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So~ fit the initial work d.e for this thesis has be. pres0llW 

in PrQeeedings of a Sympestum ·'New p erspectives in :Beta"'Bl()ekade" 

Aarhus, Denmark, May, Un2 . 

Two papers have beensuelDitted to tbeLaDcet for pUblicatton; ~ention 

has been made that they form part of thls M. D. Thesis" 



" My life is at the mercy of IU1Y SOOllJWrel who choses to put me 

in a passion". 

JOHN HUNTER. 

Hunter's death occurred durtng • dispute with the Govel11ots 

of St. George's Hospital re~ t.he exclusioaof students whom. 

he considered to be the viotbn$ of .. prejudlooagalnst the S'eow. 



SUMMA:RY 

The ea:r41OVa8C111ar effects of someenvironmen.Uy induced 

mental mesaes eacamtehd m e<fell'YUy life were studied m 33 

nercmal healthy suate -.bjects ag«i 2.3.... 5 6 years and In 11 male 

patieats with .f6ehae:micheal't dise8H aged 35 - 60 years. 

Twostudte.s were designed; the ftrst tG examine theeffeets of beta ... 

adrenoreceptol' $uppresslon an the ta.ebycardia hlduood by the Jnental 

stress of driving, by eateah()~ 1-.1on. arid by t1!eadmili 

exercise; the seeEmd .tutty was designed to lavesttgate the 

magrdtude ill. the effeots of some 1l()nna1 everyday ehvtrC1JllJIl8lltai 

stres&eS OIl the heart rate and tb.edegree of modulat1oa of these 

resp<CUIeS klduoed by blockathof th$ heart rate beta ... "oceptOl's. 

The h$#U't rate was measured fro. a rwUotelemetered eleon-o-

cardiqpaph. Tae method of ... inoluded double ... bUnd. 88Se$sment 

and .l1lg1e-b1taldaaalysis with plaeebo oontl'cl and 40 me orpl 

oxprenolo1 gtven in randomized Ol'der. The results in Study J 

Jndieated that telativelysmall d •• 0f beta-recaptor antagonists 

(40 mg '.a1~enolol) were C4pable 01 suppressing tb.e heart .rate 

fllerease induced by mental streS$ adoateoholamkles with much 

sm&llereffeetson the response to pbyslcal exertion. The iresulta 

fnStudy n showed that a number of everyday envlrODmentai situaUou 

were assooiated with substantial tacllycardia and that these blcreases 

fa heart rate were conspicuously ltedJ.tced for up to 12 hours by 40 mg 



oral oxprenolol. The association of everyday psychological or 

emotional stress with precociOUS coronary heart disease and the clinical 

implications of these observations Ut the treatment of emot~J1ally 

induced aaginal pain and the possible role of a relatively small dose 

of beta-receptor antagonist in suppressing the tachycardia associated 

with psychological stress is discussed. 



INT1\~l1eT10H 

The p08liJJble patho---pbyslologlcal effects of environmea:ta1ly ... tndueed 

peyebolqtlca1 stress have !'$eeatly attracted in01"&8Siag atteatis. The 

tnte"st has been stbnulated by the assumption that the eUeetl ·0fsuoh 

frequeat stresa may aggravat~ pta-existing athere-sclerotic heart 

disease and may even be an important factor in its patlu:wenls.ls. The 

evtdenceon which such important speculations are based reClUb:'e close 

examblati011. tntbe past the stimuli U$ed to ex.oltesuch eardiOVD.$cular 

rea.ctio:DS have often been UD.U$ul and fr«tuently of suoh Intensity as to 

bear little relaU(!Ilship to the elnOtlOllal and mental st:re8ses normally met 

in normal ~eryday life. ~re is little doubt that life in a Western 

urban society is associated 'With mentaistress, but the frequency and 

~tude of cardiovascular reactions to such stress are largely unknown. 

Ful."thermol'e. it is possible that the effects of such stres,ses may aggravate 

0stabUshed coronary heart dl$eaBe. It was the purpose of this study 

tberefol'e to examine the effeets on the heart of some of the p$yc'hological 

stresses usually met ineverydaaT life in normal subjects and inpatt~nts 

With Ssebaemio heart disease. 

Hl$Tp!tlCAL uvmw 

Emotionally induced taC\Ve81"d1a is a commOll persmal Gperience 

and the cardiovascular respcruiles to fear, sorrow. sexual arousal and 

otberperSCIlal emotions have been the subject of extensive writings by 

many authors. A number of r eports have documented the s pecific 
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oirculatory cballges occurring in a v~1ety of mentally stressful 

situati(llS • 

conspicuous changes in a number of circulatory vtwtables have 

been observed in a variety of aitulltio.t:lS designed te caUSe mental stJ:e$$. 

(Wolff, 1950). In 35 patients who oomplained et "praeoordial 

changes in heart rate when dfsoussing·persUla1 problems whteh U<>used 

nanxtety" and "resentment". The tachycarc:U.a peasured by 

eleotrocardt.ography. was "moderately severe" and "prolonged" in 

many of the subjects. 

However j the author omitted to define "praeoordial symptoms" 

or to state the exact nutnber of su.bjeots who showed changes ill heart 

rate and the magnitude of these changes. In 18 of these patients. 

whom the author did not categorise clinically. he stated that the 

configuration of the elecWocardiogram would have been interpreted as 

"abnormalu bad they occurred during. or after "stailda1'd exercise tests H • 

The author also failed to define tbeabnormality; except to say that there , 

Wel"e 'fT wave changesH • 

2. In normal fndlyidual$d.urin,he~ted arguments and e1ectt;:tc shock 

stbnttli 

(Bogdonoff et al1959). TWenty male v[.i)lunteer Unlversity$tudents 

were studied during cardiac catheterisation. Two types of stimuli Were 

used, 'Tole enactment" and "electrio shock" • The role enactment 

pJ'ocedure conslsted of experlmeats either creating an atmospbelre of 

concern about the subject's welfare or accusing the subject of falling 
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to eo--operate properly, e. g. his inability to remain absolutely quiet. 

Tb.e eleotric shock stimulus cotI$isted of the application of an 

e1eetrocard.iographic lead plate to the lower extremity with the connectioa 

made to a small rheostat gtv_ a $-volt 3 ampere stimulus. The results 

were pteuped according to the uqualityftand nquantltytt of "affect" chaQIe. 

The afi'eot"qualit;1'ud "intensity" were measured by 

1) the subjeet5abttity to recall the expertaoo 

11) his ability to describe his feelings 

Ut) the inte~tatloD of the subjects statements by 

~ 

ctWrelated with thecbange in eardiac output and heart rate, t'b.e increase 

being most marked in the subjects in whom anxiety was gr_est. The 

authors did not remark upon the obvious difficulty of defiJmlg alteratiOll8 

8. !!e$d1Qal students ta<ierst)l9i HJ:!!1lbularlY difUoult flDd, QbaUenggn 

oral ~ati<ll$. 

usm&' the limb leads was reeonled throughout the examSuti.. "Several" 

subjects showed a tachycardia ~ from 120 to 166 beats per minute • 

to broadly con-elated with the inereas~ in heart rate. All$tnd •• 

dee..tbed some depee of teu.ess, arudety or fright. 

