which was obtained 

from a Hewlett Packard EKG/Phono system strip recorder with 

a single lead (V^) electrode placement for all tests except 

during which 12-lead recordings were obtained. 

Ratings of perceived exertion (RPE) were taken at the 

end of each steady state work rate using Borg's 15-point 

scale (9). Three different ratings, legs, chest, and an 

overall rating, were given to obtain a more accurate 

representation of fatigue (14). 

Body compositition was determined on all subjects by 

the hydrostatic weighing technique, correcting for residual 

volume via the N2 dilution technique (7). Subject height 

was also recorded. 

Statistical procedures involved two-way analysis of 

variance (ANOVA) (p<0.05) to determine 1) the interaction 

effect between each of the trials (1 d vs. 9 d) and the PI 
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vs drug treatments, and 2) an interaction effect between the 

two drugs. Although there were obvious differences between 

the drug and PI treatments, the significance of the 

difference from 1 d to 9 d was used as the criterion of 

actual acute vs. chronic responses. Duncan post hoc tests 

were calculated to determine 1 d and 9 d differences between 

the three treatments (13). 



CHAPTER 4 

RESULTS 

The physiological effects of acute and chronic BB 

during submaximal and maximal exercise are described below. 

The initial presentation of results concerns the UT and TR 

subjects' responses to exercise which are illustrated in 

tables 3 through 6, followed by the presentation of the data 

comparing the effects of acute and chronic BB. 

Maximal Exercise Response; Drugs vs Placebo 

Untrained 

The results of the maximal exercise responses to 

acute and chronic BB in the UT subjects are presented in 

Table 3. When compared to the PI trial, the HR max reached 

by the UT subjects was significantly decreased by 27% and 

25% in the acute Pr and At trials respectively, and by 23% 

and 21% in the chronic Pr and At trials respectively. Pr 

treatment resulted in a significantly larger decrease in HR 

-1 max by 4 b-min compared to the At trial for both acute and 

chronic trials. V02 max was significantly reduced by 

34 
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Table 3 MAXIMAL EXERCISE RESPONSES - UNTRAINED SUBJECTS 

VARIABLE DAY PLAC PROP ATEN 

-1 HR, b.min 
1 196.0 +5.3 143 .2 +8.2s? 147.0 + 8.8a 
9 194.3 +6.3 149.0 + 8.5^ 152.9 +13.2a 

-1 -1 V09, ml-kg * mm , 
* 1 50.7 +4.7 45.7 ±3.6a? 47.1 +5.4a 

9 51.7 +4.9 46.8 +5.4a° 48.5 +4.5a 

RER 

^E, l.min -1 

TOTAL TIME, min 
1 2 0.3+0.9 18.8 +1.33? 19.1 +1.2a 
9 20.5 +1.1 19.2 +1.2 19.7 +1.2a 

* 

1 1.11+0.03 1.09 +0.05a 1.09 +0.06 
9 1.11 +0.04 1.09 +0.03 1.11 +0.05 

1 133.9 +14.0 113.9 +14.9^ 119.5 +18.7a 
9 134.7 +16.3 116.8 +15.6aD 124.1 +14.7a 

"a" Significantly different from placebo (Duncan 
post-hocs) 
"b" Significantly different from atenolol {Duncan 
post-hocs) 
* Significant trial/drug interaction (p<0.05) 
All values are recorded as mean and standard deviation (+) 
values. 
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-1 -1 5.0 and 4.9 ml * kg • mm in the acute and chronic Pr 

-1 -1 trials respectively, and by 3.6 and 3.2 ml»kg -min in the 

acute and chronic At trials, with Pr administration 

resulting in a significantly greater decrease compared to 

At. 

Ventilatory responses to maximal exercise were 

significantly attenuated by both BB medications at 1 d and 9 

d when compared to the PI treatment. Pr caused a decrease 

-1 -1 of 20 1 -min at d 1 and 18 1 * mm at d 9 which was 

-1 significantly greater than the decreases with At: 14 l*mm 

-1 and 11 1 • min for the acute and chronic At trials 

respectively. Total time on the treadmill was significantly 

longer in the PI trial vs. the beta blockade trials i.e., 

1.5 and 1.2 min (1 d), and 1.3 and 0.8 min (9 d) reductions 

in the Pr and At trials respectively. The decrease in 

treadmill time compared with PI was significantly greater 

with Pr than At. Maximal RER was slightly decreased from 

1.11 for both PI trials to 1.09 in both Pr trials and in the 

1 d At trial. The 9 d At value was 1.11. 

Trained 

The TR subjects' responses to maximal exercise are 

illustrated in Table 4. Maximal HR was significantly 

-1 reduced from 39.8 to 51.8 b-min during the acute and 

chronic beta blocked trials compared to the PI trials. The 

1 d reduction was 28% with Pr and 22% with At. The 
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Table 4 MAXIMAL EXERCISE RESPONSES - TRAINED SUBJECTS 

VARIABLE DAY PLAC PROP ATEN 

HR, b*min ^ 
1 187.9 +5.7 136.1 +8.1a£ 146.3 +11.2a A 
9 186.1 +7.1 142.9 +9.7^ 146.3 +11.3a 

_ ̂  — J. ml-kg . min 
1 64.7+4.5 56.5 +3.3a£ 59.4 +4.2a 
9 64.6 +4.2 57.9 +3.5^ 60.3 +4.9a 

RER 

9 1.11 +0.04 1.07 +0.06a 1.09 +0.05a 
1 1.11 +0.05 1.07 +0.03ab 1.10 +0.03 

• -1 V , 1-min 
* 1 151.3 +10.1 131.3 +11.5 P 142.9 +8.7 

9 151.9 +11.0 132.1 +12.9 141.9 +14.la 

TOTAL TIME, min , 
1 19.6+1.1 17.7 +1•3 aP 18.4 +l.la 
9 19.7 +1.1 18.1 +1.3 18.7 +1.3a 

"a" Significantly different from placebo (Duncan 
post-hocs) 
"b" Significantly different from atenolol (Duncan 
post-hocs) 
* Significant trial/drug interaction (p<0.05) 
All values are recorded as mean and standard deviation ( + ) 
values. 
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decrease after 9 d was 23% and 21% with Pr and At 

respectively. The reduction was significantly greater 

during the Pr trials. A similar trend was seen in the ^0^ 

response to maximal exercise under BB. Pr caused a decrease 

- 1 - 1  of 8.2 and 6.7 ml • kg • mm for 1 d and 9 d trials 

-1 -1 respectively and At a decrease of 5.3 and 4.3 ml* kg • mm 

for 1 d and 9 d respectively when compared to the PI 

treatment. A significantly greater decrease was seen with 

the Pr treatment compared to At. 

* V„ max was attenuated by approximately 2 0 l*min in hj 

both Pr trials and by 8.4 (1 d) and 10.0 (9 d) l*min ^ with 

At compared to the PI treatment, with Pr producing a 

significantly greater attenuation. The treadmill endurance 

time was 19.6 and 19.7 min for the 1 d and 9 d PI treatments 

respectively. The Pr test demonstrated the most significant 

decrease of 1.9 and 1.6 min for the 1 d and 9 d trials 

respectively. At also decreased treadmill time by 1.2 and 

1.0 min in the 1 d and 9 d trials respectively. Maximal RER 

in the two PI trials attained values of 1.11 which were 

significantly higher than the values of 1.07 for both Pr 

trials. The 9 d At RER value of 1.09 was also significantly 

lower than the PI value, but not the 1 d RER of 1.10. 
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Untrained 

Responses to submaximal exercise in the UT subjects 

are illustrated in Table 5. At a work rate equivalent to 

45% of each subject's VC^ max, HR and responses were 

decreased equally by both Pr and At when compared to the PI 

treatment {p<0.05). The decrease in HR ranged from 24 b» 

-1 -1 min at 1 d to 29 b-min at 9 d with both drugs. VO^ at 

this relative work rate was only slightly attenuated during 

-1 -1 BB by 0.8 to 1.1 ml-kg -min . Statistically significant 

reductions in HR and VC>2 were also observed at both 6 0% and 

7 5% of ^C>2 max. HR was decreased by approximately 3 8 b-

min with both Pr and At at Id and by approximately 3 2 b. 

