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ABSTRACT 

Two investigations were conducted to examine the influence of beta-

adrenergic blockade on cardiovascular, respiratory, metabolic, and 

thermoregulatory responses to maximal and submaximal exercise in both 

highly trained and untrained subjects. In both studies, subjects received 

randomized and double-blind oral medication with atenolol (100 mg/day), 

propranolol (160 mg/day), and placebo. 
. 

In the first study significant reductions in HR max and VOZ max 

resulted during the atenolol and propranolol treatments in both the trained and 
. 

untrained subjects. However, the reductions in VOZ max were significantly 

greater in the trained subjects and both groups experienced their greatest 

reduction during the propranolol treatment. In all subjects, the magnitude of 

reduction in HR max was significantly greater than the concomitant decrease 
. 

in VOZ max. It is concluded that untrained subjects have a greater 

compensatory reserve than do trained subjects during maximal exercise while 

under beta-adrenergic blockade. In addition, significant advantages were 

found with the use of a selective compared to a non-selective beta blocker. 

Thermoregulation during prolonged exercise in the heat with beta 

blockade was studied in fourteen subjects. Subjects performed 90-minute 

cycle ergometer rides at a workload equivalent to 40% of the subjects' 
. 

unblocked VOZ max. Rectal temperature was slightly higher during the 

atenolol trial compared to the placebo but was not different during the 

x 



xi 

propranolol trial compared to the placebo. Skin blood flow was significantly 

lower during the propranolol trial compared to both the atenolol and placebo 

trials, but it did not differ significantly between the atenolol and placebo 

trials. Maintenance of rectal temperatures appeared to be achieved through 

changes in sweat rate, skin blood flow, and a reduced heat production, i.e., 
. 

lower VOZ during the propranolol trial. 

The decrease in cutaneous blood flow reported during the propranolol 

trial is likely associated with the associated increase in TPR. This increase in 
. 

TPR would help to compensate for the lower Q and, hence, help maintain mean 

arterial pressure. Changes in substrate utilization, i.e., decreased lipolysis, 

during the beta-blocked trials may also be indicated. 

Lastly, the inability of two subjects to complete the 90-minute ride, 

. the elevated RPE values, and the additional side effects reported during the 

propranolol trial would indicate an advantage for the use of a selective 

blocker. 
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CHAPTER 1 

INTRODUCTION 

Since their introduction in the early 1960s, beta-adrenergic blocking 

agents have become an important and commonly prescribed group of drugs for 

the treatment of a variety of cardiovascular disorders (83). With the 

widespread use of these drugs as a treatment modality for the prevention ~f 

and rehabilitation from specific disease states, and with the increase in 

knowledge of their effect on the sympathetic nervous system, questions have 

been raised concerning the potential negative effects of these blocking agents 

on the physiologic responses to acute exercise as well as on the possible 

attenuation of chronic adaptations to endurance exercise training. 

Beta-adrenergic blocking agents exert their effects by competitively 

binding to beta receptors that normally respond to norepinephrine and 

epinephrine which are released with sympathetic stimulation. These receptor 

sites were first described by Dale in 1906 (32) and later subdivided by Ahlquist 

into alpha and beta types (3). Lands et al. (91), in 1967, demonstrated two 

separate types of beta receptors, i.e., B1 and B2. Recently, pharmacologists 

have produced beta-blocking agents of both a cardioselective and a 

nonselective nature. A cardioselective agent is one which affects primarily B1 

receptors while a nonselective agent affects both B1 and B2 receptors. This 

was an important discovery as blockade of B2 receptors, which are located in 

skeletal muscle, various organs, arterial walls and airways of the lung, may 

1 
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produce unwanted side effects when the primary role of the medication is for 

treatment of a cardiovascular disorder. However, it is also now recognized 

that cardioselective beta-blocking agents are not truly cardioselective as B1 

receptors have been identified in tissues other than the myocardium (106), i.e., 

intestine, kidney, and adipose tissue. In addition, with large doses, a 

"cardioselective" beta blocker will effect B2 receptors. 

It is recognized that heart rate and systolic blood pressure are 

reduced with beta blockade at rest and during exercise (43). However, there is 

controversy in the literature concerning the acute and chronic effects of beta

blocking agents on other physiological variables during exercise including 

endurance exercise performance as defined by time to exhaustion, maximal 

and sub maximal oxygen consumption (V02 ), cardiac output (Q), and changes 

in substrate utiliZation (8,39,43,51,151). Much of this controversy can be 

attributed to differences among studies in such factors as the type of beta

blocking agent administered, i.e., cardioselective versus nonselective, the dose 

of drug used, and the method of drug administration, e.g., oral versus 

intravenous. The length of drug treatment, e.g., hours versus weeks or 

months, is also a factor of possible importance. Finally, the subject's level of 

fi tness is an important factor and is seldom considered. 

In exercise studies using beta-adrenergic blockade, the magnitude of 

heart rate decrease at the point of maximal eXertion is considerably greater 

than the decrement in maximal oxygen uptake, i.e., (V02 ) 

(8,37,51,138,151,153). This suggests that compensation has occurred by either 

or both an increased stroke volume, via the Frank-Starling mechanism, and an 

increased peripheral oxygen extraction. Since most of these studies have been 
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conducted on normal, untrained individuals, the question is raised as to 

whether the highly trained athlete can make similar compensations since his or 

her adaptations to high intensity exercise may have already been maximized 

with long-term training. 

As early as 1967, Furberg (51) found that the exercise capacity of 

trained subjects while under beta blockade was reduced much more 

substantially when compared to untrained subjects under the same medication 

schedule. He postulated that there was a reduction in Q max resulting from 

beta blockade in the trained subjects which was not completely compensated 

for by an increased arteriovenous oxygen difference during heavy work, thus 

resulting in a decreased physical working capacity. 

During prolonged exercise, or exercise in the heat, changes in 

cardiovascular function occur which have been termed "cardiovascular drift." 

As submaximal, steady-state exercise is prolonged, cardiovascular drift is 

characterized by an increase in heart rate and decreases in stroke volume and 

left ventricular filling pressure, while Q is either maintained or slightly 

reduced (120). Cardiovascular drift is postulated to occur from an increase in 

cutaneous blood flow for the purpose of temperature regulation, i.e., to cool 

the body from an increasing metabolic and environmental thermal load (122). 

This increase in blood flow to the skin is brought about by cutaneous 

vasodilation, and is a very important physiological adaptation for transferring 

heat from the core to the periphery, i.e., the skin, to perserve core 

temperature within normal and safe limits. However, during exercise, the 

circulatory system must also meet the increased metabolic needs of the 
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exercising muscle by increasing local muscle blood flow. Hence, competition 

for the limited blood volume results. 

Recent studies in our laboratory have suggested that subjects 

exercising under conditions of beta blockade do not experience cardiovascular 

drift compared to control and placebo conditions. It appears that beta-blocked 

subjects increase stroke volume substantially to compensate for the drug

induced decrease in heart rate. The increase in stroke volume most likely 

results from increases in both left ventricular preload as well as a decreased 

after load. This preload increase results from an increase in end-diastolic 

filling time due to the reduced heart rate. In addition, central blood volume 

may be higher during beta blockade as a result of a decreased volume of blood 

sent to the periphery. This reduction in skin blood flow likely results from the 

body's attempt to maintain mean arterial pressure (MAP). The reduction in 

skin blood flow, if present, would greatly limit the major avenue of heat loss 

during exercise, thus compromising thermoregulation. In short-term exercise, 

this is not of major concern. However, in long-term exercise or exercise in 

the heat, this could be a substantial problem leading to' significant heat 

disorders of a potentially lethal nature. 

With exercise training and beta blockade becoming more widely used 

in the prevention and treatment of various cardiovascular diseases, 

physiological mechanisms by which the body adapts to exercise during beta

adrenergic blockade, and the effect of beta-adrenergic blockade on 

thermoregulatory adaptations to exercise, need to be better defined. 

Therefore, the purpose of this study is to examine the physiological and 

thermoregulatory responses to maximal and submaximal exercise in both 



. , 

5 

highly trained and untrained subjects during a placebo condition compared to 

conditions of beta-adrenergic blockade with both a selective and a 

nonselective agent. The major hypotheses for study 1 are: 

1. Following beta-adrenergic blockade, highly trained subjects will 

experience greater reductions in time to exhaustion and V02 max than 

untrained subjects. 

2. Both groups of subjects, i.e., trained and untrained, will 

experience their greatest reduction in time to exhaustion and \102 max during 

trials with the nonselective blocker propranolol when compared to trials with 

atenolol. 

3. The amount of reduction in V02 max in all subjects will be less 

than the amount of reduction in heart rate max due to compensation of both 

stroke volume and a-v 02 difference. 

The major hypotheses for study 2 are: 

1. Skin blood flow during the 90-minute ride will be lower during 

the beta-blocked trials when compared to the placebo condition, resulting in 

higher rectal temperatures. 

2. Mean skin temperature will be lower during the beta-blocked 

trials when compared to the placebo trial. 

3. Skin blood flow and mean skin temperature will be reduced more 

during the beta-blocked trial with propranolol than during the beta-blocked 

trial with atenolol • 
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CHAPTER 2 

REVIEW OF LITERATURE 

Prevalence of Cardiovascular Disease 

It is now estimated that some 40 million Americans presently suffer 

from some form of cardiovascular disease with these disorders accounting for 

approximately 50% of all deaths in the United States (63). In addition, it is 

estimated that there will be 1.5 million new heart attacks in the year 1985, 

and that more than one-third of these people will die (63). With such 

widespread morbidity and mortality from cardiovascular disorders, the 

prevention and treatment of these diseases are of extreme importance. 

Beta-Adrenergic Blockers: Types, Actions 
and Pharmacological Properties 

Beta-adrenergic blockers, introduced in the early 1960s, have become 

an important and commonly prescribed group of drugs for the treatment of a 

variety of cardiovascular disorders (83). Many practitioners in the United 

States prescribe beta-adrenergic blockers as the second step in 

antihypertensive therapy, following first step treatment with a diuretic (83). 

However, according to the 1984 review by the Joint National Committee on 

Detection, Evaluation, and Treatment of High Blood Pressure, it is now 

suggested that beta blockers be used as an alternative to the thiazide-type 

diuretic used in Step 1 treatment (71). Beta-adrenergic blockade is also used 

to treat certain cardiac arrhythmias as well as angina and hypertension 

(26,28,52,86). The relief from angina results from reductions in myocardial 

6 
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oxygen consumption, primarily the result of decreases in both heart rate and 

systolic blood pressure, i.e., double product (86). In addition, and most 

importantly, considerable success has been reported using beta blockers in the 

secondary prevention of myocardial infarction. May (104) recently reviewed 

those clinical trials investigating the effects of beta-blocker therapy in 

survivors of myocardial infarction. In ten studies reviewed, all which were 

well controlled and had sample sizes of 100 or more, overwhelming evidence 

demonstrated that long-term beta-blocker intervention following myocardial 

infarction substantially reduced subsequent mortality. 

The mechanism by which beta-adrenergic blocking agents work is by 

competitively binding to receptor sites that normally respond to 

catecholemines, thus attenuating the normal "fight-or-flight" response. The 

classic and original paper of Dale in 1906 was the first to describe receptors 

(32). Since that time much work has been performed and in 1948, Ahlquist, (3) 

using different sympathomimetic agents, showed that there were two distinct 

receptor types which he termed alpha and beta. He went on to describe alpha 

receptors as those responsible for peripheral vasoconstriction, stimulation of 

the uterus and dilation of the pupil, while beta receptors mediated 

bronchodilation, vasodilation, uterine relaxation and myocardial stimulation. 

Later, in 1967, Lands et ale (91) were able to differentiate two types of beta 

receptors based on their respective response to epinephrine and 

norepinephrine. They demonstrated that beta-l receptors were the primary 

receptor in the heart, while beta-2 receptors were the primary receptors in 

the bronchi and peripheral arteries. The work by Carlsson and associates (26), 

in addition to the development and use of radioligand bind studies (93), 
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demonstrated that most tissues contain a predominance of one type of 

receptor rather than solely one type. 

Today, the terms cardioselective and nonselective are used when 

describing beta-blocking drugs. The term cardioselective refers to the group 

of beta-blocking agents that are relatively specific in their actions to beta-1 

receptor sites, while nonselective refers to those beta-blocking agents that are 

active at both beta-1 and beta-2 sites. Kendall and Smith (86) report that 

those blockers with high affinities for beta-1 receptors will bind to beta-2 

receptor sites at higher concentrations. Animal studies suggest that a marked 

increase in the concentration of the drug is required (97) but evidence is 

lacking as to whether normal therapeutic dosages in human subjects will cause 

a similar response (86). In addition, cardioselective and nonselective beta 

blockers have different metabolic pathways, clearance rates, and plasma half-

lives. As a general rule, nonselective drugs are considered to be lipophilic, 

absorbed by the gut, and are eliminated via the liver. The plasma half-life of 

these nonselective blockers is relatively short, i.e., 3-4 hours. Conversely, 

cardioselective drugs are considered hydrophilic, are not well absorbed by the 

gut, and are eliminated via the kidney. These cardioselective drugs have 

longer plasma half-lives, i.e., 6-14 hours (86). Lastly, most beta-blocking 

drugs are prescribed for their cardiovascular effects, i.e., beta-I. Hence, any 

beta-2 elicited effects resulting from nonselective drugs are undesirable. 
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Beta-Adrenergic Blockade: 
Effects on Exercise Capacity 

The widespread use of beta blockers as a treatment modality for the 

prevention of and rehabilitation from specific disease states, in addition to the 

increasing use of exercise for the same purpose, has raised questions 

concerning the potential negative effects of beta-adrenergic blocking agents on 

the physiologic responses to acute exercise. 

The focus of this section of the review of literature is to examine if 

competitive binding of the sympathetic beta receptors with beta antagonists 

will alter the classic physiologic responses to an acute bout of exercise. If so, 

by what mechanisms do these alterations occur? Since many of the patients 

prescribed beta-blocking agents are young or middle-aged, physically active, 

and have only minor symptoms resulting from their cardiovascular disorder 

prior to treatment, it is important to minimize any negative effects associated 

with the treatment (79). One often-reported, unwanted side effect is fatigue. 

The mechanisms responsible for this fatigue, and the concomitant decreases in 

physical work capacity that may occur during beta blockade, are not clearly 

understood. 

Beta Blockade: 
Effects on Sub maximal Exercise 

During sub maximal exercise, it has been typically reported that for 

the same level of work, beta blockade reduces heart rate and systolic blood 

pressure, while diastolic blood pressure is unaltered. Sub maximal Q may be 

slightly decreased, i.e., 10% or less, while ventilation and oxygen uptake have 

been shown to be unchanged due primarily to increases in both stroke volume 

and arterial-venous oxygen difference (21,29,37,43,44,45,67,68,81,99,100,112, 
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113,115,128,133,135,136,138,140,143,151,153). However, exceptions to the 

above generalizations are found in the literature. Stroke volume has been 

reported unaltered with beta blockade (15,31), and decreases in submaximal 

ventilation (100,136) and oxygen consumption (112,136,138,143) have also been 

reported. Clearly, much dis'crepancy in the literature exists. 

Beta Blockade: Effects on \102 max 
and Maximal Exercise Performance 

As with the sub maximal data, considerable controversy is found 

throughout the literature concerning the effects of beta blockade on maximal 

exercise performance. During short-term, high-power output activity, where 

maximal values are achieved in only a few seconds, e.g., static and dynamic 

muscular strength and peak power output, Kaiser (79) found no change during 

beta-blocked trials when compared to a placebo condition. He concluded that 

beta blockade does not appear to affect neuromuscular transmission or energy 

release through ATP and CPo However, anaerobic endurance, as measured by 

a 30-second Wingate test, was significantly reduced during beta-blocked trials 

(79). 

During exercise greater than four minutes in duration, almost all of 

the energy is released via aerobic metabolism (14). Therefore, \102 max is 

often described as the single best index of cardiorespiratory fitness (7,137) and 

is often reported to be highly correlated to maximal endurance exercise 
. 

performance. Thus, measurements of V02 max are often made when possible 

changes in work performance are evaluated. 

The effects of beta blockade on \102 max and maximal endurance 

exercise performance, which is typically measured by maximal time to 
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exhaustion, are qui te controversial. Many investigators have reported 

decreases in V02 max consequent to beta blockade (9,21,25,39,40,41,42,45, 

66,67,68,81,87 ,99,112,113,114,135,136,138,139,140,143), with most of these 

studies also showing decreases in endurance performance, typically measured 

by time to exhaustion. These decreases in V02 max are postulated by many 

authors to result from decreases in Q which may limit blood supply to the 

exercising tissue. Importantly, however, is the fact that in all studies 

reviewed, the magnitude of heart rate reduction was considerably greater than 
. 

the ensuing decrease in VOZ max. As mentioned earlier, this would suggest 

compensation for the decreased heart rate by either or both an increased 

stroke volume and an enhanced oxygen extraction, i.e., a-v Oz difference. 

Other authors, however, have reported little or no change in either or 
. 

both V 02 max and endurance exercise performance when placebo and beta-

blocked conditions are compared, suggesting complete compensation for the 

reduced heart rate (4,Z9,37,43,44,89,100,103,115,125,133,151). 

Much of the controversy found in the literature concerning the 

effects of beta blockers on maximal exercise capacity can be attributed to 

differences between studies on important and often uncontrolled factors. 

These include: 

1. The type of beta-blocking agent administered, i.e., 

cardioselective versus nonselective. 

Z The dose and the time interval between the time when the last 

dose is taken and the time when the test is conducted. 

3. The length of drug treatment, i.e., hours versus weeks or months. 

4. The subject's level of fitness may be an important factor and is 

one which is seldom considered. 
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Each of these factors will now be reviewed. Special emphasis will be 

placed on the type of beta-blocking agent administered and the fi tness level of 

the subjects. 

Cardioselective Versus Nonselective Blockers: 
Effects on Exercise Capacity 

Several authors have suggested that much of the confusion in the 

literature may be due to differences in the e},9rcise response to the type of 

drug being administered, i.e., cardioselective versus nonselective (1,34,78,79). 