However, the authors ~ot criteria of definition of "affect .ousalH 



4. In house-officers presenting clinical problems at physiQitms' 

Iland rounds 

(Moss and Wyner. 1970). The heart rate of ten house officers 

was measured by electrocardiography whilst they were presenting cases 

at grand rO\lJ1ds. The heart rate inoreased from an average control 

rate of 73 beats per minute up to an average of 154 beats per minute 

immediately bef()1'e or during case presentation. 

5. ~ le~ers spealdpJ before a critical audience 

(Somerville et aI, 1971). The authors stated that the hea1"t rate 

increased to 100 to 120 beats per minute immediately before speaking; 

reached 150-170 beats per minute whilst speaking and decJieased to 120 

beats per minute during question time. 

This paper was presented at a meeting of the British Cardiac 

Sooiety. The authors did not mention the number of subjects studied, 

whether or not they were experienced speakers, the size and character 

of the audiences addressed, or whether the peaks in heart rate were 

associated with physical activity, such as moving across the lecture 

rostrum" gesticulations etc. 

6. J11 subjects durtps !lgres~dvel;y monitored mental arithmetic 

(Brad et at 1959). A timed arithmetic exercise was used as the 

stressful stimulus in eight normotensive and ten hypertensive patients 

during cardiac catheterisation. After a period. of control observations 

the subject Was asked to subtract a two-figure number from the previous 

result every two seoonds to a metronome. This stimulus was maintained 

for four minutes and the subjects were oontinuously and provocatively 

urged to keep the given pace. The authors stated that there was a "rise 

4 



in the heart rate", and documented the increase blood pressure and 

cardiac output in all subjects. 

Despite the comprehensive nature of these studies, an increase 

in heart rate, from 60 to 90 beats per minute, is shown in only one 

patient in a diagram. 

7 . In test pilots 

(Roman 1965; Roman et al 1965). This author and his colleagues 

reported two studies. Two-seater high altitude Mach 2F-104b fighter 

aircraft ~_ used in the first study. The average control heart rates 

in six experienced pilots was no beats per minute when they were in 

actual control of the aircraft and 96 beats per minute when they were 

passengers in the same aircraft under similar conditions. In the 

secmd study Roman and his colleagues demonstrated in a single test 

pilot an increase in heart rate from a control value of 80 beats per 

minute to 120 beats per minute during take-off and 105 beats per minute 

during landing an F-IOO aircraft. Heart rate measurements in these 

studies were made from electrocardiographic recordings on magnetic 

tape. 

8. In commercial air-line pilots during take-off and land~ 

(Flying Personnel Research Committee Reports, 1965 and 1966; 

Ruffel Smith 1967; Bateman et a11970; Thomson 1971). In all 

instanoes there was a conspicuous elevation of the heart rate during 

take-off and landing. The heart rate was also increased by unexpected 

difficulties and hazards during the r emainder of the flying task, e.g. 

manoeuvres requiring a high degree of skill, or when there was some 
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element of dqer. 

The pilots heart rate was measured on eleotrocal'dlographt.o 

maglletio tape recorders and analysed by computer. 

{) . I!~l,,: t:r~!9t!l (Cl a fl!pt$fm.!1a~or 

(El_eh et a11987; BatellUUl et al 1970). gUuch and h1$. 

colleapes stwilled the response of the heart rate. cardtae output, 

syate_a blood pressure and pluma oatecholamlne. tom_tal stress 

in 1$ pilOt$: perl'ormlq simulated fUghta ona greuncl .. bued oookpit 

sill'lulater. The average C(Jltr()l heart n.t. was 73 beat. p_mIi8ute 

(range S5-S8). During flight sbnulati€ll ·the average heart rate bloreased 

to 92 heats per uUnute (I'BDge '11 .... 120) (p<O. 0(1). The blood prelflure 

and oardlae _tput also morea$oo by an average of 20 mm Bg. (p<O. 0(1) 

and 2.6 1/m1D/sq.m. respectively (p<O. OOl). 

Batemanaad his colleagues studied the heart rate respoase of 

12 volullteer triillil'lg captaiJlS fl~ foor different types ·ofaircraft 

(Trtdeut alld Comet Jets, VlUJg'lU\rd and Visoount turoopropeller abi'oraft) 

in the followiDgsltuatfans: 

.) simulator trabliDg mvolvlbg all phases of flJght 

U) base traJnJag involving ab-oJ'aft landiDg and 

tii) Ime trainiDg that was a oontinuati<il of the work time dtnriill 

siaulator and base trabliDg. 

The aVEarag-e control heart rate was 6a oo.ts per minute (range 59--75) . 

DUrq sbnulatOl' trainillg the p;.verage heart rate increased to 8V beats 

per lllInute (rop 70 ... 119); dwt_ base traildbg the averatre heart 

rate ino~eased to 91 beats per minute (range 'f..U2): durmg the lJM 
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u.-ammg the average heart rate increased to 82 beats per miaute 

(1'1Ulge 74-94); and during Una flying the average heart rate mereMad 

to 8&beate pe .. minute (ruge 73 ... 1(7). 

10. ..Iki ... ~rs imm~~lll!.~OJ"e take ... off 

(U(mson and Tabaken 1964; bnhoff et al 1969). HaIl$Oll and 

Tabak.ep$tudled the heart rate b1 foor experienoed subjeote by 

eleotro~~aphy before the.tart of a 50 m. old-jump. The 

aoatroi k$8.1't rates of 56 to SOJl)ea._ per minute increased to 87 to 

118 beats per minute just before the JtU.ap. Ilnhoff and hie oolleagues 

meas1iQ.'ed tbe heart rate by r~iotelemetry in nine experienced eld ... jumpers. 

Two Jnill.ut4s before the start of the jump, durmg the Jump and Qle minute 

after landing the average heart l"ates 'Were 142, 145 and 128 b,eats per 

minute respectively. 

11. JI; motor ... rae. tit-lve. ~tel1 before. and dura_ rafi!e 

(ColUns ISJ66 ; Tagart et a11S89) . callbls demonstrated that 

thehea:rt rate laoreased immediately befere the start of a motor ,aee 

up to' 170 to 200 beats per mJnute or more . This taohyeardJa was 

maiataJned or decreased coly sltghtly durblg the raoe. The studies 

by Tagprt aDd his oolleagues involved ten raoing drivers.; the results 

were slmUar to those reported by OolUns. 

12. In m~Qr ... oar. drlversm b~Xlt~a.ffie 

(SUeup, et a11964; 19G5.t t_5b; Hoffmam 1966 ; Dupius 1005; 

Col1ins eta11965; Si~on et a11968; Bellet et aI19&8: Tagart 

tmd Gibh<ms 1969). SUenap,iU1d h1& colleagues studied two healthy 

drlver$ In oily traffio and fouad n:tarp fluctuations" of pulse rate with 

fnereases of 40 beats per miDute or more depending ca road events and 

- '1 ... 



speed. The average level of the pulse rate was 15 beats per 

minute higher at fast than at slow speeds. 

SoffDUm noted an inorease in heart rate of 40 per cent or more 

of the oontrol value in 8 per cent of 60e healthy drivers during oity 

driving. Twenty six drivers with coronary 8.l·tery disease showed 

simUar ohanges. 

Absolute values for heart rate were not given. The heart 

rate was measured from the E. C. G. telemetered to the laboratory. 

This I1m1too the driving distance to within SO Km. 

l.ow density highway driving was assooiated with an increase 

in heart rate of up to 20 per cent. The heart rate increase was 

in excess of 20 per cent of ~ control value during urban driving 

in 28 per cent of drivers. rising to 42 per cent of healthy drivers 

during overtaking, BuddeD stops and other hazardous cmditions. 

