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ABSTRACT 

Twenty-five highly trained runners (tfOg max 64.7 ± 4.3 

ml-kg~^-min~^) were administered clinically equivalent doses of 

non-selective (propranolol) and cardioselective (atenolol) beta 

blocking agents as well as a placebo. On the eighth day of 

medication, the subjects performed a horizontal treadmill test 

during which both submaximal (240 m.min"* • 6 min) and maximal 

data were obtained. A 10-km track race was conducted on the tenth 

day of each treatment. A double-blind, crossover experimental 

design was used. Beta blockade decreased submaximal heart rate with 

propranolol causing the largest decrease. Propranolol decreased 

submaximal tfOg^and increased submaximal RER. Both medications 

raised RPE. Beta blockade caused a decrease in HR max, tfOg max, 

tfE max, RER max, and treadmill time. Propranolol caused a greater 

decrease than atenolol in each case. The 10-km race times were 

significantly slower during beta blockade. Propranolol race times 

were slower than atenolol race times. 

x  



CHAPTER I  

INTRODUCTION 

Even though beta adrenergic blockade and aerobic exercise 

are both widely prescribed for cardiovascular diseases, their inter

active effects are not well understood. In fact, many of the acute 

treatment effects of either of these therapeutic modalities tend to 

contradict the other. In general, beta adrenergic blockade (BAB) 

acts on the heart as a stress "reducer", while exercise exerts its 

effect as a stress "inducer". 

BAB is used extensively in patients with essential hyper

tension and cardiac arrythmias, as well as in patients who have had 

myocardial infarctions. Beta blocking agents generally exert their 

influence through specific beta (B) receptors, i .e., the B-l 

receptors located predominantly in the myocardium. However, some 

beta blocking agents also affect the B-2 receptors which are located 

in skeletal muscle, organs, blood vessels and airways. The blockade 

of these B-2 receptors may produce undesirable side effects when the 

sole purpose of medication is for the treatment of cardiovascular 

disease. 

BAB is achieved by pharmacological agents which occupy the 

beta receptors, thus blocking the normal action of epinephrine and 

norepinephrine which are released with sympathetic stimulation. 

1  
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These drugs compete with the catecholamines for these beta 

receptors, but they do not activate the occupied sites. Thus, the 

general "fight or flight" responses normally resulting from 

adrenergic receptor activation is attenuated. Moreover, BAB tends 

to reduce the systemic arterial pressure, thus reducing circulatory 

afterload during sympathetic stimulation. This is advantageous 

since it delays the onset of angina reflecting a reduction in 

myocardial ischemia. 

Conversely, chronic exercise is a stressor to the cardio

vascular system. It is effective in inducing alterations in the 

circulatory system, increasing its capacity during maximal exercise 

and enabling it to become more efficient. One mechanism by which 

this occurs is through an increased period of diastolic fill ing 

which results in an increased ventricular preload. Also, increased 

muscle blood flow results in a decreased afterload. Furthermore, 

improvement in maximal oxygen uptake results from endurance exercise 

training and is associated with decreases in heart rate and systolic 

blood pressure, i .e., double product, as well as decreases in 

general sympathetic activity at the same absolute workload. 

Acute exercise increases sympathetic outflow and epinephrine 

release resulting in an increase in heart rate, stroke volume, and 

myocardial contractility. BAB, in essence, confounds this normal 

sequence of events during exercise. With the inhibition of B-l 

activation, exercise performance has been found to be impaired in 

some studies, but unaffected in others. 
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In untrained individuals, Epstein et al. (1) found that BAB 

decreased maximal oxygen uptake as well as treadmill time to the 

endpoint of exhaustion. Reybrouck et al. (2), however, found that 

in both untrained normal subjects as well as in cardiac patients, 

maximal oxygen uptake and treadmill time were maintained. They 

hypothesized that although BAB did markedly decrease maximal heart 

rate, oxygen uptake was maintained by increases in stroke volume and 

in peripheral oxygen extraction by the working muscles. 

Highly trained endurance athletes, however, have theoreti

cally maximized both their stroke volume and their peripheral oxygen 

extraction capabilities. Consequently, they have less effective 

compensatory mechanisms by which they may override the effects of 

acute BAB (3). Therefore, the impairment of performance with BAB 

should be much greater in endurance trained subjects. 

The effects of BAB on distance running performance have not 

been well documented. It  is presently unknown as to which of the 

physiological mechanisms associated with successful distance running 

performance are most affected by BAB. Cost i l l  et al. (4) have 

described three parameters which determine endurance running 

performance. These parameters include maximal oxygen uptake (fag 

max), metabolic/mechanical efficiency expressed as the oxygen uptake 

for a standard running velocity, and the running velocity at lactate 

threshold. 

Early work by Costi11 et al. (4) indicated that 0^ max was 

the factor most closely correlated to distance running performance. 
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Later work by Farrell et al. (5) showed that among a homogenous 

group of trained runners, velocity at lactate threshold appeared to 

be most closely correlated with performance. Finally, Costill et 

al. (6) and Connelly et al. (7) found that running performance 

correlated highly with metabolic/mechanical efficiency as well as 

velocity at lactate threshold. 

Considering each of these parameters, the effects of BAB on 

endurance exercise performance can be more closely analyzed. In 

addition, possible differences between cardioselective (atenolol) 

and non-selective (propranolol) beta blocking agents can be 

ascertained. 

At present, cardioselectivity is an important issue. 

Kendall and Smith (8) claim that cardioselectivity does not in

fluence the effect of BAB on the heart rate or blood pressure during 

exercise. If cardioselectivity does not influence central circu

latory factors, then variability in exercise performance between the 

two classes of beta blocking agents would be due primarily to 

peripheral effects, i .e., B-2 receptor mediated effects. 

Kaiser et al. (9), and Kaijser (10), showed a greater 

decrease in exercise tolerance in a group of endurance trained 

subjects using propranolol (non-selective) as compared to atenolol 

(cardioselective). Karlsson (11), in a study on endurance trained 

subjects, showed that times run over a given distance were faster 

when the subjects were medicated with atenolol as opposed to 
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propranolol. The decrease in performance time also correlated 

positively with the subject's percentage of slow twitch fibers. 

Other researchers have attempted to describe the peripheral 

mechanistic effects of BAB with and without regard to cardio-

selectivity. Lundborg et al. (12) found changes in the liberation 

and uptake of both free fatty acids and glycogen in subjects under 

BAB. Others (13,14,15) have found variability in the uptake of fuel 

sources such as glucose, as well as the blood lactate response. 

Statement of the Problem 

Results of studies investigating the response to submaximal 

and maximal exercise while under the influence of BAB have been 

quite variable. This is due, in part, to the class of medication 

used, the dosages administered, as well as the subject's level of 

conditioning. 

Thus, the purpose of this study was to investigate the 

effects of cardioselective (atenolol) and non-selective (pro

pranolol) beta blocking agents on both the submaximal and maximal 

endurance performance of highly trained distance runners. Sub-

maximal performance was evaluated by the physiological responses to 

a constant velocity, steady-state run at 240 m-min"^ on a 

horizontal treadmill. Maximal performance was evaluated by the 

maximal physiological responses to a progressive speed incremented 

treadmill run, maximal treadmill time, and the time to complete a 

competitive 10-km track race. 



CHAPTER 2 

A REVIEW OF LITERATURE 

Adrenergic Blocking Agents 

Various forms of acute stress including exercise and fear 

stimulate the sympathetic nervous system causing the release of 

catecholamines. This release, in turn, prepares the body to respond 

to this stress. These responses include cardiovascular and meta

bolic adaptations which improve the blood supply to skeletal muscle 

and increase oxygen uptake as well as increasing mobilization of 

carbohydrates and free fatty acids in anticipation of a need to 

raise the level of energy consumption. BAB generally attenuates 

these actions. 

Beta blocking agents exert their effect by occupying the 

receptor sites for catecholamines. These receptor sites were 

originally described by Dale (16) in 1906. Later, Ahlquist (17), 

after looking at the effects of various sympathetic agents identi

fied two distinct receptors; alpha (A) and beta (B). Both of these 

receptors interacted with catecholamines; however, they provided 

different responses. 

Finally, in 1967, Lands et al. (18) demonstrated two 

varieties of B-receptors .based on their varying responses to 

epinephrine and norepinephrine. According to Lands et al. (18), B-l 

6 
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receptors are found predominately in the heart while B-2 receptors 

are located in the peripheral arteries, organs, and airways. They 

further stated that alpha receptors tend to be the antagonists of 

the B-2 receptors. Later, Lewis et al., (19) showed that dilation 

of the coronary vessels is entirely mediated by B-l receptors in 

isolated coronary preparations. 

The general mechanism by which beta blocking agents work is 

through competitive binding with catecholamines for beta receptor 

sites. In a study on young normal males, Irving et al. (20) found 

that beta blocking agents significantly increase the adrenergic 

response to exercise as evidenced by increased plasma catecholamine 

levels. Furthermore, Robertson (21), in a review article, concluded 

that common clinical doses of beta blocking agents were ineffective 

in reducing blood pressure in patients with hypertension which was 

associated with excessive secretion of catecholamines. These 

studies demonstrate the competitive nature of beta blocking agents 

and catecholamines for adrenergic receptor sites. 

BAB is most important because of its effectiveness in 

reducing the oxygen demand of the myocardium. Effective BAB has 

been shown to lower blood pressure, reduce the contractility of the 

myocardium and decrease heart rate. This, in turn, reduces the work 

of the heart, as evidenced by a reduction in rate-pressure product, 

and thus its oxygen demand. As a result, BAB decreases the chance 

of the heart becoming ischemic at the same rate of work by reducing 

the heart rate and blood pressure responses (8,19). 
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Studies have been conducted to evaluate the effectiveness of 

BAB in the management of cardiovascular diseases. Since the mid-

1970' s, many large epidemiological studies have been conducted in 

this area. These studies have generally shown that among survivors 

of myocardial infarction, chronic treatment with beta blocking 

agents is more effective in reducing mortality than similar treat

ment with a placebo (22,23). In fact, Shan (24) of Duke University 

Medical Center states, "the development and introduction of B-

blockers ranks as the most important therapeutic advance in the 

treatment of cardiovascular disease to date. Not only have these 

drugs proved effective in treatment of angina, arrythmias and 

hypertension, several have recently been shown effective in secon

dary prevention of death following myocardial infarction, (pg. 97)." 

Physiological Characteristics of Cardioselective vs. 

Non-Selective Beta Blocking Agents 

Cardioselective beta blocking agents are relatively specific 

in their actions to the B-l receptor sites. Non-selective beta 

blocking agents are active at both the B-l and B-2 receptor sites. 

Since most beta blockers are prescribed because of their B-l 

effects, e.g., reduction in blood pressure and heart rate, the B-2 

effects elicited by non-cardioselective agents, e.g., constriction 

of peripheral vessels and bronchi, may be undesirable in the 

management of patients with cardiovascular disease. 

Frishman et al. (25) in a study on patients with severe but 

stable angina reported that although moderate doses of propanolol 
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improved exercise performance in this group, higher doses caused 

decreased work capacity. They hypothesized that this decreased 

capacity at higher doses may have been the result of the non

selective nature of propranolol, i .e., its influence on the B-2 

receptors. According to Kendall (26), cardioselective drugs do not 

influence heart rate or blood pressure during exercise any 

differently than non-selective drugs. Moreover, cardioselective 

agents are less likely to interfere with airway function during 

exercise than are non-selective agents. 

Recent work by Tesch et al. (27) has shown that non

selective beta blocking agents do indeed effect various peripheral 

factors during exercise. By having 14 physically active men perform 

sustained isometric exercise during placebo, propranolol-induced 

blockade, and control conditions, they were able to factor out 

central circulation as a possible limiting factor. Endurance time 

was significantly decreased during the propranolol treatment as 

compared to control and placebo conditions. These results indicate 

that muscular performance is impaired by the peripheral effects of 

propranolol irrespective of accompanying changes in central circu

lation. 

Cardioselective and non-selective beta blocking agents also 

demonstrate differences in metabolic pathway, clearance rate, and 

half l ife. In general, nonselective drugs are considered to be 

l ipophilic. They are completely absorbed by the gut, and are 

eliminated by bio-transformation in the liver. These lipophilic 



agents tend to have short half-lives of 3-4 hours. Thus, two to 

four doses per day are needed to maintain adequate blood levels of 

the drug (8,28). Conversely, cardioselective drugs are generally 

hydrophilic. Although they are not as well absorbed by the gut, 

they are excreted unchanged via the kidney. As a result, these 

agents have a half l ife as long as 6-13 hours, and may be effective 

when administered as a single daily dose (8,29). 

Effectiveness of Exercise Therapy 

for Cardiac Rehabilitation 

While BAB has been shown to be effective in the treatment of 

cardiovascular disease through decreasing the myocardial oxygen 

demands, chronic aerobic exercise has been shown to be an effective 

therapy in a different manner. Nevertheless, many of the resulting 

adaptations are similar to those of BAB. Exercise training is 

effective in improving cardiovascular function both at rest and 

during exercise through peripheral vascular alterations (30), as 

well as through central circulatory adaptations, including changes 

in heart rate and stroke volume (30,31). Moreover, these changes 

cause lowered oxidative demand on the heart at a given rate of work. 

Due to an increase in diastolic fill ing time, left ventricular 

preload is increased, thus allowing for an increased stroke volume. 

Increased muscle blood flow decreases the ventricular afterload, 

also enhancing increases in stroke volume. Furthermore, the 

increased muscle blood flow reduces peripheral vascular resistance 

which, in turn, reduces blood pressure. With cardiac output 



remaining constant for the same rate of work, heart rate is reduced 

as stroke volume is increased. The decreases in both heart rate and 

blood pressure reduce the double product, an index of myocardial 

oxygen demand. With a smaller absolute myocardial oxygen demand for 

each level of exercise intensity, the onset of myocardial ischemia 

is delayed to higher rates of work (32,33). The response of 

patients with cardiovascular disease to training is similar to those 

of normal subjects, but generally not as marked (33). 

Several prospective randomized studies have been conducted 

over the last decade to determine the benefits of exercise training 

in the treatment of subjects who have survived myocardial infarc

tion. Although none have shown significant differences in mortality 

between exercise and control groups, virtually all  these studies 

reveal a positive trend favoring the physical training group (34). 

While May et al.  (34) have shown that exercise may be 

beneficial in the treatment of coronary artery disease on an 

epidemiological level, Hagberg et al.  (35) have described both the 

cardiovascular and the peripheral adaptations which occur during 

conditioning of cardiac patients. Previous to this study, i t  was 

believed that cardiac patients improve exercise tolerance primarily 

through changes in peripheral adaptations. Hagberg et al.  (35) in 

their study of 11 cardiac patients, found that central cardiac 

adaptations were responsible for much of the improvement in maximal 

oxygen uptake associated with training. While some of the 

improvement was attributed to alterations in peripheral factors, 
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measures of myocardial contractil ity, such as stroke volume and 

stroke work as well as blood pressure responses, all  improved 

substantially after 12 months of training. Thus, the heart became a 

more efficient pump, and its oxygen demands were reduced. 

While beta blocking agents and exercise are both widely 

prescribed for rehabilitation of cardiovascular diseased patients, 

their combined usage has been considered contraindicated by many 

clinicians. The effects of beta receptor blockade have often been 

compared to those of training in that both cause a reduced heart 

rate and systolic blood pressure at maximal and at standardized 

submaximal levels of work. However, these reductions are accom

plished by different mechanisms. While training reduces heart rate 

and systolic blood pressure, in part, by a reduced sympathetic 

stimulation of the heart and blood vessels at any given BAB 

actually attenuates the heart's response to sympathetic stimulation. 

However, BAB does cause a compensatory increase in alpha-receptor 

controlled peripheral vasoconstriction (33). 

Effects of Beta Blocking Agents on Exercise 

in Patients with Cardiovascular Disease 

After the establishment of both BAB and exercise as viable 

therapies in the control of hypertension and coronary artery 

disease, investigators began to study their mutual effect in both 

acute and chronic situations. Initially, beta blocking agents were 

used in cardiovascular diseased patients because they tended to 

reduce myocardial oxygen requirements, i .e.,  depress the double 



product, thereby delaying the onset of angina during acute bouts of 

exercise (8). However, early investigators theorized that possibly 

this therapeutically induced l imitation of cardiac function might 

prohibit a training effect from occurring in patients taking beta 

blocking agents (36). Considerable controversy exists today 

concerning this issue. Because beta blockers have acute benefits in 

delaying onset of angina, and also have been shown to decrease 

morbidity and mortality of cardiovascular diseased patients, they 

will  be used in the rehabilitation of these patients regardless of 

whether exercise training is included as adjunct therapy. I f  a 

trained state cannot be obtained while exercising under the 

influence of BAB then, quite possibly, exercise will  no longer be 

included in the treatment regimen for cardiovascular diseased 

patients. 