McDevitt (106) reported that cardioselective agents may offer an 

advantage for insulin-dependent diabetics by reducing the incidence of 

hypoglycemic attacks that can occur with nonselective blockers. In addition, 

nonselective blockers can precipitate severe bronchospasm in patients with 

bronchial asthma or obstructive airway disease (106). Cruickshank (30) 

suggests that cardioselective blockers may cause less fatigue than nonselective 

blockers in exercising subjects, postulating changes in glucose metabolism as 

the reason for the difference. Franz et ale (44) support this idea of a greater 

fatigue resulting from nonselective blockers by stating that their patients 

complained more of muscle fatigue during exercise when taking a nonselective 

beta blocker than when taking a selective blocker. This possibility of a 

greater fatigue with nonselective blockers has been recently investigated. 

Kendall (85), in a recent review article, concluded that 

cardioselective drugs do not influence heart rate or blood pressure during 

exercise any differently than nonselective blockers. In measurements of 

power and strength, Kaiser (79) reported no difference between cardioselective 

and nonselective beta blockers. However, a number of studies have reported 
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larger decrements in either or both V02 max and endurance exercise 

performance when trials with a nonselective blocker are compared to trials 

with :a cardioselective blocker (43,44,45,66,79,81,82,92,96,112). For example, 

Franciooa et ale (43) reported that both exercise duration and V02 max were 

unchanged with oxprenolol (cardioselective) but were reduced with propranolol 

(nonselective) when compared to placebo trials. Lundborg et ale (96) reported 

that the capacity to perform exercise was diminished with both a 

cardioselective and a nonselective blocker. However, all subjects were able to 

exercise for a longer period of time when on the cardioselective compared to 

the nonselective agent. 

Investigators have also reported no difference in effects on V02 max 

or endurance performance when comparing cardioselective and nonselective 

drugs (95,112,153). Pearson, Banks, and Patrick, (112) reported a 3.5% 

decrease in V02 max for both a selective and a nonselective blocker. 

Wilmore et ale (153) found that neither a selective nor a nonselective beta 
. 

blocker altered V02 max in a group of 47 healthy subjects, but did report a 

5% decrease in time to exhaustion during propranolol (nonselective) when 

compared to either a placebo or atenolol (selective) trial. Since studies 

investigating the differences between selective and nonselective beta-blockers 

on exercise capacity are not consistent, other possible factors must be 

considered. 

Dosages: Effects of the Dosage, Length 
of Treatment, and Time of Ingestion 

It has been suggested that the equivocal results reported with beta 

blockade and exercise capacity may be partially explained by differences in 
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drug dosage (66,78,116,155). Maksud and associates (101), who reported no 

change in VOZ max or endurance exercise time consequent to beta blockade, 

postulated that the difference between their study and those of previous 

investigators reporting decreased VOZ max and endurance performance time 

with beta blockade may have been due to the difference in the dosages 

administered. This appears to be possible in light of the fact that Maksud et 

ale (101) used approximately 25% of the dosage that most other investigators 

had used. 

Several investigations have been conducted with the purpose of 

studying this issue of dosage levels (5,61,79,81,82,84,106). Allen et ale (5) 

reported that the effects of beta blockade on V02 max were dose related. 

Using propranolol, they reported reductions from 8% at a dose of 10 mg to 

ZO% at 40 mg in one subject, and from 6% at 20 mg to 14% at an 80 mg dose in 

another. Kaijser (82) investigated the dose-dependent effects of both 

propranolol and atenolol on distance-running performance. A double-blind 

crossover design was used to test the different dosages. Their results 

indicated that the lowest dose of propranolol (40 mg) caused a significant 

increase in running time with increases being even greater at higher dosages. 

However, neither a 25 mg nor 50 mg dosage of atenolol hindered their 

performance time; yet, at higher dosages, even atenolol impaired running 

performance. Similarly, van Baak, Jenner, and Vestappen (155) found that low 

doses of a nonselective blocker (metoproloI) did not reduce VOZ max or time 

to exhaustion, but at higher doses decreases in VOZ max and maximal 

treadmill time were found. Therefore, it appears that the dosage of beta 

blocker will significantly effect the results of exercise studies. However, this 
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factor alone cannot explain all of the controversial findings reported in the 

literature as several studies have reported substantially different results when 

using identical dosages. 

It has also been suggested that the cardiovascular effects of beta 

blockade are modified by the length of the treatment period (20,102). Kaiser 

(79) compared results from two treatment periods of different lengths, i.e., 

ten days of beta-blocker therapy versus an acute administration, i.e., 15 

minutes following intravenous infusion. He reported significant decreases in 
. 
V02 max of equal magnitude after both the acute and the long-term 

treatment when compared to a placebo treatment. Similarly, Smyth et al. 

(135) investigated three different durations of medication treatment and their 

effects on submaximal and maximal exercise performance. The drugs 

(propranolol and metoproloI) were administered 3-hours, I-week, and 4 weeks 

prior to the exercise test in a double-blind and randomized fashion. Their 

results revealed no significant differences across the three treatment periods 

for propranolol, but there was a significant difference between the 3-hour and 

I-week treatment periods for metoprolol. Clearly this issue of treatment 

length and its effects on exercise capacity needs to be further investigated. 

One final area relating to dosage that needs to be considered is the 

length of time between when the last dosage of drug was taken and when the 

various parameters are evaluated during exercise. Since the maximal plasma 

drug concentrations for propranolol, atenolol and metoprolol have been shown 

to occur between 1.5 - 3.0 hours following oral administration, testing at times 

which vary greatly from these times could lead to quite different results and 

conclusions. This potential problem with the timing of administration is 
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seldom discussed and is perhaps seldom controlled. Clearly if comparisons 

between different beta-blocking agents as well as different studies are to be 

made, the degree of blockade at the time of testing must be similar. 

Subjects Level of Fitness: 

Effects on Beta-Blocker Trials 

Most studies have reported little or no reduction in V02 max during 

beta blockade in healthy, but untrained subjects (39,43,81,138,153). Others 

have reported actual increases in V02 max and exercise tolerance in angina 

and cardiac patients (36,50,53). Finally, rather major reductions in both V02 

max and endurance performance time have been reported in moderate to 

highly trained subjects (8,80,84,139). The improved performance and V02 

max found in the angina patients is explained by the reduction in double 

product and, hence, myocardial oxygen demand, which delays the onset of 

ischemia and the occurrence of angina (36). In angina patients, the reason for 

cessation of exercise is typically their angina. In one study, after the 

administration of propranolol, the onset of anginal pain was delayed and the 

subjects were able to tolerate higher workloads (50). Bruce et al. (21) reported 

decreases in V02 max in a group of healthy subjects, and in patients with 

coronary heart disease, but who had less than 15% left-ventricular 

impairment, while those patients with more than 15% left-ventricular 

impairment actually showed increases in V02 max. 

Using both trained and untrained subjects, Furberg (51) reported that 

the exercise capacity of the trained subjects during beta blockade was reduced 

much more substantially compared to untrained subjects under the same 

medication schedule. He postulated that there was a reduction in Q max 

resulting from beta blockade in the trained subjects that was not completely 
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compensated for by an increased arteriovenous oxygen difference. Recent 

work in our laboratory (8,153) confirms that large decreases in both VOZ max 

and running performance results from beta blockade in highly trained subjects, 

where little or no difference was observed in untrained subjects. Therefore, it 

is quite possible that the fitness level of the subject may be an important 

factor which should be considered when beta-blocking studies are being 

designed or reviewed. 

Thermoregulation during Exercise 

During exercise, body core temperature is elevated. The amount of 

increase is directly related to several factors including the intensity and 

duration of exercise, and the environmental temperature and relative humidity 

(119). This increase is also inversely related to the amount of heat loss which 

occurs primarily through the evaporation of sweat (119). Significant heat 

disorders of a potentially lethal nature result when thermal balance is not 

maintained and body core temperature rises excessively (111). 

The evaporation of sweat is the primary mechanism by which 

metabolic and environmental heat leaves the body. Increases in skin blood 

flow serve an important thermoregulatory function for carrying heat from the 

core of the body to the skin's surface to allow evaporation to occur 

(118,119,145). Increases in the capacitance of the cutaneous veins are 

important in thermoregulation and capacitance has been shown to increase 

with an increasing core temperature (55). This dilation of the superficial veins 

aids heat loss from the body since the velocity of flow will decrease resulting 

in more time for heat to be dissipated to the skin (55). Changes in skin blood 

flow result primarily by two mechanisms (117,118,145,146). First and probably 
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most importantly in most exercise situations are the changes in internal body 

temperature (76,117,146). However, alterations in mean skin temperature 

(119,129,145,146) and local skin temperature (47,74) can also affect skin blood 

flow. Since skin blood flow to the forearm appears to be similar to skin blood 

flow to most other areas of the body investigated, skin blood flow 

measurements to the forearm are often used as an index to whole body skin 

blood flow measurement (119). 

During 1 hour of exercise, Johnson and Rowell (75) reported a 

progressive rise in total forearm blood. flow. By simultaneously measuring 

forearm muscle blood flow, the authors demonstrated that the increase in 

total forearm blood flow was due to increases in skin blood flow to that area, 

as forearm muscle blood flow actually decreased. 

As skin blood flow and venous capacitance continue to increase as a 

result of an increasing core temperature, competition for the limited total 

blood volume may arise, i.e., cutaneous blood flow increases for 

thermoregulation versus muscle blood flow increases to meet the demands of 

the exercising muscles. This competition for blood flow is manifested by 

changes in cardiovascular function often referred to as "cardiovascular drift" 

(67,73,122). Cardiovascular drift is characterized by an increase in heart rate 

and decrease in stroke volume and left-ventricular filling pressure, while 

cardiac output is usually maintained. 

Berne and Levy (17) suggest that a reduction in cardiac-filling 

pressure and, hence, stroke volume lead to increases in heart rate in attempt 

to maintain cardiac output. Roberts and Wenger (117) demonstrated that 

cardiac-filling impairment was greater during upright exercise when compared 
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to supin.e exercise and suggested that gravitational forces add to the volume of 

blood pooled in the peripheral vasculature. Additional mechanisms help to 

combat this redistribution of blood to the peripheral vasculature including 

vasoconstriction of splanchnic (123) and renal beds (59). In addition, decreases 

in blood flow to non-exercising muscles have also been reported (75). If 

cardiac filling remains impaired, other reflexes may be activated to help 

return central venous pressure. These include cutaneous vasoconstriction 

which is most likely mediated through low-pressure bRroreceptors (17). 

Therefore, it becomes apparent that at any given time, skin blood flow may be 

the result of a number of separate yet integrated influences (1l9). 

During the initial stages of exercise, blood pressure and core body 

temperature often increase. This will lead to cutaneous vasodilation which 

will, under thermoneutral and short-term exercise, greatly override any 

vasoconstrictor reflexes. However, as heat stress progresses, either with 

prolonged exercise or exercise in the heat, extensive peripheral pooling may 

result, which will in turn reduce central venous pressure. Baroreflexes may be 

activated, thus overriding the input for cutaneous vasodilation resulting in a 

reduced skin blood flow (1l9). The reduction in skin blood flow allows 

maintenance of muscle blood flow (1l9). On the other hand, cutaneous 

vasoconstriction, if prolonged, will lead to a higher core body temperature by 

greatly reducing the loss of heat from the core to the skin. 

Beta Blockade: Effects on Thermoregulation 

Despite the widespread use of beta-adrenergic blocking agents, little 

is known concerning the effects of these agents on the thermoregulatory 

system in man. Recent studies in our laboratory (153) suggest that subjects 
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exercising while beta-blocked experience little or no cardiovascular drift 

compared to placebo and control trials. In spite of large reductions in heart 

rate, these subjects were able to maintain or defend their cardiac output by 

increasing stroke volume. This increase in stroke volume may result from 

increases in central blood volume, perhaps resulting from decreases in skin 

blood flow. This reduction in skin blood flow would greatly limit a major 

avenue of heat loss during exercise with thermoregulation potentially being 

compromised. During short-term exercise this is not of major concern; 

however, during long-term exercise or exercise in the heat, this could be a 

substantial problem of a potentially lethal nature. 

The few studies investigating beta blockade and thermoregulation are 

conflicting. Brundin (22) found a 30% greater rise in blood temperature during 

short-term supine exercise with the beta-blocker propranolol when compared 

to a control condition. He postulated that this increase in blood temperature 

was the result of a reduction in skin blood and, hence, an impaired heat loss. 

Conversely, Berlyne, Finberg, and Yoran (16) found that while heart rate was 

reduced, propranolol had no significant effect on rectal temperature during 

short-term exercise at both thermoneutral and hot ambient temperatures. 

Similarly, Davies, Brotherhood, and Zeidiford (33) reported that beta blockade 

had little effect on the thermal response to exercise of I-hour duration at 

various intensities. However, a small, yet significant, reduction in mean skin 

temperature and peripheral tissue heat conductance was reported during the 

beta-blocked trials. Interestingly, the subjects reported actually feeling more 

comfortable and cooler during the exercise with beta blockade. The authors 
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suggested that the lower peripheral heat conductance was most likely the 

result of a decreased peripheral blood flow. 

The above findings may be explained by the fact that norepinephrine 

and epinephrine released during exercise and in the presence of peripheral 
I 

beta-2 blockade have been shown to produce unopposed alpha-adrenergic ally 

mediated vasoconstrictio!l (72). Similarly, Trap-Jensen et ale (141) reported a 

decrease in cardiac output and leg blood flow, and elevated norepinephrine 

concentrations during 20-minute exercise following long-term treatment with 

propranolol. They concluded that beta blockade leads to compensatory alpha-

mediated stimulation of resistance vessels in non-exercising tissues. 

In support of beta-adrenergic blockade altering skin blood flow, 

McSorley and Warren (109) reported a significant decrease in skin blood flow 

following an acute dose of propranolol while no change in skin blood flow was 

found during a trial with the selective blocker metoprolol. However, the 

authors measured skin blood flow only during rest and at normal environmental 

temperatures, i.e., 23-24 c. 

Allen, Jenkinson, and Roddie (6) reported no change in either thermal 

or emotional sweating following beta blockade. However, their study design 

did not use exercise to induce a thermal load. The only study to date using 

both prolonged exercise and beta blockade attempted to solve many of the 

above discrepancies by using both a selective and a nonselective blocker (57). 

These authors had subjects perform 2 hours of bench-stepping (intensity 

equally 54 W) in an environmental chamber at a dry-bulb temperature of 330 C 

and a wet bulb of 31. 7oC. Using a double-blind and crossover design, the 

authors found no difference in rectal or mean skin temperatures between the 
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beta-blocked trials and a placebo condition. However, a significant increase in 

total sweat production was noted with the propranolol trial while a smaller, 

non-significant increase in total sweat production was noted for the atenolol 

trial when compared to a placebo condition. These authors suggest that 

alterations in skin blood flow may have occurred, although the measurements 

were not made. Additional evidence supporting alterations in blood flow to 

the peripheral tissues with beta blockade is derived from reports of patients 

complaining of cold hands while taking beta-blocking medication (124). 

Summary 

From the preceeding review of literature, it is apparent that much 

discrepancy exists in the literature concerning the effects of beta blockade on 

exericse performance. Similarly, the section on thermoregulation reveals that 

this topic has been investigated far too superficially, and oftentimes many of 

the important measurements were neglected. From the above review of 

literature it appears that beta blockade may adversely affect 

thermoregulation in exercising man. However, the mechanisms for these 

potential adverse affects remain unclear. Many investigators have suggested 

that changes in cutaneous blood flow may be an important factor, yet none 

have measured this parameter during prolonged exercise in the heat following 

beta blockade. 

In addition to the clinical applications of these findings for the 

thousands of patients taking beta blockers, a clearer understanding of man's 

homeostatic mechanisms involved in the regulation of both mean arterial 

pressure and thermoregulation can be obtained. Simply stated, if both the 
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system of pressure maintenance and thermoregulation are significantly 

stressed, which will become the limiting factor resulting in the early 

termination of exercise? 
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Subjects 

CHAPTER 3 

METHODS 

Study 1: Effect of Beta Blockade on Exercise Capacity 
in Trairaed and Untrained SUbjects 

Twenty-two subjects were recruited from students and staff at the 

University of Arizona, the Tucson Police Department, and the Tucson running 

community. All subjects were between the ages of 18 and 36 years and were 

free of any cardiopulmonary, gastrointenstinal, hepatic, renal, or hematological 

diseases. All were non-smokers and without history of alcohol or drug abuse. 

Subjects were given a physical examination including both a resting and an 

exercise 12-lead electrocardiogram prior to any data collection. 

Of these 22 subjects selected, 11 were trained runners, all capable of 

running ten miles in less than 60 minutes. The remaining 11 subjects were 

considered untrained, i.e., not involved in a formal exercise program for the 

previous 12 months. Characteristics of the subjects for "Study 1" are 

presented in Table 1, Chapter 4. 

This study had been approved by the University of Arizona's Human 

Subjects Committee (Appendix A). In addition, the methodology and protocol 

were explained in detail to all prospective subjects with written informed 

consent being obtained prior to data collection (Appendix B). 

24 
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Experimental Design 

All subjects performed a series of five treadmill tests to exhaustion. 

The first two tests were control tests to establish baseline data. During the 

final three tests, subjects received each of three treatments, i.e., placebo, 

atenolol (100 mg), and propranolol (160 mg), in a randomized, double-blind 

manner. The first control test was a graded treadmill test to exhaustion for 

the sole purpose oOf determining the subject's V02 max as determined from the 

first control test. During this steady-state work, Q was determined using the 

Colliers C02 rebreathing technique (152). 

Two days following the first control test, the second control test was 

performed. Immediately after the second control test, subjects began their 

first medication period and continued medicating for seven days. On the 

eighth day, the third treadmill test was performed. This test was followed by 

a seven-day washout period after which time subjects began the second 

treatment period. This same routine of a seven-day period of medication, 

treadmill test on the eighth day, and a seven-day washout period was 

performed during the remaining two treatment periods. Each subject was 

tested the same time of the day and under identical conditions across all five 

tests sessions. On treadmill testing days, the subjects were instructed to 

medicate between two and three hours prior to their scheduled test so that 

peak blood levels of the drugs were obtained (86). 

Medication was administered in blister packs in the form of four 

tablets per day; two in the morning and two in the evening. Atenolol was 

given only in the morning while propranolol was given both in the morning and 

in the evening with the appropriate placebo tablets making up the balance. 
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This schedule was selected to correspond to the normal therapeutic dosing 

practices for each drug, and the doses were chosen to represent Itclinically" 

equivalent doses of both drugs (86). 