— 1 • 
min at the 9 d trials for the 60% rate of work, while 

-1 . -1 was attenuated during BB by 1.3 to 1.6 ml-kg • mm . At 

7 5% of VC>2 max HR was decreased by approximately 27% with BB 

(45.6 b*min ^ with Pr and 46.4 b • min ^ with At) at 1 d. 

There was less of a reduction in submaximal HR during BB at 

9 d: approximately 24% (39.8 b-min with Pr and 40.5 b. 

—1 -1 -1 min with At). Vc>2 was reduced by 4.1% (1.6 ml-kg -min ) 

-1 1 with both drugs at 1 d and by 3.6% (1.4 ml-kg -min ) at 9 d 

with both Pr and At. 

Ventilation was reduced during steady state exercise 

under BB, with the largest reductions occuring at the higher 

intensities. Differences in response to Pr and At were seen 
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Table 5 SUBMAXIMAL EXERCISE RESPONSES - UNTRAINED SUBJECTS 

VARIABLE DAY PLAC PROP ATEN 

45% 
HR, b*min . -1 

1 123.1 +12.8 
9 117.9 +10.5 

-1 -1 V00, ml *kg • mm 
^ 1 22.5 +5.1 

22.2 +4.3 

9 4.2 +9.4 
93.7 +11.4' 

21.4 ±5.3° 
21.4 +5.1 

94.1 +8.6 
93.9 +9.6a 

21.7 +5.1 
21.4 +4.4a 

RER 

VE, 1-min 1 

1 
9 

1 
9 

0.89 +0.C5 
0.87 +0.05 

42.2 +0.5 
40.5 +8.7 

0.89 +0.07 
0.89 +0.05' 

39.7 +10.8C 
39.7 +9.7 

0.8 8 +0.05 
0.89 +0.05c 

40.0 +9.5 
39.1 +8.6a 

RPE LEGS 
1 
9 

7.3 +1.3 
7.4 +1.3 

7.2 +0.9J: 
7.3 +1.1 

7.6 +1.1 
7.6 +1.1 

RPE CHEST 
1 
9 

7.2 +1.3 
7.3 +1.3 

7.1 +1.0 
7.1 +1.3 

7.4 +1.1 
7.3 +1.1 

RPE OVERALL 
1 
9 

7.2 +1.3 
7.4 +1.2 

7.1 +0.9 
7.1 +1.3a 

7.4 +1.1 
7.3 +1.1 

6 0% 
HR, b.min . -1 

1 
9 

_ ^ 
tfo,, ml-kg • min 

A 1 3 2.6+3.3 
9 3 2.5+3.3 

151.7 +11.7 
146.1 +10.3 

-1 

113.7 +7.1 113.3 +6 . 5J 
113.9 +8.7' 

31.1 +3.3 
31.1 +3.8 

114.9 + 11.7' 

31.3 ±3.6 
30.9 +3.3a 

RER 
1 0.91 +0.06 
9 0.91 +0.03 

0.92 +0.05 0.92 +0.04 
0.92 +0.02a 0.92 +0.03 
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l-rnin ^ ±j 

RPE LEGS 

1 61.5+8.9 
9 59.1+7.5 

1 10.3 +1.2 
9 10.9 +1.5 

5 8.4 +9.9°, 
58.4 +9.5 

9.8 +1.4 
9.9 +1.9 

59.3 +9.8" 
57.0 +7.9 

10.1 +1.1 
10.8 +1.5 

RPE CHEST 
1 10.1+1.5 
9 10.6 +1.5 

10.3 +1.7 
9.9 + 1.5a 

9.9 +1.8 
10.3 +1.6 

RPE OVERALL 
1 
9 

10.1 +1.3 
10.6 +1.7 

10.2 +1.5 
10.0 +1.6a 

10.1 +1.5 
10.5 +1.9 

75% 
HR, b -min -1 

1 
9 

-1 

171.7 +8.1 
168.1 +6.7 

V00, ml•kg • min 
A 1 

9 

-1 

3 8.9 +2.5 
38.7 +2.3 

126.1 +6.5° 
128.3 +7 .3a 

37.3 +2.3° 
37.3 +2.8 

125.3 +6.7° 
127.6 +13.7' 

37.3 +3.0 
37.3 +2.7a 

RER 

i • "I V„, 1 -mm bj 

i 
9 

0.96 +_0.03 
0.95 +0.03 

79.1 +8.1 
76.3 +7.7 

0.97 +0.03' 
0.97 +0.03' 

7 4.7 +7.4a£ 
73.4 +8.9 

0.97 +0.04' 
0.97 +0.04c 

7 6.1 +5.9^ 
7 4.0 +7.5 

RPE LEGS 
1 13.2+1.1 
9 13.4 +1.3 

13.1 +1.7 
13.1 +1.6 

13.7 +1.2 
13.3 +1.3 

RPE CHEST 
1 13 .1 +_1. 5 
9 13.2+1.1 

14.4 +1.7 
13.3 +1.6 

ab 13.8 +1.5 
13 .6 +1.5 

RPE OVERALL 
1 13.1+1.5 
9 13.3 +1.1 

14.3 +1.7' 
13.4 +1.6 

13.9 +1.5 
13.7 +1.5 

"a" Significantly different from placebo (Duncan 
post-hocs) 
"b" Significantly different from atenolol (Duncan 
post-hocs) 
* Significant trial/drug interaction (p<0.05) 
All values are recorded as mean and standard deviation (+)• 
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only at 6 0% at the 9 d trial and at 7 5% during the 1 d 

trial. During all other trials, with the exception of the 9 

d response at 45%, all Pr and At values were significantly 

decreased when compared to the PI treatment. Minimal 

increases of 0.01 to 0.02 in RER with BB were found at all 

steady state levels. 

Local {leg), central, (chest), and overall sensations 

of effort were measured by perceived exertion ratings from 

the Borg scale (see Methods). There was an increase of 

approximately three rating scale points with each increment 

in rate of work, i.e., 7 points at 45% to 10 points at 60% 

to 13 points at 75% for each treatment at 1 d and 9 d. There 

was little consistancy in the drug vs. PI interactions 

across the three steady state workloads, with subjects 

tending to rate their sense of effort lower while on Pr 

during the 45% and 60% intensities, yet higher at the 

highest intensity on 1 d. At tracked PI very closely across 

all three rates of work. 