Response of Patients Under 
BAB During Acute Exercise 

Early work by Dwyer et al.  (36) showed that propranolol was 

effective in treating patients with angina pectoris because i t  

allowed patients to do physical work while requiring less myocardial 

oxygen delivery compared to the unblocked state. This, in turn, 

delayed the onset of ischemia and the occurrence of angina. 

Later, Frishman et al.  (25), using angina patients, found 

that during control tests, the patients' cessation of exercise was 

mainly attributed to angina. After taking moderate doses of 

propranolol, the onset of anginal pain was delayed, e.g., angina 
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occurred at a higher rate of work. They also found with higher 

doses of propranolol angina was no longer a l imiting factor. 

Instead, work time was decreased, and fatigue became the l imiting 

factor causing patients to stop exercising. This fatigue was 

associated with the higher doses of medication, not the higher 

levels of work. 

According to Powles (37), the effectiveness of BAB during 

acute exercise is due to the decreased peripheral vascular resis

tance which results in a lowering of blood pressure. Furthermore, 

decreases in heart rate at each workload including maximal rates, 

lowers the double product, thus delaying the onset of angina. Thus, 

higher workloads may be tolerated before myocardial ischemia and 

accompanying angina begin to occur. 

In order to determine the effects of BAB on tfOg max, 

Reybrouck et al.  (2) used 31 hypertensive patients and did maximal 

effort tests on cycle ergometers. The patients were given both a 

placebo and up to 600 mg/day of atenolol. They found that although 

maximal cardiac output was decreased, compensatory mechanisms 

allowed both max and maximal physical working capacity to be 

maintained at control levels. I t  was postulated that the cardio-

selectivity of atenolol allowed factors such as stroke volume and 

arterial-venous oxygen difference to compensate for the noted 

decrease in heart rate. I t  was felt that the peripheral B-2 

interactions which occur normally during BAB with atenolol helped 

maintain maximal work capacity. 



In a similar study, Franciosa et al.  (38) found that hyper

tensive patients using propranolol were unable to match the maximal 

work time of other patients using oxprenolol (a non-selective beta 

blocking agent with alpha agonist activity) during exercise on a 

cycle ergometer. Although both medications were equally effective 

in diminishing heart rate and systolic blood pressure during 

exercise, only propranolol reduced cardiac output and tfOg max. 

Bruce et al.  (39) observed both increases and decreases in 

flOg max among cardiovascular diseased patients during propranolol 

treatment, with the direction of the response dependent on the type 

of disease and the degree of existing myocardial damage. Heart rate 

reduction with BAB was similar in all  patients. However, only those 

with less than 15% ventricular impairment had decreases in V02  

max. Conversely, patients with more than 15% ventricular impairment 

showed increases in max. 

Response of Patients to Exercise 
Training While Under BAB 

Dwyer et al.  (36) in 1968 and Malborg et al.  (40) in 1974 

hypothesized that i t  might not be possible to achieve a trained 

state while under BAB. However, there appears to be evidence to the 

contrary. 

Studies by Pratt et al.  (41) and Obina et al.  (42) showed 

that patients with documented coronary artery disease, who were 

chronically administered doses of propranolol, could achieve a 

substantial training effect through endurance exercise. Pratt et 
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al. (41) administered either varying amounts of propranolol or no 

beta blocking agent to 35 coronary patients. The patients underwent 

a maximal treadmill test using the Bruce protocol before embarking 

on a 12-week training program of aerobic exercise. Following the 

training program, the treadmill test was repeated. Both groups 

showed improvements in treadmill time and estimated VOg max. 

Moreover, there was no difference in the improvements noted between 

the two groups. In a study using a similar design, Obina et al.  

(42), also found that propranolol did not impair the training 

effects of exercise among coronary patients when compared to another 

group of patients exercising while taking placebos. 

More recent studies have also demonstrated that a training 

effect can be obtained by patients using beta blocking agents. 

Studies by Smith et al.  (43), and Roberts et al.  (44) measured VOg 

directly in patients that trained while taking beta blockers. They 

both reported improvements in treadmill time and in VOg max after 

training. Smith et al.  (43) hypothesized that BAB does not 

attenuate the salutory effects of exercise training. Roberts et al.  

(44), however, found in their study that although patients did 

improve VOg max and treadmill time while taking propranolol, the 

magnitude of improvement was inversely related to the prescribed 

doses. 
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Beta Adrenergic Blockade During 

Acute Exercise of Normal Subjects 

In order to discover the interactive physiological responses 

to BAB and exercise, many investigators have used a normal, non-

diseased subject sample. Most studies have used sedentary normal 

subjects while a few have used more highly trained participants. 

Initial work in this area began in the early 1960's. 

Epstein et al.  (1) investigated several aspects of BAB and exercise 

including: 1) the acute responses to exercise with and without BAB 

on the same day, 2) the effects of BAB on submaximal and maximal 

exercise performance, and 3) the effects of BAB on peripheral oxygen 

extraction during steady-state exercise. Subjects were tested on a 

motor driven treadmill and BAB was obtained by intravenous adminis

tration of propranolol. Propranolol caused a 40% decrease in time 

on treadmill compared to either control or placebo conditions. When 

propranolol was administered during a steady-state run, cardiac 

output, mean arterial pressure, and left ventricular minute work all  

declined and a new circulatory steady-state was established; 

however, submaximal V'Og was unchanged throughout the entire 

exercise. This latter finding was attributed to a compensatory 

increase in peripheral oxygen extraction. During maximal exercise 

propranolol caused reductions in heart rate, cardiac output, mean 

arterial pressure and left ventricular minute work, as compared to 

the control tests. Although $0^ max also decreased when compared 

to the controls, the magnitude of this decrease was much smaller 



than the concomittant decreases seen in the cirulatory function. 

From these results, Epstein et al.  postulated that the reduced V02  

at maximal effort was due to the inability of the increased peri

pheral oxygen extraction to fully compensate for the decreased 

cardiac output. Moreover, they reasoned that the lowered cardiac 

output was due to a marked drop in maximal heart rate as opposed to 

changes in stroke volume. 

Furberg (3) studied the effect of BAB with propranolol on 

three different groups of subjects differentiated by their physical 

working capacities. He found that maximal work capacity actually 

improved during BAB in the group with the lowest physical working 

capacity which was comprised of patients with cardiovascular 

disease. In normal sedentary subjects, maximal work capacity 

remained relatively unchanged during BAB, while maximal work 

capacity actually decreased with BAB in the highly trained group. 

Weighing the evidence presented by Epstein et al.  (1), Furberg 

proposed that trained athletes have maximized their peripheral 

oxygen extraction capability during heavy work, which may l imit 

their ability to compensate for the BAB-induced decrease in maximal 

cardiac output. 

Maksud et al.  (45) found lowered heart rates and decreased 

minute ventilations during submaximal and maximal exercise in 

healthy young men taking propranolol. Contrary to the findings of 

Epstein et al.  (1), Maksud et al.  (45) found no changes in VOg 

max, or exercise endurance times as compared to control tests. They 



theorized that the difference between their study and those of 

preceding investigators may have been due to the doses administered 

in each study. The doses used in the Maksud et al.  (45) study were 

approximately one-quarter the dose applied by Epstein et. al.  (1). 

Ekblom et al.  (46), in a study of healthy subjects per

forming submaximal and maximal cycle ergometer exercise, found that 

intravenously administered propranolol decreased heart rate, cardiac 

output and maximal work time. While these results supported the 

results obtained by Epstein (1), they (46) did no-t f ind signifi

cant changes in VOg max between the propranolol and control 

treatments. 

Pearson et al.  (47) showed not only decreases in work time 

and VOg max in normal healthy males, but also a 3.5% reduction in 

submaximal V0£ over the entire work range during BAB with pro

pranolol. This was accompanied by an increase in the respiratory 

exchange ratio of 0.06 units for every increment in workload. 

During submaximal work, propranolol also decreased steady-state 

cardiac output. This was attributed to a 22% decrease in heart 

rate. Stroke volume actually increased thus preventing an even 

larger drop in cardiac output. Reybrouck et al.  (2) reported 

similar changes in stroke volume using hypertensive patients during 

BAB with atenolol. They also found lowered VOg up to, but not 

including, the higher rates of work. 

More recently, Wilmore et al.  (48) conducted a similar study 

using the non-selective drug sotalol. While maximal heart rate was 



reduced during BAB, treadmill time to exhaustion was unchanged, and 

VO^ max was only slightly decreased. Contrary to the findings of 

Reybrouck et al.  (2) and Pearson et al.  (47), no change was seen in 

VOg or respiratory exchange ratio during submaximal exercise. I t  

was theorized from this data, as well as previous work, that many 

of the varied results may have been due to drug-specific as well as 

dose-specific responses. 

Trainability of Subjects While Under 

Beta Adrenergic Blockade 

Much of the recent interest in the area of BAB research has 

focused on the trainability of subjects while under the influence of 

BAB. An early study by Maksud et al.  (49) on normal subjects was 

conducted to demonstrate the effects of a single acute dose of pro

pranolol and a placebo on various physiological parameters both 

before and after physical conditioning. Following training, ad

ministration of propranolol resulted in lower heart rates both at 

rest and during submaximal exercise as compared to pre-training 

propranolol values. Maximal heart rates and blood pressure 

responses did not change as a result of conditioning. The VE during 

exercise was lower during the tests conducted with propranolol as 

compared to a placebo both before and after the conditioning 
* 

program. VOg max improved after training under both conditions; 

however submaximal VOg at each rate of work was unchanged by 

training or medication. The percentage decrease in exercise time 

stayed constant when comparing propranolol to placebo conditions 



both before and after training. However training improved endurance 

time in both situations. Maksud et al.  (49) postulated that the 

effects of training in normal subjects are not diminished by the 

acute administration of propranolol as compared to the pre-trained 

state. 

Recently BAB studies have been conducted on normals to 

determine if  it  is possible to achieve the trained state while under 

BAB. Sable et al.  (50) found that subjects taking propranolol 

during five weeks of training showed no training effect when their 

pre- and post-training treadmill tests were compared in the un

blocked state. On the other hand, a comparable group taking a 

placebo during the training regime showed all  of the classical signs 

of a training effect, including improvements in 0^ max, 1?E max 

and exercise duration. In the beta blocked group only $E max 

increased in a similar fashion to the placebo group after training. 

Moreover, this increase was evident only when the subjects had 

discontinued medication for a period of one week. The pre-training 

beta-blocked treadmill test did not affect VE max as compared to the 

pre-training control test. Thus, i t  follows that changes in VE 

brought about by training were masked by BAB and were not evident 

until  the subjects discontinued medication. Stil l  no changes were 

seen in VOg max or work time in the propranolol group between 

their pre- and post-training unblocked control tests. Sable et al.  

postulated that the inability to demonstrate change in VE max in the 



BAB group post-training was due to B-2 affects of propranolol on 

bronchiolar smooth muscle. 

Ewy et al.  (51), in a study design similar to the study of 

Sable et al.  (50), using Sotalol and a 13 week training period, 

found no training effect in the beta-blocked group from pre- to 

post-training while subjects were stil l  under the influence of BAB. 

However, one week following the discontinuation of medication, the 

subjects who had been on beta blocking agents demonstrated 

significant improvement in tfE max similar to that seen by Sable et 

al.  (49). In addition, increases were noted in both 0^ max and 

treadmill time. These adaptations were seen only when comparing the 

initial pre-training unblocked control test to the final 

post-training unblocked control test. Ewy et al.  (51) similarly 

postulated that these findings were caused by a masking effect of 

the drug on central and peripheral changes elicited by training. 

They felt that the main factor causing this masking phenomenon was 

the decrease in heart rate induced by BAB. Effectively, the 

inability to reach normal maximal heart rate during BAB did not 

allow the training-induced changes in stroke volume to improve 

cardiac output. This inhibition of an increased cardiac output 

coupled with B-2 specific responses attenuated improvements in VOg 

max. With removal of BAB, restoration of normal maximal heart rate, 

along with the training-induced increase in stroke volume caused 

significant improvement in cardiac output. Thus, VOg max and 

performance time were suddenly improved. 



More recently, Svedenhag et al.  (52), have shown that a 

central and peripheral training effect can be obtained in healthy 

subjects taking propranolol while training for 12 weeks on a cycle 

ergometer. They claim, however, that these effects are not optimal, 

and suggest that the sympathoadrenal system plays some role in' 

normal adaptation to training. 

Beta Adrenergic Blockade During Acute Exercise in Trained Subjects 

Little work has been done to describe the effects of BAB on 

trained subjects. There are, however, indications that the trained 

athlete's response to exercise during BAB may vary from responses 

seen in cardiovascular diseased patients or normal subjects (3). 

Studies by Kaiser et al.  (9), and Kaijser (10), showed that 

exercise tolerance and performance time were diminished in groups of 

highly trained distance runners consequent to BAB. The former study 

was double blinded and consisted of three treatment periods using 

either 50 mg of atenolol per day, 80 mg of propranolol per day, or a 

placebo. Treadmill tests were performed under each condition with 

incremental increases in workload every four minutes until  subjects 

reached exhaustion. The results indicated that at lower submaximal 

workloads, the decreases in heart rate were the same when under the 

influence of both drugs. However, at workloads requiring more than 

57% of VOg max, a greater decrease in heart rate was seen with 

propranolol than atenolol. Both drugs depressed systolic blood 

pressure to the same level below that of the placebo, both at rest 

and during levels of exercise up to 77% of ^Og max. Contrary to 



previous findings in normal sedendary subjects (47), VOg at 

submaximal workloads was the same during all  three treatments. 

Nevertheless, $0^ max, and performance time, were decreased by 

both drugs as compared to the placebo. These decreases were greater 

with propranolol than atenolol. 

Another investigation, by Kaijser (10), on trained subjects 

was conducted to determine the dose dependent effects between 

cardioselective and non-selective BAB on distance running per

formance. Varying amounts of either atenolol or propranolol were 

given acutely to subjects in a double blind crossover design. 

Subjects were then allowed to follow their own running routes. 

Although a significant decrease in performance time was caused by 

the lowest dose of propranolol (40 mg), neither of the two lowest 

doses of atenolol (25 and 50 mg) impaired running performance. 

Nevertheless, higher dosages of atenolol did produce slower running 

times, although these times were significantly faster than those 

times run during corresponding doses of propranolol. Furthermore, 

peak perceived exertion plotted against peak impairment of running 

capacity showed that doses of propranolol caused greater fatigue, 

both subjectively and objectively, than similar doses of atenolol. 

Kaijser (10) postulated that the consistent decrease in per

formance by all  doses of propranolol is due to local B-2 blockade in 

the exercising muscle which would not be present with atenolol. 

However, during high doses of atenolol a partial B-2 blockade is 



possible, thus causing an impairment in exercise performance similar 

to what is seen during BAB by propranolol. 

Recent work done by Karlsson (11), attempted to clarify the 

results obtained in the two previous studies concerning the effects 

of atenolol and propranolol on running performance. Using highly 

trained subjects, as well as doses of propranolol and atenolol that 

were determined to be equivalent in terms of their antihyper

tensive effects, the subjects performed graded maximal treadmill and 

cycle ergometer tests. During submaximal exercise, there was no 

difference in heart rate and systolic blood pressure between either 

beta blocking agents. Using a vastus lateralis muscle biopsy, 

Karlsson found a positive correlation between diminished heart rate 

response during BAB and % slow twitch muscle fibers. Greater 

reductions in heart rate were discovered in subjects having a 

greater % of slow twitch muscle fibers. Moreover, during running, 

performance time was decreased more by propranolol than by atenolol 

among those subjects rich in slow twitch fibers. This may be due to 

the increased capillary density present in slow twitch muscle. 

In a study on maximal work capacity during both acute and 

chronic BAB, von Baak et al.  (53) found that low doses of metoprolol 

(non-selective) reduced cardiac output, but did not reduce VOg 

max, or maximal work time in active, normal subjects. However, at 

higher doses, reductions in max and maximal work time occurred 

along with a diminished cardiac output. 