Exercise testing was performed on a motor-driven Qulnton treadmill 

(Model 24-72). After considerable pilot work, walking protocols for the two 

groups were developed. The trained group walked at 4.5 mph with the 

treadmill grade increasing 3% every two minutes until exhaustion while the 

untrained group walked at 3.5 mph with the grade increasing 2% every two 

minutes. These particular protocols were selected specifically for the purpose 

of attaining accurate blood pressure measurements throughout the entire test. 

Several subjects in the trained group had previously performed numerous 

maximal tests in our laboratory using more conventional treadmill protocols. 

The V02 max values achieved during the walking protocol were within 3% of 

their previous values. 

During each test, expired air was collected through a Hans-Rudolph 

valve connected to a mixing chamber and a volume transducer contained 

within a Beckman Metabolic Cart (MMC). The FE02 and FEC02 were sensed 

by Beckman OM-ll and LB-2 analyzers, respectively. These analyzers were 

calibrated before and after each test using gas whose composition was 

previously determined by the micro-Scholander technque. Calibration of the 

volume transducer was performed daily at various flow rates using a calibrated 

syringe. All metabolic and ventilatory data were collected and calculated 

each minute throughout the initial stages of the test, and every 30 seconds 

once the respiratory exchange ratio exceeded a value of 1.00. A thorough 

description and evaluation of the MMC has been published elsewhere (150). In 
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. 
addition, Q was assessed using the C02 rebreathing technique in conjunction 

with the MMC (152). Heart rate was determined from the electrocardiogram 

(Hewiett-Packard, Model 1514A) at minute intervals throughout the testing 

using a CM-5 electrode configuration. Blood pressure was recorded at the end 

of each 2-minute stage using a mercury sphygomomanometer. 

Subjects were given strong verbal encouragement during the final 

minutes of each test to continue as long as possible. Maximal time to 

exhaustion was recorded for each test. A test was considered maximum if the 

oxygen uptake values either plateaued or decreased slightly with an increasing 

workload, the respiratory exchange ratio exceeded 1.10, or a peak heart rate 

approximated maximal values predicted on the basis of the subject's age (used 

only during unblocked trials). 

Statistics 

All data were analyzed using the Biomedical Statistical Package for 

two-way analysis of variance using repeated measures (BMDP2V). When a 

difference between treatments, i.e., drugs was observed, a Newman Keuls 

post-hoc analysis was performed. In addition, a one-way analysis of variance 

(SPSS Package) was used to analyze mean difference scores across the two 

groups to determine if the treatments, i.e., drugs affected the groups 

differently. 
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Fourteen subjects of various fitness levels were recruited from the 

students and staff at the University of Arizona. All subjects were between the 

ages of 21 and 35 years and free from any cardiopulmonary, gastrointestinal, 

hepatic, renal, or hematological diseases. All subjects were non-smokers and 

without a history of alcohol or drug abuse. Subjects were given a physical 

examination, including both a resting and an exercise 12-lead .,electrocardio-

gram (Hewlett Packard, Model 1514A) prior to any data collection. Charac-

teristics of the subjects in "Study 2" can be found in Table 4, Chapter 4. 

This study had been approved by the University of Arizona's Human 

Subjects Committee (Appendix C). In addition, the methodology and protocol 

was explained in detail to all prospective subject~ with written informed 

consent being obtained prior to data collection (Appendix D). 

Experimental Design 

All subjects performed a series of four cycle ergometer tests to 

exhaustion in addition to three submaximal rides of 90-minutes duration. The 

first maximal cycle test was for the sole purpose of determining the subject's 
. 

cycle V 02 max and the workload equivalent to 40% of this maximal value. 

Following the initial max test, subjects received each of three treatments, 

i.e., placebo, atenolol (100 mg), and propranolol (160 mg), in a randomized, 

double-blind manner. 
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Immediately after their initial test, subjects began their first medi

cation. On the fourth day of medication the subjects returned for another 

maximal cycle ergometer test after which they medicated for two more days. 

On the sixth day of medication, subjects performed their first submaximal 90-

minute ride. This 90-minute ride was followed by a five-day washout period 

during which no testing was performed. Following the first five-day washout 

period, the second medication period began. On day four, as before, the 

subject performed a cycle ergometer max test, followed two days later by the 

second 90-minute ride. Another five-day washout period was started and was 

followed by the final medication period. Again, on day four, a cycle 

ergometer max test was performed, and followed two days later by the final 

90-minute ride. Medication was administered in the same manner and dosages 

as described in "Study 1." Again, on test days, subjects were instructed to 

medicate between two and three hours prior to the test so that peak blood 

levels of the drugs were obtained (86). 

Exercise testing was performed on a Monark cycle ergometer (Model 

868). The branching protocol for the cycle ergometer max test developed by 

Golding et ale (56) was modified from three to two-minute stages (Appendix E). 

Metabolic data were collected in the exact manner as described in "Study 1." 

The 90-minute rides were performed in an environmentally controlled room 

with a dry bulb temperature of 31-32oC and with a relative humidity ranging 

from 35% at the onset of the 90-minute ride to 45% at the end of the ride. 

The dry bulb and wet bulb ternperatures where measured with a heat stress 

instrument (Yellow Springs Instruments Model 93). Skin temperature 
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was determined by a telethermometer (Yellow Springs Instruments Model 46) 

using skin thermistors (Yellow Springs Instruments Model 709) held in place 

with thermistor probe holders (Yellow Springs Instruments Model PH09) 

located at five sites. Mean skin temperature was calculated using the 

weighted equation of Hardy and DuBois (60) where; 

Tsk = 0.06 arm + 0.13 forearm + 0.19 chest + 0.20 back + 0.21 thigh 

+ 0.21 calf. 

In addition, rectal temperature was monitored continuously using a rectal 

probe inserted a depth of lScm. 

Skin blood flow was estimated from measures of forearm blood flow, 

using indirect venous occlusion plethysmorgraphy with a single strand but 

looped, Whitney mercury-in-silastic strain gauge (147). This gauge and holder 

as well as the technique employed to measure skin blood flow have been 

discussed thoroughly in Appendix F. Briefly though, skin blood flow is 

estimated from changes in forearm blood flow during legs-only cycling. Since 

the muscles of the forearm will be kept relatively inactive during cycling, 

changes in forearm blood flow are indicative of changes in skin blood flow 

(75,131). Sweat rate was determined by losses in nude-body weight over the 

course of the exercise period, while heart rate during the 90-minute rides was 

determined every 10 minutes by electrocardiogram using a Gilson recorder 

(Model ICM-SH Polygraph) and a CM-S electrode configuration. In addition, 

total peripheral resistance, mean aterial pressure, pulse pressure, double 

product and stroke volume were calculated. 
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Statistics 

All data were analyzed using a 3 x 9 factorial analysis of variance 

with a repeated measures design. Contrast statements were used to make 

comparisons among treatments. Data across time were analyzed with 

polynomial trend analysis. Lastly, when a specific comparison needed to be 

made, a test for simple effects using a Duncan multiple range post-hoc test 

was employed. 

The repeated measures analysis was run on the 12 subjects who 

completed all of the 90-minute rides. Resting data was not included in the 

analysis as this confounded the polynomial interpretations. The level of 

significance was set at p 0.05. 

Due to the difficulty handling missing data points, the analysis was 

run only on the 12 subjects who completed all 90-minute rides. However, 

rather than throw those two subjects' data out completely, all available data 

points were included in the graphs and tables. The mean values between the 

12 subjects and the 14 subjects were almost identical, hence, the conclusions 

drawn from the 12 subjects would also apply to the entire group of 14 subjects • 



CHAPTER 4 

ACUTE EXERCISE RESPONSE TO PROPRANOLOL AND 
A TENOLOL IN TRAINED AND UNTRAINED SUBJECTS 

The following is a manuscript to be submitted for publication and was 

supported by a research grant from ICI Americas, Inc., Stuart 

Pharmaceuticals. 

Abstract 

Eleven endurance-trained (T) and eleven untrained (U) male subjects, 

18 to 36 years of age, completed two control tests, and then three double-

blinded and randomized maximal treadmill tests following one week of oral 

medication with: (1) a Bl selective beta blocker (100 mg/day of atenolol

ATEN); (Z) a nonselective beta blocker (160 mg/day of propranolol-PROP); and 

(3) a placebo. Each drug treatment was separated by a one-week washout 

period. Maximal heart rate (HR max) and maximal oxygen consumption (VOZ 

max) were significantly reduced during the ATEN and PROP treatments in 

both the T and UT groups. PROP reduced HR max significantly more than did 

A TEN in the T group, but not in the UT group. VOZ max was reduced 

significantly consequent to beta blockade, with T experiencing a greater 

reduction than UT, and both groups experiencing their greatest reduction 

during the PROP treatment. In all subjects the magnitude of reduction in HR 
. 

max was significantly greater than the concomitant decrease in V02 max. It 

32 
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is concluded that UT subjects have a greater compensatory reserve than do T 

subjects during maximal exercise while under beta-adrenergic blockade. 

Introduction 

Since their introduction in the early 1960s, beta-adrenergic blocking 

agents have become an important and commonly prescribed group of drugs for 

treatment of a variety of cardiovascular disorders (30). Their widespread use 

as a treatment modality for the prevention of and rehabilitation from specific 

disease states, in addi tion to the increasing use of exercise for the same 

purposes, has raised questions concerning the potential negative effects of 

beta-adrenergic blocking agents on the physiologic responses to acute 

exercise, as well as on the possible attenuation of chronic adaptations to 

endurance exercise training. 

It is clearly recognized that heart rate and blood pressure are 

reduced with beta blockade at rest and during exercise (43). However, there is 

controversy in the literature concerning the acute effects of beta-blocking 

agents on other physiological variables including endurance exercise capacity, 

maximal and submaximal oxygen consumption <V 02), and cardiac output (Q), 

anginal threshold, and changes in substrate utilization (8,39,43,51,151). Much 

of this controversy can be attributed to differences between studies in such 

factors as the type of beta-blocking agent administered, i.e., cardioselective 

versus nonselective, the dose of drug used, and the method of drug 

administration, i.e., oral versus intravenous. A cardioselective agent is one 

which affects primarily B1 receptors while a nonselective agent affects both 

B1 and B2 receptors. With large doses of a B1 selective drug, B2 receptors 
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will also be affected. In addition, it is now recognized that cardioselective 

beta-blocking agents are not truly cardioselective, as B1 receptors have been 

identified in tissue other than the myocardium (106). When comparisons 

between and within studies are made, it is important that clinically equivalent 

doses be used, and that the length of drug treatment, i.e., hours versus weeks 

or months be considered. Finally, the subject's level of fitness is an important 

factor which is seldom considered. 

In exercise studies using beta-adrenergic blockade, the magnitude of 

heart rate decrease at the point of maximal exertion is considerably greater 

than the decrement in maximal oxygen uptake (V02 max) (8,37,51,138,151). 

This suggests that compensation by either or both an increased stroke volume, 

via the Frank-Starling mechanism, and an increased peripheral oxygen 

extraction has occurred. Since most of these studies have been conducted on 

normal, untrained individuals, the question must be asked, will the highly 

trained athlete be able to make similar compensations since his or her 

adaptations to high intensity exercise may have already been maximized with 

long-term endurance training? 

As early as 1967, Furberg (51) found that the exercise capacity of 

trained subjects while under beta blockade was reduced much more 

substantially compared to untrained subjects under the same medication 

schedule. He postulated that there was a reduction in Q max resulting from 

beta blockade in the trained subjects which was not completely compensated 

for by an increased arteriovenous oxygen difference during heavy work, 

resulting in a decreased physical working capacity. 
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While most studies have shown either small reductions or no change 

in V02 max with beta blockade in healthy, but untrained subjects 

(39,43,81,138,153), several studies have shown rather major reductions in both 

V02 max and endurance performance capacity with beta blockade in 

moderate to highly trained subjects (8,84,139). Kaiser, Rossner, and Karlson 

(80) reported a reduction in 2000-m running performance in moderately trained 

subjects of approximately 10 percent. While there was no difference between 

their responses to selective and non-selective blocking agents for the group as 

a w,hole, those with a predominance of slow-twitch fibers (Type I) were 

impaired significantly more on a nonselective agent (20 to 25%) compared to 

those who had a predominance of fast-twitch (Type II) fibers (5%). There was 

not a differential response between those with a predominance of Type I or 

Type II muscle fibers with the cardioselective agent. Kaiser (78) reported that 

running performance was impaired by beta-adrenergic blockade with the 

magnitude of impairment dependent on the dose. He also found less 

impairment with a cardioselective agent at the same relative dose. Tesch and 

Kaiser (138) reported a significant reduction of approximately 14 percent in 

V02 max of trained subjects following beta blockade with a nonselective 

agent, but this decrease was found to be independent of muscle-fiber type and 

capillary supply. Recent work from our laboratory (8) has demonstrated that 

both running performance, i.e., 10,000-m race time, and V02 max were 

substantially reduced consequent to beta-adrenergic blockade with 

significantly greater reductions resulting from nonselective vs cardioselective 

agents in a group of highly trained runners. In addition, the reductions in V02 
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max under both selective and nonselective agents were considerably greater 

than what has been observed in either untrained or moderately trained 

subjects. 

From the above, it appears that both the type of beta-blocking agent 

and the level of conditioning of the subject population are important 

determinants of the subsequent physiological response to beta-adrenergic 

blockade. Therefore, the purpose of this study was to examine the 

physiological responses to maximal exercise in both highly trained and 

untrained subjects under normal and placebo conditions compared to conditions 

of beta-adrenergic blockade with both selective and nonselective agents. 

Methods 

Subjects 

Twenty-two male subjects were recruited from students and staff at 

the University of Arizona, the Tucson Police Department, and the Tucson 

running community. All subjects were between the ages of 18 and 36 years 

and were free of any cardiopulmonary, gastrointestinal, hepatic, renal, or 

hematological diseases. All were non-smokers and without a history of alcohol 

or drug abuse. Subjects were given a physical examination including both a 

resting and an exercise 12-lead electrocardiogram prior to any data collection. 

The subject protocol had been approved by the University of Arizona Human 

Subjects Committee and all subjects provided written informed consent. 

Of the 22 subjects selected, 11 were trained runners, all capable of 

running ten miles in less than 60 minutes. The remaining 11 subjects were 

considered to be untrained, i.e .. , not involved in a formal exercise program for 
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the previous 12 months. Characteristics of both groups of subjects are 

presented in Table 1. 

Experimental Design 

All subjects performed a series of five treadmill tests to exhaustion. 

The first two tests were control tests to establish baseline data. During the 

final three tests, each subject received each of three treatments for a period 

of seven days prior to testing, i.e., placebo, atenolol (100 mg/day), and 

propranolol (160 mg/day), in a randomized, double-blind manner. The first 

control test was a graded treadmill test to exhaustion for the sale purpose of 
. 

determining the subject's V02 max. The second control test and all three 

treatment tests included a 20-to-25-minute submaximal steady-state 

collection period at a workload equivalent to 60% of the subject's V02 max as 

determined from the first control test. The results of the submaximal tests 

are discussed in a companion paper (77). 

Two days following the first control test, the second control test was 

performed. Immediately after this second control test, subjects began their 

first medication period and continued medicating for seven days. On the 

eighth day, the third treadmill test was performed. This test was followed by 

a seven-day washout period after which time subjects began the second 

treatment period. This same routine of a seven-day period of medication, 

treadmill test on the eighth day, and a seven-day washout period was 

performed during the remaining two treatment periods. Each subject was 

tested at the same time of the day and under identical conditions across all 

five test sessions. On treadmill testing days, the subjects were instructed to 
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Table 1. Subject Characteristics (Study 1). 

Standard 
Variables Mean Deviation Range 

Trained Groul! N=l1 

Age, yr 26.8 3.9 23.0 - 34.0 

Height, em 180.7 7.4 164.4 - 194.0 

Weight, kg 71 • .5 7.2 .57.1 - 83.7 

HRmax, 184.2 4.1 178 - 190 
beats'min-1 

V02 max, 63.3 4.4 58.9 - 67.7 
ml'kg-1'min-1 

Untrained Gro!!l! N=ll 

Age, yr 2.5.0 2.7 20.0 - 30.0 

Height, em 176.6 5.0 169.3 - 184.7 

Weight, kg 71.3 11.6 53.4 - 90 • .5 

HR max, 196.8 7.4 180 - 206 
beats·min-1 

V~max, 44 • .5 .5.7 38.8 - 50.3 
ml'kg-1'min-1 
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medicate between two and three hours prior to their scheduled test so that 

peak blood levels of the drugs were obtained (86). All subjects were asked to 

maintain present activi ty or training schedules throughout the duration of the 

study. 

Medication was administered in blister packs in the form of four 

tablets per day; two in the morning and two in the evening. Atenolol was 

given only in the morning, while propranolol was given both in the morning and 

the evening with the appropriate placebo tablets making up the balance. This 

schedule was selected to correspond to the normal therapeutic dosing 

practices for each drug, and the doses were chosen to represent "clinically" 

equivalent doses of both drugs (86,132). 

Exercise testing was performed on a motor-driven Quinton treadmill 

(Model Z4-72). After considerable pilot work, walking protocols for the two 

groups were developed. The trained group walked at 4.5 mph with the 

treadmill grade increasing 3% every two minutes until exhaustion while the 

untrained group walked at 3.5 mph with the grade increasing 2% every two 

minutes. These particular protocols were selected specifically for the purpose 

of attaining accurate blood pressure measurements throughout the entire test. 

Several subjects in the trained group had previously performed numerous 

maximal tests in our laboratory using more conventional treadmill protocols. 

The VOZ max values achieved during the walking protocol were within 3% of 

their previous values obtained while running at lower grades. 

During each test, expired air was collected through a Hans-Rudolph 

valve connected to a mixing chamber and volume transducer contained within 

a Beckman Metabolic Measurement Cart (MMC). The FEOZ and FECOZ were 
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sensed by Beckman OM-ll and LB-Z analyzers, respectively. These analyzers 

were calibrated before and after each test using a standard gas previously 

calibrated by the micro-Scholander technique. Calibration of the volume 

transducer was performed at various flow rates using a calibrated syringe. All 

metabolic and ventilatory data were collected and calculated each minute 

throughout the initial stages of the test, and every 30 seconds once the 

respiratory' exchange ratio exceeded a value of 1.00. A thorough description 

and evaluation of the MMC has been published by Wilmore; Davis, and Norton 

(150). Heart rate was determined from the electrocardiogram (Hewlett

Packard, Model 1514A) at minute intervals throughout the tests using a CM-5 

electrode configuration. Blood pressure was recorded at the end of each Z

minute stage using a mercury sphygmomanometer. 