Trained 

The changes in submaximal treadmill exercise 

responses to BB compared to PI are presented in Table 6. The 

TR subjects showed a trend similar to the UT subjects in HR 

response to steady state exercise during BB. All Pr and At 

trials values were significantly attenuated compared to the 

PI treatment at all three rates of work at both 1 d and 9 d. 
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Table 6 SUBMAXIMAL EXERCISE RESPONSES - TRAINED SUBJECTS 

VARIABLE DAY PLAC PROP ATEN 

45% 

HR, b'inin 
1 111.6 +16.7 
9 110.6 +16.3 

— 1 — 1 "^0„, ml • kg *01111 
A 1 26.6 +6.3 

26.3 +5.6 

86.3 ±7.8^ 
85.7 +8.5 

25.3 +5.6 
25.0 +5.8a 

86.9 +9.0 
85.6 +9.9a 

25.5 +5.9 
25.5 +5.9a 

RER 

V_, l.min Xj 

1 
9 

0.85 +0.05 
0.86 +0.09 

47.7 +11.7 
47.5 +12.9 

0.86 +0.04 
0.86 +0.05 

44.7 +11.6' 
44.1 + 11.8' 

0.87 +0.03 
0.86 +0.04 

45.1 +12.3' 
44.9 + 11.0' 

RPE LEGS 
1 
9 

7.1 +1.0 
7.5 +1.7 

7.8 +1. 4C 
7.4 +1.3 

7.8 +1.3 
7.6 +1.6 

RPE CHEST 
1 
9 

6.9 +0.9 
7.4 +1.9 

8.1 +1.2 
7.5 +1.0 

ab 7.7 + 1.2* 
7.7 +1.4 

RPE OVERALL 
1 
9 

7.0 +1.0 
7.4 +1.6 

8.0 ±1.4fJb 
7.4 +l.li3 

7.7 +1.6 A 
7.8 +1.6a 

HR, b*min . -1 

1 
9 

-1 

138.7 +10.9 
136.4 +10.7 

-1 VO„, ml-kg • min 
1 3 8.3+3.9 
9 3 8.9 +3.5 

106.2 +3.6a 1C5.4 + 4.9a 
104.9 +4.9a 104.3 +5.5a 

3 6.3 +3.3" 
36.9 +3.3 

36.6 +3.5' 
36.8 +3.5C 

RER 
1 0.87+0.04 
9 0.86 +0.04 

0.88 +0.03b, 0.89 +0.03a 
0.88 +0.05 0.89 +0.04a 



V , l.min 1 
* 1 6 8.5+8.8 6 4.8 +8.5a 64.6 +9.3a 

9 68.5 +11.5 64.4 +8.6a 65.1 +9.la 

RPE LEGS 

RPE CHEST 

RPE OVERALL 

1 9.9 +1.7 10.8 +1.7a 10.6 +1.3a 
9 10.0 +1.9 10.5 +1.8a 10.8 +1.7a 

1 9.9+1.3 11.1 + 1.8* 11.1 +1.5a 
9 10.1 +1.7 10.6 +1.7 11.1 +1.5a 

1 9.9 +1.4 11.2 +1.7a 11.0 +1.7a 
9 10.1 +1.7 10.5 +1.7 11.0 +1.8a 

75% , 
HR, b-min 

1 
9 

-1 V0o, ml•kg . min 
^ 1 

9 

163.3 +10.1 120.8 
159.8 +9.6 121.4 

1 

49.3 +5.1 46.6 
49.7 +4.5 47.4 

+4.1a 120.9 +5.7a 
+4.9a 120.9 +6.9a 

+3.9a 46.7 +4.3a 
+4.2a 47.7 +4.5a 

RER 
1 0.93 +0.05 0.96 +0.04a 0.98 +0.03a 
9 0.93 +0.05 0.95 +0.05a 0.97 +0.04a 

,*r .. . -1 V 1 -mm 
* 1 96.1 +15.5 93.2 +13.9d 94.6 +13.7 

9 95.5+15.9 93.7 +13.0 94.7 +15.1 

RPE LEGS 

RPE CHEST 

RPE OVERALL 

1 13.4+1.6 14.3 +2.6a 14.1 +2.la 
9 13.5 +1.7 14.4 +1.9a 14.1 +1.5a 

1 13.6 +1.4 14.5 +2.7ab 15.0 +2.0a 
9 13.7 +1.6 14.6 +1.8a 14.7 +1.9 

1 13.5+1.3 14.5 +2.5a 14.7 +1.8a 
9 13.7 +1.8 14.7 +1.9 14.5 +1.8a 

"a" Significantly different from placebo (Duncan 
post-hocs) 
"b" Significantly different from atenolol (Duncan 
post-hocs) 
* Significant trial/drug interaction (p<0.05) 
All values are recorded as mean and standard deviation (+) 
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— 1 _i 
HR decreased by approximately 25 b-min at 45%, 32 b • min 

at 6 0%, and 3 8 to 42 b«rnin at 7 5% of VC>2 max, with both 

drugs giving equivalent responses. Submaximal VC^ was also 

decreased as a result of beta blockade when compared to the 

-1 -1 PI treatment: 0.8 to 1.3 ml • kg -min at 45%, 1.7 to 2.1 

ml-kg "*"• min 1 at 60%, and 2.0 to 2.7 ml-kg-1-min-1 at 75% of 

V02 max, with both drugs giving nearly equivalent responses. 

The ventilatory responses to submaximal exercise were 

significantly and equally decreased by both Pr and At at 45% 

_ 2_ (approximately 3 1-min or 6%) and at 60% (approximately 4 

-1 1-min or 5.5%). The smallest decreases were seen at 75% 

-1 of VO2 max (1 to 3 1-min or an average of 2%). RER values 

were increased by BB at 6 0% and 7 5% when compared to PI. 

The increase was greatest at 75%, 0.96 with Pr and 0.98 with 

At at 1 d and 0.95 and 0.97 with Pr and At respectively at 9 

d. The PI value for both days was 0.93. 

RPE values at all sites were, with few exceptions, 

higher during BB. Drug differences were minimal. However, 

there was a trend for Pr values to be greater at 1 d and At 

ratings higher at 9 d at the 45% and 6 0% work rates. 

Acute (1 day) vs Chronic (9 days) Beta Blockade 

The effects of BB on exercise performance found in 

this investigation are consistant with the data presented in 

the literature to date, despite the variability among these 
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investigations. A closer examination was desired to note if 

the differences between BB and PI changed after 9 days of 

medication. A two-way analysis of variance was performed 

which permitted examination of the interaction effect of 

each treatment to the acute and chronic medication periods. 

The HR response to BB during high intensity treadmill 

exercise was the only variable which was consistantly and 

significantly affected by the treatment and dose-duration 

interaction. In both UT and TR subjects, the maximal HR 

response was less attenuated after 9 d of BB compared to the 

PI responses which showed no changes over 9 days. 

At maximal exercise, the UT subjects' HR response 

-1 after 9 days of medication increased by 5.8 and 5.9 b • min 

above the 1 d response in the Pr and At trials respectively. 

At the 7 5% workload the increase was approximately 2.2 b. 
_ i 

min with both drugs, although HR for Pi had decreased by 

-1 3.6 b'min from the first to the ninth day. 

The same trend was seen in the TR subjects, but with 

the Pr treatment only. Maximal HR response was 136.1 b-

-1 -1 min after 1 d and 142.9 b • mm after 9 d of Pr compared 

to 146.3 b-min ^ for both At trials. At 7 5%, the HR for 

-1 
both 1 d and 9 d At trials was 120.9 b-min , while the 9 d 

Pr trial HR increased by 4.1 b-min ^ over 1 d. However, the 

-1 9 d PI response was 3.5 b .mm lower than 
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the 1 d PI value which may be responsible for the 

statistical significance achieved. 

Local, central, and overall ratings of perceived 

exertion at 45% in the TR subjects, showed a signficant 

difference between the acute and chronic dose with each 

treatment. This appears not to be a drug related phenomenon 

since PI ratings showed great variation between days and in 

some cases were actually higher than ratings given with the 

drug treatments. PI ratings at all three sites were higher 

after 9 d of treatment. Also, with the exception of the 9 d 

overall rating with At, sensation of effort while beta 

blocked was perceived to be greater at 1 d. These two 

factors can explain the statistically significant 

interaction of treatment/duration. 