Tesch et al.  (54) found a decrease in maximal and submaximal 

VOg in 13 subjects under BAB performing cycling exercise. 

Although the subjects were ingesting propranolol two hours before 

exercise, no changes in ventilation were seen at any level of 

exercise as compared to control values. RPE values also varied with 

control values when subjects were under BAB, with higher "local" RPE 

values being the major difference. 

Physiological Parameters Associated with Success 

in Distance Running Performance 

In trained runners who have maximized their physiological 

capabilities, there appear to be several discriminating factors 

which determine successful performance, and which allow the accurate 

prediction of distance running performance. Initially, Costil l  et 

al.  (4) showed that the prime consideration for successful distance 

running performance was an individual's VOg max. Later work 

(5,6), however, showed that while virtually all  elite distance 

runners have high VOg max values, there are large variations in 

other physiological parameters which are associated with distance 

running performance. Farrell et al.  (5) demonstrated that running 

velocity at the onset of plasma lactate accumulation (OPLA) correla

ted quite highly with running performance in a group of well-

trained runners who had similar ^ max values. Furthermore, both 

Costil l  et al.  (6) and Connelly and Krahenbuhl (7) showed a high 

correlation between submaximal running efficiency and performance 

when efficiency was defined as the tfOg for a given velocity 



expressed both relative to body weight and as a percentage of VOg 

max. This study also used a group of exceptional runners who had 

similar V02  max values. They postulated that additional variation 

in performance not accounted for by the differences in running 

efficiency are due to inter-individual differences in running speed 

at OPLA, or possibly other factors including peak muscle lactate, 

blood lactate tolerance, and differences in muscle fiber type. 

I t  is obvious that although a high 0^ max is a pre

requisite for distance running success, other factors such as 

running efficiency and speed at OPLA are more important among a 

homogenous group of highly trained runners with similar performance 

times. 

Beta Blockade and its Effects on Physiological 

Mechanisms Involving Performance Parameters 

There are many mechanisms by which BAB could influence 

exercise performance. Many of these mechanisms have been described 

throughout this review; however, many others affected by training 

and BAB have not been discussed. Although the central effects of 

BAB on cardiac output and max have been studied thoroughly, 

some of the more subtle peripheral effects and their impact on 

running performance parameters are not clearly understood. BAB 

effects on ventilation may be responsible for impairment of 

both maximally and submaximally (50). Moreover, BAB has been 

alleged to affect substrate metabolism of glucose, glycogen and free 

fatty acids during exercise, as well as to alter blood lactate 
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response to submaximal and maximal exercise (12,13,14,15). Many of 

the findings in these areas are equivocal, and many of the con

clusions drawn by the investigators concerning these findings are 

speculative. Because of the uncertainties, and since these issues 

deviate from the central theme of this paper, they will  be addressed 

no further. 



CHAPTER 3 

METHODS 

Twenty five highly trained endurance runners, with a mean 

age of 28.6 ± 5 years, were recruited from the Tucson, Arizona 

running community. Their physical characteristics are described in 

Table 1. Their general training included 50 to 100 miles of running 

per week, and they had an average of 5 years of competitive road 

racing experience at a variety of distances. Previous 10-km 

personal records ranged from 30.75 minutes to 38.50 minutes. All 

subjects reported in good condition for the testing which took place 

throughout the months of March and April,  1984. 

A meeting was held to brief the subjects on the design of 

the study as well as to explain the effects of both types of BAB. 

Subjects f i l led out a brief personal and family history form and 

were asked to read and sign the consent form which had been approved 

by the University of Arizona Human Subjects Committee (see Appendix 

1). Before initiating testing, each subject underwent a physical 

examination by a cardiologist to establish final clearance into the 

study. 

Control data were obtained by having all  subjects complete 

two maximal effort treadmill tests and two 10-km races during the 

initial three weeks of the study. Throughout the study, the 

29 
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TABLE 1: Subject Characteristics 

Age Ht. Wt. Fat Lean Wt. Fat Wt. 
Subject (yr) (cm) (kg) {%) (kg) (kg) 

1. R.A. 25 187.5 85.2 12.9 74.2 11.0 
2. K.C. 27 179.6 66.4 11.4 58.9 7.5 
3. S.D. 27 182.8 73.3 10.4 65.7 7.6 
4. G.D. 33 178.8 68.5 8.1 62.9 5.6 
5. J.E. 39 177.0 64.9 12.7 56.6 8.3 
6. B.F. 24 179.3 67.6 3.4 65.3 2.3 
7. D.G. 24 175.5 58.2 6.5 54.4 3.8 
8. R.G. 34 165.2 57.7 11.9 50.8 6.9 
9. M.G. 21 176.4 69.2 6.9 64.4 4.8 

10. R.H. 28 169.4 60.9 10.6 54.5 6.4 
11. J.H. 34 173.9 64.2 11.3 57.0 7.2 
12. T.H. 29 173.2 60.0 9.3 54.4 5.6 
13. T.J. 23 191.9 70.5 8.0 64.8 5.7 
14. M.J. 25 195.0 80.0 11.7 70.6 9.4 
15. M.L. 26 175.0 68.7 7.5 63.6 5.1 
16. K.L. 25 191.2 79.9 10.9 71.2 8.7 
17. M.Ma. 24 187.4 72.1 8.2 66.2 5.9 
18. M.My. 25 179.2 70.1 6.2 65.7 4.4 
19. L.P. 35 174.5 73.8 12.1 64.9 8.9 
20. T.R. 36 173.0 56.0 10.8 49.9 6.1 
21. H.S. 36 173.2 61.3 8.2 56.2 5.1 
22. D.S. 34 181.5 73.1 13.1 63.5 9.6 
23. R.T. 32 185.2 75.8 10.6 67.7 8.1 
24. C.T. 24 185.2 74.9 10.0 67.4 7.5 
25. R.W. 26 177.0 62.7 9.2 56.9 5.8 

X 28.6 179.1 68.6 9.7 61.9 6.7 
S.D • 5.1 7.3 7.5 2.4 6.5 2.0 
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treadmill tests were administered by appointment on Thursdays. Each 

subject maintained the same appointment time throughout the course 

of the study. On the Saturday morning following the treadmill test, 

the subjects participated in 10-km track races. All testing and 

races were conducted every other week throughout the control and 

treatment portions of the study. 

Following the two control tests, the subjects began three 

separate 10 day treatment periods during whic|j they performed the 

treadmill tests and 10-km track races, maintaining the same 

Thursday-Saturday pattern of every other week. The three experi

mental treatments included: (1) 80 mg of propranolol BID; (2) 100 

mg of atenalol daily in the am with a pm placebo; and (3) a placebo 

given BID. The medication was taken between 7:00 and 9:00 am and pm 

maintaining a twelve hour interval between doses. This pattern was 

followed during each 10-day medication period with the exception of 

the treadmill test and race days. This pattern of dosage was chosen 

in order to provide equivalent blockade between both types of BAB. 

According to Kendall and Smith (7), the potency of propranolol and 

atenolol at these doses is equal. BID doses of propranolol were 

administered due to the relatively short plasma half-l ife of 

propranolol (3-4 hrs) as compared to atenolol (6-7 hrs) (7). 

Furthermore, studies by Ambrosioni et al.  (55) indicate that a daily 

dose of atenolol was a more effective hypertensive agent than 

equivalent BID doses of propranolol in mildly hypertensive patients. 

Magnani et al.  (56) showed that the circulatory effects of 100 mg 



of atenolol were stil l  present during exercise up to 20 hours past 

the ingestion of medication. 

The difference between the absolute amounts of medication 

administered are due to the variation in bio-availability of the two 

drugs. The bio-availability in % of dose for atenolol is approxi

mately 50-60% while for propranolol is approximately 25-35% (8). 

Also, Schwartz (57) found that there was no difference in exercise 

heart rate between 100 mg and 200 mg of atenolol at either 2 or 24 

hours post-ingestion. In general, the doses given were similar to 

conventional clinical doses. 

The subjects had a four day interval between the second 

control session and the beginnning of the first treatment period. A 

four day washout period followed each treatment period before the 

next treatment period began. This washout period was chosen to 

allow time for the complete bio-transformation of propranolol or for 

the plasma clearance of atenolol. Due to its longer half l ife, 

atenolol takes longer than propranolol to be eliminated (8). 

Studies by Petrie et al.  (58) have shown that in hypertensive 

patients, baseline blood pressure and heart rate values will  return 

to pre-medication levels approximately 72 hours following the final 

dose. 

On the treadmill test days, the subjects who had morning 

treadmill tests took their medication 2.5 hours before their test. 

The subjects who had pm tests took their am medication eight hours 

pre-test and their pm medication 2.5 hours before treadmill 
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testing. This was done to allow the particular medications to reach 

peak blood levels. Studies by Folgering and van Bussel (59), as 

well as Petrie et al.  (58) indicated that peak blood levels of beta 

blocking agents occur no earlier than 1.5 hrs following ingestion. 

The subjects medicated 2.5 hours before starting time on all  race 

days for the same reason. 

During all  three treatment periods, the treadmill test and 

10-km races were run on the eighth and tenth days of medication 

-respectively. Thus, medication was given for a total of 9 and 1/2 

days. No further medication was taken following the 10-km race as 

this began the washout period preceding the next medication period. 

The 10-day medication period was used to simulate a chronic physio

logical blockade which would be found in cardiovascular diseased 

patients who would be taking beta blockers by prescription. 

The medications were distributed randomly in a double-blind 

manner following a latin square statistical design. This was done 

to minimize the possible changes in performance due to the varia

bility in the subject's training throughout the study. Also, this 

type of design minimized the various, uncontrollable environmental 

effects on the 10-km race performance during the course of the two 

month project. Moreover, this design avoided either subject or 

experimentor bias. A code known only by the packagers of the drugs 

was broken at the completion of the study. 

Treadmill testing was conducted in the University of 

Arizona's Exercise and Sport Sciences Laboratory. The subjects were 



instructed as to the protocol being used and were allowed to 

familiarize themselves to treadmill running. 

The test itself included a two minute warmup at 220 

m«min~* at a grade of 0%. During the remainder of the test, the 

grade was maintained at 0%, while the velocity of the treadmill was 

incrementally increased. The horizontal protocol described by Sucec 

(60) was modified for this study. Although protocols which include 

grade changes usually show an approximately 5% higher tfOg max than 

do horizontal protocols (61), a horizontal test was used to effect

ively simulate the 10-km track racing used in this project. 

After the two minute warmup, treadmill speed was increased 

to 240 m»min~*. This speed was maintained for six minutes to 

measure steady state tf02 ,  tfE, HR and the subject's rating of 

perceived exertion (RPE). This speed was chosen to avoid 0PLA for 

all  subjects involved in the study. Many studies have used 266.6 

m»min~* (10 mph) as the criterion speed for measuring running 

economy, however these studies usually included top collegiate, 

national, and international caliber runners. I t  was felt that 10 

mph would be too fast for some of the subjects in the present study, 

particularly during the BAB portion of this study. There was a 

possibility that the slower subjects would not be able to reach 

steady state ^ levels at higher speeds. 

Recent investigations by both Whipp et al.  (62) and 

Linnarsson et al.  (63) indicate that at levels well below OPLA, the 

kinetics of tfOg, as a f irst order function, reach steady within 



two minutes. At levels just below OPLA, oxygen kinetics necessitate 

approximately four minutes to reach steady state values. Thus, six 

minutes was used to ensure that steady state tfOg could be 

attained. Furthermore, Conley and Krahenbuhl (7) showed that 

running economy appeared to be a l inear function in which the % 

variation between individuals remained similar at all  running speeds 

below OPLA. 

After the steady state period was completed, the treadmill 

velocity was increased 20 m-min"* each minute until  the subjects 

reached exhaustion. Maximal treadmill time and speed at exhaustion 

were recorded. The treadmill test was designed to last no longer 

than 16 minutes to avoid the effects of cardiovascular drift on 

heart rate responses. Room temperature varied between 24° and 27° C 

during treadmill tests over the course of the study. 

The tests were run on a manually controlled, motor driven 

Quinton treadmill (Model 24-72). The treadmill was calibrated 

before each day's testing to make sure that the belt speed was 

consistent throughout the study. During the test, expired air was 

collected through a Hans-Rudolph non-rebreathing valve connected to 

a mixing chamber and volume transducer contained within the Beckman 

Metabolic Measurement Cart (BMMC). The Og and COg fractions 

were sensed by Beckman OM-11 and LB-2 analyzers (64). Before each 

testing day began, ventilation values were calibrated by introducing 

given volumes into the system. 02  and C02  analyzers were 



calibrated before and after each test using a standard gas mixture 

previously calibrated by the micro-Scholander technique. 

Other physiological measurements obtained by the BMMC during 

treadmill testing included tfOg in L*min~*, tf02  in ml.kg"*.-

min"*, respiratory exchange ratio (RER), tfCOg in L-min"*, ^E 

(BTPS), tfE (ATPS), FeOg, FeCOg. All measurements were taken 

every minute through minute 9. Beginning with minute 10, measure

ments were taken every 30 seconds until  completion of the test. 

Electrocardiograms (ECG) were recorded via a 12-lead electrode 

placement during the initial control run, and by CM-5 lead con

figuration throughout the rest of the study. Heart rates were 

calculated from the ECG which was run for the last five seconds of 

each minute. 

^2 max criteria included the following (65): (1) 

leveling of VOg despite increases in workload; (2) RER values 

greater than 1.15; (3) subject's sense of maximal exertion according 

to Borg's scale of Perceived*Exertion (66) which was measured each 

minute. Running economy was measured by taking the mean VOg 

ml.kg~*.min of the final three minutes of exercise at 240 

m*min~* (7). AIT other submaximal data were obtained in this 

particular manner. 

Two days following each treadmill test, the subjects 

reported to the University of Arizona track for the 10-km races. 

The subjects were separated into two groups according to their 

previous best 10-km times. 



The track was a surveyed 400-m tartan track. Adequate 

warmup was allowed before the start of the race. The subjects 

received intermittent lap times, and were encouraged to use proper 

pacing techniques during the race. Subjects ran the races at 

maximal effort and were encouraged to keep training, dietary, and 

sleep habits similar during the course of the study. Technicians 

were at track side to count laps and to provide assistance at a 

water and spray station in order to keep subjects hydrated and cool.  

The subjects were stopped immediately following the run, and a 

15-sec pulse count was taken by a technician to determine the 

immediate post-race heart rate. This heart rate was assumed to be 

the maximal race heart rate achieved by the subjects. Estimated 

race VC^ values were determined by calculating the particular 
_ i  

treatment race speed in m-min .  This race speed was then intro

duced into a regression equation which determined VOg at various 

treadmill  velocities corresponding to the particular condition. 

Temperature and relative humidity values for each race day 

are found in Table 2. Race starting times were varied as conditions 

became warmer during the spring. Moving starting times to earlier 

in the morning helped maintain conditions constant throughout the 

study. 

Following the study, al l  subjects turned in a training log 

which indicated their daily mileage and hours spent running. 

Furthermore, after the study, al l  subjects f i l led out a subjective 

evaluation of the three treatment periods concerning their 
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TABLE 2: Race Atmospheric Conditions 

Race 1 Race 2 Race 3 Race 4 Race 5 

Group 1 

Temp. °C 
Relative Humidity % 

63 
52 

Treatments 

69 
52 

66 
41 

74 
44 

61 
57 

Group 2 

Temp. °C 
Relative Humidity % 

69 
50 

Treatments 

72 
45 

78 
32 

82 
28 

52 
60 



differences and similarit ies. The subjects were then asked to rank 

each period from most to least diff icult in terms of their abil ity 

to train. All  subjects were measured for height in centimeters, and 

received a body composition assessment using the hydrostatic 

weighing technique as described by Behnke and Wilmore (67),  with 

residual lung volume measured using the nitrogen dilution technique 

(68) .  

Standard statistical practices were employed. These 

included repeated measures analysis of variance and Scheffe's 

post-hoc test.  In all  cases, the level of significance was set at 

the 0.05 level.  



CHAPTER 4 

RESULTS 

With the exception of the fog for the submaximal, steady-

state run at 240 m-min"*, the values obtained during the control 

tests were similar to placebo values for all  parameters. Also, 

these control values reflected the same relationships with the 

propranolol and atenolol tr ials as seen with the placebo. This 

f inding indicates the absence of a "placebo effect". Therefore, the 

placebo values were used as baseline physiological values for 

comparison with the two drug conditions. 