Subjects were given strong verbal encouragement during the final 

minutes of each test to continue as long as possible. Maximal time to 

exhaustion was recorded for each test. A test was considered maximum if the 

oxygen uptake values either plateaued or decreased slightly with an increasing 

workload, the respiratory exchange ratio exceeded 1.10, or when peak heart 

rate approximated maximal values predicted on the basis of the subject's age. 

Reliabilities of the maximal values calculated from the two control tests were 

as follows: VOZ max (ml·kg-1• min-I) r = .96; \t max (I·min-1) r = .91; and 

maximal treadmill time (min) r = .9Z. 

Statistical Analysis 

All data were analyzed using the Biomedical Statistical Package for 

two-way analysis of variance using repeated measures (BMDPZV). When a 
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difference between treatments (drugs) was observed, a Newman Keuls post

hoc analysis was performed. In addition, a one-way analysis of variance (SPSS 

Package) was used to analyze mean difference scores across the two groups to 

determine if the treatments (drugs) affected the groups differently. The 

results and discussion sections of this paper deal primarily with comparisons of 

the placebo treatment to the drug treatments, as the control test values were 

significantly different than the placebo for only two variables. These two 

differences will be discussed later. All other comparisons and conclusions 

from the placebo trials also apply to the control trials. 

Results 

Comparisons between Groups Prior to Blockade 

Significant differences existed between the trained and untrained 

subjects prior to beta blockade. These differences included significantly 

higher V02 max and \.E max values for the trained when compared to the 

untrained group. In addition, resting and maximal heart rates were lower in 

the trained group. No group differences were found in resting blood pressure 

or respiratory exchange ratio at maximum exercise. The resting and maximal 

values under all conditions are presented in Tables 2 and 3. These observations 

between trained and untrained subjects have been reported previously (27,139) 

and will not be discussed further in this paper. 

Effects of Beta Blockade on Resting Heart Rate and Blood Pressure 

While both groups experienced significant decreases in resting heart 

rate with both beta-blocking drugs, the untrained group experienced a 
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Table 2. Comparisons of Selected Variables at Rest 

Variables <::;pntrol2 
X + S.D. 

Heart rate 
beats'min-i ----

Trained 54.8+9.1 

Untrained 69.2+11.2* 

S~stolic Blood Pressure. 
mmHg 

Trained 125.6+14.1 

Untrained 122.5+7.4 

Diastolic Blood Pressure. 
mmHg 

Trained 79.2+5.7 

Untrained 78.4+7.3 

* = significant difference between groups 
a = significant difference from C2 
b = significant difference from placebo 

~Jacebo 
X + S.D. 

57.9+10.0 

72.3:t13•9* 

130.7+12.6a 

127.S-r6.~ 

82.2+8.9 

77.5+8.2 

c = significant difference from propranolol 

PrQPranolol 
X+ S.D. 

46.7+8.4a,b 

52.5+7.6a,b* 

120.0+9.oa,b 

11S.0+7.jb 

78.6:!;10.Jb 

74.0+8.2a,b 

/Uenolol 
X+ S.D. 

PJac-Pr01! 

. 47.0+8.3a,b 11.2 

54.2+7.7a,b'*' 19.5* 

120.3+ 10. ~,b 10.7 

116.7+4.6a,b 9.S 

74.5+8.oa,b,c 3.6 

11.8+7.4a,b 3.j 

Mean Differences 

Plac-Aten Prol!-Aten 

10.9 -0.3 

18.1 -1.7 

10~4 -0.3 

11.1 1.3 

7.7 4.1 

j.7 2.2 

~ 
N 
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Table 3. Comparisons of Selected Variables during maximal Exercise. 

Variables Cpotrol2 ~Iacebo 
X~S.D. X~S.D. 

HEART RATE MAX. BEATS'MIN-I 

Trained 1113.9+5.! II14.2~4.3 

Untrained 196.5+7.1* 196.!~7.11* 

~ MAXI LlTERS·MIN-I 

Trained 161.4+13.3 166.0,!:16.11 

Untrained 130.!+16.6* 132.2:!:10.1* 

Y22 MAXI ML·KG-I·MIN-I 

Trained 63.0+4.6 63.3,!:4.6 

Untrained 43.5~4.5* 44.~6.0* 

RESPIRATORY EXCHANGE RATIO MAX 

Trained 1.1S~.06 1.19~.06 

Untrained 1.21!.06 1.19!.08 

MAXIMAL TREADMILL TIME, MINd 

Trained 20.7!1.9 21.2!1.9 

Untrained 25.4~3.6 26.0,!:3.6a 

• 
a 
b 

significant diffeJ'ence between groups 
significant diffeJ'ence from C2 
significant difference from placebo 
significant diffeJ'ence from propranolol 

PrQlH'anolol Idenolol 
X~S.D. X~S.D. 

Plac-Prop 

142.7 ~ 12.4a,b 149.5~13.!a,b,c 41.5 

144.l:!:II1.la,b 14S.9.!:13. la,b 52.7 

143.0,!:21.!a,b 159.3,!:16.4C 23.0 

109.6~u.4a,b* 120.!~17.@,b,C* 22.6 

56.2~5.la,b 59.3,!:5.4a,b,c 7.1 

41.6+3.ga,b* 42.6+4.2b* 2.9* 

1.17~.OS 1.19~.06 0.02 

1.16+.04a 1.20!.06 0.03 

18.2! 1.7a,b 19.5! I.sa,b,c 3.0 

23.5~3.oa,b 21f.!! 3.ja,b,c 2.5 

c 
d due to diffeJ'ences in protocols between the trained and lUltrained groups, 

the differences between groups were not statistically analyzed. 
significance = (p< 0.05) 

Mean DiffeJ'ences 

PIac-Aten Prop-Atcn 

311.7 -6.! 

47.9* -4.! 

6.7 -16.3 

II.' -11.2 

4.0 -3.1 

1.9 -1.0 

0.00 -0.02 

-0.01 -O.OIf 

1.7 -1.3 

1.2 -1.3 

+=
'vJ 
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consistently greater reduction when compared to the decreases in the trained 

group. These differe~ces between groups were statistically significant for the 

propranolol trial, while the atenolol treatment only approached significance (p 

= 0.07). No differences in the degree of resting heart rate reduction were 

found between drugs for either group. 

Resting systolic blood pressure was one of the two variables 

mentioned in which a small, but significant difference was identified between 

the placebo and second control test values. The reason for this difference 

remains unclear but is likely to be of little importance as the comparisons to 

the drug treatment are similar regardless of which test, i.e., placebo or 

control is used. Systolic and diastolic blood pressures at rest were 

significantly reduced in both groups during both beta-blockade trials when 

compared to the placebo trial. The magnitude of these reductions was small 

and similar between drugs with one exception. In the trained group, 

propranolol elicited a significantly greater reduction in resting diastolic 

pressure when compared to the atenolol trial. 

Effects of Beta Blockade on 
Selected Parameters at Maximum Exercise 

Maximum heart rate (HR max) was significantly reduced during beta 

blockade in both the trained and untrained groups. The reduction was, 

however, significantly greater for propranolol (41.5 beats·min-1) than atenolol 

(34.7 beats·min-1) in the trained group. This difference between drugs did not 

exist for the untrained group. In addition, a significantly greater reduction in 

HR max occurred in the untrained group when compared to the trained group 

for the atenolol trial, and this difference between groups approached 
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significance for the propranolol trial (p = 0.06). No significant differences in 

respiratory exchange ratios were found at maximum exercise when the placebo 

trial was compared to both beta-blocked conditions for both the trained and 

untrained groups. 

Maximal time to exhaustion was the second variable mentioned in the 

methods section in which a significant difference was noted between the 

second control test and the placebo trial. This difference was found only in 

the untrained group and likely resulted from their inexperience with treadmill 

running, i.e., they may have stopped slightly earlier during the second control 

test than during the latter placebo test at which time they were possibly more 

confident in their treadmill running ability. Regardless of which test values 

are used in the comparisons, i.e., control 2 or placebo, similar results are 

found. Maximal time to exhaustion was significantly reduced in both groups 

under both beta-blocked conditions. The amount of reduction was 3.0 minutes 

and 1.7 minutes for the propranolol and atenolol trials, respectively, in the 

trained group and 2.5 minutes and 1.2 minutes for the propranolol and atenolol 

trials, respectively, in the untrained group. In addition, both the trained group 

and the untrained group experienced a significantly greater reduction in 

treadmill time during the propranolol trial. Since different protocols were 

used in the trained and untrained groups, comparisons between the groups were 

not statistically analyzed • 
. 
VE max decreased significantly during the propranolol trials in both 

the trained (23.0 I· min-I) and untrained (22.6 l·min-1) groups, respectively, 

while only the untrained group experienced a significant decrease in VE max 

(1· min-I) during the atenolol trial (11.4 l·min-1). The amount of decrease in 
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VE max was not significantly different between groups. In addition, 

propranolol reduced V E max significantly more than atenolol in both the 

trained and untrained group • 
. 
V02 max was also significantly reduced under beta-blocked 

conditions when compared to the placebo test for both drugs in both groups. 

The amount of decrease was 7.1 ml'kg-1'min-1 and 4.0 ml·kg-l.min-1 for the 

propranolol and atenolol trials, respectively, in the trained group, and 2.9 

ml'kg-1'min-1 and 1.9 ml·kg-l.min-1 for the propranolol and atenolol trials, 

respectively, in the untrained group. Propranolol reduced V02 max 

significantly more than atenolol in the trained group, but not in the untrained. 

In addition, a significantly greater reduction in V02 max was noted in the 

trained group compared to the untrained group, but only during the propranolol 

trial. 

Discussion 

The present findings of a greater reduction in resting and exercise 

heart rates (Tables 2 and 3) in the untrained subjects compared to the trained 

subjects consequent to beta blockade suggest either decreased sympathetic 

activity or reduced receptor sensitivity in those who undergo chronic 

endurance training. This finding is in contrast to a recent review article by 

Keul and coworkers (88) who suggested that endurance training will increase 

sensitivity to sympathetic stimulation whereas detraining would induce 

desensitization. Dowell and Tipton (35), in support of the present findings, 

reported a greater reduction in the resting heart rate of untrained rats when 

compared to trained rats during beta blockade with propranolol. In addition, 
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they demonstrated an increased responsiveness to isoproterenol in the hearts 

of trained rats when compared to untrained. They suggest that a decrease in 

sympathetic tone may occur following training. It is suggested that if all 

sympathetic innervation is removed from the heart, it would assume a rate 

much closer to that of trained subjects or animals when compared to sedentary 

or untrained. Therefore, our results using both trained and untrained subjects 

support the concept of a decrease in sympathetic activity or sensitivity 

following chronic endurance training. 

At rest, no difference in the amount of heart rate reduction was 

found between drugs in either of the two groups. However, at maximum 

exercise, propranolol reduced the heart rate significantly more than atenolol 

(Table 3). This difference between drugs began to develop at a workload 

corresponding to 70% of VOZ max, but did not reach statistical significance 

until maximal exercise. Similarly, Kaiser et ale (81) in a study using the same 

two drugs, found no difference in heart rate values until the workload 

exceeded 57% of VOZ max at which point heart rates were significantly lower 

under propranolol conditions. Previous work from our lab (8) also found lower 

exercise heart rates during propranolol as compared to atenolol trials at 74% 

of the subject's VOZ max. These findings of differences in heart rate between 

cardioselective and nonselective drugs at clinically equivalent doses may be 

explained by the recent finding of BZ receptors in the S.A. node of the heart 

(149). At higher workloads, when the adrenal medulla begins secreting greater 

amounts of epinephrine, these B2 receptors in the heart may be activated, thus 

leading to a further increase in heart rate. During treatment with the 

nonselective blocker propranolol, these B2 receptors would most likely be 
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competitively blocked by the drug, which could explain the attenuation in 

heart rate increase observed with propranolol compared to atenolol. 

The decrease in VOz max with beta blockade is consistent with the 

findings of a number of investigators (8,39,81,84). However, other studies 
. 

using normal or diseased subjects showed no decrement in VOZ max following 

beta blockade indicating an effective compensation for the decreased heart' 

rate by either or both central and peripheral mechanisms (37,51,100). Any 
. 

decrease in VOZ max must result from either or both decreases in maximal 

cardiac output and decreases in a-v Oz difference during maximal exercise. 

Although neither Q max nor a-v Oz difference were directly 
. 

measured in this study due to inherent problems associated with measuring Q 

non-invasively during non-steady-state exercise, Q was measured in these 

subjects at a workload equaling 60% of VOZ max. These results have been 

reported in a companion paper (77) and will only be briefly discussed here. A 

significant decrease in Q was observed at 60% of VOZ max during both the 

propranolol and atenolol trials compared to placebo in the untrained group, but 

only during the atenolol trial in the trained group. VOZ at 60% of VOZ max 

was not reduced, indicating a compensatory increase in a-v Oz difference. 

Also, stroke volume at 60% of VOZ max was significantly greater during the 

beta-blocked trials indicating an additional compensatory mechanism for the 

decreased heart rate. However, during maximal exercise, the trained subjects 

were notable to fully compensate for the decreased HR max to prevent 

decreases in VOZ max. The untrained group was able to compensate almost 

completely, as its mean VOZ max values with the two medications were only 

slightly reduced compared to placebo conditions. The greater VOZ max 
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reduction seen during beta blockade in the trained subjects supports the 

hypothesis of Furberg (51) that highly trained individuals cannot fully 

compensate for the reduced HR max to maintain \'02 max as do normals or 

those subjects with various cardiovascular diseases. Importantly, however, is 

the fact that both groups of subjects in the present study had a much greater 
. 

percentage reduction in HR max than in V02 max. In the trained group, HR 

max was decreased by 18.8% and 22.5% with atenolol and propranolol, 

respectively, compared to a decrease in V02 max of only 6.3% and 11.2%. 

For the untrained group, the decreases in HR max were 24.3% and 26.8% 

compared to decreases in V02 max of 4.3% and 6.5%, respectively. This 

indicates that even trained subjects are able to make considerable 
. 

compensations to maintain high V 02 max values. 

In order to investigate the relationship between the degree of HR 

max reduction and V02 max reduction, a Pearson product-moment correlation 

coefficient was calculated. As seen in Figure 1, the magnitude of reduction in 
. 

HR max was moderately related to the extent of reduction in V02 max, with 

correlations of r = 0.62 and r = 0.69, accounting for 38.4% and 47.6% of the 

common variance in the trained and untrained groups, respectively. 

The mechanisms by which subjects are able to partially or fully 

compensate for decreases in HR max with beta blockade remain unclear. 

However, the hypothesis that both trained and untrained subjects have 

maximized their stroke volumes during exercise at intensities greater than 

40% of maximum (13,38,121,126) needs reconsideration. From our cardiac 

output data at workloads equalling 60% of V02 max, substantial increases in 

stroke volume occurred following beta blockade. Estimates of maximum 
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Figure 1. Decreases in V02 Max in Relation to Decreases in Heart Rate (%) 
during Treadmill Exercise. Data were derived from the propranolol 
and placebo trials. 

r = 0.62 p < 0.05 (trained group) 

r = 0.69 p < 0.05 (untrained group) 
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cardiac output (Q max) were calculated using the stroke volume obtained at 

the 60% workload multiplied by the HR max achieved. These calculated 

values of Q max indicated that to achieve the VOZ max attained during the 

blocked trials, subjects would have had a physiologically unachievable a-v 0z 

difference, i.e., greater than ZO ml/100 mI. Since Qat 60% of VOZ max was 

consistent with previous estimates for that intensity of exercise, it is possible 

that stroke volume continued to increase beyond 60% of VOZ max. 

Therefore, it seems possible that during exercise with beta blockade, 

stroke volume may not be maximized at workloads equalling 60% of VOZ max, 

but may continue to increase during higher intensity exercise. The increase in 

stroke volume may result from an increased end-diastolic volume consequent 

to the significantly reduced heart rate, and an increased end-diastolic filling 

time. This would increase myocardial contractility via the Frank-Starling 

mechanism. As techniques for measuring cardiac output non-invasively during 

maximal exercise are improved, the issue of whether stroke volume truly 

plateaus at workloads equalling 40 to 60% of VOZ max should be 

reinvestigated. 

Although ventilation has been shown not to be a limiting factor 

during endurance exercise (24,Z7,83,110,lZ7), our drug treatments provide data 

which could be interpreted as conflicting. Propranolol, the nonselective beta 

blocker, significantly reduced VE max in both groups, while atenolol reduced 
. 
VE max only in the untrained group. In addition, the amount of reduction was 

significantly greater during the propranolol trial than during the atenolol trial. 

These findings could be explained by a possible inhibition of the normal B-Z 

mediated bronchodilation that occurs with exercise when using a nonselective 
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drug. The greater reduction in V02 max during the propranolol trial 

compared to the atenolol trial could possibly have resulted from or be related 

to the decrease in VE max. Two potential mechanisms by which this could 

occur exist. First, and least likely, it is possible that during maximal exercise, 

a decrease in VE max could lead to a reduced oxygen saturation of the 

arterial blood. This would, in turn, result i.n a decrease in oxygen delivery to 
. 

the muscle and, hence, a reduced V02 max. This hypothesis has been 

previously investigated and found to be an insignificant factor 

(24,27,83,121,127). Second, and possibly more important, is the role that 

ventilation plays in returning blood to the heart via the intrathoracic pump. A 

case could be made that during maximal exercise, a high VE allows a greater 

return of blood to the right heart leading to a greater preload and, in turn, to a 

greater stroke volume. and cardiac output via the Frank-Starling mechanism. 

To investigate the relationship between decreases in VE max and decreases in 

V02 max, a Pearson product-moment correlation coefficient was calculated. 

As seen in Figure 2, moderate correlations were found with r = 0.52 and r = 

0.62 in the trained and untrained groups, respectively. However, cause and 

effect cannot be determined from simple correlations. Specific experiments 

need to be designed to attempt once again to answer the question, "Can 

ventilation be a major limiting factor to maximal endurance exercise?" 

In conclusion, our results demonstrate that the fitness level of the 

subject population investigated may influence the results of exercise trials 

during beta-blockade. In addition, it is clear that even highly trained 

endurance athletes have a considerable compensatory "reserve" that can 

prevent or lessen decreases in exercise tolerance resulting from beta blockade, 
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Figure 2. Decreases in V02 Max (%) in Relation to Decreases in V E Max (%) 
during Treadmill Exercise. Data were derived from the propranolol 
and placebo trials. 

r = 0.52 p < 0.05 (trained group) 

r = 0.62 p < 0.05 (untrained group) 
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since in all cases the degree of heart rate reduction was much greater than the 

resulting change in exercise tolerance or V02 max. Potential mechanisms for 

these compensatory effects as well as for the difference between 

cardioselective and nonselective drugs and trained and untrained subjects have 

been discussed. 