No other variable exhibited statistically significant 

treatment/duration effects. However, in both groups of 

subjects VC>2 max, max and exercise endurance time showed 

a trend towards slight interaction effects, that is, less 

attenuation in exercise response after 9 d. 



CHAPTER 5 

DISCUSSION 

The classic exercise heart rate response to BB was 

seen in both groups of subjects with both a selective and a 

non-selective blocker at all steady state and maximal work 

rates. Decreases in both groups of subjects ranged from 2 5 

. -1 -1 b.irim at 45% to 4 2 b -min at the 75% work rate; Pr and At 

eliciting similar responses. Maximal HR was decreased by 

. -i approximately 40 to 50 b • mm , Pr resulting in a 

significantly larger reduction. These results are 

consistant with those reported in the literature 

(4,18,43,79). 

A significant decrease was found in at all 

submaximal workloads. Previous investigations have reported 

conflicting results on the submaximal VC>2 response during 

BB. Some investigators (53,68,69) found decreases, while 

others (18,29,54,77) found no change or only minimal 

differences in steady state V02. Wilmore et al. (77) 

suggested that maintenance of Q via increases in SV allowed 

maintenance of VC^ during subinaximal exercise with BB. 

Epstein et al. (18) and McFarlane et al. (43) also found 

48 
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compensatory increases in SV and a-vC>2 diff. Conversely, 

Tesch et al. (68), found a decrease in submaximal V02 with 

BB, which the authors suggested was due to improved 

metabolic efficiency as noted by the increase in RER values 

during the BB trials. The increase in the utilization of 

glycolytic precursors may have resulted in a reduced oxygen 

demand in the exercising muscle. 

The' ventilatory response to submaximal treadmill 

exercise was slightly reduced with BB. There was no 

consistent trend between Pr and At or between TR and UT 

subjects with regard to V"E attenuation. Several 

investigators (4,29,42,54,61,68,72) have found the 

ventilatory response to steady state exercise unchanged 

during beta blockade. Petersen et al. (54) noted that while 

the ventilatory response to exercise was not decreased, 

infused Pr resulted in a slowing of the Vc>2 and VE kinetics, 

as evidenced by a longer time to reach steady state HR and a 

reduced Q response. Anderson et al. (4) indicated that 

maintenance of V„ may be the result of using a submaximal 
ill 

work rate below the subjects' anaerobic threshold. 

Submaximal RER values during BB were greater compared 

with PI values; statistical significance was achieved at the 

higher workloads with both Pr and At in TR and UT subjects. 

Anderson et al. (4) postulated that higher steady state RER 

values with BB could be a consequence, in part, of an 
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increased carbohydrate utilization by the working muscles 

due to limited free fatty acid uptake, as a result of the 

inhibition of lipolysis by BB. Karlsson et al. (38) 

reported similar results. Although statistical significance 

was achieved in only a few instances. At trials had higher 

RER values vs. Pr which would support this hypothesis, since 

lipolysis is predominantly mediated by receptors (37). 

Submaximal RPE values consistantly increased by 3 

perceived exertion rating points with each increase in work 

rate with all three treatments at both 1 d and 9 d. The 

highly trained subjects reported greater feelings of fatigue 

during BB compared to the UT subjects at the same relative 

rate of work. Karlsson et al. (39) looked at local and 

central perceptions of fatigue during BB in alpine skiers. 

The skiers performed submaximal exercise on a course 

designed to test skill and technical ability. No 

significant difference in perceived exertion ratings was 

found in Pr, At or a placebo treatment. Tesch et al. (67) 

examined the effects of 80 mg Pr taken 2 h prior to 

submaximal and maximal cycle ergometer tests. Local (leg 

fatigue) and central (cardiorespiratory effort) ratings of 

perceived exertion were recorded. The local RPE was found 

to be significantly higher than the central RPE at both 

submaximal and maximal work rates following BB, compared to 

an unblocked state. The investigators also found positive 
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correlations between individual changes in submaximal VO^ 

and local and central RPE changes. This is in agreement 

with a study by Banks et al. {6). It is not certain why 

there are inconsistencies in RPE values between 

investigations. Several non-physiological factors can 

influence RPE such as, time of day, sleep deprivation, 

psychological mood, age, sex, environment, or the nature of 

the test {14) which may explain the discrepancies noted 

above. 

VC>2 max was attenuated with BB, more so by Pr than 

At (p<0.05). In the UT subjects an approximate 10% decrease 

in VO2 max was seen with Pr and a 7% reduction with At was 

for both acute and chronic doses. Larger decreases of 13% 

and 10% with acute and chronic doses of Pr respectively, and 

9% and 7% attenuation with the At doses respectively were 

found in the TR individuals. Other investigators 

{5,11,18,30,43,67,77) have reported similar findings. 

However, some investigators have not found significant 

reductions, but maintenance of VC^ max with BB 

(25,44,57,78). Reybrouck et al. {57) attributed maintenance 

of VC>2 max to increases in SV and a-vO^ diff, despite the 

large decrease in HR max. In the present study, the 

percentage decrease in HR was greater than the percentage 

decrease in the VC>2 response to maximal exercise under 
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beta blockade when compared to the Pi treatment, suggesting 

partial compensatory adaptations. 

The decrease in VC>2 max may have been a result of, in 

part, the decrease in V„ max. Maximal V_ was significantly 
hi 

decreased by Pr and At in both TR and UT subjects with acute 

and chronic doses. Other investigators have found similar 

results (5,29,43,77). However, others have reported no 

change in the ventilatory response to maximal exercise 

during BB (61,62). Although not statistically significant, 

there was a trend toward less attenuation after 9 d compared 

to 1 d for both Pr and At treatments in the UT subjects; 

there was an approximate 3-4 1 * min increase in the V„ 

response after chronic dosing compared to acute dosing of 

BB, while the TR subjects did not show this trend. There 

was a significant difference in maximal ventilatory 

responses between the two drugs. Pr resulted in 

significantly greater decreases in ventilation in both 

groups during both the acute and chronic trials, which was 

not evident until maximal exercise capacity was reached. 

The attenuation of B2 receptor-mediated bronchodilation 

provides a possible explaination for the differences found 

between the two drugs, as recently proposed by Joyner et al. 

(32) . 

The reduction of maximal RER values with BB found in 

this investigation, from 1.11 with the PI treatment to 1.07 
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and 1.09 with Pr in the TR and UT subjects respectively, and 

1.10 with At in both groups, can be explained by the 

reduction in substrate availability. Total test time was 

significantly decreased with BB in both groups of subjects? 

the reductions being significantly greater with Pr. There 

was a trend towards less of a decrease after 9 d of BB, 

however, this did not reach statistical significance. 

Impaired exercise capacity and the change in RER can be 

explained by decreased utilization of free fatty acids, 

inhibition of hepatic glycolysis and gluconeogensis, and a 

reduction in skeletal muscle blood flow. With the exception 

of lipolysis, these activities are predominantly B2 

receptor-mediated. 