Resting values, as seen in Table 3, indicate that both 

propranolol and atenolol depressed heart rate below normal resting 

levels. Systolic blood pressure was also decreased by both beta 

blocking agents as compared to placebo values, while diastolic 

values remained unchanged. 

Values obtained during the submaximal, steady-state run at 

240 m»min"* are found in Table 4. Submaximal heart rates under 

both atenolol and propranolol conditions were lower than under the 

placebo condition. In addition, the submaximal heart rate during 

the propranolol tr ial was significantly lower than that obtained 

during the atenolol tr ial.  Submaximal heart rate under placebo 

conditions represented 83.7% of the placebo maximal heart rate, 
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TABLE 3: Resting Values 

C-1 
Treatment3  

C-2 PLAC PROP ATEN 

Heart Rate X 66.4 64.3 62.4 46.6b  49.71  

b»min-l ±S.D. 12.0 9.9 8.9 6.3 8.7 

Systolic BP T 129.1 131.5 131.0 121.4b  121.61  

mmHg ±S.D. 12.3 12.9 12.0 10.4 7.6 

Diastolic BP T 77.2 80.5 80.8 77.3 76.7 
mmHg ±S.D. 8.6 8.3 9.2 8.9 5.7 

Weight T 69.0 69.0 69.1 69.3 69.1 
kg ±S.D. 6.8 6.9 7.4 7.1 7.1 

Treatment: C-1, C-2 = f irst and second control tests, 
respectively; PLAC = placebo; PROP = propranolol; 
ATEN = atenolol.  

^Significantly different from placebo values, p<0.05. 

cSignificantly different from propranolol,  p<0.05. 

NOTE: There were no significant differences between C-1, C-2 and 
PLAC. Furthermore, C-1 and C-2 demonstrated identical rela
tionships with PROP and ATEN as did PLAC. 



TABLE 4: Submaximal Treadmill  Values (240 m.mirT* for 6 min) 

C-1 
Treatment3  

C-2 PLAC PROP ATEN 

Heart Rate X 158.5 155.4 154.3 116.0b  123.8b  

b'min-1 ±S. D. 8.7 8.5 10.0 6.7 11.58 

*°2 1 1 X 49.2 48.9 47.6 45.9b  46.9 
ml*kg r  min ±S. D. 3.4 3.6 3.2 3.4 4.1 

u  - i  L»min 
7 93.6 93.5 92.0 94.4 91.8 u  - i  L»min ±s. D. 11.4 9.7 10.5 15.0 10.7 

RER X 0.94 0.94 0.94 0.98b  0.95 
±S. D. 0.04 0.03 0.04 0.04 0.04 

RPE X 12.6 12.1 11.8 14. lb  13.0b  

±S. D. 1.7 1.5 1.5 2.0 1.7 

tfE/tfO, T 27.6 27.8 28.0 29.6 28.5 c ±s. D. 2.9 2.7 2.9 3.9 3.5 

02 Pulse 7 21 22 21 27b  26b  

V02(ml)/HR ±S. D. 2 2 2 2 3 

FeO, X 16.15 16.19 16.21 16.41 16.26 
±S. D. 0.49 0.41 0.37 0.55 0.44 

FeCO, X 4.55 4.51 4.52 4.24 4.51 L ±s. D. 0.48 0.39 0.39 0.60 0.42 

a , b , cRefer to footnotes in Table 3. 

NOTE: There were no significant differences between C-1, C-2 and 
PLAC, with the one exception of tf02  for C-1. 



while propranolol and atenolol submaximal heart rates were 86.556 and 

80.0% of their respective maximal heart rates. Individual and group 

values can be found in Appendix 3.  

The submaximal tf02  decreased over the two control tests, 

and placebo values obtained throughout the study indicated a further 

decrease in submaximal f lOg. The difference between the f irst 

control and the placebo trial was statistically significant. 

Furthermore, the submaximal tf02  for the propranolol tr ial was 

significantly lower than the placebo trial.  Submaximal fo2  values 

for the placebo, propranolol,  and atenolol tr ials represented 74.3%, 

82%, and 76.6% of their respective m a x  values. Individual and 

group data appear in Appendix 3.  

No changes in ventilation were seen between trials, and 

submaximal \?E under placebo, propranolol,  and atenolol conditions 

accounted for 56.6%, 67.6%, and 58.6% of their E max (see Appendix 

3).  Respiratory exchange ratio (RER) values during submaximal 

exercise were not different across trials, except for the pro

pranolol tr ial which was significantly higher than the others. 

Ratings of perceived exertion (RPE) were significantly higher during 

BAB when compared to placebo, but propranolol and atenolol RPE 

values did not differ statistically from one another. Oxygen pulse 

(02  pulse) was higher for both atenolol and propranolol tr ials 

than for the placebo; however there was no difference between the 

two drugs. 



Maximal treadmill  values are found in Table 5. HR max was 

lower in both propranolol and atenolol tr ials as compared to placebo 

with atenolol decreasing HR max to a lesser extent (p<0.05).  Figure 

1 shows the effect of the three treatments on HR at various levels 

of work. The HR max with propranolol is 27.2% lower than the 

placebo value, while the HR max with atenolol is 16.4% lower than 

the placebo value. These differences were consistent with the 

differences seen in the race heart rates, as well  as the submaximal 

and resting rates, although in some cases statistical significance 

was not reached (Figure 1).  max, expressed in both L-min"*, 

or ml*kg"*, min~*, was significantly lower in both propranolol 

and atenolol tr ials compared to the placebo trials. Also, tfOg max 

with propranolol was significantly lower than with atenolol.  The 

effects of the three treatments on 0^ at both maximal and sub-

maximal levels is i l lustrated in Figure 2. 

Maximal treadmill  t ime was highest under the placebo 

condition as compared to the two BAB conditions. Figure 3 shows the 

relationships between the three conditions for maximal treadmill  

t ime. max values were not significantly different between 

placebo and atenolol tr ials, but i?E max for both of these trials 

were significantly higher than for the propranolol tr ial.  Figure 4 

describes the effects of the three conditions on tfE at both maximal 

and submaximal work rates. Maximal RER was similar across all  

tr ials except with propranolol.  In contrast to the submaximal RER 

values where the propranolol tr ial was higher, the maximal RER with 



TABLE 5: Maximal Treadmill  Values 
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Treatment3  

C-1 C-2 PLAC PROP ATEN 

Heart Rate J 185.3 182. 7 184.0 133. 7b 153. 9b  

b-min-1 ±s. D. 4.6 4. 7 6.0 9. 5 11. 1 

$02 ,  X 4.46 4. 44 4.41 3. 88b  4. 201  

L«min ±s. D. 0.50 0. 50 0.50 0. 60 0. 40 

*°2 -1 -1 
ml»kg • min 

X 64.7 64. 6 63.8 56. lb 61. 6b  
*°2 -1 -1 
ml»kg • min ±s. D. 4.3 4.6 4.2 5. 0 5. 6 

h  .  -1 L*mm 
X 166.0 166. 8 163.5 141. lb 157. 5C  

h  .  -1 L*mm ±s. D. 17.7 14. 4 17.5 18. 4 14. 6 

Treadmill  t ime X 13.1 13. 2 13.4 11. 5b  12. 7b  

min ±s. D. 0.9 1. 0 1.0 1. 5 1.  0 

RER X 1.18 1. 17 1.20 1. 14b  1. 18 
±S. D. 0.07 0. 06 0.08 0. 07 0. 06 

tfE/tfO, X 37.4 37. 7 37.2 36. 7 37. 7 
L ±S. D. 3.7 3. 2 3.7 4. 2 3.  1 

02 Pulse X 24 24 24 29 f c  i  27b*c  

tf02(ml)/HR ±S. D. 3 3 3 4 4 

FeO, X 17.20 17. 24 17.07 17. 11 17. 20 
c ±S. D. 0.40 0. 32 0.43 0. 42 0. 32 

FeCO, X 4.23 4. 19 4.36 4. 24 4. 22 
L ±s. D. 0.42 0. 42 0.43 0. 49 0. 41 

a , b 'cRefer to footnotes in Table 3. 

NOTE: There were no significant differences between C-1, C-2 and 
PLAC. Furthermore, C-1 and C-2 demonstrated identical rela
tionships with PROP and ATEN as did PLAC. 

9 
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Resting 
HR 

Submaximal 
HR 

Race 
HR 

Maximal 
HR 

Resting 
HR 

Submaximal 
HR 

Race 
HR 

Maximal 
HR 

Placebo 

10% 202 30% 40% 50% 60% 70% 80% 90% 100% 
J I I  I  I  I  I  I  I  

Propranolol 74.7% * 

Atenolol 79.6% 4 

Propranolol 75.2% M 

Atenolol 80.2% * 

Propranolol 66.5% * 

Atenolol 72.0% 

Propranolol 72.7% 

Atenolol 83.6% 

Figure la: Percent of placebo heart rate seen during BAB 
at various levels of exercise 

Atenolol 
10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Propranolol 93.7% 

Propranolol 93.7% // 

• 

Propranolol 92.5% 

Propranolol 86.9% # 

Figure lb: Percent of atenolol heart rate seen during 
propranolol BAB at various levels of exercise. 

•Significantly different from placebo (p < 0.05) 

//Significantly different from atenolol (p < 0.05) 
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Sub-
maximal 

ft). 

Placebo 

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
1 1 (  1 1 1 I  |  |  

Propranolol 96.4% * 

Atenolol 98.5% 

Est. 
Race 
fa), 

Propranolol 84.8% * .#  
Atenolol 90.6% 

Maximal Propranolol 87.9% 

Atenolol 96.6% 

*,# 

Figure 2a: Percent of placebo VO^ seen during BAB at 
various levels of exercise 

Atenolol 

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
- I  1 1 1-

Sub-
maximal 

vo2 

Est. 
Race 

*°2 
Maximal 

Propranolol 97.9% 

Propranolol 93.7% 

Propranolol 91.1% 

Figure 2b: Percent of atenolol tfOj seen during propranolol 
BAB at various levels of exercise. 

*Significantly different from placebo (p < 0.05) 

#Significantly different from atenolol (p < 0.05) 
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Placebo 
10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Propranolol 85.8% * • #  

Atenolol 94.8% * 

Figure 3a: Percent of placebo treadmill time attained during 
BAB tests. 

Atenolol 
10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Propranolol 90.6% # 

Figure 3b: Percent of atenolol treadmill time attained during 
the propranolol test. 

*Significantly different from placebo (p < 0.05) 

^/Significantly different from atenolol (p < 0.05) 
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102 20% 
-H 

30% 40% 

+ 

50% 

+ 

60% 70% 80% 

Placebo 

90% 100% 110% 

Propranolol 102.6% 

Atenolol 99.8% 

Propranolol 86.3% 

Atenolol 96.3% 

Figure 4a: Percent of placebo VE seen during BAB at various levels 
of exercise. 

Atenolol 

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110% 

l 
l 
1 

Propranolol 103.6% 

1 

1 
1 

Propranolol 89.6% # 1 
1 

1 

1 

• 

Figure 4b: Percent of atenolol $E used during propranolol BAB at 
various levels of exercise. 

*Significantly different from placebo (p < 0.05) 

llfSignificantly different from atenolol (p < 0.05) 



propranolol was lower than with the other treatments. As a result 

of significant decreases in HR max, which were of greater magnitude 

than the decreases in flOg max, maximal 0^ pulse was higher 

during BAB than during placebo. Furthermore, maximal Og pulse 

with propranolol pulse was significantly higher than with atenolol.  

Conversely, no changes were seen in the ventilatory equivalent for 

oxygen across trials, although propranolol did have the lowest 

absolute value. 

The 10-km race results, as seen in Table 6, show that the 

placebo race time was significantly faster than either propranolol 

or atenolol conditions, with atenolol resulting in faster times 

across the two beta blocker tr ials (see Figure 5).  Both propranolol 

and atenolol race heart rates were lower than those under the 

placebo condition, but in contrast to the treadmill  steady-state 

submaximal heart rates, the two BAB conditions were not signifi

cantly different from each other (see Figure 1).  When compared to 

the HR max for that specific condition, the placebo race heart rate 

constituted 97.3% of i ts maximal heart rate, while propranolol and 

atenolol race heart rates were 89.2% and 84.1% of their respective 

maximal heart rates. Estimated race tfOg expressed in ml.kg"* 

min"*, and relative to tfOg max values (% of max) are found 

in Table 6. Estimated ^  values during the race were signifi

cantly lower during BAB as compared to the placebo, with propranolol 

being significantly lower than atenolol.  Expressed as a percentage 
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TABLE 6: 10-km Race Values 

C-l  
Treatment 

C-2 

a 

PLAC PROP ATEN 

Race time 
min 

X 
±S.D. 

35.7 
1.8 

35.9 
1.7 

35.8 
1.9 

41.0b  

2.7 
39.2b , C  

2.8 

Heart Rate 
b^min-1 

* 
±S.D. 

172.8 
6.9 

173.4 
7.3 

179.0 
8.4 

119.lb  

12.2 
128.8b  

21.4 

Est. $02 ,  
ml-kg" »min" 

X 
±S.D. 

56.3 
3.7 

55.1 
4.0 

54.1 
4.5 

45.9b  

4.6 
49.0b , c  

5.1 

Est. tf0?  

% of tfOg max 
7 

±S.D. 
87.1 

4.8 
85.5 

4.1 
84.7 

3.1 
82.0 

7.7 
80.5b  

6.3 

a 'b , cRefer to footnotes in Table 3. 
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Placebo 

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110% 120% 

1 

Propranolol 114.5% * , #  

Atenolol 109.5% * 

Figure 5a: Percent of placebo race time achieved during the BAB runs. 

Atenolol 
10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110% 120% 

- I  1  1  1  1  I  I  I  1 1 1 .  

Propanolol 104-6% // 

Figure 5b: Percent of atenolol race time achieved during the propranolol 
run. 

•Significantly different from placebo (p < 0.05) 

^Significantly different from atenolol (p < 0.05) 
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of max, however, only the placebo and atenolol tr ials were L t 

different with the atenolol value being lower. 

When matching a written response questionnaire with the 

actual treatment period after,  breaking the code, the subjects 

indicated that lethargy was the biggest problem in both their 

training and activit ies of daily l iving while under BAB. Some 

subjects complained of dizziness, excessive sweating, cold chil ls,  

and hyperventilation during training runs which were associated with 

periods during BAB. Twenty-three of 25 subjects complained that 

their symptoms were most severe and their training most diff icult 

during the propranolol treatment. The other two subjects indicated 

that training was most diff icult during the atenolol treatment 

period. All  25 subjects found their training to be unaffected by 

the placebo. 

The effects of both cardioselective and non-selective BAB on 

relationships between various physiological variables during 

exercise can be found in Figures included in Appendix 4. Figure 6 

shows the relationship between the percent of the placebo tf02  max 

vs. the percent of the placebo HR max for each of the beta blocking 

agents. Figure 7 shows the relationship between the percent of the 

placebo ffOg max vs. the percent of the placebo 7e max for the two 

beta blocking agents. Figure 8 reveals the relationship between the 

percent of the placebo tfOg max vs. the percent of the placebo 

treadmill  t ime. Figure 9 shows the percent of the placebo HR max 

vs. the percent of placebo treadmill  t ime for the two BAB 
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treatments. Figure 10 describes the relationship between percent of 

the placebo HR max vs. the percent of the placebo treadmill  t ime for 

both BAB conditions. 



CHAPTER 5 

DISCUSSION 

The BAB-induced responses that have been reported during 

acute exercise tend to be dependent upon the subject population 

being studied (1,2,3,9,10,11,25,27,36,38,39,45,46,47,53,54,59).  

Studies indicate that patients with severe cardiovascular disease 

show actual improvement in exercise capacity, tfOg max, and 

circulatory function while under BAB (3,25,36,39,40).  Studies 

involving normal and slightly hypertensive subjects have been 

somewhat equivocal.  While several studies have failed to show 

change in exercise capacity, 0^ max, or circulatory function 

(2,3,45),  others have shown significant decreases in exercise 

tolerance and/or 0^ max during BAB (1,38,39,46,47,48,59).  

Moreover, the results of the present study, as well  as those of 

others, have shown that highly trained subjects have very marked 

decreases in exercise capacity and 0 g max during BAB 

(3,9,10,11,27,53,54).  