CHAPTER 5 

THERMOREGULATION DURING PROLONGED EXERCISE IN THE HEAT: 
ALTERATIONS WITH BETA-ADRENERGIC BLOCKADE 

The following is a manuscript to be submitted for publication and was 

supported by a research grant from ICI Americas, Inc., Stuart Pharmaceuticals 

and by the Zuckerman Canyon Ranch. 

Introduction 

During exercise, body core temperature is elevated. The amount of 

increase is directly re lated to several factors including the intensity and 

duration of exercise, as well as the environmental temperature and relative 

humidity. This increase is also inversely related to the amount of heat loss 

which occurs primarily through the evaporation of sweat (119). 

During prolonged exercise, or exercise in the heat, changes in 

cardiovascular function occur which have been termed "cardiovascular drift." 

As submaximal, steady-state exercise is prolonged, cardiovascular drift is 

characterized by an increase in heart rate and decreases in stroke volume, left 

ventricular filling pressure and mean arterial pressure, while cardiac output 

(Q) is either maintained or slightly reduced (120,122). Cardiovascular drift is 

the result of an increase in cutaneous blood flow for the purpose of 

temperature regulation, i.e., to cool the body from an increasing metabolic 

and environmental thermal load (122). This increase in blood flow to the skin 

is brought about by cutaneous vasodilation and is an important physiological 
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adaptation for transferring heat from the core to the periphery, i.e., the skin 

(118). 

The capacitance of the cutaneous veins increases with increase in 

body temperature. This may also lead to increased heat loss since for a given 

volume of blood the velocity of flow will be decreased resulting in an 

increased time for heat exchange to the skin (124). In addition, during 

exercise, the circulatory system must also meet the increased metabolic needs 

of the exercising muscle. Hence, a competition for the limited blood flow 

between muscle and periphery may result. 

Changes in skin blood flow are stimulated primarily by two 

mechanisms (117,118,145,146). First and probably most importantly in exer

cise situations are the changes in internal body or core temperature 

(76,117,146). However, alterations in mean skin temperature (119,129,145,146) 

and local skin temperature (47,74) can also affect skin blood flow •. Skin blood 

flow to the forearm appears to be representative of skin blood flow to most 

other areas of the body. Thus, skin blood flow measurements of the forearm 

are often used as an index of whole body skin blood flow measurement (119). 

Recent studies in our laboratory have suggested that subjects exer

cising while beta blocked do not experience cardiovascular drift to the same 

extent as they do under control and placebo conditions (unpublished observa

tions). While under beta blockade, the subjects may defend or maintain mean 

arterial pressure and/or cardiac output during exercise by reducing cutaneous 

blood flow. A reduction in skin blood flow would greatly limit a major avenue 

of heat loss during exercise. In short-term exercise, this is not of major 

concern. However, in long-term exercise, or exercise in the heat, 
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this could be a substantial problem leading to significant heat disorders of a 

potentially lethal nature. With exercise training and beta blockade becoming 

more widely used in the prevention and treatment of various cardiovascular 

diseases, their combined effects on the thermoregulatory system in man need 

to be clarified. 

Despite the dramatic increase in the use of beta-adrenergic blocking 

drugs, little research has been conducted concerning the effects of these drugs 

on the thermoregulatory responses in exercising man, and what data are 

available are conflicting. 

Recently, Gordon et ale (57) studied the effects of both propranolol 

(nonselective) and atenolol (B-1 selective) beta antagonists compared to a 

placebo trial during two hours of bench-stepping in an environmental chamber 

with a mean dry-bulb temperature of 33.2oC and a mean wet-bulb temperature 

of 31.7oC. These authors reported that rectal and mean skin temperature 

were not significantly altered with beta blockade. However, a significantly 

higher sweat rate was reported during the propranolol trial. Berlyne et ale (16) 

also found that propranolol did not significantly alter-rectal temperature 

above control conditions during short-term exercise under both thermoneutral 

and hot ambient temperatures. Similarly, Davies et ale (33) reported that beta 

blockade had little effect on the thermal response to exercise of 1- hour 

duration at various intensities. However, a small, yet significant reduction in 

mean skin temperature and peripheral tissue heat conductance was reported 

during the beta-blocked trials. The authors suggested that a lower peripheral 

heat conductance was most likely the result of a decreased peripheral blood 

flow. 
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Conversely, Brundin (22) found a 30% greater rise in blood tempera

tUre during short-term supine exercise with the beta blocker propranolol when 

compared to a control condition. He postulated that this increase in blood 

temperature was the result of a reduction in skin blood flow and, hence, an 

impaired heat loss. Although many of the above investigators have suggested 

that changes in cutaneous blood flow may be an important factor in explaining 

the observed responses, none have measured this variable during prolonged 

exercise in the heat while under beta blockade. 

Therefore, the purpose of this study was to examine the thermoregu

latory, cardiovascular, and hemodynamic responses to prolonged exercise in 

the heat during a placebo condition compared to conditions of beta-adrenergic 

blockade using both a selective and nonselective agent. 

Methods 

Subjects 

Fourteen subjects of. various fitness levels were recruited from the 

students and staff at the University of Arizona. All subjects were between the 

ages of 21 and 35 years and free from any cardiopulmonary, gastrointestinal, 

hepatic, renal, or hematological diseases. All subjects were non-smokers and 

without a history of alcohol or drug abuse. Subjects were given a physical 

examination including both a resting and an exercise 12-lead 

electrocardiogram (Hewlett Packard, Model 1514A) prior to any data 

collection. Characteristics of the subjects can be found in Table 4. 



Table 4. 

Variables 

Age, yr 

Height, cm 

Weight, kg 

HR max,* 
beats 0 min-l 

V02 max, * 
mi· kg-1.min-1 

59 

Subject Characteristics for Beta Blockade and Thermoregulation, 
Study 2. 

Standard 
Mean Deviation Range 

26.9 3.8 23.0 - 35.0 

177.9 8.6 164.3 - 193.6 

n.s 7.9 65.32 - 90.50 

182.6 11.6 156 - 204 

54.8 6.7 44.0 - 66.2 

* Data obtained from the first control test, prior to the beta-blockade trials. 
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This study was approved by the University of Arizona's HUman 

Subjects Committee. In addition, the methodology and protocol was explained 

in detail to all prospective subjects with written informed consent being 

obtained prior to data collection. 

Experimental Design 

All subjects performed a ser.ies of four cycle ergometer tests to 

exhaustion in addition to three submaximal rides of 90-minute duration. The 

first maximal cycle ergometer test was for the sole purpose of determining 

the subject's cycle VOZ max in order to predict the workload equivalent to 

40% of this maximal value. A linear regression was established between 

workrate and submaximal \lOZ' and the workrate equivalent to 40% of this 

initial \lOZ max was used as the workrate in all subsequent 90-minute rides. 

The subjects actually exercised at 41.4%, 40.6% and 38.Z% of the unblocked 
. 
V Oz max for the placebo, atenolol, and propranolol trials respectively. In 

. 
addition, since VOZ max was significantly reduced during beta blockade, the 

percentages of the beta-blocked VOZ max represented during these 90-minute 

rides were 43.7%, and 4Z.9% for the atenolol and propranolol trial 

respectively. 

Following the initial max test, subjects received each of three 

treatments, i.e., placebo, atenolol (100 mg), and propranolol (160 mg), in a 

randomized, double-blind manner. 

Immediately after their initial test, subjects began their first medi-

cation. On the fourth day of medication the subjects returned for another 

maximal cycle ergometer test after which they continued medication for an 
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additional two days. On the sixth day of medication, subjects performed their 

first sub maximal 90-minute ride. This 90-minute ride was followed by a five

day washout period during which no testing was performed. Following the first 

five-day washout period, the second medication period began. On day four, as 

before, the subject performed a cycle ergometer max test, followed two days 

later by the second 90-minute ride. Another five-day washout period was 

started and was followed by the final medication period. Again, on day four, a 

cycle ergometer max test was performed, and followed two days later by the 

final 90-minute ride. 

Medication was administered in the form of three tablets per day; 

two in the morning and one in the evening. Atenolol was given only in the 

morning while propranolol was given both in the morning and in the evening 

with the appropriate placebo tablets making up the balance. This schedule was 

selected to correspond to the normal therapeutic dosing practices for each 

drug, and the doses were chosen to represent "clinically" equivalent doses of 

both drugs (86). On test days, subjects were instructed to medicate between 

two and three hours prior to the test so that peak blood levels of the drugs 

were obtained (86). 

Exercise testing was performed on a Monark cycle ergometer (Model 

868). A branching protocol for the cycle ergometer max test was used as 

developed by Golding, Myers, and Sinning (56) and modified from 3-minute to 

Z-minute stages. 

During each max test, expired air was passed through a Hans-Rudolph 

valve connected to a mixing chamber and a volume transducer contained 

within a Beckman Metabolic Cart (MMC). The FEOZ and FECOZ were sensed 
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by Beckman OM-ll and LB-2 analyzers, respectively. These analyzers were 

calibrated before and aft6r each test using a test gas whose composition was 

previously determined by the micro-Scholander technique. Calibration of the 

volume transducer was performed daily at various flow rates using a calibrated 

syringe. During the cycle ergometer max tests, metabolic and ventilatory 

data were collected each minute throughout the initial stages and every 30 

seconds once the respiratory exchange ratio exceeded a value of 1.00. A 

thorough description and evaluation of the MMC has been published elsewhere 

(150). 

The 90-minute rides were performed in an environmentally cuntrolled 

room with a mean dry bulb temperature of 31.7 :t 0.30 C and with a relative 

humidity of 44.7 :t 4.7%. Environmental temperatures, i.e., dry bulb and wet 

bulb were measured with a heat stress instrument (Yellow Springs Instruments, 

Model 93). Skin temperature was determined by a telethermometer (Yellow 

Springs Instr~ments, Model 46) using skin thermistors (Yellow Springs Instru

ments, Model 709) held in place with thermistor probe holders (Yellow Spring 

Instruments, Model PH09) located at five sites. Mean skin temperature was 

calculated using the weighted equation of Hardy and DuBois (60) where; 

Tsk = 0.06 arm + 0.13 forearm + 0.19 chest + 0.20 back + 0.21 thigh + 

0.21 calf. 

In addition, rectal temperature was monitored continuously using a rectal 

probe inserted to a depth of 15cm. 

During the 90-minute rides, various metabolic, ventilatory, and 

hemodynamic measurements were made at regular intervals. Oxygen 
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consumption (V02), minute ventilation (V E), respiratory exchange ratio 

(RER), systolic and diastolic blood pressure, and skin blood flow were 

measured every 10 minutes. Cardiac output (Q) was measured at rest and at 

5, 25, 55, and 75 minutes of the 90-minute rides using the Collier C02 

rebreathing technique in conjunction with the MMC (152). Two rebreathing 

trials were performed at each of the above times with the mean of these two 

trials being reported as the Q for the appropriate time interval. Heart rate 

during the 90-minute rides was determined every 10 minutes by electrocardio

gram using a Gilson recorder (Model ICM-5H Polygraph) and a CM-5 electrode 

configuration. In addition, total peripheral resistance (TPR), mean arterial 

pressure (MAP), pulse pressure, double product and stroke volume were 

calculated from the appropriate measured parameters. 

Changes in skin blood flow were estimated from measures of changes 

in forearm blood flow using indirect venous occlusion plethysmography with a 

single strand but looped, Whitney mercury-in-silastic strain gauge (147). This 

gauge and holder, as well as the technique employed to measure changes in 

skin blood flow have been discussed thoroughly elsewhere (147). Briefly, 

changes in skin blood flow are estimated from changes in forearm blood flow 

during legs-only cycling. Since the muscles of the forearm are relatively 

inactive during cycling, changes in forearm blood flow are indicative of 

changes in skin blood flow (75,131). The gauge was mounted to the forearm at 

a tension of approximately 15 g. This was achieved by both selecting an 

appropriate length of mercury-filled silastic as well as by moving the adjusting 

nut on the gauge holder. In addition, the gauge was calibrated while mounted 

to the subject's arm before each of the 90-minute rides • 
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To measure forearm blood flow, the hand and arm were suspended 

and stabilized above the venostatic pressure point using a neck-support collar 

around the wrist and hand which was anchored in all directions by support 

ropes. During the actual measurement of skin blood flow, blood flow to the 

hand was occluded using a pediatric blood pressure cuff inflated to 290 torr. 

The venous occludin9 cuff was then inflated to approximately 45 torr. Two 

trials, each consisting of four measurements, were taken at 10-minute 

intervals. The magnitude of change in mean skin temperature did not require 

thermal compensation of the gauge (156). Sweat rate was determined by the 

loss in nude-body weight over the course of the eXercise period. 

Ratings of perceived exertion, i.e., R.P.E., (Appendix G) were taken 

at 10-minute intervals throughout the 90-minute rides. In addition, subjects 

filled out a subjective evaluation form rating the difficulty of both the 

maximal and submaximal tests under each treatment as well as providing 

general comments about the physical and/or emotional side effects associated 

with each of the three treatment periods (Appendix H). 

Statistics 

All data were analyzed using a 3 x 9 factorial analysis of variance 

with a repeated measures design. Contrast statements were used to make 

comparisons among treatments. Data across time were analyzed with 

polynomial trend analysis. Lastly, when a specific comparison needed to be 

made, a test for simple effects using a Duncan multiple range post-hoc test 

was employed. 
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The repeated measures analysis was run on the 12 subjects who 

completed all of the 90-minute rides. Resting data was not included in the 

analysis as this confounded the polynomial interpretations. The level of 

significance was set at p < 0.05. 

Due to the difficulty handling missing data points, the analysis was 

run only on the 12 subjects who completed all 90-minute rides. However, 

rather than throw those two subjects' data out completely, all available data 

points were included in the graphs and tables. The mean values between the 

12 subjects and the 14 subjects were almost identical, hence, the conclusions 

drawn from the 12 subjects would also apply to the entire group of 14 subjects. 

Results 

Beta Blockade: 
Effects on Maximal Exercise 

Reproducibility of the maximal values obtained under the control and 

placebo conditions was excellent as indicated in Table 5. This high degree of 

reproducibility between these two conditions supports the contention that any 

differences found during the beta-blocked trials can most likely be attributed 

to the drug treatment and not to the variability of measurement or to a 

placebo effect. 

The effects of beta blockade on maximal exercise performance can 

be found in Table 6. Significant reductions in both resting and maximal heart 

rate occurred during beta blockade. likewise, V02 max, \IE max, and 

maximal cycle ergometer time were all significantly reduced during both of 

the beta-blockade trials when compared to the placebo or control conditions. 
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Table 5. Reliability and Differences between Means on Max Data for Initial 
Versus Placebo Trials. 

VAfUABLE INI1"IAL PLACEBO r I: 

VE,I·min-1 178.7 + 14.7 173.9 + 13.2 0.878 -2.43b 

VO~ max, 
mI' g-1·min-1 54.8 + 6.7 54.4 + 6.4 0.968 -0.90b 

V02 max, 
1·min-1 4.25 + 0.62 4.22 + 0.61 0.978 -0.63 

HR M8x, 
beats·min-l 182.6 + 11.5 181.4 + 14.3 0.908 -1.10 

RER Max 1.20 + 0.09 1.16 + 0.06 0.668 -2.06 

Max Time, min 14.25 + 2.18 15.17 + 2.81 0.938 3.11b 

Body Weight, Kg 77.57 + 7.84 n.73 + 8.48 1.00a 0.62 

a = significant correlation, p < 0.05 

b = significant difference between means, Pc 0.05 
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Table 6. Beta Blockade and Thermoregulation Comparisons of Selected Variables during Maximal Exercise. 

VARIABLES INITIAL 
X+SD 

Body Weight, kg 77.57+7.84 

Resting Heart Rate, 
beats' min-l 75.6+15.1 

Max Heart Rate, 
beats· min-l 182.6+11.5 
. 
V02 Max, 
liters' min-l 4.25+0.62 
. 
V02 MIx, 
ml'kg- 'min-1 54.8+6.7 

VE Max, 
liters' min-l 178.7+14.7 

Respiratory Exchange 
Ratio Max 1.20+0.09 

Maximal Cycle 
Ergometer Time, min 14.25+2.18 

a = significantly different than initial p< 0.05 
b = significantly different than placebo p < 0.05 
c = significantly different than stenolol p < 0.05 

PLACEBO ATENOLOL PROPRANOLOL 
X+SD X+SD X+SD 

77.73+8.48 77.41+8.56 77.77+8.10 

70.6+10.9 55.9+12.1 a,b 55.hlO.3a,b 

181.4+14.3 132.29+12.5B,b 125.43+10.6a,b,c 

4.22+0.61 3.92+0.60a,b 3.75+0.39a,b,c 

54.4+6.4 50.7+6.7a,b 48.5+4.4 a,b,c 

173.9+13.2 163.8+15.7s ,b 14907+14.0a,b,c 

1.16+0.06 1.20+0.08 1.18+0.11 

15.17+2.81s 13.63+2.22b 13.08+2.08s,b 

0'\ 
'-l 
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Respiratory exchange ratio at maximum exercise was not significantly altered 

during beta blockade. When the maximal values for the two beta-blocked 

trrals were compared, i.e., propranolol versus atenolol, significantly greater 
. . 

reductions in HR max, VOZ max, VE max were found during th'e propranolol 

trial. 

ThermoregUlation during Prolonged Exercise in 
the Heat: Alterations during Beta Blockade 

Rectal temperature (Figure 3, Table 7), increased significantly over 

the course of the 90-minute rides during all three trials. In addition, rectal 

temperature during the atenolol trial was slightly (approximately 0.Z50 C) but 

significantly higher when compared to the placebo condition, while rectal 

temperature during the propranolol trial did not differ significantly from 

either placebo or atenolol conditions. 