Untrained vs. Trained Subjects 

The TR subjects in the present study were not able to 

accomodate as well to BB as the UT group. There was a 

greater reduction in VC>2 max, VE max, and treadmill time in 

the highly trained group compared to the UT group, although 

no formal statistical analysis was performed between the two 

groups. It has been suggested by Furberg (25) that because 

of the greater physiological capacity of highly trained 

individuals, they may have already maximized any 

compensatory mechanisms. Wilmore et al. (80) reviewed data 

from a series of investigations conducted in their 
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laboratory. Tliey found that VC>2 max was uneffected during 

BB in relatively untrained persons (or subjects with a 

-1 -1 VC^max of less than 5 0 ml* kg • min ) due to compensatory 

increases in SV and a-vC>2 diff. They noted that a highly 

trained person has achieved the majority of his potential 

for compensation through training and that the effects of BB 

could not be fully overridden. Karlsson et al. (39) and 

Koch et al. (40) examined trained and untrained persons and 

BB and found exercise capacity to be reduced to a greater 

extent in the highly trained person. The differences noted 

between the two groups of subjects in the present study and 

the above mentioned investigations provide a partial 

explaination for the variability in literature examining BB 

and exercise. 

Acute vs. Chronic 

The focus of the present investigation was the 

difference in physiological responses to a single bout of 

exercise between acute and chronic periods of dosing with 

BB. No significant differences between the two trials were 

noted, with one exception. A chronotropic adaptation to Pr 

and At did occur over a period of nine days. At the 7 5% 

work rate, the UT subjects showed a 3% increase in the 

chronotropic response to exercise after 9 d of BB, i.e., the 

HR response at 75% was decreased to a greater extent by BB 
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at 1 d compared to the 9 d response. Maximal HR response 

also showed a significant trial/drug interaction. There was 

a 4% increase in max HR response in both UT and TR subjects 

after 9 d of BB when compared to the 1 d response with both 

drugs. Although max, test time, and VE max did show 

slight increases at 9 d vs. 1 d, statistical significance 

was not achieved and consequently, exercise performance was 

not improved after 9 d of BB when compared to the 1 d 

response. The studies mentioned previously by Smyth et al. 

(63) and van Baak et al. (72) also showed no significant 

differences in exercise performance between acute and 

chronic BB. 

Physiological changes responsible for the improvement 

in chronotropic response may have been the result of, 1) 

improved sympathetic drive via greater stimulation of the 

adenylate cyclase system allowing improved catecholamine 

activity, or 2) parasympathetic withdrawal becoming more of 

a factor over time. While the former is more likely, HR 

response alone cannot determine the level of sympathetic 

activity (47). Changes in receptor activity could also have 

been a factor, and will be briefly discussed in the 

following paragraph. 

Physiological adaptations to various stresses, such 

as BB, are a result of changes in receptor regulation (27). 

Heterogenous regulation of receptors occurs as a result of 
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positive or negative influences by hormones or drugs that 

donot normally interact with beta-adrenergic receptors and 

homogenous regulation is a response to chronic exposure of 

receptors to agonists or antagonists (66). Both types of 

regulation alter receptor sensitivity or affinity resulting 

in certain physiological changes. Williams (76) noted that 

receptor changes responsible for adaptations to endurance 

training may also be a factor in adaptations of the nervous 

system to BB . Evidence cited by Svedenhag (66) showed that 

increases in sympatho-adrenal activity are necesary for the 

normal response to training. The improved chronotropic 

response seen after 9 days of BB is likely to have been a 

result of improved sympatho-adrenal activity due to receptor 

changes. 



CHAPTER 6 

SUMMARY 

The effects of BB on submaxirnal and maximal exercise 

performance are inconclusive in the literature to date. 

Five probable reasons for the variability include (1) 

differences in the dose and selectivity of the beta blocker 

used, (2) the mode of exercise testing, (3) the specific 

population examined, (4) the period of time between the last 

active dose and the start of testing, and (5) the length of 

time the subject has been on beta-blockade medication prior 

to testing. Thus, the purpose of this study was to 

determine the role of differences in the duration of the 

medication period in explaining these previous 

inconsistencies. It was hypothesized that alterations in 

exercise responses to BB would occur after 9 days of 

medication with a non-selective as well as a selective 

beta-blocking agent, when compared to short-term dosing, 

significantly improving exercise performance. Also, because 

highly trained endurance runners are closer to their genetic 

physiological potential as compared to more sedentary 
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individuals, trained persons would be likely to show less of 

an adjustment to long-term BB. 

This investigation involved the use of three 

treatments: a placebo, 80 mg bid of Pr, a non-selective 

beta blocker, and 100 mg daily of At, a selective beta 

blocker. Each treatment was administered in a randomized 

double-blind manner. Maximal treadmill tests were conducted 

after both an acute (1 d) and a chronic {9 d) dose of BB. 

One-half of the 28 subjects did not exercise regularly (UT) 

and the remaining 14 were highly trained distance runners 

(TR) . 

HR max, Vo„ max, max, and test time were 
& hj 

significantly reduced by both Pr and At at 1 d and 9 d in 

both UT and TR subjects when compared to a placebo 

treatment. While exercise responses to a non-selective and 

a selective beta blocker were similar at low and moderate 

work intensities, at high intensities Pr caused a greater 

attenuation of the physiological responses to exercise, 

i.e., greater decrease in HR max, V0o max, max, and total 
fci 

test time when compared to At. 

The differences in HR max between the acute and the 

chronic drug trials were significant, i.e., there was a 4% 

increase in HR max after 9 d of Pr and At treatment in both 

groups of subjects suggesting a chronotropic adjustment to 

chronic BB. Maximal V0VE max (in the UT subjects) 
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and treadmill time to exhaustion followed a similar trend, 

although not statistically significant. At 75% V02 max, HR 

response in the UT individuals demonstrated a signficant 

interaction between the acute and chronic BB trial which was 

not found in the TR group. None of the other variables 

demonstrated signicant interaction effects. 

With the exception of a slight increase in HR at high 

intensity exercise after chronic dosing with both Pr and At, 

a 9 d dose of BB did not significantly alter exercise 

responses when compared to a Id dose. The lack of 

circulatory and metabolic adjustments to long-term BB were 

'evident in both groups of subjects. These data indicate 

that the duration of BB prior to testing may not be 

responsible for the inconsistant findings in the literature 

concerning BB and exercise performance, if adaquate dosing 

and appropriate testing procedures are used. These findings 

further suggest that an acute dose {24 h) of either Pr or At 

is sufficient for examining acute exercise responses to BB. 



APPENDIX A 

SUBJECT'S CONSENT FORM 

University of Arizona 

Effect of Acute vs. Chronic Beta-Adrenergic Blockade 
During Exercise with Subjects of Two Different 

Levels of Physical Fitness 

I understand that I am being asked to voluntarily 
participate in a study titled, Effect of Acute vs. Chronic 
Beta-Adrenergic Blockade During Exercise with Subjects of 
Two Different Levels of Physical Fitness. The purpose of 
the study is to compare the ffect of two different beta 
blocking drugs (atenolol and propanolol) on two different 
groups of subjects. One group of subjects will be a control 
group (untrained) and the other will be trained runners. 
Beta blocking drugs slow the heart rate during exercise and 
generally "block" the effects of the substance 
"adrenaline",: which is released under stresses like 
exercise. 

My participation in the study will include 
performing a series of treadmill tests to exhaustion. These 
tests involve running, with the speed and grade of the 
treadmill increasing gradually until I am too fatigued to 
continue. The first test will be a control test to 
familiarize me with normal laboratory procedures. The next 
series of test will occur following both one and nine days 
of ingesting each of three coded capsules: a placebo, 
propanolol, or atenolol. During the treadmill test, I will 
be wearing electrodes to record my heart rate, and I will be 
breathing through a mouthpiece so my expired air can be 
measured. My heart rate, oxygen comsumption, and 
ventilation will be measured during these runs. Also, I 
will be weighed underwater to determine my percentage of 
body fat. This involves submerging me ten times after I 
have blown out all my air, and having the volume of air 
trapped im my lungs measured by breathing a in a spriometer 
for 5-10 seconds. 