The results of the present study show that both atenolol and 

propranolol were equally effective in reducing heart rate and 

systolic blood pressure below placebo levels at rest.  Diastolic 

blood pressure values, however, remained unchanged. This suggests 

that beta blocking agents are effective in blunting the effects of 



anticipatory stress seen in subjects about to engage in intense 

exercise. Maksud et al .  (49),  however, found no difference in 

resting blood pressure and heart rate values between propranolol and 

placebo conditions in subjects who had been previously trained. The 

subjects involved in their study received only one acute dose of 

medication given 45 minutes before engaging in exercise, as opposed 

to the seven day dosing schedule used in the present study. Also, 

the dosage administered by Maksud et al.  (49) constituted approxi

mately one fourth of the daily dose of propranolol administered in 

the present study. Their resting results are not comparable to the 

present study because of the small doses of propranolol that were 

administered. Also, the short ingestion period of 45 minutes did 

not allow time for peak blood levels of medication to induce maximal 

BAB effects at rest,  before exercise testing began (58,59).  

Marked reductions were seen in submaximal heart rate 

following treatment with both beta blocking agents in comparison to 

placebo conditions. The magnitude of the reductions in submaximal 

heart rate with propranolol and atenolol were in agreement with 

Kaiser et al .  (9) who compared the same two drugs. In their study, 

heart rate values while on the two drugs were nearly identical up to 

approximately 57% of max, at which point they began to 

diverge. This difference between the two drugs became greater, 

i .e. ,  the propranolol values were lower compared to atenolol values, 

as exercise intensity increased. In the present study, mean 

steady-state submaximal 0^ values were 74% of their respective 



tfOg max or greater across al l  tr ials, and as Kaiser et al .  (9) 

reported submaximal heart rate was significantly lower with 

propranolol than atenolol.  Using the same drug dosage and dosing 

schedule on another group of 11 highly trained runners, our 

laboratory found identical submaximal heart rates (107 b-min~*) 

with atenolol and propranolol.  HR max with propranolol,  however, 

was 6.8 b-min"* lower than HR max with atenolol.  The present 

study used an absolute submaximal work rate of 240 rn'min"* while 

in the other unpublished study, the submaximal work rate was set at 

60% of each subject's control fog max. I f  the subjects in the 

present study would have run at a constant relative workload, i .e. ,  

60% of control max, instead of an absolute workload in which the 

individual relative workloads ranged from 64.9% to 86.8% of control 

VOg max, i t  is quite possible that propranolol and atenolol sub-

maximal heart rates would have been similar.  This is an important 

point,  as the present submaximal heart rate data would suggest that 

the subjects were not equally blocked. This data does indicate that 

propranolol is more effective than atenolol in reducing heart rate 

at higher relative workloads. 

The submaximal f lOg under the f irst control condition was 

higher than under any of the other tr ials. However, this is 

possibly explained by a learning effect which allowed the subjects 

to refine their treadmill  running skil ls,  allowing them to be more 

relaxed, and thus more efficient, in subsequent tr ials. This was 

not considered to be an issue during the treatment periods due to 



the randomization of tr ial sequences. Submaximal 0^ was signi

f icantly decreased by propranolol,  but not by atenolol,  when 

compared to the placebo condition. This 3.5% drop in submaximal 

^2 with propranolol confirmed the earlier results of Pearson et 

al .  (47) and Tesch et al .  (54).  Reybrouck et al .  (2) found slight 

but non-significant decreases in submaximal f lOg among hypertensive 

subjects taking atenolol.  The mean submaximal tfOg value with 

atenolol in the present study was lower compared to placebo con

dit ions, but the difference between these conditions was not 

statistically significant. Other investigators have shown no change 

in submaximal tfOg in hypertensive, normal, or trained subjects 

during BAB compared to control/pi acebo conditions (9,39,45,46,48, 

49).  

Various investigators have shown that an individual's 

relative tfOg cost at an absolute submaximal workload remains 

constant across a number of tr ials; therefore our BAB submaximal 

^2 data is somewhat surprising. There are two major components 

that wil l  largely determine the oxygen cost for a given absolute 

workload, i .e. ,  the mechanical efficiency of performing the task and 

a metabolic component which may or may not be related to the task 

being performed. Tesch et al .  (54) postulated that changes in 

submaximal during BAB are due to an improved metabolic 

efficiency as opposed to specific biomechanical changes. Possibly, 

this improved submaximal metabolic efficiency during BAB is due to 

increased carbohydrate uti l ization by the working muscles. This 



increase could be the result of a l imited release and uptake of free 

fatty acids caused by peripheral BAB activity (12,15,48).  There is 

an approximately 1051. higher energy yield per l i ter of oxygen used 

when carbohydrate is combusted as opposed to fat (65).  This 

difference in energy yield with increased carbohydrate uti l ization 

could account for the lower relative oxygen costs at this sub-

maximal, absolute workload. The elevated submaximal RER values 

found in the present study, and by others (47,54) who found both 

increased RER and decreased VO^ during BAB at submaximal levels, 

provide evidence for this hypothesis. 

The decreases in submaximal tfOg during BAB are very small 

when compared to the decrease in submaximal heart rate. The 

compensatory mechanisms by which VOg is either fully or partially 

maintained, even after large decreases in heart rate, include 

increases in stroke volume and in arterial-mixed venous 0^ 

difference (a-v 0^ diff)  (2,38,39,46).  Furberg (3) noted that 

highly trained individuals were unable to elicit  these compensatory 

mechanisms to the same extent as untrained or diseased subjects. He 

found that sedentary normal individuals as well  as those with 

cardiovascular disease were able to maintain their fog values 

during BAB regardless of exercise intensity. From the present 

study, and others (9,54),  i t  appears that compensatory mechanisms do 

occur in highly trained individuals at submaximal levels of 

exercise. Unpublished data from this laboratory show that highly 

trained individuals under BAB maintain cardiac output compared to 



placebo values when exercising at a relative workload of 60% of 

^2 max. The increased Og pulse values for both BAB tr ials in 

the present study suggest that either or both increased stroke 

volume and a-v Og diff  were at least partially able to compensate 

for the reduced heart rate. 

Whereas submaximal heart rate was markedly affected by both 

drugs, and submaximal tfOg only slightly, submaximal tfE was un

affected by BAB. For the placebo group, this submaximal steady-

state run represented 83.7% of maximal heart rate and 74.3% of the 

^2 max, but i t  represented only 56.6% of the VE max. Possibly, 

this relatively low ventilatory requirement does not el icit  a large 

sympathetic response resulting in the dilation of airways as is seen 

with higher rates of work. Probably, the limitations of BAB on 9e 

do not occur until  above OPLA when ventilation rises exponentially 

(63).  

The higher submaximal RER value with propranolol was 

probably due to increased carbohydrate uti l ization during the 

exercise, as discussed previously. This could be due to both 

inhibition of l ipolysis by propranolol BAB (12,13,14,15) as well  as 

the fact that this submaximal workload required 82.0% of the VOg 

max. At this particular workload, i t  is quite possible that some 

subjects were above OPLA during propranolol BAB and, as a result,  

generated non-metabolic COg. In turn, this non-metabolic COg 

elevated the RER values to a much higher level than the RER values 

which would have been seen by inhibition of l ipolysis alone. In 
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contrast,  the placebo and atenolol submaximal VOg levels 

represented only 74.3% and 76.6% of their respective max 

values. The lower relative workload, the lack of excessive 

non-metabolic COg production, and an absence of B-2 inhibition of 

l ipolysis (2,9,10,11) are all  possible reasons why RER was not 

elevated with atenolol.  

While submaximal RPE was significantly lower for the placebo 

compared to the two drug trials, there was not a significant 

difference between the two drug trials. This was unexpected, as the 

subject's comments obtained by questionnaire indicated that 

propranolol was much more diff icult to tolerate both at rest and 

during exercise. I t  must be pointed out that while statistical 

significance was barely obtained between the placebo and atenolol 

(p<0.04) tr ials, the mean difference between the atenolol and 

propranolol tr ials fell  just short of attaining significance 

(p<0.06).  Others have also indicated that RPE is higher at all  

absolute work levels during BAB (47),  and that with propranolol,  the 

rises in RPE are due more to "local" than "central" effects. In the 

present study, submaximal RPE showed a tendency to relate more 

closely to relative rather than absolute physiological values; i .e. ,  

VOg, HR, VE. This confirms earlier findings by Ekblom et al.  (46) 

and Wilmore et al .  (48) who concluded that RPE did not track 

absolute heart rate during BAB. Previously, absolute heart rate was 

considered one of the primary cues for RPE (66).  
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Maximal heart rate was decreased more by propranolol than by 

atenolol.  At rest,  as well  as at both levels of exercise, heart 

rates under propranolol were approximately 70-75% of the corres

ponding placebo values, while with atenolol,  heart rates were 

approximately 80-85% of their placebo values. Kaiser et al .  (9) 

also found atenolol to be less effective than propranolol in 

reducing HR max while using doses corresponding to one-half of the 

doses used in the present study. Conversely, Karlsson (11) found 

that atenolol induced greater reductions in HR max than corres

ponding doses of propranolol among subjects with high percentages of 

slow twitch muscle f ibers. Although previous studies would support 

the design of the present study in that clinically equivalent doses 

of both drugs were used (8,9,10,11,55,56),  i t  appears that atenolol 

was not as effective in blocking heart rate at the higher levels of 

exercise. 

The decrease in tfOg max with BAB is consistent with the 

findings of a number of investigators who have used either trained 

or normal subjects (1,9,10,11,38,39,47,48).  However, other studies 

using normal or diseased subjects showed no change in tfOg max 

during BAB indicating either or both complete central and peripheral 

compensation for the depressed maximal heart rates (2,3,46,49).  

The diminished max seen during BAB in the highly 

trained subjects used in the present study supports Furberg's (3) 

hypothesis that highly trained individuals cannot fully compensate 

for the reduced maximal heart rate to maintain ^0^ max as do 



normal or diseased individuals. Still, the decreases in HR max with 

both BAB agents were far greater than the decreases in l/Og max, 

indicating that these athletes were able to partially compensate for 

their lowered heart rates. The higher 02 pulse values with BAB 

observed during maximal exercise support this idea. The Og pulse 

values while on propranolol, however, were higher than those values 

while on atenolol. This was not expected due to the non-selective 

nature of propranolol. It was assumed that the inhibition of 

peripheral B-2 mechanisms, especially by propranolol, would limit 

peripheral oxygen extraction during BAB (10). It is possible, 

however, that peripheral oxygen extraction during propranolol BAB 

was only minimally increased and that Og pulse increases were due 

to a more substantial increase in stroke volume. This could have 

resulted from the increased end-diastolic filling time associated 

with the significantly lower heart rate, increasing the end 

diastolic volume, and thus myocardial contractility via the Starling 

phenomenon. Regardless of what compensatory mechanisms were active 

during BAB, the subjects were unable to maintain the unblocked 0^ 

max level. 

A 27.3% decrease in maximal heart rate with propranolol 

resulted in a 12.1% decreas in VOg max, while a 16.4% decrease in 

maximal heart rate with atenolol resulted in a 3.4% decrease in 

max. It is unknown whether the difference between the two BAB 

drugs with respect to decreased ^ max values was the result of 

the lower maximal heart rate with propranolol as compared to 



atenolol, or a diminished B-2 mediated oxygen extraction capability 

while on propranolol. Although Og pulse values indicate that 

stroke volume was probably higher on propranolol than atenolol, the 

decrease in HR max with propranolol was just too great for compen

satory mechanisms to overcome. 

Decreased tfE max values seen during BAB .with propranolol 

were probably due to the inhibition of the B-2 mediated dilation of 

the bronchioles. Other studies have shown decreased tfE max during 

BAB with propranolol using different subject populations (47,49, 

50,51). 

Maximal RER values were lower on propranolol which is in 

contrast to what was observed for submaximal RER values. Several 

studies (47,48,54) have reported increased maximal RER values during 

BAB. Other studies (9,11), however, have found diminished post-

exercise blood lactate values with propranolol as opposed to placebo 

or atenolol conditions. This indicates that either the subjects in 

the present study experienced a diminished glycolytic ability at the 

higher levels of exercise with propranolol, or that they were unable 

to tolerate high lactate levels. Possibly, the lethargy reported by 

the subjects while on propranolol made it difficult for them to 

tolerate the higher levels of exercise, thus resulting in reduced 

maximal RER values. These results support the findings of Tesch et 

al. (54) who found that trained subjects experienced severe local 

fatigue during maximal exercise with propranolol, but not during 

similar exercise with a placebo. 



It is possible that the problem of lethargy encountered both 

at rest and during exercise with propranolol BAB could be due to 

neurological effects caused by the drug. Since propranolol is 

1ipid-soluable, it easily passes through the blood-brain barrier and 

into the central nervous system (8). Atenolol, however, is not 

1ipid-soluable and is therefore unable to cross into the central 

nervous system (8). This is possibly why the subjects reported so 

few complaints about this drug. 

Various investigators (1,38,39,46,47) using normal or 

diseased subjects have found decreased endurance capability during 

BAB. Others (2,48,49) using the same subject populations have found 

that BAB does not effect exercise capacity. Endurance times from 

both the maximal treadmill test and 10-km races suggest that trained 

subjects tolerate atenolol better than propranolol, although both 

caused significant reductions in performance. This finding has been 

noted perviously (9,10,11). In the present study this phenomenon 

was most evident in the treadmill run where all but two of 25 

subjects endured longer on atenolol than propranolol. In the 10-km 

race where pacing, race tactics and environmental conditions played 

roles, 17 of 25 ran faster times while on atenolol. Of the eight 

who ran faster on propranolol, there was a negligible difference 

between the two BAB times. The most obvious reasons for poorer 

treadmill and 10-km times while on propranolol include the greater 

reduction in 0^ max, HR max, subjective complaints, and possibly 

lowered max. One other factor which must be considered, but was 



not investigated in this study is lactate threshold (OPLA). Along 

with ^2 max, and running economy, it is considered a major factor 

in determining distance running performance (4,5,6,7). 

Various investigators have suggested that BAB causes changes 

in either or both muscle and blood lactate levels, as well as 

lactate clearance and tolerance (9,11,12,13,14,15), all of which 

affect lactate threshold. Although it is probable that OPLA occurs 

at a lower absolute work level during BAB as compared to placebo 

conditions, it is unknown whether BAB causes OPLA to occur at a 

lower relative workload. 

By using equivalent clinical doses of propranolol and 

atenolol, it is clear from the present study as well as those of 

others (9,10,11), that performance is affected more by propranolol 

than by atenolol, but both attenuate endurance performance. It is 

evident, however, that dosage plays a major role in determining the 

response of trained runners during BAB influenced exercise (10,53). 

This also is the case among other subject populations (1,25,45). It 

is possible that this dosage-phenomenon is responsible for some of 

the equivocal results that have been noted in previous studies. 

Specifically, although individuals performed better on atenolol than 

on propranolol in the current study, atenolol appeared to be less 

effective than propranolol in reducing the heart rate at the higher 

workloads. Further research in this area must equate doses to 

elicit similar heart rate reductions at various levels of exercise. 

This, in turn, will allow more objective evaluation of the 

differences between cardioselective and non-selective BAB. 



CHAPTER 6 

SUMMARY 

This study determined the effects of beta adrenergic 

blockade (BAB) on the endurance running performance of highly 

trained distance runners. In addition, differences between 

cardioselecti ve BAB (atenolol) and non-selective BAB (propranolol) 

were investigated. Twenty-five highly trained runners (tfOg max 

64.7 ±4.3 ml* kg~*« min"*) were tested on a horizontal treadmill 

protocol, during which both steady-state submaximal and maximal data 

were obtained. Also, the subjects participated in a series of 10-km 

track races. The subjects performed two control treadmill tests, 

and two control 10-km track races before beginning the three 10-day 

treatment periods. The treatments consisted of: a) 80 mg 

propranolol BID; b) 100 mg atenolol in the am with a pm placebo; and 

c) a placebo BIO. A four day washout period occurred between each 

treatment. Furthermore, the treatments were administered according 

to a randomized, double-blind, crossover, latin square experimental 

design to minimize the effects of changes in race day atmospheric 

conditions. All data were analyzed using a repeated measures 

analysis of variance followed by Scheffe's post-hoc test for mean 

differences. The level of significance was set at p<0.05. 
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Resting heart rate was depressed by both beta blocking 

agents as was systolic blood pressure. Diastolic blood pressure was 

unchanged by BAB. This demonstrated the ability of BAB to limit the 

sympathetic-induced physiological responses normally associated with 

the anticipatory stress observed prior to maximal treadmill tests. 