Mean skin temperature (Figure 4, Table 7) significantly increased 

over time in the atenolol and placebo trial but did not significantly change 

under the propranolol treatment. Mean skin temperature during minutes 10 

through 40 of exercise was significantly higher in the placebo treatment 

compared to both the propranolol and atenolol trials. From minutes 50 

through 90 the mean skin temperature remained lower in the propranolol trial 

compared to the placebo, but the mean skin temperatures in the atenolol trial 

increased to values statistically equivalent to the placebo treatment. In 

addition, the mean skin temperature for minutes 30 through 90 during the 

atenolol trial were significantly higher than the values during the propranolol 

tr ial. 
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Table 7. Effects of Beta-Adrenergic Blockade on Skin Blood Flow, Mean Skin Temperature and Rectal 
Temperature. (Values are Means 2:. S.D.) 

(Time in Minutes) 
Rest 10 20 30 40 50 60 70 80 90 

Skin Blood Flow, mi· 100 ml- 1• min -1: 

PLAC 5.5 11.1 13.4 15.7 16.6 15.2 '16.6 16.0 17.1 16.7 
+ 1.7 + 4.1 + 4.6 + 5.6 + 5.5 + 4.7 + 5.3 + 4.6 + 4.7 + 5.5 

ATEN 5.2 8.7 11.5 13.1 13.7 14.2 14.6 15.1 15.0 15.3 
+ 1.5 + 3.6 + 5.3 + 4.1 + 3.3 + 3.4 + 4.7 + 4.2 + 3.7 + 4.0 

PROP 4.7 8.3 10.3 11.3 11.6 12.8 12.7 12.6 11.3 11.4 
+ 0.8 + 2.4 + 3.5 + 3.5 + 3.3 + 3.5 + 3.8 + 2.5 + 2.4 + 2.8 

Mean Skin Temperature, C 

PLAC 33.7 33.8 33.9 34.0 33.9 33.9 34.0 34.1 34.0 34.1 
+ 0.7 + 0.7 + 0.6 + 0.6 + 0.6 + 0.7 + 0.7 + 0.6 + 0.6 + 0.6 

ATEN 33.5 33.4 33.5 33.6 33.6 '33.7 33.8 34.0 34.0 34.0 
+ 0.7 + 0.5 + 0.4 + 0.5 + 0.5 + 0.6 + 0.5 + 0.4 + 0.4 + 0.5 

PROP 33.5 33.4 33.4 33.5 33.4 33.4 33.5 33.4 33.4 33.5 
+ 0.5 + 0.5 + 0.5 + 0.5 +0.5 + 0.6 + 0.5 + 0.5 + 0.4 + 0.5 

Rectal Temperature, C 

PLAC 37.3 37.4 37.5 37.7 37.8 37.8 37.9 38.0 38.0 38.1 
.:!. 0.4 .:!. 0.4 + 0.3 + 0.3 + 0.2 + 0.3 + 0.3 + 0.3 + 0.3 + 0.2 

ATEN 37.5 37.6 37.7 37.9 38.0 38.1 38.1 38.2 38.2 38.3 
+ 0.2 + 0.2 + 0.2 + 0.2 + 0.2 + 0.2 + 0.3 + 0.3 + 0.3 + 0.3 

PROP 37.4 37.5 37.7 37.8 38.0 ,38.0 38.1 38.2 38.2 38.2 
+ 0.3 + 0.3 + 0.2 + 0.2 + 0.3 +' 0.3 + 0.3 + 0.4 + 0.3 + 0.3 
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Skin blood flow (Figure 5, Table 7) increased significantly over the 

course of the 90-minute rides during all three trials. During the propranolol 

trial, skin blood flow was significantly lower compared to both atenolo! and 

placebo treatments. Conversely, atenolol did not significantly alter skin blood 

flow when compared to the placebo condition. Sweat rate (Figure 6) was 

significantly (13.6%) higher during the atanolol trial when compared to the 

placebo condition. Propranolol, on the other hand, resulted in a 10.3% 

increase in sweat rate above that of the placebo condition. This increase, 

however, did not reach statistical significance. Lastly, there was no signifi-

cant difference in swea.t rate between the two drugs. 

Cardiovascular Drift during Prolonged Exercise in 
tho Heat: Alterations during Beta Blockade 

Beta blockade resulted in a significant reduction in exercise heart 

rate (Figure 7, Table 8) and mean arterial pressure (Figure 8, Table 8), and a 

sign ificant increase in stroke volume compared to the placebo condition 

(Figure 9, Table 8). During the 90-minute, steady-state rides, a significant 

increase in heart rate (Figure 7, Table 8) occurred only during the atenolol and 

placebo trials. In addition, the magnitude of heart rate increase was 

statistically different between the three treatments. During the placebo trial, 

a 17.9 beat·min-1 (15.8%) increase occurred from minutes 10 to 90 while a 

10.8 beat· min-1 (13.3%) and a 4.3 beat·min-1 (5.2%) increase resulted during 

the atenolol and propranolol trials respectively. Lastly, the heart rates for the 

propranolol and atenolol trials were statistically equivalent through the first 

50 minutes of exercise. However, from minute 60 through 90 a divergence of 
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Table 8. Effects of Beta-Adrenergic Blockade on Hemodynamic Parameters. (Values are Means.:!:. S.D.) 

(Time in Minutes) 
Rest 10 20 30 . 40 50 60 70 80 90 

Heart Rate, beats'min-1 

PLAC 72.5 113.0 116.0 117.4 120.1 122.1 124.3 125.4 129.0 130.9 
+ 9.6 + 16.7 + 16.5 + 15.5 + 16.5 + 17.8 + 18.4 + 17.3 + 18.9 + 18.9 

ATEN 53.6 81.5 84.6 84.9 84.8 87.4 87.4 89.1 90.6 92.3 
+7.6 + 6.7 + 9.1 + 7.3 + 8.0 + 8.0 + 8.1 + 8.9 + 9.8 + 9.7 

PROP 59.1 82.1 83.4 83.3 83.2 84.9 84.0 &4.5 86.4 85.5 
+ 7.3 + 7.8 + 8.4 + 9.4 + 8.5 + 9.6 + 7.6 + 8.3 + 9.6 + 8.5 

Systolic BP, Torr 

PLAC 126.0 159.2 162.6 165.7 163.1 163.7 162.7 162.8 162.1 165.3 
+ 13.9 + 20.5 + 20.5 + 19.9 + 20.0 + 19.5 + 18.5 + 17.2 .+ 16.9 + 21.6 

ATEN 118.2 136.4 135.1 134.9 134.0 132.9 133.1 133.1 134.4 135.6 
+ 11.7 + 14.9 .!. 15.6 + 13.6 + 12.8 + 12.6 + 12.2 + 11.3 + 13.9 + 15.0 

PROP 120.9 138.5 136.8 134.4 134.6 133.9 135.1 134.4 136.8 136.6 
+ lI.5 + 15.7 + 14.8 + 14.5 + 12.8 + 14.7 + 17.2 + 15.7 + 16.2 + 15.4 

Diastolic BP, Torr 

PLAC 82.8 69.4 65.4 64.0 62.3 61.6 61.6 60.7 61.1 61.5 
+ 10.5 + 12.7 + 12.3 + 13.3 + 13.9 + 16.4 + 17.9 + 17.4 + 16.1 + 17.7 

ATEN 71.0 65.2 62.9 59.1 60.1 57.9 58.3 56.4 59.1 59.9 
+ 9.5 + 11.7 + 9.4 + 11.6 + 12.5 + 12.7 + 8.8 + 10.1 + 9.7 + 9.5 

PROP 80.7 67.2 67.1 64.8 64.9 63.0 63.4 62.2 62.3 63.8 
+ 13.7 + 10.5 + 14.4 + 13.5 + 13.7 + 11.8 + 14.5 + 13.7 + 12.7 + 14.8 
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the response occurred resulting in heart rates during the atenolol trial that 

were slightly, but significantly (p = 0.05) higher than the propranolol trial. 

During the 90-minute rides significant decreases in mean arterial 

pressure (Figure 8, Table 9) and stroke volume (Figure 9, Table 10) occurred 

across all three trials. Although Q (Figure 10, Table 10) was well maintained 

and did not significantly change under the atenolol and placebo conditions, a 

significant reduction in Q over time was noted during the propranolol trial. In 

addition, significantly lower values for Q were found while under beta 

blockade, with propranolol resulting in significantly lower values compared to 

atenolol. 

TPR (Figure 11, Table 10), on the other hand, was not significantly 

altered by atenolol compared to the placebo condition, but was significantly 

higher during the propranolol trial when compared to both placebo and atenolol 

conditions. In addition, TPR during the 90-minute rides showed a progressive 

decrease during the atenolol and placebo conditions, but tended to increase (p = 

.10) during the propranolol trial. 

Beta blockade also' resulted in significant reductions in systolic blood 

pressure (Figure 12, Table 8), double product (Figure 13, Table 9), and pulse 

pressure (Figure 14, Table 9). No significant differences between the two 

drugs, i.e., propranolol vs atenolol were found for any of these variables. In 

addition, systolic blood pressure (Figure 12, Table 8) was unchanged, while 

double product (Figure 13, Table 9), and pulse pressure (Figure 14, Table 9) 

both significantly increased during the 90-minute rides across the three 

treatments. Conversely, diastolic blood pressure (Figure 15, Table 8) showed a 

significant decrease during the 90-minute rides across the three treatments. 



Table 9. Effects of Beta-Adrenergic Blockade on Mean Arterial Pressure, Pulse Pressure, and Double Product. 
(Values are Means.:!: S.D.) 

(Time in Minutes) 
Rest 10 20 30 40 50 60 70 80 90 

HAP, Torr 

PLAC 97.2 99.4 91.8 91.9 96.0 95.6 95.3 94.7 94.7 96.1 
+ 9.5 ~ 9.9 + 10.5 + 1l.4 + 12.5 + 11.7 + 13.3 + 12.7 + 11.7 + 13.7 

ATEN 86.7 89.0 81.0 84.4 85.0 82.9 83.2 82.0 84.2 85.1 
+ 7.2 + 10.2 + 9.0 + 9.4 ~ 9.5 + 10.8 + 7.0 + 8.1 ~ 7.5 + 8.8 

PROP 94.1 91.0 90.3 8B.0 BB.l 86.6 B7.3 86.3 87.1 8B.l 
+ 11.4 + 7.2 + 11.1 + 10.4 + 10.5 + 9.4 + 11.4 + 10.3 ~ 9.9 + 12.1 

Pulse Pressure, Torr 

PLAC 43.2 B9.B 91.1 101.1 100.B 102.1 101.1 102.1 101.0 103.~ 

+ 14.4 + 25.B + 24.2 + 23.4 + 21.B + 27.6 ~ 26.1 ~ 25.1 + 24.3 + 28.2 

ATEN 47.2 11.2 72.1 75.8 13.9 74.9 74.9 76.8 75.3 75.7 
+ 15.6 + 16.7 + 16.3 + 16.9 + 17.6 + 13.8 + 15.4 + 14.3 ~ 11.9 + 15.9 

PROP 40.2 71.3 69.1 69.6 69.6 70.9 71.6 72.2 74.4 72.8 
+ 13.4 + 21.5 + 20.0 + 19.3 + 17.6 + 18.8 + 22.1 ~ 21.3 + 21.1 + 18.9 

Double Product 

PLAC 9147 18134 19004 19580 19131 20140 20329 20494 20995 21729 
+ 1649 + 4210 + 4236 + 4012 + 4180 + 4381 ~ 4240 + 3975 + 4234 ~ 4595 

ATEN 63BO 11149 11453 11486 11408 11633 11640 11890 12230 12572 
+ 1385 ~ 1625 + 2054 + 1771 + 1938 + 1688 + 1601 + 1825 + 2190 + 2324 

PROP 7141 11431 11457 11250 11243 11461 11397 Jl431 11902 11742 
+ 1088 + 2140 + 2045 + 20B9 + 1817 + 2356 + 2105 + 2187 + 2337 + 2103 
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Table 10. Effects of Beta-Adrenergic Blockade on Cardiac Output, Stroke Volume and Total Peripheral 
Resistance. (Values are Means + S.D.) 

Cardiac Output L.min-1 

PLAC 

ATEN 

PROP 

Stroke Volume mI. beats-l 

PLAC 

ATEN 

PROP 

REST 

5.5 
+ 1.0 

5.1 
0.8 

5.1 
1.3 

76.8 
+ 16.7 

96.1 
.:!: 19.4 

87.6 
+ 24.3 

Total Peripheral Resistance, PRU 

PLAC 18.2 
+ 3.5 

ATEN 17 .5 
.:!: 2.8 

PROP 19.8 
+ 5.8 

(Time in Minutes) 
5 25 

13.0 
+ 1.0 

'12.0 
+ 1.4 

11.8 
+ 1.6 

119.8 
+ 14.1 

145.0 
+ 17.5 

145.5 
+ 22.1 

7.7 
+ 0.9 

7.5 
+ 1.5 

7.8 
+ 1.0 

13.6 
+ 1.5 

11.9 
+ 1.2 

11.5 
+ 1. 7 

117.3 
+ 22.8 

140.9 
+ 19.7 

139.1 
+ 20.9 

7.3 
+ 1.2 

7.2 
+ 1.3 

7.8 
+ 1.3 

55 

13.8 
+ 1.6 

12.0 
-( 1.3 

10.8 
.:!: 1.2 

113.1 
.:!: 19.9 

137.2 
+ 18.0 

128.9 
.:!: 17.4 

7.0 
+ 1.3 

7.0 
.:!: 0.9 

8.2 
+ 1.3 

75 

13.4 
+ 1.5 

11.8 
+ 1.3 

11.0 
+ 1.6 

105.9 
+ 20.0 

131.3 
+ 21.3 

127.6 
+ 17.8 

7.2 
+ 1.2 

7.2 
+ 1.1 

8.1 
+ 1.3 

CO 
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However, significantly higher diastolic pressures were found during the 

propranolol trial when compared to the atenolol trial. 

Changes in Metabolic and Respiratory Parameters 
and RPE during PrOlonged Exercise in the Heat 

V02 (Figure 16, Table ll) end VE (Figure 17, Table 11) were 

significantly lower during the propranolol trial compared to the placebo . 
condition. Similarly, VE during the propranolol trial was also significantly 

lower than during the atenolol trial, and the difference in V02 between the 

atenolol and propranolol trials approached significance (p = 0.06). 

During the 90-minute rides V02 significantly increased under 

placebo (8.2%) and atenolol (8.1%) conditions, yet did not significantly change 
. 

during the propranolol trial. VE also significantly increased during the 90-

minute ride but this change was similar under all three conditions. 

RER (Figure 18, Table ll) decreased from minutes 10 to 90 during 

the steady-state rides in both the placebo and atenolol treatments but did not 

change during the propranolol trial. In addition, the RER values during the 

first 60 minutes of exercise were not statistically different between any of the 

treatments. However, at minutes 70, 80, and 90, the RER for the propranolol 

trial was significantly higher than the placebo treatment. In addition, at 

minutes 80 and 90 the atenolol trial also had a significantly higher RER 

compared to the placebo condition. Lastly, at 90 minutes of exercise the RER 

was significantly higher on the propranolol trial compared to the atenolol. 

RPE (Figure 19, Table 12) significantly increased throughout the 

duration of the 90-minute ride in all three trials, with no difference between 

treatments occurring through 40 minutes of exercise. However, RPE values 
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Table 11. Effects of Beta-Adrenergic Blockade on Metabolic and Respiratory Parameters. (Values are Means + 
S.D.) 

(Time in Minutes) 
Rest 10 20 30 40 50 60 70 80 90 

V02, mlomin- l 

PLAC 356.5 1680.7 1753.9 1678.4 1712.7 1739.0 1771.1 1778.1 1818.4 1793.4 
.:!. 55.5 + 166.0 + 178.6 + 248.7 + 198.3 .:!. 199.5 + 262.3 + 155.7 + 212.1 + 217.5 

ATEN 349.2 1637.9 1681.1 1699.8 1695.7 1743.7 1745.8 1720.2 1731.8 1776.1 
+ 58.3 + 228.0 + 175.5 + 169.5 + 144.2 .:!. 184.2 + 210.5 + 213.4 .:!. 199.8 + 185.9 

PROP 334.7 1580.1 1628.6 1640.9 1597.5 1622.4 1624.9 1619.9 1597.4 1583.7 
+ 42.7 + 285.2 + 270.1 + 315.3 + 256.1 .:!. 249.2 + 246.6 + 270.2 + 207.4 + 220.3 

VE, L-min- l 

PLAC 12.8 48.4 48.7 47.5 48.4 47.5 49.6 49.3 51.6 50.9 
.:!. 3.2 + 6.9 + 7.7 + 7.9 + 8.6 + 8.4 + 8.6 .:!. 7.9 .:!. 9.7 + 10.8 

ATEN 13.2 46.0 47.2 49.1 48.8 48.1 49.8 48.8 50.4 51.1 
+ 3.9 + 6.8 + 6.9 + 7.5 + 6.5 + 7.4 + 7.0 + 8.9 + 8.3 + 9.1 

PROP 12.2 43.7 46.0 46.3 44.9 43.9 46.7 45.2 46.0 46.2 
+ 2.1 + 7.4 + 7.7 + 9.2 + 7.8 + 9.4 + 8.8 + 6.2 + 6.0 + 7.3 

RER 

PLAC 0.86 0.97 0.93 0.94 0.92 0.89 0.91 0.89 0.90 0.88 
.:!. 0.12 + 0.06 + 0.07 + 0.06 + 0.07 + 0.06 + 0.06 .:!. 0.06 + 0.05 + 0.09 

ATEN 0.85 0.95 0.95 0.96 0.95 0.91 0.93 0.91 0.93 0.91 
+ 0.11 + 0.05 + 0.06 + 0.06 + 0.04 + 0.04 + 0.04 .:!. 0.05 + 0.05 + 0.05 

PROP 0.86 0.95 0.95 0.93 0.92 0.90 0.93 0.93 0.94 0.94 
.:!. 0.08 + 0.06 + 0.07 + 0.04 + 0.04 + 0.04 + 0.05 .:!. 0.05 + 0.06 + 0.06 
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Table 12. Changes in Wet-Bulb Temperature, Dry-Bulb Temperature and Ratings of Perceive exertion During the 
90-minute Rides. (Values are Means :t S.D.) 

(Time in Minutes) 
Rest 10 20 30 40 50 60 70 SO 90 

Wet Bulb Temperature, C. 