Most importantly, I understand that there are 
several risks involved with this study. Maximal treadmill 
tests result in shortness of breath, fatigue, and muscle 
soreness, ancd occasionally nausea. Beta-blocking drugs can 
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cause stomach upset and may cause me to feel sluggish during 
the time I am on the medication. 

Conditions of Participation 

As a participant in this study, I will gain an 
understanding of my medical and physiological profile. I am 
also aware that these findings may have significant 
implications foe the future prescription of exercise in 
patitents with coronary heart disease and the use of drugs 
in such patients. 

I understand that all information concerning my 
performance of the various test asssociated with this study 
will be kept confidential, all data will be filed according 
to a subject indentification code system. I realize that 
all procedures will be under the supervision of a physician 
and an exercise physiologist. 

I also understand that this consent form will be 
filed in an area disignated by the Hyuman Subjects 
Committee, with access restricted to the pricicple 
investigators or authorized representatives of their 
particular departments. 

I am also aware that in the event of injury 
resulting from any of the above stated procedures, I will 
receive no compensation for wages, lost time, medical 
expenses or hospitalization. 

I understand that my involvement in this study will 
no cost me money, and that I will receive $150 for 
completing all aspects of the study. 

I have read the above :"Subject's Consent Form." The 
nature, demands, risks, and benefits of the project have 
been explained to me. I understand that I may ask 
questions, that I am free to withdraw from the project at 
any time without ill will, and that the investigators can be 
contacted at McKale Center 228 (621-2420) during normal 
business hours, or at 297-9890 at other times. 

Subject's Signature Date 

Witness' Signature Date 
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I have carefully explained to the subject the nature 
of the above project. I hereby certify that, to the best of 
my knowledge, the subject signing this consent from 
understands clearly the nature, demands, benefits, and risks 
involved in participating in this sutdy. A medical problem, 
or language or educational barrier has not precluded a clear 
understanding of his involvement in this project. 

A copy of this consent form is available to subjects 
on request. 

Investigator's Signature Date 

Witness' Signature Date 



REFERENCES 

1. Ahlquist, R.P., A Study of the Adrenotropic Receptors 
Am. J. Physiol. 153:586-598, 1948. 

2. Ades, P.A., H.L. Brammell, J.H. Greenberg, and L.D. 
Horwitz, Effect of Beta Blockade and Intrinsic 
Sympathomimetic Activity on Exercise Performance, Am. J. 
Cardiol. 54:1337-1341, 1984. 

3. Allen, C.J., M.A. Craven, D. Rosenbloom, and J.R.Sutton, 
Beta-Blockade and Exercise in Normal Subjects and 
Patients With Coronary Artery Disease, Physician Sports 
Med. 12:51-63, 1984. 

4. Anderson, R.L., J.H. Wilmore, M.J. Joyner, B.J. Freund, 
A.A. Hartzell, C.A. Todd, and G.A. Ewy, Effects of 
Cardioselective and Nonselective Beta-Adrenergic 
Blockade on the Performance of Highly Trained Runners, 
Am. J. Cardiol. 55:149D-154D, 1985. 

5. Anderson, S.D., P.T.P. Bye, C.P. Perry, G.P. Hamor, G. 
Theobald, and G. Nyberg, Limitations of Work Performance 
in Normal Adult Males in the Presence of Beta-Adrenergic 
Blockade, Aust. N.Z. J. Med. 9:515-520, 1979. 

6. Banks, D.C., J.M. Patrick, and S.B. Pearson, The Effects 
of Propanolol and Metoprolol on Exercise Responses in 
Normal Man, Proceedings of the B.P.S. 13th-15th:443P, 
1978. 

7. Behnke, A.R., Wilmore, J.H., Evaluation and Regulation 
of Body Build and Composition, Englewood Cliffs, New 
Jersey: Prentice-Hall, 1974, pp. 21-26. 

8. Black, J.W., A.F. Crowther, R.G. Shanks, L.H. Smith, and 
A.C. Dornhorst, New Adrenergic Beta-Receptor Antagonist, 
Lancet 1:1080-1081, 1964, 

9. Borg, G.A.V., Perceived Exertion: A Note on "History" 
and Methods, Med. Sci. Sports 5(2):90-93, 1973. 

63 



64 

10. Brown, H.C., S.G. Carruthers, G.D. Johnston, J.G. Kelly, 
J. McAinsh, D. G. McDevitt, and R. Shanks, Clinical 
Pharmacologic Observations on Atenolol, a 
Beta-Adrenergic Blocker, Clin. Pharmacol. Ther. 
20 (5):524-534, 1976. 

11. Bruce, R.A., K.F. Hossack, F. Kusumi, and L.J. Clarke, 
Acute Effects of Oral Propanolol on Hemodynamic 
Responses to Upright Exercise, Am. J. Cardiol. 
44:132-140, 1979. 

12. Brundin, T., Effects of Beta-Adrenergic Receptor 
Blockade on Metabolic Rate and Mixed Venous Blood 
Temperature During Dynamic Exercise, Scand. J. Clin. 
Lab. Invest. 38:229-232, 1978. 

13. Bruning, J.L., B.L. Kintz, Computative Handbook of 
Statistics (2nd ed.), Glenview, Illinois: Scott, 
Foresman and Co., 1977, pp. 20, 44-48, 116-119, 246-249. 

14. Carton, R.L., and E.C. Rhodes, A Critical Review of the 
Literature on Rating Scales for Preceived Exertion, 
Sports Med. 2:198-222, 1985. 

15. Cohn, J.N., Hemodynamic Effects of Beta-Blockers, 
Drugs 25{Suppl. 2):100-102, 1983. 

16. Colfer, H.T., C. Cottier, R. Sanchez, and S. Julius, 
Role of Cardiac Factors in the Initial Hypotensive 
Action By Beta-Adrenoreceptor Blocking Agents, 
Hypertension 6:145-151, 1984. 

17. Ehsani, A., Altered Adaptive Responses to Training by 
Nonselective Beta-Adrenergic Blockade in Coronary Artery 
Disease, Am. J. Cardiol. 58:220-224, 1985. 

18. Epstein, S.E., B.F. Robinson, R.L. Kahler, and E. 
Braunwald, Effects of Beta-Adrenergic Blockade on the 
Cardiac Response to Maximal and Submaximal Exercise in 
Man, J. Clin. Invest. 44 (11):1745-1753, 1965. 

19. Ewy, G.A., J.H. Wilmore, A.R. Morton, P.R. Stanforth, 
S.H. Constable, M.J. Buono, K.A. Conrad, H. Miller, and 
C.F. Gatewood, The Effect of Beta-Adrenergic Blockade on 
Obtaining a Trained Exercise State, J. Cardiac. Rehabil. 
3 (1):25-29, 1983 . 

20. Fellenius, E., Muscle Fatigue and Beta-Blockers - A 
Review, Int. J. Sports Med. 4:1-8, 1983. 



65 

21. Folgering, H., and M. van Bussel, Maximal Exercise Power 
After a Single Dose of Metoprolol and of Slow-Release 
Metoprolol, Eur. J. Clin. Pharmacol. 18:225-229, 19 80. 

22. Folgering, H.Th.M., J.F.E. Borra, and R.H.L.M. van 
Haaren, Metabolic Aspects of Maximal Exercise 
Performance After Slow Release Metoprolol and After 
Atenolol, Eur. J. Clin. Pharmacol. 23:283-288, 1982. 