The number of sulj3cts and absolute values for heart rate 

Were not giveD. 

Dupius showed increases of pulse rate in healthy subjects 

in heavy traffic from 15 to 30 lleats Pf.H'. minute and in overtaking 

up to 45 beats per minute. The. was a shal·p initial increase 

of the pulse rate at the start of driving (20 to 30 beats). -The 

author does not state the number of subjects studied. 

coll:i:ns and his associates in III study of three drivers also showed 

'*high heart rates tt with "large fluctuations" depending on road events 

in their published figures. 

SimOllSOll and IUs associates re-corded the heart rate of the 

- 8 ... 



driver and the passenger during the same ride on two oOll8ecutive 

periods of 30 minutes .0£ oity driving. The respoIlse of the driver 

and the passenger was nearly identical from a resting value of 75 to 95 

beats per minute and the inorease in heart rate oorrelated closely to 

oritioal road events. 

Ballet and his oolleagues stucUed 65 normal youDg men between 25-39 

years and 6G subJeots with proven ooronary heart disease between 88-

72 yeal'$~ in city driving lasting two and a half hours. avoiding areas 

of heavy traffio. The eleotrocardiogram was reoorded on mapetic 

tape. In the normal subjeots the heart ratemoreased up to 145 beats 

per minute during driving and in subjects with ischaemic heart disease 

the heart rate increased to 155 beats per minute. 

'rhe central heart rates were not given in this study. 

Seventeen per cent of the subjeots with ooronary artery dise8$0 

developed ischaemia eleotrooo.l"Ciiographio changesoc.msistittg of 

S-T depressianand multifooal ventricular ectopic beats. 

'raggart and Gibbons studied 32 normal drivers and 24 drivers with 

ischaemio heart disease du1"_ drives of 20 mJnutes in central London. 

These drivers were experienced. driving their own cars alOlli fanliliar 

but crowded traffio routes. Brief periods of tachyoardla ill ell:cess 

of 140 beats per minute were recorded in both groups. Eleotrocardlographic 

"ischaemic S .. T and T wave changes" occurred in 13,. with ttgrO$$ changes" 

in 6 subjects with ischaemio heart disease. 

13. _ tram drivers duri!i o(!!ratton of high-speed trams 

(Yoshio Noda 1965). The Japanese National Railways' New 

Tokaido Line was opened to traffio in: October, 1964. This railway 



line was specially built for high speed travel and 4rivers were speoially 

trained for these high speeds. Heart rate Dlea1Jurements were 

conduoted on a test section. At 150 km/bour the increase in heart 

rate was 106% of the control value. At a speed of 200 km/hour. the 

driver's heart rate increased to lll% of the control value. The; 

author did not mention his method of heart rate measurement. 

14. ~_levolunteel'S sortms ball .. beargs to the accompl!l;ment of 

disira.otg noise and liJ!!t6 

(Car1s011 et &1196'7). In thi$ study 33 male volunteers were 

divided into three groups of U, In(J;tched for age, blood pressure and 

blood lipid oontent . One group acted as a control only listeniDg to 

light music; the second group ingested 3 grams of niootiD~acid in six 

divided doses during the first 3 hours of the 6 hour experiment. This 

group and the third group sorted ball-beariDgs to the accompaniment of 

distracting noise and lights. 

The heart rate was measured from an electrocardiograph and the 

blood pressure was measured from a direct left brachial artery catheter. 

The average restil'lg heart rate of the control group was 65 beats per 

minu:te. The average heart rate in the grwp that ingested nicotinic 

acid rose to '19 beats per minute from a control value of 69 beats per 

minute; tmd the third group showed an average increase to 17 beats 

per mtnute from a resting heart ra.teof 63 beats p0r minute. 

The control group showed no ehangesin blood pressure. In the 

''nicotinic acid group" the systoUc bleod pressure rOSe by 14 mm Hg and 

thedtastol1c blood pressure rose by 9 mm Hg. 'rhe remaining p"oup 
showed a rise of 12 mm HI In tile systolio blood pressure .. $} :mm Kg ill 

dlaatolio blood pressure. 



CONCLUSIONS 

It is apparent that the majority of these studies were concerned 

with the circulatory response to intensely exciting or even unnatural 

psychological stresses. Many of the stimuli used are rarely met 

in normal everyday life. However t they do indicate the possible 

magnitude of the response of the heart and other circulatory variables 

to non-exertional stress ~ It is of some importance therefore to 

determine the range of cardiovascular responses to situations commmly 

occurring in everyday life. Many people drive motor-cars, but few 

undertake to subtract 17 from 11~4 every two seconds to a metr()l1ome, 

watched by aggressive medical staff. It is these considerations that 

prompted the following studies. 

The following programme of investigation was therefore designed 

to measure the cardiovascular ~ffects of some of the more stressful 

environmental situations normallY encountered in everyday life in 

normal healthy subjects and in patients with ischaemic heart disease and 

to examine the role of sympathetic stimulation of the heart in these 

responses. 

Two studies were therefore undertaken. 

The first study was undertaken to determine the relative contribution 

of sympathetic stimulation of the heart to the tachycardias associated 

with the mental stress d motor-car driiring, catecholamine infusion and 

walking. This study was also designed to give information regarding the 

magnitude and duration of the suppression of these tachy~dias achieved 
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by the oral beta-receptor antagonist oxprenolol. 

The second study was· designed to investigate the magnitude of 

the effects of some normal everyday environmental stresses on the 

heart rate and the degree of modulation of these responses induced by 

a similar degree of blockade of the heart rate beta-receptors as achieved 

in the first study. 

ETHlCAL CONSIDERATIONS 

The ethical aspects of these studies were given careful consideration 

(Medical Research Council Annual Report, 1964; Ormrod, 1968). It 

was :inherent in the design of these studies that the maj<>rity were 

carried out with inconspicuouselectrocardiographic recordings 

during each paUtIlnt's normal everyday activities; invasive techniques 

were not employed. A large number of clinical reports and general 

cUtllcal eX);')erience has shown the relative freedom<· from side effects 

of the small doses of the beta"'receptor antagonist oxprenolol used in 

these studies", In Study 1 invasive techniques were used for the 

isoprenaline infusion. In these studies the subjects were myself 

or my hospital colleagues, all of whom fully understood the aims and 

nature of the investigations and procedures involved. 
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STUDY 1 

THE DIFFERENT EFFECTS OF ADRENERGIC BETA-RECEPTOR 
. . .. . . - - . , - . .-, 

BLOCKADE ON TIE HEART RATE RESPONSE TO MENTAL STRESS 

CATECHOLAMINES AND EXERCISE 

INTRODUCTION 

Emotional stress t catecholamines and physical exertion all induce 

an increase in heart rate.. During recent studies of the effects of 

environmentally-induced psychological stress on the heart I noticed 

that small doses of the beta-receptor antagonist oxprenolol had a 

conspicuously greater effect on the tachycardia associated with mental 

strBSS than on the heart rate increase during walking. In view of the 

possible therapeutic implications of this observation the following study 

was designed to define more closely the quantitative relationship between 

the tachycardias due to these three stimuli in terms of their inhibition 

by beta-receptor antagonists. 