PLAC 20.6 21.0 21.6 22.6 22.S 22.S 23.1 23.2 23.4 23.0 
+ 1.3 + 1.2 + 1.2 + 1.0 + 1.3 + 1.0 + 1.1 + 1.3 !. 1.3 + 1.3 

ATEN 20.1 21.0 22.0 22.4 23.0 23.1 23.2 23.5 23.6 23.6 
+ 1.4 + 1.1 + i.l + 0.9 + 0.9 + 0.9 + O.S + 0.6 + O.S + 0.7 

PROP 20.5 21.6 22.0 22.3 22.5 22.7 22.6 23.0 22.9 23.1 
+ 1.4 + 1.1 + 1.3 + 1.1 + 1.1 + L2 + 1.0 + 1.0 !. 1.0 + 0.7 

Dry Bulb Temperature, C. 

PLAC 31.6 31.5 31.6 32.0 31.7 31.6 31.S 31.7 31.9 31.7 
+ 0.4 + 0.4 + 0.3 + 0.5 + 0.2 + 0.3 + 0.2 + 0.3 + 0.4 + 0.2 

ATEN 31.3 31.5 31.7 31.S 31.S 31.8 Sl.7 31.S 31.9 31.S 
+ 0.6 + 0.3 + 0.3 + 0.3 + 0.5 + 0.3 + 0.2 + 0.2 !. 0.3 + 0.3 

PROP 31.6 31.7 31.7 31.7 31.7 31.6 31.S 31.9 31.S 31.S 
+ 0.3 + 0.4 + 0.3 + 0.2 + 0.3 + 0.3 + 0.3 + 0.2 + 0.2 + 0.3 

RPE 

PLAC 9.0 9.5 10.5 10.9 11.1 1I.4 11.6 11.S 12.0 
+ 2.0 !. I.S + I.S + 2.1 + 2.1 + 2.0 + 2.1 !. 2.0 + 2.1 

ATEN 9.1 9.9 10.5 11.1 1I.7 12.1 12.4 12.S 13.0 
+ 1.7 !. I.S + I.S + 1.6 + 1.5 + 1.5 + 1.5 + 1.6 + 1.7 

PROP 9.4 10.1 10.7 11.2 12.2 . l3.1 13.1 13.6 13.7 
+ 2.0 !. 2.1 + 2.0 + 2.1 + 2.5 + 2.4 + 1.4 !. 1.3 !. 1.9 

\0 
.J:::o 
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for minutes 50 through 90 were significantly higher during the propranolol trial 

compared to the placebo. In addition, RPE values for minutes 60 through 90 

were significantly higher during theatenolol trial compared to the placebo, 

and were also significantly higher during minutes 60 through 90 for the 

propranolol compared to the atenolol trial. 

Discussion 
. 

The significant reduction in V02 max following beta blockade in this 

study supports the findings of some previous investigations (9,21,25,40,41,42, 

45,66,67,68,81,99,112,113,114,135,136,138,139), but not others (4,29,37,43,44, 

89,100,101,103,115,125,133,151). Reasons for these discrepancies in the 

literature likely result from differences in the type and dosage of beta blocker 

used, the total period of medication, and the time interval between the last 

medication and the administration of the maximal test. Another important 

factor appears to be the fitness level of the subjects. Wilmore et ale (154), 

Furberg (51), and Freund et ale (49) all demonstrated that subjects with higher 
. . 
V02 max values exhibit larger decrements in V02 max following beta 

blockade. When the subjects in the present study were divided according to 

fi tness level, i.e., those who had unblocked V02 max values between 44 and 54 

ml'kg-1'min-1 and those with V02 max values greater than 54 ml·kg-l.min-1, 

larger reductions in V02 max occurred in the more fit subjects (Figure 20). 

The mode used in maximal testing may also be an important factor 
. 

deserving consideration. It appears that the reductions in V02 max following 

beta blockade may be greater during cycle ergometry than during treadmill 

running. Using identical beta blocker treatments as the present study, Freund 
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et al. (49) reported the average reduction of V02 max in the blocked state for 

treadmill running was 5.4 and 8.8% for untrained and trained subjects 

respectively. In the present study, which u~ed cycle ergometry as the testing 

mode, somewhat larger reductions of 6.2 and 10.7% were noted for untrained 

and trained subjects respectively. 

As previously mentioned, the type of beta blocking drug may also be 

an important factor affecting exercise performance. This becomes quite 

evident when trials using the nonselective blocker propranolol are compared to 

those of the selective blocker atenolol. As previously reported, (49,153) 

significantly greater reductions in V02 max, VE max, and HR max have 

resulted during propranolol trials. It is likely these differences result from the 

competitive binding of beta-2 receptors during propranolol treatment. 

The reduction in VE with propranolol could result from the blocking 

of beta-2 receptors in the airways of the lung, and hence inhibit the normal 

bronchodilation that occurs during high intensity exercise. The lower HR max 

with propranolol may also result from its competitive binding to the beta-2 

receptors in the heart. Recent studies have provided evidence for the 

existence of chronotropic beta-2 receptors in pace-maker areas of the 

myocardium (1l,48,149). During high intensity exercise, when plasma 

catacholamine levels are elevated, these myocardial beta-2 receptors, when 

not blocked, may be stimulated, leading to further increases in heat rate. 

Freund et al. (49) and Joyner et al. (77) have suggested that both of 
. 

the above two factors, i.e., reduced HR max and reduced VE, may contribute 

to the larger reduction in V02 max during the propranolol trial. Q may also 

be reduced with propranolol. During the 90-minute rides, Q (Figure 10) was 
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significantly lower during the propranolol trial compared to either the placebo 

or atenolol trials. The larger reduction in Q for propranolol compared to the 

atenolol trial appears to rosult from both a lower heart rate and a lower stroke 

volume. Thus, it appears that the selective blocker atenolol offers distinct 

advantages over the non-selective blocker propranolol during maximal exercise 
. . 

since reductions in V02 max and VE were significantly less during the 

atenolol trials. 

The present finding of a significantly lower sub maximal oxygen 

uptake (Figure 16) during prolonged exercise following beta blockade has been 

previously reported (22,96,115,125,138). However, the mechanisms for the. 

lower oxygen uptake during propranolol treatment remain unclear. It may in 

part result from a greater reduction in cardiac work, which is supported by the 

lower heart rate (Figure 7), double product (Figure 13), and pulse pressure 

(Figure 14) during nonselective beta-blockade. In addition, the significantly 

lower \IE values (Figure 17) during the propranolol trial may also contribute to 

a lower oxygen consumption since the oxygen demand of the ventilatory 

muscles themselves would be less. Lastly, beta-adrenergic blockade may also 

affect various metabolic pathways that are beta receptor-dependent, and 

hence may alter oxygen consumption (10,22). 

Lipolysis has been reported to decrease during beta blockade 

(90,94,108,134,148,155), with greater reductions reported following 

nonselective versus selective agents (134,148). This likely results from the 

small, but apparently important, pool of beta-2 adrenoceptors identified in 
. 

human adipose tissue (70). The lower sub maximal V02 values during beta 

blockade may be explained by a decrease in fatty acid oxidation which is 
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supported by higher RER values. Since the number of moles of A TP 

resynthesized per mole of oxygen used is approximately 12% lower for fatty 

acid oxidation compared to aerobic carbohydrate oxidation (107), lower oxygen 

consumption during beta-blocked trials would be expected. Similarly, 

investigators have also reported increased submaximal oxygen consumptions 

when fatty acid oxidation is increased (2,64). Importantly, the reduction in 

oxygen consumption, and the resulting lower total metabolic heat production 

that occurs during the propranolol trial need to be considered when 

thermoregulatory parameters are compared across the three treatments. 

The reduction in skin blood flow (Figure 5) as well as the elevated 

diastolic blood pressure (Figure 15) during the propranolol trial appear to 

result from higher TPR values (Figure 11). The typical decrease in diastolic 

blood pressure and TPR that occurs during prolonged exercise is thought to 

result from stimulation of beta-2 receptors in vascular smooth muscle. 

However, during nonselective beta blockade these beta-2 receptors would be 

competitively bound allowing unopposed alpha-mediated constriction of the 

resistance vessels (98,141). Higher TPR values during propranolol compared to 

placebo treatments have also been reported by Trap-Jensen et al., (141). 

Lower skin blood flows have also been reported following beta blockade with a 

nonselective compared to a selective agent (109). The concomitant decreases 

of 19% in mean skin temperature (Figure 4) and 32% in skin blood flow that 

were observed with propranolol treatment, provide further support for a beta-

2 mediated alteration in TPR. 

The most remarkable finding of the present investigation was that 

despite the significant reduction of 32% in skin blood flow to the forearm 

during the propranolol trial, rectal temperature was still well-maintained, 
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relative to placebo conditions. In fact, all 14 subjects maintained their rectal 

temperature below 38.8oC. This maintenance of rectal temperature during 

beta blockade is in agreement with previous studies (16,33,57), but may be in 

contradiction to the results of Brundin (22) who reported a 30% greater rise in 

venous blood temperature during 12 minutes of high intensity exercise 

following propranolol administration compared to a placebo condition. The 

possibility that in certain situations rectal temperature is not an accurate 

index of blood temperature has been suggested (23,57). Trap-Jensen et al., 

(141,142) reported large reductions in splanic blood flow during exercise with 

propranolol, which may lead to a disassociation between rectal and venous 

blood temperature, as has been recently suggested by Gordon etal., (57). Data 

from the present study, however, does not allow further speculation on the 

possible difference between rectal and venous blood temperature. 

The maintenance of rectal temperature during the propranolol trial 

appears to occur by at least two specific mechanisms. First, a reduced oxygen 

uptake (Figure 16) and thus a reduced total metabolic heat production 

occurred during the propranolol trial. Secondly, there appears to be an 

incresed sweat production following beta blockade (Figure 6). Although the 

10.7% greater sweat rate during the propranolol vs placebo trial in the present 

study was not statistically significant, Gordon et ale (57) have reported a 

significant shift to the left in the thermoregulatory set point at which rapid 

sweating is induced following beta blockade. Although measurements of serial 

sweat rates were not made in the present study, total sweat loss would support 

the possibility of a lower sweating set point. Unlike Gordon et al., who 

reported the highest sweat rates for the propranolol trial, with atenolol having 
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an intermediate rate, our findings show atenolol to have the highest sweat rate 

and propranolol to have an intermediate rate when compared to the placebo 

condition. The mechanisms for this apparent enhanced sweat rate cannot be 

determined from the present study, but clearly changes in either or both 

receptors of the anterior hypothalmus or the eccrine sweat glands may be 

indicated. 

Of interest is the fact that during the atenolol trial a statistically 

significant increase in total sweat production occurred despite an 11% 

(nonsignificant) lower skin blood flow to the forearm when compared to placebo 

conditions. In addition, during the propranolol trial a 10.7% (nonsignificant) 

higher sweat rate compared to placebo occurred despite a significant 32% 

reduction in skin blood flow. This disassociation between sweat rate and skin 

blood flow is intriguing and has recently been demonstrated by Brengelmann 

and Freund (18) in paraplegic men. 

Still unclear at this point are the reasons for the failure of the two 

subjects to complete the 90-minute ride during the propranolol trial. An 

additional two subjects had substantial difficulty finishing their 90-minute 

rides during the propranolol trial. The possibility that thermoregulatory 

problems led to the discontinuation and/or difficulty in completing the 90-

minute rides seems unlikely since rectal temperatures were, in all cases, below 

38.7oc. An additional potential factor is that of hypoglycemia. 

Nonselective beta-adrenergic blockade has been shown to inhibit 

beta-2 mediated muscle (70,46) and hepatic (108) glucose production which is 

needed to maintain plasma glucose levels during exercise. With fatty acid 

oxidation being reduced during beta blockade, subjects must rely more on fuel 
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from carbohydrates. If glucose production is also inhibited, as suggested' 

above, a greater reliance on blood-born glucose may result. This is supported 

by the reports of greater reductiono in blood glucose during' exercise with 

propranolol than with a beta-1 selective or placebo treatment (46,108,134). 

Other investigators have presented evidence that beta-adrenergic blockade 

may contribute to the precipitation of exercise-induced hypoglycemia (12,144). 

Blood was drawn post-exercise in both subjects who failed to 

complete the 90-minute rides, yet, slightly elevated blood glucose values of 121 

and 130 mg DL were found. The fact that these blood samples were not 

obtained for approximately 8-10 Minutes post-exercise may be an important 

factor as blood glucose values have been shown to return toward normal levels 

within 5 minutes following prolonged exercise (46). 

Since RPE values (Figure 9) during the last 40 minutes of exercise 

during the propranolol trial were significantly higher than during the placebo 

or atenolol condition, it appears that .the subjects had a more difficult time 

completing these 90-minute rides while under nonselective blockade. It is 

possible that the local muscular fatigue reported by many of the subjects 

during the propranolol trial (Table 13) was due to a reduced muscle blood flow, 

since Q was significantly lower (Figure 10) during propranolol compared with 

the other two treatments. To maintain MAP during the propranolol treatment 

a significantly greater TPR was needed. Hence, reduced skin blood flow and 

perhaps reduced muscle blood flow resulted. 

During the four days of propranolol treatment, four subjects appeared 

to suffer quite severe complications. Three of these four complications 

occurred during the 90-minute rides, with two of these three subjects, as 



Table 13. 

TREATMENT 

Placebo 

Atenolol 

Propranolol 

Representative Comments from Drug Reaction Survey 

COMMENT 1/ OF SUBJECTS 
MAKING COMMENT 

Must have been placebo 12 

Less sweating during 90-min ride 
compared to other rides 4 

Legs tired during 90-min ride 1 

Extreme leg fatigua during max text 7 

Felt as if sweat more during 90-min 
ride 5 

Lethargic 2 

Felt hotter during 90-min ride 2 

Slight nausea from drug 2 

Very hungry especially for sweets 2 

Extreme leg fatigue during max test 10 

Felt as if sweat more during 90-min 
ride 5 

Very difficult to train 4 

Lethargic 4 

More difficulty breathing 3 

Irritable and easily agitated 3 

Severe hunger especially for sweets 3 

Nausea and some stomach upset 3 

Tunnel vision, dizziness, confusion 
and distorted perception 4 

103 

* 10 of the 14 subjects perceived propranolol as causing the worst side 
effects. The other 4 subjects thought atenolol was the worst. 
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previously mentioned, unable to complete the full duration of the ride. The 

complaints of these subjects included dizziness, confusion, and severe local leg 

fatigue. The additional subject who suffered side effects reported severe 

tunnel vision, confusion and chills, during a training bicycle ride. 

Interestingly, three of the four above subjects remarked that during this 

treatment period they had a large increase in appetite, with a particularly 

intense craving for sweets. This may again suggest that hypoglycemia was a 

problem. 

Smith (134) has suggested that a major mechanism for the reduced 

submaximal exercise capacity following beta blockade is due to a reduction in 

the availability of fat to the working muscle. This would lead to an increased 

carbohydrate utilization and a greater depletion of liver and muscle glycogen, 

and, hence, a more pronounced exercise-induced hypoglycemia. 

Also important, is the fact that 10 of the 14 subjects selected the 

propranolol treatment as being the most difficulty (Table 13) prior to breaking 

the medication code. The other four subjects all said atenolol was the most 

difficult, although they reported no severe complications during this 

treatment. The possibility exists that since propranolol is lipophilic and can 

readily cross the blood-brain barrier, psychological changes may have been 

induced by propranolol, which then added to the perceived discomfort and 

subsequent cessation of exercise. Clearly, more work is needed in identifying 

the mechanisms by which propranolol led to the e8rly termination of exercise. 



CHAPTER 6 

SUMMARY 

Two investigations were conducted to examine the influence of beta-

adrenergic blockade on cardiovascular, respiratory, metabolic, and 

thermoregulatory responses to maximal and. sub maximal exercise in both 

highly trained and untrained subjects. In the first study eleven endurance 

trained and eleven untrained male subjects, 18 to 36 years of age completed 

two control tests followed by three double-blind and randomized maximal tests 

after one week of oral medication with atenolol (100 mg/day), propranolol (160 

mg/day), and placebo. Each drug treament was separated by a one-week 

washout period. 

Significant reductions in HR max and V02 max resulted during the 

atenolol and propranolol treatments in both the trained and untrained subjects. 

In addition, propranolol reduced HR max significantly more than atenolol in 
. 

the trained group, but not in the untrained group. V02 max was significantly 

reduced consequent to beta blockade, with the trained subjects experiencing a 

greater reduction than the untrained. Both groups experienced their greatest 

reduction during the propranolol treatment. In all subjects the magnitude of 

reduction in HR max was significantly greater than the concomitant decrease 
. 

in V02 max. It is concluded that untrained subjects have a greater 

compensatory reserve than do trained subjects during maximal exercise while 

under beta-adrenergic blockade. In addition, significant advantages were 

found with the use of a selective compared to a non-selective beta blocker. 

105 
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Alterations in thermoregulation during prolonged exercise in the heat 

with beta blockade was studied in fourteen subjects of various fitness levels 

and of ages between 21 and 35 years of age. These subjects performed a series 

of four cycle ergometer tests to exhaustion in addition to three submaximal 

rides of 90-minute duration. The first maximal test was performed for the 

sale purpose of deterr.nining the subject's cycle ergometer V02 max and the 

workload equivalent to 40% of this value. This 40% value was then used as the 

workload for the 90-minute rides which were conducted in the heat. 

Following the initial maximal test, subjects received each of three 

treatments, i.e., placebo, atenolol (100 mg/day), and propranolol (160 mg/day) 

in a double-blind manner. During the maximal tests, significant reductions in 

HR max, V02 max, \IE max, and maximal time to exhaustion occurred during 

both beta-blocked trials when compared to the placebo or control conditions. 

In addition, propranolol reduced HR max, V02 max, and \IE max significantly 

more than did atenolol. 

During the 90-minute steady-state rides, RPE, VE, rectal tempera

ture, and skin blood flow all significantly increased during all three trials, 

while V02, mean skin temperature, and HR increased only during the atenolol 

and placebo conditions. Similarly, stroke volume and mean arterial pressure 

decreased during the 90-minute rides in all three trials, while TPR and RER 

decreased only during the placebo and atenolol trials. In addition, rectal 

temperature was slightly higher during the atenolol trial compared to the 

placebo but was not different during the propranolol trial compared to the 

placebo. 
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Skin blood flow, on the other hand, was significantly lower during the 

propranolol trial compared to both the atenolol and placebo trials, but it did 

not differ significantly between the atenolol and placebo trials. It appears 

that the maintenance of rectal temperatures was achieved through changes in 

sweat rate and skin blood flow, as well as a reduced heat production, i.e., 
. 

lower VOZ during the propranolol trial. In addition, the potential for a 

disassociation between sweat rate and skin blood flow was reported. 