Submaximal heart rate was decreased by both beta blocking 

agents, but more so by propranolol than atenolol. Propranolol 

decreased submaximal tfOg, while at the same time increasing sub-

maximal RER values. This particular relationship between submaximal 

tfOg and RER would indicate a possible shift of substrate utiliza

tion from free fatty acids to carbohydrate during propranolol BAB. 

RPE was higher during the BAB trials than the placebo trial. Pro

pranolol increased RPE more than atenolol; however, this difference 

did not reach statistical significance. Submaximal Og pulse was 

higher during BAB than during the placebo trial. 

Results obtained during maximal exercise revealed that HR 

max, tyOg max and treadmill times were diminished by BAB, but more 

so by propranolol than by atenolol. t?E max and RER max were 

attenuated by propranolol but not atenolol. Maximal 02 pulse 

values obtained during the BAB trials were higher than placebo 

values, with the propranolol 02 pulse value being the highest. 

The 10-km race results demonstrated that BAB adversely 

effects racing performance in trained runners. Furthermore, 

non-selective BAB attenuates racing performance to a greater extent 

than is seen with cardioselective BAB. Race heart rates were also 



significantly decreased by BAB. Estimated race tfOg values were 

decreased by BAB with the propranolol value being the lowest. 

However, expressed as a percentage of 0^ max, only placebo and 

atenolol race values differed. 

Although highly trained runners are unable to fully 

compensate to maximal exercise during BAB, i .e., maintain max, 

increases in 0^ pulse during BAB suggest a partial compensatory 

effect does occur. This elevated 0^ pulse during BAB could be due 

to either or both increased stroke volume and increased a-v 

diff. It appears that trained subjects are able to fully compensate 

for BAB-induced decreases in heart rate at moderate submaximal work 

rates. Furthermore, these results demonstrate that trained runners 

performed better during cardioselective (atenolol) BAB than during 

non-selective (propranolol) BAB. It is unknown whether the more 

marked negative effects on exercise capacity, and tfOg max during 

propranolol BAB, as compared to atenolol BAB, were due to 

propranolol's greater negative influence on the exercise heart rate 

or its inhibition of B-2 mediated sympathetic responses. 
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Revised January 20, 1984 

SUBJECTS CONSENT FORM 

University of Arizona 

Effect of Beta Blockage During Exercise of Several Fitness Levels 

I understand that I am being asked to voluntarily participate in a study titled, 
Efleet of B«ta Blockage During Exercise on Subjects of Several Fitness Levels. 
The purpose of the study is to compare the effect of two different beta blocking 
drugs (atenolol and propranolol) 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 
affects of the substance "adrenalin," which is released under stresses like exercise. 

Your participation in the study will include five maximal treadmill tests to 
exhaustion. These tests involve running, with the speed and grade of the treadmill 
increasing gradually until you are too fatigued to continue. The first two tests will 
be control tests to familiarize you with normal laboratory procedures. The next 
three tests will occur following seven days of ingesting each of three coded 
capsules: a placebo, propranolol, or atenolol. During the treadmill test, you will be 
wearing electrodes to record your heart rate and breathing through a mouthpiece 
so your expired air can be measured. Your heart rate, oxygen consumption, and 
cardiac output (volume of blood pumped by the heart per minute) will be measured 
during these runs. There will be at least one week rest between each of the four 
tests. Before every test, 10 ml of blood (less than one tablespoon) will be drawn 
from your arm so that the amount of drug in your body can be measured. Also, you 
will be weighed underwater to determine your percentage of body fat. This 
involves submerging you ten times after you have blown out all your air, and having 
the volume of air trapped in your lungs measured by breathing in a spirometer for 
3-10 seconds. Trained subjects will also compete in a 10,000 meter run two days 
following each maximal treadmill test. 

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, and occasionally nausea. Blood draws can cause small bruises and the 
needle may hurt when it punctures the skin. Beta blocking drugs can cause 
stomach upset and may cause you to feei sluggish during the time you are 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 for the future prescription of exercise in patients with coronary heart 
disease and the use of drugs in such patients. 

I understand that all information concerning my performance of the various 
tests associated with this study will be kept confidential, and all data will be filed 
according to subject identification code system. 1 realize that all procedures will 
be under the supervision of a physician and an exercise physiologist. 



Revised January 20, 1984 
Subject's Consent Form, Page 2 

I also understand that this consent form will be filed in an area designated by 
the Human Subjects Committee, with access restricted to the principle 
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, 1 will receive no compensation for wages, lost time, medical 
expenses, or hospitalization. 

I understand that my involvement in this study will not cost me any money, 
and that 1 will receive $200 for completing all aspects of the study for untrained 
subjects and $400 for trained subjects who complete all tests and all 10,000 meter 
races. 

1 have read the above "Subject's Consent Form." The nature, demands, risk, 
and benefits of the project have been explained to me. 1 understand that I may ask 
questions, that 1 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 

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 
form understands clearly the nature, demands, benefits, and risks involved in 
participating in this study. A medical problem, or language or educational barrier 
has not precluded a clear understanding of his/her involvement in this project. 

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

Investigator's Signature Date 

Witness' Signature Date 

d:25 
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H E A L T H  S C I E N C E S  C E N T E R  
T U C S O N .  A R I Z O N A  8 5  7 2 4  

T H E  U N I V E R S I T Y  O F  A R I Z O N A  

HUMAN SUBJECTS COMMITTEE 

1609 N. WARREN {BUILDING 220). ROOM 111 

TELEPHONE: 16021 626-6721 or6JM5U 

23 January 1984 

Jack H. Wilmore, Ph.D. 
Department of Physical Education 
Exercise and Sport Sciences Laboratory 
McKale Memorial Center 
MAIN CAMPUS 

Dear Dr. Hilmore: 

He are in receipt of your 19 January 1984 memorandum and the accompanying 
revised consent form for your project, "Effect of Beta Blockage during Exercise 
on Subjects of Several Fitness Levels". The changes reflected in this revision 
are minor and pose no further risk to the participating subjects. Therefore, 
approval for these changes is granted effective 23 January 1984. 

The changes approved are: 

1. Addition of a 10,000 meter competitive race two days following each 
maximal treadmill test for the "highly fit" group. 

2. Increase in subject remuneration to $400 for those subjects who will 
participate in the races described above. 

Approval is granted with the understanding that no further additions or 
changes will be made in either the procedures followed or in the consent 
form(s) to be used (copies of which we have on file) without the knowledge and 
approval of the Human Subjects Committee and the College or Departmental Review 
Committee. Any physical or psychological harm to any subject must also be 
reported to each committee. 

A university policy requires that all signed subject consent forms be 
kept in a permanent file in an area designated for that purpose by the Department 
Head or comparable authority. This will assure their accessibility in the 
event that university officials require the information and the principal 
investigator is unavailable for some reason. 

Sincerely yours 

Milan Novak, M.D., Ph.D. 
Chairman 
Human Subjects Committee 

MN/jm 

cc: Patricia C. Fairchild, Ph.D. 
Departmental Review Committee 

/ 
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T H E  U N I V E R S I T Y  O F  A R I Z O N A  
T U C S O N ,  A R I Z O N A  8 5 7 2 1  

DEPARTMENT OF PHYSICAL EDUCATION 

EXERCISE * SPORT SCIENCES LABORATORY 

McKALE MEMORIAL CENTER 

Name Age Sex 

1) SMOKER: YES NO 

(If yes, packs per day ) 

(If quit, years ago ) 

2) HISTORY OF LUNG PROBLEMS 

(asthma, emphysema, COPO) YES 

3) HISTORY OF HYPERTENSION YES 

First diagnosed 

Controlled with: (Diet, medication) 

4) HISTORY OF CHEST PAIN YES 

5) HISTORY OF CORONARY ARTERY DISEASE 

(angina, myocardial infarction, sudden death, or coronary artery bypass 
surgery) YES NO 

In family:(mother, father, grandparents, brothers or sisters) YES NO. 

Under age 55 YES NO 

5) DIABETES IN PATIENT OR FAMILY 

(as described above—under age 50) YES NO 

7) CHOLESTEROL LEVEL Unknown >250 <250 

8) MEDICATIONS: 

NO. 

NO 

NO 



EXERCISE TOLERANCE TEST REPORT - AFP 

(2 + 3) is a (4) -year-old (5) M F 

referred for evaluation of activity tolerance for the University of Arizona Adult 

Fitness Program. 

Presenting symptoms; (6) 

Significant past history and/or risk factors: (7) 

Present medications: (8) 

Cardiovascular examination: (9) 

Baseline EKG: (10) 

The patient exercised on the treadmill according to the modified Bruce-Sheffield 

protocol. (11) He She completed Stages (12) 

for a total of (13) minutes. The peak heart rate attained was (14) 

beats per minute, which is (15) % of the maximum predicted heart rate for a 

person of this age and fitness level. 

The exercise was terminated because of (16) 

The blood pressure response was (17) 

ST-T changes: (18) 

Arrhythmias: (19) 

FINAL INTERPRETATION 

1. POSITIVE NEGATIVE NONDIAGNOSTIC (20) exercise test 

2. ST-T CHANGES: (21) 

3. ARRHYTHMIAS: (22) 

4. BLOOD PRESSURE RESPONSE: (23) 

5. CARDIAC SYMPTOMS ON EXERCISE: (24) 

Testing Physician 

(1) 
Date of test 
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Subjective Drug Reaction Survey 

Over the past six weeks you have taken three different medications. 
While we have considerable physiological data on your responses to 
each of these medications, we would also like to have your sub
jective evaluation of all three medications. Please provide us with 
as much information as possible relative to your reactions to each 
medication. 

Period I  

Period II 

Period III 

Additional Comments: 

Name 

Date 
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Table 7a. Treadmill Speed Conversion Table 

meters • min~' 

miles • hr" 

min • mile" 

meters • min ' 

miles • hr" 

min • mile" 

meters • min"' 

miles • hr" 

min • mile 

200 210 

7.50 7.88 

8.00 7.61 

300 310 

11.25 11.63 

5.33 5.16 

400 410 

15.00 15.38 

4.00 3.90 

220 230 

8.25 8.63 

7.24 6.95 

320 330 

12.00 12.34 

5.00 4.86 

420 430 

15.75 16.16 

3.81 3.72 

240 250 

9.00 9.38 

6.67 6.40 

340 350 

12.75 13.13 

4.71 4.57 

440 450 

16.50 16.88 

3.64 3.55 

260 270 

9.75 10.13 

6.15 5.92 

360 370 

13.50 13.88 

4.44 4.32 

460 470 

17.25 17.63 

3.48 3.40 

280 290 

10.50 10.88 

4.71 5.51 

380 390 

14.25 14.63 

4.21 4.10 

480 490 

18.00 18.38 

3.33 3.26 

Table 7b. Time Conversion Factor 

sec 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

% • min .00 .02 .03 .05 .07 .08 .10 .12 .13 .15 .17 .18 .20 .22 .23 

sec 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

% • min .25 .27 .28 .30 .32 .33 .35 .37 .38 .40 .42 .43 .54 .47 -48 

sec 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 

% • min .50 .52 .53 .55 .57 .58 .60 .62 .63 .65 .67 .68 .70 .72 .73 

sec 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 

% • min .75 .77 .78 .80 .82 .83 .85 .87 .88 .90 .92 .93 .95 .97 .98 
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Table 8. Resting Heart Rate Beats • min"^ 

80 

Subject Control-! Control-2 Placebo Propranolol Atenolol 

1 .  R.A. 55 57 64 45 52 

2. K.C. 60 60 60 43 41 

3. S.D. 58 61 57 47 40 

4. G.D. 64 62 66 53 46 

5. J.E. 63 48 62 39 47 

6. B.F. 56 64 54 58 50 

7. D.G. 73 66 84 49 47 

8. R.G. 90 91 76 52 54 

9. M.G. 48 48 52 37 38 

10. R.H. 47 49 56 44 41 

11. J.H. 58 57 56 43 42 

12. T.H. 88 61 73 40 45 

13. T.J. 84 67 57 52 51 

14. M.J. 69 67 57 62 55 

15. M.L. 65 64 63 48 40 

16. K.L. 90 72 78 49 58 

17. M.Ma. 75 75 64 47 69 

18. M.My. 72 75 67 47 52 

19. L.P. 56 82 74 46 57 

ro
 

o
 

• T.R. 63 73 63 49 67 

21. H.S. 67 58 52 37 41 

CM CM 

D.S. 57 53 56 51 40 

23. R.T. 78 68 65 44 52 

• 

CM 

O
 

• —
i 

• 54 56 55 42 54 

25. R.W. 60 64 50 51 63 

X 66.4 64.3 62.4 46.6 59 

S, . 0 .  12.0 9.9 8.9 6.3 8 
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Table 9. Resting Blood Pressure mm Hg 

Subject Control-! Control 2 Placebo Propranolol AtenoloT-

1. R.A. 162/97 152/66 160/100 136/62 132/74 

2. K.C. 128/62 136/74 134/72 108/84 118/82 

3. S.D. 134/78 136/78 134/82 132/82 118/78 

4. G.D. 126/78 136/82 122/80 124/76 124/76 

5. J.E. 128/78 136/80 124/82 116/82 126/76 

6. B.F. 120/72 120/74 138/82 108/78 122/82 

7. D.G. 130.74 158/92 132/92 128/82 120/78 

8. R.G. 130.90 128/90 126/84 122/82 110/66 

9. M.G. 118/76 118/74 126/82 114/76 112/82 

10. R.H. 108/80 124/76 112/66 110/62 124/72 

11. J.H. 128/78 122/70 120/78 118/72 108/66 

12. T.H. 136/94 152/90 150/90 132/98 128/90 

13. T.J. 124/79 118/84 124/77 146/76 114/74 

14. M.J. 128/89 125/90 126/82 116/78 118/79 

15. M.L. 146/68 142/96 140/90 138/92 135/82 

16. K.L. 130/84 134/76 138/74 128/82 127/76 

17. M.Ma. 142/70 134/84 140/76 112/64 118/74 

18. M.My. 136/77 112/88 128/72 114/70 116/82 

19. L.P. 126/80 148/92 152/86 132/88 138/84 

20. T.R. 140.72 138/84 140/72 124/74 116/74 

21. H.S. 118/76 130/78 122/68 120/76 124/80 

22. D.S. 128/70 124/70 109/74 116/72 120/70 

23. R.T. 136/76 132/72 128/70 122/84 132/72 

24. C.T. 98/68 204/70 120/90 108/64 116/70 

25. R.W. 128/64 128/82 130/100 112/77 122/78 

I 129.1/77.2 131.5/80.5 131.0/80.9 121.4/77.3 121.6/76.] 

S.D. 12.3/8.6 12.9/8.3 12.0/9.2 10.4/8.9 7.6/5.7 



82 

Table 10. Submaximal Heart Rate Beats • min"^ (240 m • min"^ for 
6 min) 

Subject Control-! Control-2 Placebo Propranolol Atenolol 

1. R.A. 138 138 141 106 097 

2. K.C. 160 151 152 115 108 

3. S.D. 157 157 153 119 127 

4. G.D. 163 160 155 129 130 

5. J.E. 155 156 154 111 112 

6. B.F. 165 166 167 116 124 

7. D.G. 156 154 155 119 118 

8. R.G. 173 165 171 119 126 

9. M.G. 169 160 152 114 133 

10. R.H. 161 148 151 113 122 

11. J.H. 147 151 145 102 109 

12. T.H. 165 167 164 128 141 

13. T.J. 160 156 145 113 115 

14. M.J. 143 134 139 116 132 

15. M.L. 162 159 152 108 117 

16. K.L. 175 168 176 122 145 

17. M.Ma. 163 160 161 114 131 

18. M.My. 153 153 148 112 116 

19. L.P. 162 160 160 125 142 

20. T.R. 163 159 163 118 127 

21. H.S. 149 142 147 120 115 

22. D.S. 158 160 159 120 136 

23. R.T. 149 150 144 104 124 

24. C.T. 150 160 165 118 120 

25. R.W. 158 151 149 119 128 

I 158.5 155.4 154.3 116.0 123.8 

S.D. 8.7 8.5 10.0 6.7 11.5 



Table 11. Submaximal HR Expressed as % of HR Max 
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Control-1 Control-2 Placebo Propranolol Atenolol 
Subject (%) (%) (%) (%) {%) 

1. R.A. 75.8 75.8 76.2 79.1 71.9 

2. K.C. 87.9 83.9 83.1 76.7 78.8 

3. S.D. 87.2 89.2 85.0 82.6 81.4 

4. G.D. 89.6 88.9 87.1 92.8 84.4 

5. 