METHOD 

Subjects 

Studies were made on six normal males aged 26 - 47 years. None 

bad any symptoms of systemic disease and in all the blood pressure 

was within normal limits. I was one of the subjects; the remain4~~ 

were professional colleagues who fully understood the aims and nature of 

the investigation. 
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Design of Study 

Each subject was studied in three differ ent test situations. 

1. Driving a motor- car for 15 - 20 minutes in heavy oity traffic . 

2. In the supine positiDn during a two- minute intravenous isoprenaline 

infusion sufficient to raise the heart rate to the levels observed 

during driving . 

3. During treadmill walking of two minutes duratian sufficient to 

raise the heart rate to similar levels. 

Preliminary studies were carried out to familiarize each subject 

with the programme of investigation and determine the peak heart 

rate response regularly achieved by motor-car driving; the dose 

of intravenous isoprenaline and level of treadmill walking necessary 

to give a similar heart rate increase was then determined. Motor-

car driving, carried out over a random route through Leeds city 

centre for 15 - 20 minutes repeatedly r esulted in heart rate increments 

of 80 beats/min. or more in all subjects . The intravenous isoprenaline 

infusion rate ne cessary to induce a similar tachycardia varied between 

3 - 7 ug/min. for two minutes in differ ent subjects . A similar 

increase in heart rate was induced by treadmill walking at 3 m. p. h . 

on 10 - 15
0 

incline for two minutes . 

The definitive double-blind studies were commenced at 8. 00 . a. m. 

two hours after a light breakfast and one hour after a single oral 

tablet of 40 rng oxprenolol or matched placebo tablet . A control 

electrocardiogram was done with each subject sitting \quiet~y\~at the 

wheel of his car. A 15 - 20 minute period of city driving Was then 
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undertaken on a random route s elected on an ongoing basis by an 

observer travelling as passenger. The subject than returned to 

the laboratory, and, after ten minutes r est, a two minute intravenous 

infusion of isopren.aline was given in a dose that had been determined 

beforehand would raise the heart rate in that subject by apprOXimately 

30 beats per minute . After a further ten minutes rest by which 

time the heart rate had returned to pre- isoprenaline infusiltn levels 

the treadmill exercise test was performed. Similar s tudies wer e 

repeated at 2, 4, 6, 8 and 12 hours. The programme was repeated 

three or four days later after placebo or oxprenolol . 

Between the test periods each subjec:l returned to his normal 

professional duties. No restriction was placed on their activities 

except that they were asked not to eat large meals or smoke within 

an hour of the subsequent test , as both have been shown to r esult 

in considerable increases in heart rate -

Active and placebo tablets wer e coded in pairs for each subject. 

The heart rate was measured from an electrocardiographic r ecord 

taken blind into a closed containel1 during the finallO seconds of 

every minute of the s tudy, and counted and checked by two uninvolved 

colleagues. 

Techniques, Measurements and Statistics 

The heart rate was measured from the r ecord made on a PQr table 

electrocardiograph (Cambridge Transrite Model 111). Values wer e 

averaged fl'om the 15 - 20 o»:eiminute r ecords taken during eaoh 

driving period, averaged over the final ten seconds of the isoprenaline 
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infusioB and during the final ten seoonds of the s econd miJlute of 

treadmill exeroise. 

During the isoprenaline infusion and treadmill walking t~st the 

eleotrooardiogram. was alSQ displayed on an osoilloscope (8. E. 

I.Jahoratories \ SEM 121). 

lsoprellaline (Evane Medioal Ltd) was .given as a continu.ous 

Intravenous infusion into a band or arm vein via a subcutaneous needh 

by aneleotromeohanical pump (Harvard Model 9(1) with a variatiOll 

in rate of less than 2 per oent . The conoentrations wer e arrallged 

so that the volume of fluid infused Was between 2 .. 5 m1/min. 

Walking was oarried out 011 a treadmill (Quinton Jnstruments Model 

Ut-54) with which the subjeots were familiar . Subjects drQve their 

own motor- cars. with manual gearboxes. Speed limits wer e obeyed . 

The variability of the response to the teat situation wasoalwlated 

in each subject from the placebo results as a percentage (SE M/Mea».) 

and averaged for the group. 

RESULTS 

The effects of 40 mg oral uprenolol oompared to plaoebo 

OB the heart rate response to motor ... oar driving. isoprenaline 

infusion aad treadmill wa1.ldng :in six normal subjects. is presented 

in the accompanying figure I _d tables I,. 2 and 3. 

From the placebo results,. the average variability about the mean 

incl"ease :in heart rata to driving. isoprenaline and. *xereiSewa$ 10 

per cent (l'aDge 3. 8 - 18. 8) f g per eoot (range 3. 1... 3. 9) and Spar 

cent (range 3.0 - 3.4) respectively. Table 4:. Compared to ~ 
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results with placebo, tile taooycardia assooiated with lnotor ... oar 

drl"ing and isoprenaline infusion Was cconsplouously r~eed for up 

to 12 hours after 40 mg oral Qltprenolol. lJl the same subjects, the 

drug had mu oh less effect on th~ heart rate response tQ exercise. 

Dl'$CUSSION 

These results clearly del'llOB$trate the 4ifferent effeets of a 

similar degree of beta-reeeptior blockade OIl the increase in bevt 

rate usooiated with mental stress and cateeholamine mfus1csa 

OOlnpal'<ild with the effect on a sUnilar tachycardia mdueed by 

exercise. Although the mechw$m by which mental.tress mduces 

all mQreas~in heart rate it! unknown, the similar suppression of the 

tachycardia associated with motor ... oar driving and that due to illfused 

catedholatnines by the same degree of beta-reaeptor blockade suggests 

illat bcth taehyeardias are ~1:v induced bya similar ~~e in 

conc_tratiOll of oateoholamJnes at the clU'diao beta,...reoeptorsites. 

etatroUiq the heart rate. Although it does not nec0SsatUy follow 

that there isa Similar inorease in level of eirCldat!!lg cateeholammes 

an increase in the oonoontration of plasma catecholamin.s has been 

observed in racing-car drivers in parallel with aa increase in heart 

rate (Taggartet aI, 1969). At extreme levels of exertion theklel'ease 

in heart rate is predominantly due to direct sympathetic stimulation 

of the cardiac heart rate receptors; the adrenomedullary oatedloJamin,lZIs 

appear to play little part in this response. BUt at the level$ of exercise 

used iD the present studies. with beart rates of 100 - 120 Deats ~ 

minute, the tachyoardia is due both to sympathetic stimulation aDd 



vagal Wlthdrawal(Donald and Shepherd, 1963; Robiuou. 1966). In tact 

the results of the present studies tndieate tbatthe degree of direct 

sympathetic activity involved in the heart rate increase (it this level 

of aortnal$Veryday exertion is probably small compared With tile vagal 

withcb1Lwal oomponent. This is probably the most likely explanation 

for the dtffeJrent effects of st'DJtll doses of beta-receptor GntaI<mists 

on th$ heart rate response tCl> the three stimuli observed fa t'he present 

studtes. 

These fiac.tirlp bave bn~t olinical implioations in the tl~atment 

of a:qina pectoris. One of the ideal$of medical treatment 1$ the 

8$tablilhmut ·of a dose-response reIatt_ship, namely theadmiaistration 

of .u, .uU1ctent drug as is aeootSsary to achieve the desired effeot. 