The reduction in skin blood flow during the propranolol treatment 

appears to result from the body's attempt to maintain mean arterial pressure. 

This decrease in cutaneous blood flow is likely associated with the increase in 

TPR that was reported during the propranolol trial. This increase in TPR 
. 

would help to compensate for the lower Q and hence would help maintain 

mean arterial pressure during this trial. Lastly, changes in substrate utiliza-

tion, i.e., decreased lipolysis, during the beta-blocked trials may also be 

indicated. Importantly, this may be a primary mechanism leading to the 

cessation of exercise in certain subjects. 

In conclusion, this second study demonstrated that healthy subjects 

can perform exercise of a moderate intensity in a hot environment for an 

extended period of time during beta blockade without severe thermoregulatory 

complications. However, the inability of two subjects to complete the 90-

minute ride, the elevated RPE values, and the additional side effects reported 

during the propranolol trial would indicate an advantage for the use of a 

selective blocker. 
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THE UNIVERSITY OF ARIZONA 
TUCSON, ARIZONA 85724 

HUMAN SUBJECTS COMMITTEE 

Jack H. Wilmore, Ph.D. 
Department of Physical Education 
MCKale Center, Room 228 
MAIN CAMPUS 

Dear Dr. Wilmore: 

26 July 1983 
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We are in receipt of your project, "Effects of Beta Blockage During 
Exercise on Subjects of Several Fitness Levels", which was submitted to this 
Committee for review. The procedures to be followed in this study pose no 
more than minimal risk to the participating subjects and the drugs to be 
studied are FDA-approved. Regulations issued by the U.S. Department of Health 
and Human Services [45 CFR Part 46.l10(b») and FDA regulations [21 CFR Part 
56.l10(b») authorize approval of this type project through the expedited review 
procedures, with the condition that the drugs are administered at approved 
doses and that subjects I anonymity be maintained. Although full Committee 
review is not required, a brief summary of the project procedures is submitted 
to the Committee for their information and comment, if any, after administrative 
approval is granted. This project is approved effective 26 July 1983. 

Approval is granted with the understanding that no changes will be made 
in either the procedures followed or in the consent form to be used (a copy of 
which we have on file) without the knowledge and approval of the Human Subjects 
Committee and the 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. 

MN/jm 

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

Sincerely yours, 

Milan Novak, M.D., Ph.O. 
Chairman 

Gordon A. Ewy, M.D. 
Co-Investigator 
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SUBJECT'S 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, Effect of Beta Blockage During Exercise of Several Fitness Levels. The 
purpose of this 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 "adrenaline," 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 atentolol. During the treadmill test, you will be 
wearing electrodes to record your heart rate and breathing through a mouthpiece 
so your expired are 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 three weeks 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 aU your air, and having the 
volume of air trapped in your lungs measured by breathing in a spirometer for 5-10 
seconds. 

Most importantly, I understand that there are several risks involved with 
this study. Maximal treadmill tests will 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 feel 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 a subject identification code system. I realize that all procedures will 
be under the supervision of an exercise physiologist. 
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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, I 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 I wiJI receive $200 for completing all aspects of the st.udy. 

I have read the above "Subject's Consent Form." The nature, demands, risk, 
and benefits of the project have been explained to me. I understand that I may ask 
questions, that I am free to withdraw from the project at any time without iJl wiJI, 
and that the investigators can be contacted at McKale Center 228 (621-2lj.20) 
during normal business hours, or at 297-9890. 

Subject's Signature Date 

Witness' Signature Date 

I have carefully explained to the subject the nature of the above project. 
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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THE UNIVERSITY OF ARIZONA 

HEALTH SCIENCES CENTER 
TUCSON. ARIZONA 85724 

HUMAN SUBJECTS COMMITTEE 
1609 N. WARREN (BUILOING 220). ROOM III 

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

Dear Dr. Wilmore: 

TELEPHONE: (6021 626067:11 or 6l6o"" 

9 November 1984 
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We are in receipt of your 7 November 1984 letter and the accompanying 
additional consent forms for your project, "Effect of Beta Blockage during 
Exercise on Subjects of Several Fitness Levels". These consent forms represent 
three sub-projects which will utilize the previously approved study procedures, 
with the variations noted below. These variations are minor and pose no 
further risk to the participating subjects. Therefo:-e, approval for these 
sub-projects is granted effective 9 November 1984. 

The Effect of Acute vs. Chronic Beta-Adrenergic Blockade during Exercise 
with Subjects of Two Different Levels of Physical Fitness 

The changes approved are: 

1. Elimination of the previously approved blood collections. 

2. Addition of three treadmill tests, to be performed the day after the 
first dose of medication is taken. 

3. Decrease in the amount of subject remuneration from $200 to $50. 

Ventilatory Responses to Exercise during Cardioselective and Nonselective 
Beta Blockade 

The changes approved are: 

1. Substitution of a cycle ergometer for the treadmill as the testing 
device. 

2. Decrease in the number of endurance tests from five to four. 

3. Elimination of the previously approved blood collections. 

4. Decrease in the amount of subject remuneration from $200 to $50. 
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Jack H. Wilmore. Ph.D. -2- 9 November 1984 

The Effect of Beta-Adrenergic Blockade on Temperature Regulation 

The changes approved are: 

1. Substitution of a cycle ergometer for the treadmill as the testing 
device. 

2. Decrease in the duration of the study from 7 to 5 days. 

3. Addition of three 90-minutes cycle rides to be performed in warm 
environment (82-900 1.".). 

4 • Addition of skin and deep body temperature. forearm blood pressure. 
and electrical impedance of chest measurements to be taken during 
the 90-minute rides. 

5. Elimination of the previously approved blood collections. 

6. Decrease in the amount of subject remuneration from $200 to $50. 

Approval is granted with the understanding that no further changes or 
additions will be made to either the procedures followed or the consent form(s) 
used (copies of which we have on file) without the knowledge and approval of 
the Human Subjects Committee and your College or Departmental Review Com
mittee. 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. 

MN/jm 

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

Sincerely yours. 

Milan Novak. M.D.. Ph.D. 
Chairman 
Human Subjects Committee 
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Revised 7 November 1984 

SUBJECT'S CONSENT FORM 

University of Arizona 

The Effect of Beta-Adrenergic Blockade on Temperature Regulation 

I understand that I am being asked to voluntarily participate in a study 
titled, The Effect of Beta-Adrenergic Blockade on Temperature Regulation. The 
purpose of this study is to compare the effect of two different beta-blocking drugs 
(atenolol and propranolol) on body temperature regulation during prolonged 
exercise. Beta-blocking drugs slow the heart rate during exercise and generally 
"block" the effects of the substance "adrenaline," which is released under stresses 
like exercise. 

My participation in this study will involve performing four maximal tests on 
a cycle ergometer, and three rides of 90 minutes duration each at a moderate 
intensity of exercise. The maximal rides involve my pedaling at increasing 
workloads until I can no longer continue, and the 90-minute rides involve cycling 
between 40 and 50 percent of my maximum capacity in a warm environment, i.e. 
28 to 32 degrees C or 82 to 90 degrees F. On completion of the initial maximal 
test, I will perform three additional maximal tests following three days of ingesting 
each of three coded capsules: a placebo, propranolol and atenolol. The 90-minute 
rides will occur two days after the maximal tests, following 5 days of ingesting the 
test medications. During the maximal tests, I will be wearing electrodes to record 
my heart rate, and I will be breathing through a mouthpiece to monitor my 
ventilation and oxygen consumption. During the 90-minute rides, in addition to the 
electrodes and mouthpiece, I will be wearing skin thermistors to measure skin 
temperature, a rectal thermistor to measure deep body temperature, a silastic 
strain guage to measure forearm blood flow, electrodes to measure electrical 
conductivity, and blood pressure cuffs. My heart rate, oxygen consumption, 
cardiac output (volume of blood pumped by the heart per minute), blood pressure, 
skin and deep body temperature, and forearm blood flow will be monitored during 
these rides. 

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

Conditions of Participation 

As a participant in this study, I will gain an understanding of my medical and 
physiological profile/status. I am also aware that this study may reveal important 
thermoregulatory control mechanisms during exercise. 

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 a subject identification code system. I realize that all procedures will 
be under the supervision of an exercise physiologist and will be medically cleared 
by a physician before the study begins. 
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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, I will receive no compensation for wages, lost time, medical 
expenses, or hospitalization. 

I under.stand that my involvement in this study will not cost me any money, 
and that I will receive $.50.00. 

I have read the above "Subject's Consent Form." The nature, demands, risk, 
and benefits of the project have been explained to me. I understand that I may ask 
questions, that I am free to withdraw from the project at any time without ill will, 
and that the investigators can be contacted at McKale Center 228 (621-4998 or 
621-2420) during normal business hours. 

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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Cycle Ergometer V02 max Protocol 

(Modified from: Golding, L.A., C. R. Myers and W. E. Sinning, editors, The yes 
Way to Physical Fitness, revised, Chicago: The YMCA of the USA, 1982.) 

300 kgm (0-2 min) 

J, 
600 kgm (2-4 min) 

J, 
900 kgm (4-6 min) 

120 >HR< 135 

l 
1200 kgm (6-8 min) 1050 kgm 

/1 \ 
I ' \ 

HR <150 150 >~R ~ 180 HR> 180 
I \ \ 
I t. , 

't-" "'P' "" 1800 1650 1500 1650 1500 1350 1500 1350 1200 

~ 1 / 
Add 150 kgm every 2 min to max 

1 
Recover 5 min 

Supra-max, 150 kgm added. 
Subjects continue as long as possible. 
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Methodology for the Determination of Forearm Blood Flow 

This section has been written to expand the methods section on the 

technique and interpretation of the forearm blood flow measurements used at 

the University of Arizona's Exercise and Sport Sciences Laboratory. These 

methodologies were modified and developed after considerable pilot work and 

with the suggestion and help of Drs. Loring B. Rowell and William C. Adams, 

and Mr. James D. Shaffrath. 

History of Plethysmography 

Plethysmography, or the measurement of changes in volume, was 

first developed and used in 1622 by Glisson (54). This original technique used a 

rigid container filled with water and surrounding an organ. Any swelling of the 

organ within the container caused the displacement of fluid which could be 

recorded. No attempt to occlude venous return was made and the interpreta

tion of the changes in volume was quite difficult. 

In 1905, Brodie and Russell (19), used venous occlusion in conjunction 

with the technique of Glisson which allowed arterial blood flow to be 

estimated. In 1909, Hewlett and van Zwaluwenberg (65) made advancements 

in the technique which allowed similar measurements to be made in the 

extremities. At present, there are at least five different types of plethysmor

graphy being used. A history of the development and use of these techniques 

has been written by Hyman and Winsor (69). The technique using Whitney 

strain gauges was selected for use in this study. 



Venous Occlusion Plethysmography 
Using Whitney Strain Gauges 
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Whitney, in 1953, demonstrated that if changes in limb dimension 

were recorded, it was possible to calculate the corresponding change in 

volume. In addition, using geometrical considerations, he showed that the 

change in. area would be twice the percentage change of the circumference. 

Therefore, Whitney deduced that it was theoretically possible to calculate 

changes in volume from changes in circumference or girth alone. Whitney 

suggested that certain criteria be met when plans for construction of a device 

designed to measure these changes in circumference are considered. First, the 

length of the limb must not change as its volume changes. Second, the 

apparatus used to measure the changes in circumference must not restrict this 

change. Lastly, the device must be able to measure small changes in 

circumference as these changes may be of the magnitude of only 1 or 2%. The 

apparatus devised by Whitney meets these criteria and has been outlined in 

detail elsewhere (147). Briefly, the device consists of a small bore rubber tube 

filled with mercury and closed with copper plugs. This gauge is looped around 

and mounted to the limb via a gauge holder which allows for calibration of the 

strain gauge while it is mounted on the limb. The specifics of the gauge holder 

have been described in detail (147). 

When blood enters but cannot leave a body segment due to venous 

occlusion, an increase in the circumference of the segment results. As the 

circumference and hence volume of the limb changes, the rubber or silastic 

tubing is stretched. This stretching causes a change in the resistance of the 

mercury in the tubing which can be recorded. The initial rate of change in 
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volume is proportional to the arterial blood flow into the limb provided certain 

assumptions are met (147). First, complete venous occlusion must be attained. 

This is easily achieved by inflating a blood pressure cuff immediately above 

the segment of interest to a pressure greater than venous pressure or to 

approximately 45 torr. In addition, shifts of fluids other than blood must be 

minimized while venous compliance should be maximized. These latter two 

conditions can be met by elevating the body segment above the venostatic 

point. In resting man, this point is approximately level to the heart while 

during exercise it may be slightly elevated above the heart (130). 

Methods foJ;' Plethysmography Used 
in the Present Study 

The venous occlusion plethysmography used for this study is actually 

indirect as volume is estimated from two dimensional changes in circumfer-

ence. As was discussed earlier, Whitney showed that a change of volume in a 

body segment, in which a cross section is approximately circular and does not 

expand along its length, is equal to twice the change in its circumference. The 

forearm and calf, with both the hand and foot respectively removed from the 

vascular system by a super-arterial pressure cuff at the wrist and ankle 

respectively, are good examples of body segments which meet the criteria 

outlined by Whitney (130). The forearm was chosen as the site of measure-

ment in this study since leg exercise was being performed. 

The venous and arterial occluding system consisted of two cuffs: one 

children's size cuff placed just above the elbow, while an infant cuff for 

arterial occlusion was placed at the wrist. Upon inflation, the venous cuff 

displaces blood from beneath the cuff and into the forearm, thus it must be 
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inflated as rapidly as possible, preferably in less than one second (130). In 

order to achieve this rapid inflation, a cylinder of compressed nitrogen with a 

pre3sure-reducing valve and 11 large reservoir of this gas (20 liters) at the 

venous-occluding pressure was used to inflate and deflate the cuff using a 

three-way stopcock. The arterial cuff was inflated by hand to a pressure of 

300 torr. The venous and arterial occlusion systems can be seen in Appendix 

A. 

According to Shaffrath, (130) the gauge holder should be mounted at 

a relatively constant tension between 10 and 30 g. Therefore, prior to 

mounting the Whitney strain gauge holder, a 15 g weight was suspended and 

the transducer zeroed on the Gilson chart recorder. After the forearm was 

measured and the location where the gauge holder was to be mounted 

determined, the arm was marked with indelible ink. The hair around the area 

was shaved and the gauge holder was mounted using 2 electrode adhesive discs. 

The hand of the subject was then placed into a cervical collar which was tied 

down to limit movement of the arm. The arm and sling were placed at a 

height just above what was determined to be the venostatic point. The 

arterial cuff was then applied to the wrist. The placement and application of 

the venous cuff took considerable more work, and as Shaffrath (130) points out 

is "crucial to the success of the measurement." The proper placement of this 

cuff appears to be approximately four inches above the gauge holder. In 

addition, the venous cuff was applied with a slight conical shape so that the 

distal circumference of the cuff was slightly smaller than the proximal. This 

was done in an attempt to help direct the blood displaced by the cuff inflation 

back toward the heart and minimize cuff-inflation artifact. In addition, tape 
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was applied to the outside of the cuff so that the compliance and thus time to 

inflate the cuff was minimized. After the cuffs were in place, the tension of 

the gauge on the forearm was adjusted by winding the adjustment screw in or 

out on the gauge mount until the zero line on the chart recorder was again 

obtained. Depending upon the size of subject's forearm, the appropriate length 

Whi tney strain gauge was selected. 

Once the gauge, cuffs, and subject were in proper place, calibration 

of the gauge itself took place. This was achieved by tightening the adjusting 

nut, a prescribed number of revolutions, and recording the resulting deflection 

on the chart recorder. Since the pitch of the adjusting nut is known, i.e., 0.066 

cm, winding the adjusting nut four revolutions moves the gauge 0.264 cm. 

Therefore, a calibration factor could be calculated. This procedure was 

performed before each of the tests. 

When blood flow measurements are actually being recorded, Whitney 

(147) suggests keeping the slope of the increase in circumference versus time 

between 30 and 60 degrees. This is achieved by altering the paper speed on 

the Gilson recorder. During exercise, extreme care must be taken to 

eliminate as much of the movement of the arm as possible. 

Calculation of Forearm Blood Flow 

Interpretation of the plethysmograph recording can be a difficult 

procedure; however, a few authors have addressed many of the problems that 

often develop (58). Once the slope of the volume change versus time is 

obtained, the calculation of forearm blood flow in ml per 100 ml of forearm 

tissue is quite easy. The calculations used are identical to those used by 

Shaffrath (130) and are shown below. 
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A V IV = 2 x 100 x 5 x F x tan q, I c 

F = [/I turns of the adjusting nut I (height change in em x pitch of nut 

thread in turns per cm) ] 

2 = the relationship of circumference to volume change on limbs with 

approximately circular cross sections 

100 = the factor correcting units from ml x ( ml-l x min-I) to ml x 

(100 ml-l x min-I) 

5 = Gilson recorder paper speed 

F = calibration factor 

cf> = the slope of the change in circumference with time 

C = circumference (cm) of the forearm at the site where the gauge 

was applied 



APPENDIX G 

RATINGS OF PERCEIVED EXERTION SCALE 

128 



·PERCEIVED EXERTION SCALE 

6 
. 1 VERY, VERY LIGHT 
8 
9 VERY LIGHT 

10 
11 FAIRLY LIGHT 
12 
1.3 SOMEWHAT HARD 
14 
lS HARD 
16 
l7 VERY HARD 
18 
19 VERY, VERY HARD 
20 
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THERMOREGULATION STUDY 

Subjective Drug Reaction Survey 

We are interested in your subjective evaluation of your response 
to each medication. Please provide us with as much information as possible 
relative to your reaction to each medication. 

DRUG #1 

Max. tes t: 

90 minute ride: 

General comments: 

DRUG #2 

Max. test: 
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90 minute ride: 

General comments: 

DRUG #3 

Max. test: 

90 minute ride: 

General comments; 



Since you have experienced all three medications, please tell us 
how each medication affected the following: 
(please rank each of the three medications Best, Medium or Worst under 

each of th'e following catagories) -- ---

1. Fatigue during the V02 max test: 

2. Fatigue during the 90 min. ride: 

3. Overall fatigue: 

4. Effect on training: 

133 



5. Body temperature during exercise (did you feel warmer or cooler on 
one medication vs. another medication?): 

6. Additional comments: 
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