23. Fowler, M.B., and M.R. Bristow, Rationale for 
Beta-Adrenergic Blocking Drugs in Cardiomyopathy, Am. J. 
Cardiol. 55:120D-124D, 1985. 

24. Freund, B.J., M.J. Joyner, J.H. Wilmore, S.M. Jilka, and 
T.G. Lohman, Thermoregulation During Prolonged Exercise 
in the Heat: Alterations with Beta-Adrenergic 
Blockade., Federation Proc. 45{4):1017, 1986. 

25. Furberg, C., Adrenergic Beta-blockade and Physical 
Working Capacity, Acta Med. Scand. 182:119-127, 1967. 

26. Gibson, D.G., Pharmacodynamic Properties of 
Beta-Adrenergic Receptor Blocking Drugs in Man, Drugs 
7:8-38, 1974. 

27. Harrison, D.C., Beta Blockers and Exercise: Physiologic 
and Biochemical Definitions and New Concepts, Am. J. 
Cardiol. 55:29D-33D, 1985. 

28. Hughson, R.L., Dose-Response Study of Maximal Exercise 
with Propranolol, Metoprolol, and Oxprenolol in Normal 
Subjects, J. Cardiac. Rehabil. 4:50-54, 1984. 

29. Hughson, R.L., and B.J. MacFarlane, Effect of Oral 
Propanolol on the Anaerobic Threshold and Maximal 
Exercise Performance in Normal Man, Can J. Physiol. 
Pharmacol. 59:567-573, 1981. 

30. Hughson, R.L., C.A. Russell, and M.R. Marshall, Effect 
of Metoprolol on Cycle and Treadmill Maximal Exercise 
Performance, J. Cardiac. Rehabil. 4:27-30, 1984. 

31. Jorgensen, C.R., K. Wang, Y. Wang, F.L. Gobel, R.R. 
Nelson, and H. Taylor, Effect of Propanolol on 
Myocardial Oxygen Consumption and Its Hemodynamic 
Correlates During Upright Exercise, Circulation 48: 
1173-1182, 1973. 



66 

32. Joyner, M.J., J.A. Taylor, S.M. Jilka, J.H. Wilmore, 
Effects of Beta-Blockade on Exercise Tidal Volume, Med. 
Sci. Sport and Exerc. 18(Suppl.2):S85, 1986. 

33. Juhlin-Dannfelt A., Beta-Adrenoreceptor Blockade and 
Exercise: Effects on Endurance and Physical Training, 
Acta. Med. Scand. 672(Suppl.):49-54, 1983. 

34. Kaiser, P., Running Performance as a Function of the 
Dose-Response Relationship to Beta-Adrenergic Blockade, 
Int. J. Sports Med. 3:29-32, 19 82. 

35. Kaiser, P., S. Rossner, and J. Karlsson, Effects of 
Beta-Adrenergic Blockade on Endurance and Short-Time 
Performance in Respect to Individual Muscle Fiber 
Composition, Int. J. Sports Med. 2:37-42, 1981. 

36. Kaiser, P., P. Tesch, S. Turner, J. Karlsson, and L. 
Kaijser, Oxygen Consumption and Lactate Metabolism 
During Exercise Following Beta-Adrenoceptor Blockade, 
Drugs 25(Suppl.2}:260-261, 19 83. 

37. Kaiser, P., B. Hylander, K. Eliasson, L. Kaijser, Effect 
of Beta^-Selective and Nonselective Beta Blockade on 
Blood Pressure Relative to Physical Performance in Men 
with Systemic Hypertension, Am. J. Cardiol. 55:79D-84D, 
1985. 

38. Karlsson, J., Muscle Fibre Composition, Short Term 
Beta-- + Beta2~ and Beta--Blockade and Endurance 
Exercise Performance in Healthy Young Men, Drugs 
25(Suppl.2):241-246, 1983. 

39. Karlsson, J., T. Kjessel, and P. Kaiser, Alpine Skiing 
and Acute Beta-Blockade, Int. J. Sports Med. 4:190-193, 
1983. 

40. Koch, G., I. Franz, A.G. Gubba, and F.W. Lohmann, 
Beta-Adrenoceptor Blockade and Physical Activity: 
Cardiovascular and Metabolic Aspects, Acta. Med. Scand. 
67 2 (Suppl.):55-62, 1983. 

41. Lefkowitz, R.J., M.G. Caron, and G.L. Stiles, Mechanisms 
of Membrane-Receptor Regulation: Biochemcal, 
Physiological and Clinical Insights Derived from Studies 
of the Adrenergic Receptor. N. Eng. J. Med. 
310(24):1570-1579, 1984. 



67 

73. van Herwaarden, C.L.A., R.A. Brinkhorst, J.F.M. Fennis, 
and A. Van't Laar, Effects of Propanolol and Metaprolol 
on Haemodynamic and Respiratory Indices and on Perceived 
Exertion During Exercise in Hypertensive Patients, Br. 
Hrt. J. 41:99-105, 1979. 

74. van Hooff, M.E.J., K.H. Rahn, and M.A. van Baak, Effects 
of Acute and Chronic Administration of Propanolol During 
Submaximal Exercise in Essential Hypertension, Int. J. 
Sports Med. 5 (Suppl.):186-188, 1984. 

75. Wilhelmsson, and G. Vedin, Principles and Practice of 
Treatment with Beta-Blockers in Myocardial Infarction, 
Drugs 25(Suppl.2):308-313, 1983. 

76. Williams, R. S., Role of Recptor Mechanisms in the 
Adaptation Response to Habitual Exercise, Am. J. 
Cardiol. 55:68D-73D, 19 85. 

77. Wilmore, J.H., G.A. Ewy, A.R. Morton, P.R. Stanforth, 
S.H. Constable, M.J. Buono, K.A Conrad, H. Miller, and 
C.F. Gatewood, The Effect of Beta-Adrenergic Blockade on 
Submaximal and Maximal Exercise Performance, J. Cardiac 
Rehab. 3(1):30-36, 1983. 

78. Wilmore, J.H., B.J. Freund, M.J. Joyner, G.A. Hetrick, 
and A.A. Hartzell, R.T. Strother, G.A. Ewy, and W.E. 
Faris, Acute Response to Submaximal and Maximal Exercise 
Consequent to Beta-Adrenergic Blockade: Implications 
for the Prescription of Exercise, Am. J. Cardiol. 
55:135D-141D, 1985. 

79. Wilmore, J.H., G.A. Ewy, B.J. Freund, A.A. Hartzell, 
S.M. Jilka, M.J. Joyner, C.A. Todd, S.M. Kinzer, and E.B 
Pepin, Cardiorespiratory Alerations Consequent to 
Endurance Exercise Training During Chronic 
Beta-Adrenergic Blockade with Atenolol and Propanolol, 
Am. J. Cardiol. 55:142D-148D, 1985. 

80. Wilmore, J.H., M.J. Joyner, B.J. Freund, G.A. Ewy, A.R. 
Morton, Beta-Blockade and Response to Exercise: 
Influence of Training, Physician. Sports. Med. 
3 (7) :6 0-66, 1985. 



68 

52. Opie, L.H., Effect of Beta-Adrenergic Blockade on 
Biochemical and Metabolic Response to Exercise, Am. J. 
Cardiol. 55:95D-100D, 1985. 

53. Pearson, S.B., D.C. Banks, and J.M. Patrick, The Effect 
of Beta-adrenoceptor Blockade on Factors Affecting 
Exercise Tolerance in Normal Man, Br. J. Clin. 
Pharmacol. 8:143-148, 1979. 