AIth~ the meooanistns r$$pmtjlble for preeipitatbtl ~ pain In 

SU8eeptfi)le subjects are unlmO'Wl'l (Rob_on, 1971, Ta,l... 1993), the 

ouet Qf paJn is closely oorrela~ with an ino:reas8 la heart 'ate (Rohinsoo. 

1971; Epste18 et al, 1971; Taylor, 1973). whether this be induced by 

exercise or by the mentally stt.sfu;l activities of everyday We. These 

results suggest that the d()$e of beta-recaptor antagcmist aecealary 

to $UP,:ress the tachycardia m these diffe~ent situations may differ 

wide". The s_le dose of poprMolol oroxPftllOlolll$()essary 

tGproduce a neu-maximum WWRssion of exercise taohf<la:rdla :Q; 

let) • (Tay tor et aI, 19"lS). HGWever 1 the m.aximum effeott"e~s of 

this <I0Il6 .. tbia respect is relatively short-lived and thetnaj<wi1r of 

~ patients experience l"$116f from eXercise induced symptc>JnS only 

with repeated daily doses of this order (prichard and aillamt . 1971). 
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The present results suggest that anginal pain associated with anxiety 

or emotion may be controlled by much smaller doses of drug than those 

necessary to afford relief in exercise situation'. 

These studies were undertaken as an essential preliminary to the 

investigation of the cardiac response to everyday mental stress and its 

modulation by beta-receptor antagw1sts (Study ll). The results indicate 

that the increase in the heart rate response to psychological stress may 

be largely suppressed throughout the waking hours by a dose of beta­

receptor antagonist that has no detectable mental effects (TUrner, 1972) 

and only small relatively short-lasting effects on the heart rate response 

to exercise. 

SYMMARY 

The magnitude and duration of effect of a single 40 mg oral 

tablet of oxprenolol on the tachycardias associated with motor-car 

driving, isoprenaline infusion and walking was measured in six normal 

subjects by a double-blind technique. The heart rate increase due to 

driving and isoprenaline was ccnspicuously reduced for more than 

8 hours; the reduction in exercise tachycardia was substantially less. 

These results indicate that relatively small doses of beta-receptor 

antagmists will suppress the heart rate increase induced by mental 

stress and catecholamines with relatively little effect on the response 

to exercise. The clinical implications of these observaticns in the 

treatment of emotionally-induced anginal pain and their possible role 

in suppressing the tachycardia associated with psychological stress 

is discussed. 
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A HEART RATE 

FIGURE 1 

The effect of oral oxprenolol on the heart rate response to motor­
car driving (~ ); isoprenaline infusion (Cl) and treadmill walking 
( 0) in six normal subjects. 
40 mg oral oxprenolol was given immediately after the control study (C). 
Data expressed as mean ± standard error of mean. 



TABLE 1 Il"J"CREASE IN HEART RATE IN NORMAL SUBJECTS DURING MOTOR-CAR DRIVING IN CITY TRAFFIC 

AND ITS MODULATION BY BETA-ADRENORECEPTOR BLOCKADE 

SUBJECT I TEST CONTROL 1 TIME IN HOURS AFTER PLACEBO OR 40 mg OXPRENOLOL 
2 

INCREMENT 
3 

1 2 4 6 8 12 
• 

I 
1 PLACEBO 69 24 24 20 28 30 28 26 ± 1 

OXPRENOLOL 60 9 7 7 3 6 10 -
I I 

I 
PLACEBO 65 37 35 27 35 23 27 30 ± 4 2 

c. . I OXPRENOLOL 56 4 6 9 21 I 6 4. - I 

I PLACEBO I 71 29 
, 

23 29 41 26 39 31 :l: 3 t 
I 

3 i 

I I OXPRENOLOL 66 3 I 4 4 5 16 24 -
} 

I I PLACEBO 
! 

76 26 21 26 22 26 24 24 ± 1 

I 
,:f.' 

I 4 
10 I OXPRENOLOL 68 4 7 7 6 8 -

! 
! I I PLACEBO 70 36 38 20 31 23 28 29 ± 4 

! 5 
OXPRENOLOL 66 7 5 5 6 14 20 -

. PLACEBO 73 24 

I 
3 0 26 20 31 20 25 ± 3 ! 

6 
OXPRENOLOL 10 12 I 62 3 4 4 7 -! 

MEAN ±SEM PLACEBO 71 ± 2 34 ± 3 29 ± 3 25 ± 2 30 ± 3 27 ± 2 28 ± 3 29 ± 1 

I OXPRENOLOL * * 63 ± 2 5 ± 2 5 ± 3 5 ± 1 6 ± 1 11 ± 3 16 ± 3 -I I -. 
---_._-

1 
Heart rate during sitting period before test. 

2 Values relate to increases in heart rate over control values 

3 Average heart l'ate increment over control value (MeaLJ. ± 8EM) 

* '" ./ rt fl f\1 Qi rrnifi ... , !:>1"lI"'A ...... f r.iffA""An('p.~ l"p.l::!tp. to r.omnHrison with nlacebo value. 
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TABLE 2 INCREASE IN HEART RATE IN NORMAL SUBJECTS DURING ISOPRENALINE INFUSION AND ITS 

MODULATION BY BETA-ADRENORECEPTOR BLOCKADE 

2 
SUBJECT TEST COl\lTROL 

1 TIME IN HOURS AFTER PLACEBO or 40 mg OXPRENOLOL 

1 2 -
P LACEBO 67 27 29 

1 
OXPRE NOLOL 62 2 0 

P LA CEBO 64 34 34 _ 
2 

OXPRENOLOL 58 0 0 . 
P LA CEBO 69 29 35 

3 
OXPRENOLOL 61 0 1 

, 
I PLACEBO 67 28 24 

4 
OXPRENOLOL 62 0 3 

P LA CEBO 71 32 35 
5 

OXPRE NOLOL 65 1 1 . 
PLACEBO 68 26 29 

6 
OXPRE NOLOL 60 0 2 

PLACEBO . 68 ± 1 29 ± 1 31 ± 2 
MEAN ± SEM * OXPRENOLOL 61 ± 1 1 ± 0 1±0 

1 Heart rate during control period ly ing supine before test 

2 Values relat e to in creases in heart rate over cont rol values 

3 Heart rate increment over contr ol value (Mean ± SEM) 

4 6 

32 26 

3 4 

30 31 

2 1 

27 29 

0 2 

27 24 

2 3 
. y,t 

30 28 

2 3 

33 24 

1 4 

30 ± 1 27 ± 1 

2 ± 0 3 ± 0 

* p < 0. 001 Significance of differences r elate t o comparison with placebo value. 