U
J
 

•
 

•"3 

86.1 87.2 85.6 100.0 82.4 

6. B.F. 90.7 91.2 87.0 86.6 78.9 

7. D.G. 82.1 82.8 84.2 81.5 77.6 

8. R.G. 90.1 85.9 83.6 84.4 81.3 

9. N.G. 91.4 86.5 84.4 87.7 78.2 

10. R.H. 85.6 80.4 81.6 89.0 78.7 

11. J.H. 80.8 83.9 80.6 81.6 75.2 

12. T.H. 86.8 90.8 85.4 97.0 90.4 

13. T.J. 86.0 83.0 79.7 86.9 78.8 

14. M.J. 77.7 73.6 76.4 77.9 87.9 

15. M.L. 86.2 86.4 80.0 83.7 77.0 

16. K.L. 89.3 87.5 90.3 86.5 83.3 

17. M.Ma.- 85.8 87.9 87.5 86.4 79.4 

18. M.My. 81.4 83.2 80.4 84.8 76.3 

19. L.P. 86.6 88.9 87.9 85.6 84.5 

20. T.R. 88.6 88.3 88.6 97.5 81.4 

21. H.S. 84.7 83.5 79.7 86.7 76.2 

•
 

CM CM 

D.S. 86.3 87.9 89.3 89.6 85.0 

C
O

 CM 

R.T. 82.8 82.4 80.9 83.2 76.5 

24. C.T. 84.0 84.2 86.8 88.1 78.9 

25. R.W. 84.0 83.0 81.4 87.5 75.3 

X 85.5 85.0 83.7 86.5 80.0 

S.D. 3.8 4.2 3.9 5.7 43. 
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Table 12. Submaximal VOg ml '  * min"^ (240 m • min~^for'6 min) 

Subject Control-! Control-2 Placebo Propranolol Atenolol-

1. R.A. 47.4 45.3 46.4 42.5 43.9 

2. K.L. 47.6 49.0 46.7 43.6 45.2 

3. S.D. 51.4 50.7 50.5 49.1 51.2 

4. 6.D. 55.6 51.1 49.6 53.2 50.5 

5. J.E. 48.3 47.7 45.3 46.6 44.4 

6. B.F. 46.5 48.6 46.1 43.2 45.7 

7. D.G. 46.4 47.0 45.3 42.6 45.7 

8. R.G. 49.4 47.0 46.3 47.9 45.8 

9. M.G. 49.3 47.6 46.9 45.9 48.5 

10. R.H. 51.9 48.2 48.3 46.9 48.1 

11. J.H. 49.8 50.4 45.6 42.3 44.2 

12. T.H. 50.4 52.6 51.2 47.9 50.7 

13. T.J. 52.3 49.8 47.9 45.8 46.9 

14. M.J. 40.5 41.8 41.2 40.6 38.5 

15. M.L. 51.1 49.4 48.2 48.9 50.8 

16. K.L. .47.9 49.0 46.5 44.4 46.7 

17. M.Ma. 48.3 46.0 45.1 42.4 44.8 

18. M.My. 47.3 44.0 42.5 41.8 49.3 

19. L.P. 54.4 54.5 48.9 49.9 52.5 

20. T.R. 55.8 58.5 55.8 50/4 55.6 

21. H.S. 49.2 49.8 49.6 44.9 47.5 

22. D.S. 48.1 53.1 54.3 51.3 52.5 

23. R.T. 48.0 47.6 48.9 43.2 44.3 

24. O
 

• —
1 

• 44.0 43.3 45.7 43.4 41.1 

25. R.W. 48.3 49.7 46.5 49.5 47.6 

J 49.2 48.9 47.6 45.9 46.9 

S.D. 3.4 3.6 3.2 3.4 4.1 



Table 13. Submaximal VOg Expressed as % of VOg Max 
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Control-1 Control-2 Placebo Propranolol Atenolol 
Subject (%) (%) (%) (%) {%) 

1. R.A. 63.7 64.9 68.3 66.5 71.0 

2. K.C. 72.8 73.6 71.3 74.4 71.1 

3. S.D. 78.2 75.9 75.3 82.0 79.1 

4. G.D. 90.3 85.7 82.1 91.4 90.2 

5. J.E. 81.2 83.2 79.3 98.1 89.7 

6. B.F. 77.9 78.4 73.2 82.8 75.7 

7. D.G. 69.8 71.8 70.2 76.3 71.4 

8. R.G. 73.6 69.5 72.0 74.6 69.4 

9. M.G. 82.2 82.5 78.2 80.8 75.8 

10. R.H. 76.5 69.5 75.0 82.1 74.8 

11. J.H. 78.5 77.1 70.2 78.2 73.3 

12. T.H. 79.2 79.0 71.8 83.3 81.7 

13. T.J. 79.7 77.1 74.5 86.9 80.9 

14. M.J. 61.5 64.9 63.5 68.1 69.5 

15. M.L. 76.5 74.0 69.5 75.8 73.2 

16. K.L. 85.2 83.1 80.5 86.5 84.6 

17. M.Ma. 72.6 72.8 73.9 85.0 73.7 

18. M.My 79.0 73.8 75.1 82.3 72.9 

19. L.P.  88.2 86.8 78.9 92.2 86.5 

ro
 

O
 

• T.R. 78.3 77.5 75.8 96.0 75.6 

21. H.S. 69.7 71.2 73.3 79.9 70.0 

22. D.S. 72.2 78.0 79.0 82.2 80.4 

23. R.T. 72.1 71.8 72.8 70.6 76.0 

24. C.T. 73.0 76.9 78.0 89.5 73.5 

25. R.W. 76.9 76.3 76.4 84.6 74.0 

I  76.4 75.8 74.3 82.0 76.6 

S.D. 6.6 5.7 4.3 8.0 6.1 



86 

Table 14. Submaximal Ventilation L • min"^ (240 m • min"^ for 
6 min) 

Subject Control-1 Control-2 Placebo Propranolol Atenolol 

1. R.A. 90.9 91.8 102.9 97.0 96.4 

2. K.C. 90.5 103.4 96.6 79.8 91.4 

3. S.D. 100.5 110.1 107.1 105.3 104.5 

4. G.D. 116.3 102.5 103.6 107.4 98.0 

5. J.E. 95.2 91.1 92.7 112.6 102.8 

6. B.F. 96.0 95.6 93.5 89.0 91.3 

7. D.G. 75.4 82.5 78.0 73.7 76.1. 

8. R.G. 81.5 86.3 80.0 84.7 75.8 

9. M.G. 88.8 81.7 79.6 78.5 78.2 

10. R.H. 85.9 82.8 80.4 89.3 84.4 

11. J.H. 94.2 97.2 84.7 86.1 89.4 

12. T.H. 108.7 90.9 92.3 98.3 96.3 

13. T.J. 102.9 101.6 98.1 105.8 101.3 

14. M.J. 88.0 87.0 87.2 85.6 83.6 

15. M.L. 86.6 86.1 77.9 82.8 85.3 

16. K.L. 77.7 87.8 95.2 89.6 90.8 

17. M.Ma. 93.5 92.9 87.7 87.3 89.6 

18. M.My. 93.7 90.3 84.4 86.9 82.9 

19. L.P, 127.0 124.2 116.9 125.0 121.0 

20. T.R. 89.7 93.3 92.4 137.4 95.3 

21. H.S. 87.9 85.7 89.0 84.9 83.5 

22. D.S. 95.2 96.0 103.5 98.4 100.5 

23. R.T. 97.6 95.4 95.5 82.1 90.5 

24. C.T. 94.3 98.1 103.2 105.3 105.4 

25. R.W. 81.0 84.3 78.2 88.0 80.4 

X 93.6 93.5 92.0 94.4 91.8 

S.D. 11.4 9.7 10.5 15.0 10.7 



Table 15.. Submaximal VE Expressed as % of VE Max 
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Subject 
Control-1 

( % )  

Control-2 
( % )  

Placebo 
( % )  

Propranolol 
( % )  

Atenolol 
( % )  

1. R.A. 43.8 48.5 59.8 49.7 50.4 

2. K.C. 50.3 54.5 51.4 52.5 52.4 

3. S.D. 55.4 57.5 55.3 63.9 60.9 

4. G.D. 80.7 70.1 63.4 72.1 69.5 

5. J.E. 60.5 62.3 57.7 97.0 73.9 

6. B.F. 60.9 56.7 53.9 62.2 54.2 

7. D.G. 56.2 59.1 60.1 65.3 61.5 

8. R.G. 50.5 53.3 51.1 55.4 50.2 

9. M.G. 59.5 60.1 58.8 64.4 52.3 

10. R.H. 52.6 49.8 52.2 70.8 54.5 

11. J.H. 64.6 56.6 52.4 64.6 59.5 

12. T.H. 67.9 54.4 69.2 89.5 66.2 

13. T.J. 62.9 56.6 57.2 71.1 64.6 

14. M.J. 50.7 53.0 51.5 56.5 54.7 

15. M.L. 53.2 50.8 48.7 61.0 57.3 

16. K.L. 61.0 57.6 59.4 63.4 59.5 

17. M.Ma. 54.4 54.8 52.6 72.0 56.1 

18. M.My. 56.1 53.6 55.5 61.9 53.5 

19. L.P. 73.7 76.7 78.4 80.4 76.1 

20. T.R. 48.7 54.1 55.5 90.5 55.7 

21. H.S. 47.2 48.6 50.9 58.6 51.3 

22. O.S. 50.2 53.0 62.3 64.0 54.4 

23. R.T. 57.4 58.2 60.5 59.9 61.1 

24. C.T. 56.3 57.5 57.5 79.5 66.0 

25. R.W. 47.1 50.9 49.9 64.7 48.3 

J 56.9 56.3 56.6 67.6 58.6 

S.D. 8.6 6.3 6.0 11.9 7.4 



Table 16. Maximal Heart Rate Beats • min"^ 
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Subject Control-1 Control-2 Placebo Propranolol Atenolol 

1. R.A. 182 182 185 134 135 

2. K.C. 182 180 183 150 137 

3. S.D. 180 176 180 144 156 

4. G.D. 182 180 178 139 154 

5. J.E. 180 179 180 111 136 

6. B.F. 182 182 192 134 157 

7. D.G. 190 186 184 146 152 

8. R.G. 192 192 198 141 155 

9. M.G. 185 185 180 130 170 

10. R.H. 188 184 185 127 155 

1 1 .  J.R. 182 180 180 125 145 

12. T.H. 190 184 192 132 156 

13. T.J. 186 188 182 130 146 

14. M.J. 184 182 182 149 132 

15. M.L. 188 184 190 130 152 

16. K.L. 196 192 195 141 174 

17. M.Ma. 190 182 184 132 165 

18. M.My. 188 184 184 132 152 

19. L.P. 187 184 182 146 168 

•
 

o
 

CM 

T.R. 184 180 184 121 156 

21. H.S. 176 170 172 120 151 

4
 

CM CM 

O.S. 183 182 178 134 160 

23. R.T. 180 182 178 125 162 

24. C.T. 188 190 190 134 152 

25. R.W. 188 182 183 136 170 

X 185.3 182.7 184.0 133.7 153.9 

S.D. 4.6 4.7 6.0 9.5 11.1 



Table 17. ft>2  Max ml • kg~^ • min~^ 
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Subject Control-1 Control-2 Placebo Propranolol Atenolol 

1. R.A. 74.4 69.8 67.9 63.9 61.8 

2. K.C. 65.6 66.6 65.5 58.6 63.6 

3. S.D. 65.7 66.8 67.1 59.9 64.7 

4. G.D. 61.6 59.6 60.4 58.2 56.0 

5. J.E. 59.5 57.3 57.1 47.5 49.5 

6. B.F. 59.7 62.0 63.0 52.2 60.4 

7. D.G. 66.5 67.7 65.7 56.6 64.0 

8. R.G. 67.1 67.6 64.3 64.2 65.9 

9. M.G. 60.0 57.7 60.0 56.8 64.0 

10. R.H. 67.8 69.4 64.4 57.1 64.3 

11. J.H. 63.4 65.4 65.0 54.1 60.3 

12. T.H. 62.9 63.8 63.5 50.8 54.1 

13. T.J. 65.6 64.6 64.3 52.7 58.0 

14. M.J. 65.9 64.4 64.5 59.6 55.4 

15. M.L. 68.6 66.8 69.4 64.5 69.4 

16. K.L. 56.2 59.0 57.8 51.3 55.2 

17. M.Ma. 66.5 63.2 61.0 49.9 60.8 

18. M.My. 59.9 59.6 56.6 50.8 53.9 

19. L.P. 61.7 62.8 62.0 54.1 60.7 

20. T.R. 71.3 75.5 73.6 52.5 73.5 

21. H.S. 70.6 69.5 67.7 56.2 67.9 

22. D.S. 66.6 68.1 68.7 62.4 65.3 

23. R.T. 66.6 66.3 67.2 61.2 58.3 

24. C.T. 60.3 56.3 58.6 48.5 55.9 

25. R.W. 62.8 56.1 60.9 58.5 64.3 

I 64.7 64.6 63.8 56.1 61.1 

S.D. 4.3 4.6 4.2 5.0 5.6 



Table 18. tf02  Max L • min"^ 
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Subject Control-1 Control-2 Placebo Propranolol Atenolol 

1. R.A. 6.05 5.75 5.78 5.39 5.14 

2. K.C. 4.25 4.38 4.36 3.85 4.17 

3. S.D. 4.83 5.00 4.97 4.46 4.82 

4. G.D. 4.20 4.02 4.58 4.00 3.81 

5. J.E. 3.95 3.83 3.77 3.18 3.31 

6. B.F. 4.29 4.23 4.28 3.53 4.08 

7. D.G. 3.87 4.00 3.91 3.35 3.73 

8. R.G. 3.93 4.00 3.70 3.73 3.81 

9. N.G. 4.12 3.97 4.06 3.70 4.36 

10. R.H. 4.05 4.10 3.86 3.47 3.96 

11. J.H. 4.16 4.26 4.19 3.54 3.94 

12. T.H. 3.89 4.02 3.96 3.25 3.43 

13. T.J. 4.69 4.69 4.61 3.80 4.18 

14. M.J. 5.27 5.15 5.16 4.83 4.49 

15. M.L. 4.94 4.81 4.84 4.48 4.89 

16. K.L. 4.39 4.63 4.57 4.09 4.39 

17. M.Ma. 4.74 4.58 4.38 3.63 4.17 

18. M.My. 4.21 4.23 3.84 3.53 3.77 

19. L.P. 4.53 4.50 4.61 4.00 4.50 

20. T.R. 4.11 4.32 4.19 3.08 4.20 

21. H.S. 4.45 4.31 4.17 3.54 4.21 

22. D.S. 4.90 5.01 5.05 4.63 4.77 

23. R.T. 5.00 4.99 5.10 4.64 4.42 

24. C.T. 4.61 4.21 4.47 3.53 4.22 

•
 

i
n

 C
M

 

R.W. 4.11 4.11 3.95 3.67 4.17 

I 4.46 4.44 4.41 3.88 4.20 

S.D. 0.50 0.50 0.50 0.60 0.40 



Table 19. Maximal Ventilation L*min"^ 
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Subject Control-1 Control-2 Placebo Propranolol Atenolol 