54. Petersen, E.S., B.J. Whipp, J.A. Davis, D.J. Huntsman, 
H.V. Brown, and K. Wasserman, Effects of Beta-Adrenergic 
Blockade on Ventilation and Gas Exchange During Exercise 
in Humans, J. Appl. Physiol.: Respirat. Environ. 
Exercise Physiol. 54 (5):1306-1313, 1983. 

55. Physicians Desk Reference, Vol. 39, Medical Economics 
Incorporated, Oradell, New Jersey, 1985, p. 2045. 

56. Pritchard, B.N.C., Mechanisms of Mycardial Infarction 
Preventionwith Beta-Adrenoceptor Blocking Drugs, Drugs 
25(Suppl.2):295-302, 1983. 

57. Reybrouck, T., A. Amery, and L. Billiet, Hemodynamic 
Response to Graded Exercise After Chronic 
Beta-Adrenergic Blockade, J. Appl. Physiol.: Respirat. 
Environ. Exercise Physiol. 42(2):133-138, 1977. 

58. Sable, D.L., H.L. Brammell, M.W. Sheehan, A.S. Nies, J. 
Gerber, and L.D. Horwitz, Attenuation of Exercise 
Conditioning by Beta-Adrenergic Blockade, Circulation 
65 (4):679-684, 1982. 

59. Savin, W.M., E.P. Gordon, S.M. Kaplan, B.F. Hewitt, D.C. 
Harrison, and W.L. Haskell, Exercise Training During 
Long-Term Beta-Blockade Treatment in Healthy Subjects, 
Am. J. Cardiol. 55:101D-109D, 1985. 

60. Shand, D.G., State-of-the-Art: Comparative Pharmacology 
of the Beta-Adrenoceptor Blocking Drugs, Drugs 25(suppl. 
2):92-99, 1983. 

61. Sheehan, M.W., H.L. Brammell, D.L. Sable, A.S. Nies, and 
L.D. Horwitz, Effect of Beta-Adrenergic Blockade on 
Circulating Catecholamines and Dopamine-Beta-Hydroxylase 
Activity During Exercise in Normal Subjects, Am. Heart 
J. 105:777-782, 1983. 



69 

62. Sklar, J., G.D. Johnston, P. Overlie, J.G. Gerber, H.L. 
Brammell, J. Gal, and A.S. Nies, The Effects of a 
Cardioselective (Metoprolol) and a Nonselective 
(Propanolol) Beta-Adrenergic Blocker on the Response to 
Dynamic Exercise in Normal Men, Circulation 
65 (5):894-899, 1982. 

63. Smyth, G.A., R.L. Hughson, D.J. Walters, and D.A. 
Ranney, Short- Versus Long-Term Effects of Oral Beta 
Blockers on Exercise Performance, J. Cardiac. Rehabil. 
4:227-237, 1984. 

64. Stumpe, K., R. Kollock, H. Vetter, W. Gramann, F. Kruck, 
Ch. Ressel, and M. Higuchi, Acute and Long-Term Studies 
of the Mechanism of Action of Beta Blocking Drugs in 
Lowering Blood Pressure, Am. J. Med. 60:853-865, 1976. 

65. Sutton, J.R., R.L. Hughson, R. McDonald, P. Powels, N.L. 
Jones, and J.D. Fitzgerald, Oral and Intravenous 
Propranolol During Exercise, Clin. Pharmacol. Ther. 
21 (6) .*700-705, 1977. 

66. Svedenhag, J., The Sympatho-Adrenal System in Physical 
Conditioning. Significance for Training-Induced 
Adaptations and Dependency on the Training State, Acta 
Physiol. Scand. 125(suppl.543):8,9,23-28, 1985. 

67. Tesch, P.A., and P. Kaiser, Effect of Beta-Adrenergic 
Blockade on Maximal Oxygen Uptake in Trained Males, 
Acta. Physiol. Scand. 112:351-352, 1981. 

68. Tesch, P.A., and P. Kaiser, Effects of Beta-Adrenergic 
Blockade on Oxygen Uptake During Submaximal and Maximal 
Exercise, J. Appl. Physiol.: Respirat. Environ. Exercise 
Physiol. 54(4):901-905, 1983. 

69. Twentyman, O.P., A. Disley, H.R. Gribbin, K.G.M.M. 
Alberti, and A.E. Tattersfield. Effect of 
Beta-Adrenergic Blockade on Respiratory and Metabolic 
Responses to Exercise, J. Appl. Physiol.: Respirat. 
Environ. Exercise Physiol. 51(4):788-793, 1981. 

70. van Baak, M., The Influence of Drugs on Physical 
Performance, Int. J. Sports Med. 5(Suppl.):280-182, 
1984. 

71. van Baak, M.A., W.H.J. Jennen, and F.T.J. Verstappen, 
Metabolic Effects of Acute and Chronic Beta-Blockade 
During Maximal Aerobic Exercise, Int. J. Sports Med. 
5(suppl.):183-185, 1984. 



70 

72. van Baak, M.A., W. Jennen, A. Muijtjens, and F.T.J. 
Verstappen, Effects of Acute and Chronic Metoprolol 
Administration During Submaximal and Maximal Exercise, 
Int. J. Sports Med. 6:347-352, 1985. 

73. van Herwaarden, C.L.A., R.A. Brinkhorst, J.F.M. Fennis, 
and A. Van't Laar, Effects of Propanolol and Metaprolol 
on Haemodynamic and Respiratory Indices and on Perceived 
Exertion During Exercise in Hypertensive Patients, Br. 
Hrt. J. 41:99-105, 1979. 

74. van Hooff, M.E.J., K.H. Rahn, and M.A. van Baak, Effects 
of Acute and Chronic Administration of Propanolol During 
Submaximal Exercise in Essential Hypertension, Int. J. 
Sports Med. 5(Suppl.):186-188, 1984. 

75. Wilhelmsson, and G. Vedin, Principles and Practice of 
Treatment with Beta-Blockers in Myocardial Infarction, 
Drugs 25(Suppl.2):308-313, 1983. 

76. Williams, R.S., Role of Recptor Mechanisms in the 
Adaptation Response to Habitual Exercise, Am. J. 
Cardiol. 55:68D-73D, 1985. 

77. Wilmore, J.H., G.A. Ewy, A.R. Morton, P.R. Stanforth, 
S.H. Constable, M.J. Buono, K.A. Conrad, H. Miller, and 
C.F. Gatewood, The Effect of Beta-Adrenergic Blockade on 
Submaximal and Maximal Exercise Performance, J. Cardiac 
Rehab. 3(l):30-36, 1983. 

78. Wilmore, J.H., B.J. Freund, M.J. Joyner, G.A. Hetrick, 
A.A. Hartzell, R.T. Strother, G.A. Ewy, and W.E. Faris, 
Acute Response to Submaximal and Maximal Exercise 
Consequent to Beta-Adrenergic Blockade: Implications 
for the Prescription of Exercise, Am. J. Cardiol. 
55:135D-141D, 1985. 

79. Wilmore, J.H., G.A. Ewy, B.J. Freund, A.A. Hartzell, 
S.M. Jilka, M.J. Joyner, C.A. Todd, S.M. Kinzer, and E.B 
Pepin, Cardiorespiratory Alerations Consequent to 
Endurance Exercise Training During Chronic 
Beta-Adrenergic Blockade with Atenolol and Propanolol, 
Am. J. Cardiol. 55:142D-148D, 1985. 

80. Wilmore, J.H., M.J. Joyner, B.J. Freund, G.A. Ewy, A.R. 
Morton, Beta-Blockade and Response to Exercise: 
Influence of Training, Physician. Sports Med. 
3(7):60-66, 1985. 