8 12 

27 31 

10 12 

29 33 

6 8 

32 30 

8 11 

29 32 

5 9 

27 30 

3 10 

28 30 

9 14 

29 ± 1 32 ± 1 

* 7 ± 1 11 ± 1 

INCREMENT 
3 

29 ± 1 

-

32 ± 1 

-

30 ±-

-

27 ± 1 

-

30 ± 1 I 
-

28 ± 1 

-

29 ±-

-
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TABLE 3 INCREASE IN HEART RATE IN NORMAL SUBJECTS DURING TREADMILL WALKING Al\T]) ITS 

MODULATION BY BETk-ADRENORECEPTOR BLOCKADE 

- -

SUBJECT TEST CONTROL
1 TIME IN HOURS AFTER PLACEBO OR 40 mg OXPRENOLOL 

1 2 4 

1 PLACEBO 94 30 35 32 

OXPRENOLOL 71 20 26 26 

PLACEBO 92 29 28 32 
2 

OXPRENOLOL 72 15 22 30 

PLACEBO 76 32 28 27 
3 

OXPRENOLOL 63 17 23 23 

PLi\CEBO 88 34 31 33 
4 

OXP~ENOLOL 76 23 ' 22 26 

PLAC~BO 84 30 33 31 , 
\ 

5 
OXPRENOLOL 70 20 24 25 

\ 

PLACEBO \ 87 34 31 30 
, 6 

OXPRENOLOL 74 21 23 25 

PLACEBO 87 ± 3 32 ± 1 31 ± 1 31 ± 1 
MEAN ±SEM * * OXPRENOLOL 71 ± 2 19± 1 23 ± 1 - -26 ± 1 

1 Heart rate during control period standing still for two minutes before test 

,2 Values relate to in.creases in heart rate over control values 

6 8 12 

31 27 33 

27 28 35 

34 35 31 

36 33 32 

31 34 33 

26 34 32 

30 35 29 

31 37 31 

27 31 33 

26 33 30 

35 28 32 

31 34 30 

31 ± 1 32 ± 1 32 ± 1 

30 ± 2 33 ± 1 32 ± 1 

2 
INCREMENT 

I 

31 ± 1 

- -, 

32 ± 1 

-
! 

31 ± 1 

-

32 ± 1 

-

31 ± 1 

-

32 ± 1 

-

32 ± 1 

-

3 
Heart rate increment over control value (Mean ± SEM) '" p < 0.001 Significance of differences relate to comparison with placeb value. 



TABLE 4 VARIABILITY IN HEART'RATE INCREMENT DURING MOTOR CAR DRIVING 

ISOPRENALINE INFUSIONAND TREADIVlILL WALKING 

.. I 

SUBJECT 
Motor Car Isoprenaline Treadmill 

Driving Infusion Walking 

1 3.8 3.4 3.2 

2 13.3 3.1 3.4 
.. . 

3 9.7 3.3 S.2 

, 
>. 

4 4.2 3.9 3. 1 

5 13.8 3.3 3.2 

6 12.0 3.6 3.0 

Average 9.5 3.4 3.2 
--~ - - --_.- --~ 

Variability calculated as ~ .. EM x 1100 of heart rate increments at 1,2,4,6,8, and 12 ean . 

hours during placebo studies. 



STUDY II 

INTRODUCTION 

Reports concerned with the measurement of some of the effects of 

emotimal and environmental stress on the heart have already been reviewed. 

However, as pointed out in the introduction. the majority of these studies 

were concerned with the responses to stress that were often ext:reme . 

and frequently unnatural in the context of everyday life. The present 

study was therefore designed with a different attitude, namely to examine 

the magnitude and duration of the effects of normal everyday stimuli on 

the heart, 

METHODS 

SubleQf:$ : The following group$ of subjects were studied: 

1. Normal Subjects: 

These consisted of a group of eight healthy male subjects who were 

either business acquaintances and professional staff of the hospital. Their 

ages ranged between 26 - 56 years. None were obese or diabetic, 

systemic arterial blood pressure was normal in all, and none had any 

symptoms or signs of systemic disease. 

2. · Patients with Iscbaemic Heart Disease 

Studies were also made on twelve company directors and business 

executives suffering from proven ischaemic heart disease. 

A) Six were suffering from exercise-induced angina pectoris. 

Their ages ranged from 35 - 60 years. Nooe of them were 

obese, hypertensive, diabetic or suffering from signs and 

sYPlptoms of systemic disease. 

The diagnosis of angina pectoris was based on the followiDg criteria: 



i) no electrocardiographic S-T segment depression at rest 

but a depression of the J point of more than 0.1 mV during 

exercise induced pain with a prompt return of the g ... T 

segment to the isoelectric line on stopping exercise (Fig 2) 

ii) a left ventricular end-diastolic pressure of less than 12 mm. 

Hg at rest increasing to more than 25 mm Hg at the onset 

of exercise. 

B) Six had suffered a definite myocardial infarction between 6 and 

12 months previously for which they had been admitted to the 

Coronary Care unit of Leeds General Infirmary. None of them 

were obese. hypertensive, diabetic or suffering from signs of 

systemic disease. Their ages ranged between 36 - 60 years. 

The diagnosis of myocardial infarctim was based on the following criteria: 

i) electrocardiographic changes consisting of Q waves greater than 

1 mm, S-T segment elevation and T wave inversion with 

reciprocal changes in the opposite leads. The evolution 

of the infarct followed the normal pattern of regression of 

the S-T segment elevation with residual Q waves and T wave 

inversion in these. 

11) Serum enzymes done serially over days 1. 2 and 3 showed 

a raised level of at least two of them on the second day. 

The serum glutamic oxalacetic transaminase, serum glUtamic 

pyruvic acid transaminase, creatinine phosphokinase and lactic 

acid dehydrogenase Were measured in the hospital chemical 

pathology laboratory by autoanalyser methods. The normal 
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ra.Jlp of values for this laboratory 1s: 

8 .. 22lt1/L. 

4 .. 2C3 roiL 

less than 60 nr/L and 

150 '" 480 lUlL respeetively. 

Followillg the demOB$tration tIlat motor-oar driving Induced 

substaatial mcreases In the heart rate both durlDg olty and mQtGrway 

drlvi11. the study was extended to inolude observations OD bus drivers. 

TWo p-ps of experienced bus .. drtvers Were studied: 

A) Thirteen dUJ1iDg l~-d1sttnee travel. Their ages raDged 

between 30 ... 58 years. They were ·of normal height and weight 

sad none had signs orsymptolll$ of any sy.mio disease . 

26 ... 40 years and they wel'$ or .normal he.1ght and weight. 

N~e of them bad any sjgll$ or symptoms of systemic disease. 

werGstudied; one during professional soccer ma·tches and the other during 

variety programmes. 

The radio and television OOlllmentator was a male aged 36 yeus. 

of nonnal height and weight atld bad DO symptoms of systemic disease. 

He "l(l)ged to a regular sports programme and gave live oonunentarles 

frequently during the soccer season. 

The radio and televlstOll periormer was a ma,le aged 48 years. of 
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normal height and weight with no symptoms or signs of systemic 

disease. He has a regular "pop" music programme which is recorded 

the day before the live transmission. The audience comprises of about 

150 teenagers. 

5. Four normal subjects who cla.bned that they were particularly 

excited by watching horror, mystery, thriller and live boxing television 

programmes We1e studied. Their ages ranged between 23 - 50 years. 

None had any symptoms or signs of systemic disease and none were 

obese," diabetic or suffering from systemic hypertensinn. 
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DESIGN OF INVESTIGATION 

The measurement of cardiovascular responses to everyday stress 

imposes considerable technical restrictions and it is mandatory that 

they fulfil certain limiting criteriai 

1. The measurements should be capable of detecting changes in 

those variables which directly reflect alterations in sympathetic 

influence on the circulation. 

2. They should be capable of continuous, extended and repeated 

use. 

3. They should be so unappreciated by the subject that they in no 

way interfere with his normal activities. 

Furthermore, in order to describe the cardiac response to as full 

a spectrum of environmental and psychological stress as is usually met 

in everyday life it was considered that more valuable information would 

be obtained by studying the effects of stress on the heart serially in a 

group of subjects than the effects of different stresses in separate 

larger groups. 