1. R.A. 207.40 189.37 206.50 195.26 191.12 

2. K.C. 279.40 189.70 187.90 152.10 174.40 

3. S.D. 181.38 191.50 193.60 164.60 171.55 

4. G.D. 144.10 146.20 163.40 148.90 141.10 

5. J.E. 157.28 146.34 160.60 116.10 139.09 

6. B.F. 157.60 168.64 123.50 143.00 168.60 

7. D.G. 134.16 139.67 129.72 112.80 123.70 

8. R.G. 161.50 162.00 156.60 152.80 151.00 

9. N.G. 149.12 136.01 135.45 121.80 149.60 

10. R.H. 163.32 166.10 154.10 126.20 154.90 

11. J.H. 145.79 171.64 161.60 133.24 149.35 

12. T.H. 160.00 167.10 133.47 109.80 145.50 

13. T.J. 163.50 179.60 171.60 148.90 156.70 

14. M.J. 173.62 164.20 169.30 151.40 152.80 

15. M.L. 162.78 169.50 160.10 135.80 148.80 

16. K.L. 127.30 152.54 ' 160.30 141.40 152.49 

17. M.Ma. 171.97 169.60 166.70 121.20 159.70 

18. M.My. 166.90 168.33 152.20 140.40 155.00 

19. L.P. 172.27 162.00 159.10 155.50 159.00 

20. T.R. 184.20 172.48 166.47 151.83 171.14 

21. H.S. 186.30 176.50 174.90 144.80 162.80 

22. D.S. 189.60 181.10 166.00 153.70 184.90 

•
 

C
O

 CV
J 

R.T. 170.00 163.90 157.80 137.10 148.00 

24. C.T. 167.50 170.50 179.50 132.38 159.70 

25. R.W. 172.00 165.70 156.60 136.00 166.50 

X 166.00 166.80 163.50 141.60 157.50 

S.D. 17.70 14.40 17.50 18.40 14.60 
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Table 20. Maximal Treadmill Time min 

Subject Control-1 Control-2 Placebo Propranolol Atenolol 

1. R.A. 15.00 14.57 13.77 14.05 14.05 

2. K.C. 13.55 14.02 14.07 13.00 13.03 

3. S.D. 12.53 12.50 13.03 11.13 12.00 

4. G.D. 11.00 12.00 11.47 10.02 11.02 

5. J.E. 12.03 12.00 12.47 07.25 10.50 

6. B.F. 13.00 13.13 14.05 12.03 13.02 

7. D.G. 13.00 12.08 13.28 12.03 12,98 

8. R.G. 13.00 13.66 14.00 12.50 13.18 

9. M.G. 12.00 12.50 12.32 11.48 12.33 

10. R.H. 13.33 14.03 13.47 11.47 12.90 

11. J.H. 13.17 13.53 13.93 11.70 12.50 

12. T.H. 12.07 11.01 12.30 9.12 10.57 

13. T.J. 12.50 13.17 13.25 11.35 12.23 

14. M.J. 14.50 15.03 15.00 13.20 13.05 

15. M.L. 14.17 14.00 15.00 12.58 13.65 

16. K.L. 12.00 12.08 12.00 12.28 12.30 

17. M.Ma. 14.00 14.25 14.67 12.00 13.60 

18. M.My. 13.50 14.00 14.55 13.25 13.65 

19. L.P. 12.00 11.50 11.60 11.50 11.93 

20. T.R. 13.15 13.00 13.17 9.03 12.52 

21. H.S. 13.67 13.65 13.93 11.53 13.77 

22. D.S. 14.05 13.50 13.25 11.03 13.05 

C
O

 C
M

 

R.T. 14.00 14.05 13.15 12.25 13.22 

24. C.T. 12.98 13.12 13.25 10.45 12.25 

25. R.W. 13.17 13.00 13.12 10.74 13.68 

J 13.10 13.20 13.40 11.50 12.70 

S.D. 0.90 1.00 1.00 1.49 1.00 



Table 21. Race Times mtn 
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Subject Control-1 Control-2 Placebo Propranolol Atenolol 

1. R.A. 32.25 33.85 34.63 37.30 37.45 

2. K.C. 34.57 34.52 34.23 38.03 37.07 

3. S.D. 36.58 37.30 37.08 41.92 40.72 

4. G.D. 38.53 38.52 38.02 40.88 41.23 

5. J.E. 38.65 38.78 38.72 48.38 44.95 

6. B.F. 36.77 36.30 36.30 41.77 38.15 

7. D.G. 34.85 36.58 35.23 41.33 37.78 

8. R.G. 34.92 - 34.96 34.30 37.07 36.18 

9. M.G. 36.79 36.70 35.70 40.28 40.77 

10. R.H. 34.23 34.15 35.78 37.77 41.90 

11. J.H. 33.85 34.70 33.28 42.90 36.48 

12. T.H. 33.87 34.43 35.65 39.35 40.92 

13. T.J. 37.48 36.53 38.02 41.95 37.88 

14. M.J. 34.27 33.97 34.30 40.13 43.97 

15. M.L. 34.87 33.70 33.18 38.40 36.55 

16. K.L. 36.88 37.32 39.72 40.73 38.53 

17. M.Ma. 33.77 33.63 34.07 39.92 35.60 

18. M.My. 35.58 35.75 35.73 38.88 39.52 

19. L.P. 38.90 39.87 40.10 41.95 40.73 

20. T.R. 36.08 35.07 35.17 47.43 43.70 

21. H.S. 34.98 35.38 34.18 41.00 36.77 

22. D.S. 33.38 37.18 34.92 44.02 35.93 

23. R.T. 34.70 35.17 34.37 39.60 38.37 

24. C.T. 37.20 37.13 36.53 41.10 43.48 

25. R.W. 35.43 36.80 36.17 41.80 36.10 

X 35.70 35.90 35.80 41.00 39.20 

S.D. 1.80 1.70 1.90 2.70 2.80 



Table 22. Control-! 
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Race fog Estimates 

Subject Race Speed Est. tfOg ml •kg""'•min"'' % tfOg max 

1. R.A. 310.1 61.6 82.3 

2. K.C. 289.3 56.3 85.8 

3. S.D. 273.4 57.2 87.1 

4. G.D. 259.5 58.6 95.1 

5. J.E. 258.7 51.3 86.3 

6. B.F. 272.0 51.4 82.3 

7. D.G. 286.9 55.0 82.3 

8. R.G. 286.4 58.2 86.7 

9. M.G. 271.8 53.7 89.4 

10. R.H. 292.1 60.1 88.7 

11. J.H. 295-. 4 56.7 94.9 

12. T.H. 295.2 62.5 99.3 

13. T.J. 266.8 56.7 86.4 

14. M.J. 291.8 50.2 76.2 

15. M.L. 286.8 59.5 86.8 

16. K.L. 271.1 51.0 90.8 

17. M.Ma. 296.1 57.9 87.0 

18. M.My. 281.1 52.0 86.8 

19. L.P. 257.1 56.7 92.0 

20. T.R. 277.2 62.5 87.7 

21. H.S. 285.9 58.3 82.6 

22. D.S. 299.6 48.4 87.7 

23. R.T. 288.2 56.5 85.0 

24. C.T. 268.8 49.4 81.9 

25. R.W. 282.2 54.8 87.3 

X 281.7 56.3 87.1 

S.D. 13.7 3.7 4.8 



Table 23. Control-2 Race tfOg Estimates 
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Subject Race Speed m«min ^ Est. tfOg ml«kg"^*min"^ % tf02  ma* 

1. R.A. 295.4 56.0 80.2 

2. K.C. 289.7 56.6 85.0 

3. S.D. 268.1 56.0 83.9 

4. G.D. 259.6 53.6 89.9 

5. J.E. 257.9 49.6 86.6 

6. B.F. 275.5 53.8 86.7 

7. D.G. 273.4 52.0 76.9 

8. R.G. 286.0 54.4 80.5 

9. M.G. 272.5 51.3 89.0 

10. R.H. 292.8 59.0 85.0 

11. J.H. 288 '.Z 56.7 86.7 

12. T.H. 290.4 61.6 96.5 

13. T.J. 273.7 54.7 84.7 

14. M.J. 294.4 51.9 80.5 

15. M.L. 296.7 57.6 85.0 

16. K.L. 268.0 52.6 89.1 

17. M.Ma. 297.4 54.8 86.7 

18. M.My. 279.7 50.3 84.5 

19. L.P. 250.8 56.1 90.5 

20. T.R. 285.1 67.7 89.7 

21. H.S. 282.6 57.4 82.6 

22. D.S. 269.0 57.5 84.4 

23. R.T. 284.3 54.0 81.5 

24. L.T. 269.3 47.9 85.1 

25. R.W. 271.7 55.4 85.1 

X 278.9 55.1 85.5 

S. .0. 13.0 4.0 4.1 



Table 24. Placebo Race VOg Estimates 

Subject Race Speed m-mi rf1  Est. V02  ml-kg"1 .min -1  % tf02  max 

1. R.A. 288.8 56.3 83.0 

2. K.C. 292.1 54.8 86.6 

3. S.D. 269.7 56.0 83.5 

4. G.D. 263.0 53.2 88.0 

5. J.E. 258.3 47.2 82.7 

6. B.F. 275.5 50.9 80.8 

7. D.G. 283.8 53.5 81.4 

8. R.G. 291.5 54.9 85.3 

9. M.G. 280.1 53.0 88.4 

10. R.H. 279.5 54.0 83.8 

11. J.H. 300*5 56.9 87.4 

12. T.H. 280.5 57.1 89.9 

13. T.J. 263.0 51.4 79.9 

14. N.J. 291.5 51.0 79.1 

15. M.L. 301.4 59.5 85.5 

16. K.L. 251.8 47.3 81.9 

17. M.Ma. 293.5 51.7 84.8 

18. M.My. 279.9 47.6 84.1 

19. L.P. 249.4 50.3 81.0 

20. T.R. 284.3 64.9 88.2 

21. H.S. 292.6 58.4 86.6 

22. D.S. 286.4 62.0 90.3 

23. R.T. 291.0 58.7 87.3 

24. C.T. 273.7 50.7 86.5 

25. R.W. 276.5 52.0 85.4 

X 279.9 54.1 84.7 

S.D. 14.2 4.5 3.1 
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Table 25. Propranolol Race tfOg Estimates 

Subject Race Speed m'min"1  Est. ml'kg"1•min"1  % tf02  max 

1. R.A. 268.1 48.2 75.4 

2. K.C. 263.0 47.0 80.2 

3. S.D. 238.5 49.8 83.1 

4. G.D. 244.6 52.6 90.4 

5. J.E. 206.7 31.2 65.6 

6. B.F. 239.4 42.1 80.6 

7. D.G. 242.0 42.7 75.4 

8. R.G. 269.8 52.8 82.3 

9. M.G. 248.3 46.5 81.8 

10. R.H. 264,8 49.4 86.5 

11. J.H. 233.1 41.1 75.9 

12. T.H. 254.1 50.1 98.7 

13. T.J. 238.4 43.8 83.0 

14. N.J. 249.2 42.0 70.4 

15. M.L. 260.4 51.2 79.3 

16. K.L. 245.5 43.7 85.2 

17. M.Ma. 250.5 43.4 87.0 

18. M.My. 257.2 43.7 86.0 

19. L.P. 238.4 47.7 88.2 

20. T.R. 210.8 49.1 93.6 

21. H.S. 243.9 45.2 80.4 

22. D.S. 227.1 46.9 75.1 

23. R.T. 252.5 43.3 70.7 

24. C.T. 243.3 44.8 92.4 

25. R.W. 239.2 48.2 82.4 

X 

S.D. 

245.2 

15.5 

45.9 

4.6 

82.0 

7.7 



Table 26. Atenolol Race tfOg Estimates 
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Subject Race Speed rriMirirT1  Est. tf02  ml«kg -1 'min"1  % V02  max 

1. R.A. 267.0 48.4 78.4 

2.  K.C. 269.8 51.0 80.2 

3.  S.D. 245.6 53.0 81.9 

4.  G.D. 242.5 49.5 88.5 

5.  J.E. 227.5 41.7 84.3 

6.  B.F. 262.1 47.9 79.3 

7.  D.G. 264.7 50.2 78.4 

8.  R.G. 276.4 52.7 80.0 

9.  M.G. 245.3 47.8 77.8 

10. R.H. 238.6 46.8 72.7 

11. J.H. 274*. 1 49.4 81.9 

12. —
i 

• =C
 

244.4 49.6 91.7 

13. T.J.  264.0 50.4 86.9 

14. N.J.  228.5 35.9 64.7 

15. M.L.  273.6 56.6 81.6 

16. K.L.  259.5 47.8 86.6 

17. M.Ma. 280.9 51.6 85.8 

18. M.My. 253.0 39.9 74.0 

19. L.P. 245.5 53.1 87.4 

20. T.R. 228.8 51.9 70.5 

21. H.S. 272.0 52.7 77.6 

22. D.S. 278.3 57.2 87.6 

23. R.T. 260.6 46.9 80.5 

24. C.T. 230.0 40.7 72.9 

25. R.W. 277.0 52.6 81.9 

X 256.4 49.0 80.5 

S .D. 17.5 5.1 6.3 



Table 27. Race Heart Rate Beats • min"^ 
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Subject Control-! Control-2 Placebo Propranolol Atenolol 

1. R.A. 174 176 176 112 112 

2. K.C. 172 172 184 128 120 

3. S.D. 172 180 184 120 132 

4. G.D. 172 184 180 134 1!6 

5. J.E. 168 172 172 100 100 

6. B.F. 178 184 188 124 136 

7. D.6. 176 168 190 116 132 

8. R.G. 176 168 184 140 136 

9. M.G. 172 168 176 108 116 

10. R . Y .  172 176 158 104 104 

11. J.H. 180 172 188 108 128 

12. T.H. 192 172 180 128 • 96 

13. T . J .  170 168 176 120 136 

14. M.J. 168 176 172 104 112 

15. M.L. 180 172 184 128 132 

16. K.L. 176 184 192 140 160 

17. M.Ma. 156 184 180 128 170 

18. M.My. 176 172 184 132 124 

19. L.P. 172 172 180 132 132 

20. T . R .  172 168 190 100 116 

21. H . S .  168 172 162 108 120 

22. O . S .  160 152 172 120 172 

23. R.T. 178 184 176 112 114 

24. C.T. 168 168 172 124 128 

25. R . W .  168 172 176 108 176 

X 172.8 173.4 179.0 119.1 128.8 

S.D. 6.9 7.3 8.4 12.2 21.4 
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Table 28. Race Heart Rate Expressed as % of HR Max 

Control-1 Control-2 Placebo Propranolol Atenolol 
Subject {%) (%) (%) (%) {%) 

1. R.A. 95.6 96.7 95.1 83.6 83.0 

2. K.C. 94.5 95.6 100.5 85.3 87.6 

3. S.D. 95.5 102.2 102.2 83.3 84.6 

4. G.D. 94.5 102.2 101.1 96.4 75.3 

5. J.E. 93.3 96.1 95.6 90.1 73.5 

6. B.F. 97.8 101.1 97.9 92.5 86.6 

7. D.G. 92.6 90.3 103.3 79.5 86.8 

8. R.G. 91.7 87.5 93.0 99.3 87.7 

9. M.G. 93.0 90.1 97.8 83.1 68.2 

10. R.H. 91.5 95.7 85.4 81.9 67.1 

11, J.H. 98.9 95.6 104.4 86.4 88.3 

12. T.H. 101.1 93.5 93.8 97.0 61.5 

13. T.J. 91.4 89.4 96.7 92.3 93.2 

14. M.J. 91.3 96.7 94.5 69.8 84.8 

15. M.L. 95.7 93.5 96.8 98.5 86.8 

16. K.L. 89.8 95.8 98.5 99.3 92.0 

17. M.Ma. 82.1 101.1 97.8 97.0 103.0 

18. M.My. 93.6 93.5 100.0 100.0 93.9 

19. L.P. 92.0 95.6 98.9 90.4 78.6 

20. T.R. 95.7 93.3 103.3 82.6 74.4 

21. H.S. 95.5 101.1 94.2 90.0 79.5 

22. D.S. 87.4 83.5 96.6 89.6 107.5 

23. R.T. 98.9 101.1 98.9 89.6 70.4 

24. C.T. 89.4 88.4 90.5 92.5 84.2 

2.5. R.W. 89.4 94.5 96.2 79.4 103.5 

X 93.3 95.0 97.3 89.2 84.1 

S. D. 4.0 4.9 4.2 7.7 11.5 



APPENDIX 4 

BAB-INDUCED RELATIONSHIPS BETWEEN SELECTED PHYSIOLOGICAL VARIABLES 
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Figure 6. The relationship between BAB VO2 Max and BA3 HR Max 
expressed as a percentage of the corresponding 
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Figure 7. The relationship between BAB VO2 Max and BAB VE Max 
expressed as a percentage of the corresponding 
placebo values. 
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Figure 8- The relationship between BAB VO2 Max and BAB treadmill 
time expressed as a percentage of the corresponding 
placebo value. 
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Figure 9. The relationship between BAB HR Max and BAB treadmill 
time expressed as a percentage of the corresponding 
placebo values. 
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