Normal subjects and patients with ischaemic heart disease were 

therefore studied serially under the fohing situationslif' 

1. Motor-car driving on a motorway. 

2 . Motor- car driving in city traffic. 

3. Motor-car passenger. 

4. Rail passenger 

5. Aircraft passenger 

6. Spectator at football matches 

7 . Television viewing of comedy, drama and 

documentary film. 

<)0 



8. Radio and Television commentators and performers. 

9. Bus drivers during long-distance journeys and during 

city driving. 

The reasons for the choice of these situations were that the 

psychological stress involved formed part of the subject's normal 

everyday life-pattern and was unlikely to be accompanied by physical 

exertion. The studies were extended to include bus drivers, rail 

and airoraft travel and radio commentators after the early results 

had shown the conspiouous effects Cil heart rate of motor-oar drivers 

and passengers and radio and television viewing. 

It was decided to study the effects of blockade of the heart rate 

beta-receptors for two reasms:-

1) to assess how much of the tachycardia was due to a 

sympathetic stimulatioo. j 

2) to explore the possible therapeutic usefulness of these drugs 

in these situations. 

The technical difficulties involved in measuring variables other 

than the heart rate reliably and continuously in normal subjects and patients 

with ischaemic heart disease have already been mentioned. Similarly 

there was considerable difficulty for logistic reasons in carrying out 

a double-blind assessment in every instance. 

Double-blind measurements would require continuous eleotro­

cardiographic recording over extended periods of time which was 

impractioal as there was no apparatus available capable of such recording 

when the study commenced. Therefore. the majority of this study 

was of necessity Single-blind as the observer recording the results 
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cruld detect the heart rate response of the subject. In order to 

eliminate the influence of suggestion one of the studies was carried 

out after the ingestion of an oxprenolol matched placebo tablet 

containing Sucrose. 192 mgSt Tricalcium Phosphate 14 mgs, 

Wheat Starch, 70.59 mgs, BitreK perfume 0.01 mg, Magnesium 

Stearate 1. 40 mg, Kalltdon 25.8 mgs and Talc 14 mgs. The other 

study was carried out one hour after taking 40 mg oral oxprenolol. 

The order of administration of the tablets was randomised in pairs. 

However. a short double-blind study was initially carried out to 

examine any differences that may have been introduced by subject 

suggestion or observer bias. 

In ocler to determine the circulatory response to environmental 

" 

and psychological stresses during normal everyday activities, 

frequently over many hours, and serially on a number of occasiws 

(e.g. during different modes of travel before and after beta-

receptor antagOnists) non ~- invasive extravascular methods were 

mandatory. Extravascular monitoring of the heart rate was the 

only method which would fulfil these criteria in intact man. The 

extravascular measurement of heart rate by radiotelemetry 

offers perhaps the optimum metbod in that the heart rate directly 

reflects the degree of sympathetic stimulation of the heart and by this 

method it can be measured continuously, repeatedly and for extended 

periods of time without physical appreciation by the subject under study. 

It has the added advantage that in these circumstances the heart l'ate 

is linearly related to the level of exogenously infused catecholamines 
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ill indiv1duals at rest (Wexler et 811971; Majid et aI19'13; Taylor et al 

19'13) and it also appears to be the predominant variable aggravatmg 

the symptoms of ischaemio h.eart dlsease (Robinson 19'1l; Taylor 1973) . 

Rapetalive measurement of the bleed pressure by spbygmoJmmometer 

was fWlld to be impractical under many oonditions and distracting 

to the subjeot under study; cOIltSmlws measurement from Indwelling 

arterial i~1ae was sbnilarly1m.practioal for extended periods 

:in the real-We situations envis..,ed. For these reasms heart rate 

alone was eh.en to monitor the degree of cardiac sympathetic 

activity. This iD no way detra~ fr·om the critioism that the 

measurement of ohanges In a __ le variable can do little more than 

indicate the directim of oiumge$ fa sympathetio fnfluence, that such 

measurements oannot be used to mdtcate either quantitative changes 

in sympathetiodl"ive or to indice.te the overall influence of such 

changes on the heart and vascular system. But the gain in the facUity 

with which the measurements of heart l"'ate can be made far outweigh 

the disadvantages of using more cumbersome and distracting methods. 

TECHmVES 

Heart rate was measured eleetrooa:rdlograpbieal1y by a 

radiotelemmer (parks Electronics Laboratory. Beverton. OregOB. 

V.B.A.). (Flge8an<.i4). 

The apparatus consisted 01:-

1. R$celv6I',(Model RD---27) ... a small battePy operated unit 

(a6 x 16.5 x 10 om) with a frequency matched to the transmitter 

aad. output voltage of 1 tot} m1lltvolts, suitablE! for the input to 

a variety of E. c. G. reoorders. 
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2. ' Tr8l\!mitter (Model 2'7) - a frequency modulated tra!l$mitter 

(16 x 9.4 x 4 cm) powered by two 9 volt transistor radio batteries. 

The transmitter was attached to the subjects belt with two leads 

to the chest electrodes; strapped in the Vicinity of the right shoulder 

so that its end was free and inconspicuous .• 

3. Ratemeter (Model 503 - E) - this was battery powered and was able 
: . 

to operate either directly from the subject or from the telemetry 

receiver. The ratemeterand electrocardiograph could be used 

on the receiver at the same time. It has a 250 beats per minute 

scale with an alarm signal and cumu1a tive counter. 

The telemetry system was able to operate satisfactorily with an outside 

range of 100 to 200 yards but in buildiDgs with steel mesh under the plaster 

the range was severely restricted. The battery life was about 16 hours. 

The condition of the batteries was checked by the meter on the telemetry 

receiver and the ratemeter. 

The radiotelemeter system picked up potentlals from the electrodes 

and sent them by radio to the receiver for recording on the electro-

cardiograph or ratemeter. 

Two bipolar silver chloride electrodes were used (Becton Dicldnson 

U. K. Limited) with the following specifications:-

Electrode-to-skin offset voltage as low as 300 microvolts with 

an electrode to skin impedance as low as 100 ohms where 

the epidermis was pricked. 

The electrode lead cables were plugged into the transmitter. The 

electrodes consisted of a reservoir for the electrode paste; 
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Industrial Medieal InstrumeJ1ts adhesive wasba,'sseeurely held e1eQtrooes 

to the sldn. To make a firm. eontaet the electrodes Were appUed to 

skm which had been shaved. OBe eleetrede was placed (8 top of the 

sternum and the second electrode below the left nipple, usually about 

2 iDehes from the Ripple both below and towards the anterior axillary 

line. The electrical restsumee (measured by aD ohmlll.$tel") 'betweeB 

two electrodes OIl. the ohest was Ideally around 3000 ohms or lower. 

The res·lsbmce was lowered bya>ralding the skin and rubbmg a small 

amount of electrode paste into the sklDat the contact point With a 

eotton ... tippedapplicator. Industrial Medical Instruments skin ·cl&aner 

swabs were most efficient for preparblg the skin for electr<de sites. 

The swab was a combinatial of iDgredien.ts including isopropyl alcohol 

and skhl emulsifiers absorbed atoa mildly abrasive unit. The swabs 

had been specially formulated to: 

1. remove all the insulatillg elelXWnts from the skiD suriace amd 

2. actually deposit a conductive fnm on the skin. 

The heart rate was momtQreQconttnuouslyand plotted at SO Qr 

60 see_Cl intervals dependiDg cm the variation of the momtol:'eU ohuges 

observed. The fidel1tyof the apparatus was measured by recording 

directly from the transmitter aadseparately from an electrocardiograph 

maehble" The fidelity was fwnd to be absolute (Fig. 5). 

A Philips School's 24/, Television Reoeiver (ll~odel No S6St)suttably 

:m~ie4 to show video-taped ~ammes was used for the viewing of 

the o(Jmeciy. drama and docum~tiu'y films. 
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The Philips Type LDL 1000/ 00 video-machine used a I moh video­

tape (ph.Wps YER 6 8S45 002 060(2) OD a S inches diameter spool, which 

ran over one and. a half hours. 
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FIGURE 2 

Diagnostic changes in the exercise electrocardiogram in a patient 
with angina pectoris. 
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FIGURE 3 

Photograph of the radiote1emeter apparatus. (Parks Electronics 
Laboratory, Beverton, Oregon~ u. s. A. ) 
1. Chest Electrodes 4. Receiver 
2. Transmitter 5. Ratemeter 
3. Antennae wire 6. Electrocardiograph Machine. 
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FIGURE 4 

Photograph of one of the subjects connected to the radio-telemetry 
system. 
1. Chest electrodes 4. Receiver 
2. Transmitter 5. Ratemeter 
3.. Antennae wire. 6. Electrocardiograph machine. 
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DIRECT ECG 

TEtEMETERED , 
ECG 

· -- ._------- -- -----_._--_. __ ._--- - ~.".-.------.--------.-----.-----~------- . - . 

MATCHED SEGMENTS OF ECG RECORDINGS TAKEN DIRECTLY 
ON A A-1INGOGRAF 34 ECG MACHINE AND ECG SIGNALS 
FROM A TELEMETR.Y RECEIVER TO DEMONSTRATE FIDELITY. 
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FIGURE 5 

ElectrO'cardiographic record showing the ABSOLUTE fidelity 
of the telemeter transmitter. 



RESULTS 

The results are discussed under the respective sections with a 

selection of illustrative figures ani tables. The remainder of the 

individual figures of the results are included in the Appendix. 

A summary of the results is included at the end of the chapter. 
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TRAVEL BY MOTOR-CAR 

Motor-car journeys were made throughout the year under various 

weather oonditions; these ranged from olear summer and spring days 

to dark. rainy, foggy days and with ocoasional winter snow and sleet. 

The majority of the studies were done between Leeds and London, a 

distanoe of apprOximately 200 miles on the MI motorway. Other studies 

were carried out during driving on the Al and AI/MI trunk roads between 

Leeds and Newcastle (apprOXimately 120 miles). All of these joorneys 

were done as part of the normal everyday duties of the businessmen 

concerned. The journeys were done in normal saloon oars and one 

high powered. coupe. 

Studies of the effects on the heart rate of motor- car driving in city 

traffic were carried out in Leeds at times when traffic density was 

usually high. during the early morning (8 - 9. a. m.) and evening (5 - 6 p. m. ) 

rush hours. Journeys lasted from 15 - 25 minutes. 

III order to eliminate the influence of suggestion. the study was carried 

out in a single-blind fashion. One of the studies was carried out after 

the ingestion of an oxprenolol matched placebo tablet. The other study 

was carried out one hour after taldllg orally a 40 mg tablet of oxprenolol. 

A) Motor-oar drivers 

1) Motorway drivig 

a) normal subjects - (Fig. El and 7; Table 5) 

The heart rate was recorded during continuous driving in varied 

weather conditions from the centre of Leeds to the centre of London. 

(apprOXimately 200 miles) or between Leeds and Newcastle (apprOXimately 



120 miles). Driving was commenoed me hour after taking 40 me 

oxpl'eIlolel or a matched plaoebo tablet, the order of admiJltstrati<*l 

beklg ran' omiZed in pall'S. During c0I1trol studies, 1. El. after takkag 

the placebo tablet, the conspiCUOUS peaks of 'heart rate were f~ to 

be \1$ua11y related to the usual motorway hazards, e. g. 

i) bunching of oars in the fast lane 

il) overtaking or betagovertaken without warning 

Ut) sudden showers(i)f rain 

Iv) potentlal1y baz.ardeus moves by other drivers 

V) short bursts of high speed 

vi) driving through. unexpeeted mist or fog patches 

Vii) unexpeeted appea:rBnoe of polioe vehicles 

The ingestica of 40 mg oxprenolol taken one hour befor·s It. jwmey 

cal"rted out under aimUar conditices cOIl$piouously reduced the peak 

res,...es iD heart rate observed la the plaoebo studies. 

b) Patients withisoha'~cheart diseMe (Figs. 8 and 9: TableS) 

A similar pattern of peaks of tachycardia was seen tbr0'U'ghout 

the journey undertaken afte'r _eaU_ of placebo. The peaks of heart 

rate observed in these patients wete assoeiated with similar trav'aIling 

eventa to thf)$e detailed for the JWrmal subjects. Similarly these peaks 

of tachycardia wereeom.pletelY8upPl~essed after 4(} mg Ol'al oxprenolol 

takea m e hour after tile start 0f the jouraey. 

2)Ct!)to Dr1v!g 

8..) ,NoFmal Subjeots(Ftgs 10 aDd 11: Table 7) 

This commuter stucaywas done in high density traffio tn Leeds 



city. Sigaiflcantpeaks of tachycardia were seen with a high total 

cumulative heart rate_a hour after takiIag a pla.oebo tabl$t. Tlwpeaks 

of tacbye9zdia were related to the hu.ards that often OCQU1' during 

driving ill cqested oity traffic e.g. 

i) taldag sudden a"Voidance actioo wh_ pedestrians suddenly 

step into thes~. 

11) trying to aveld the results of hual'do:u.s maaoe:u.vres by other 

drivers. 

11i) a potentially danSeroua move by the driver hiqelf 

1v) the frustl"ation of tbivmg behind a long queue especially 

when late for an appo1lltm.ellt 

V) the sudden ch~ of Ughts neeessitaUng emerpll~ 

hrakiDg on the part of the driver. 

The cumulative heart rate was reduced and the peak-sot ta4lh)toardta 

sipifteantly reduced after 4t) lllg oral .prenolal taken one hota" before 

the Jowmey. 

b) Pat~ntswith ischaemic heart disease (Figs 12 and 18.; Table 8) 

A similar pattern of peal,s of tachycardia. Were seen in 

the n~l subjects wer e ob8~ed in all patients afte" placebo. These 

peak$were associated with sim.ilar traffic events &$ were seen in 

the normal subjects and were silnilarly suppressed after 40 m;.oral 

OkPl"EIIlolol. 

B) M9t~"'oar Pas.seDJet's 

a) Hol'_lSuble'cta (Fige 14 and. l5; Table 9) 

When tb.esam.e nOrmal$UbJ.eots Were travelling .. tnf)t~oar 
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p&$8eDpltS le.sser levels of ta~hy~ia and s:maller pe.aks of beart rate 

responses were observed throushout the joumey one hour after .tak!ng 

pl~o. The basal level of heart rate was reduced ad. the peaks of 

taahyoardiasuppressed by 40 mg oraloxpreJ101o1maUsu'bjeots. 

b) pat$!!!i with isohaem.ia beart disease (F158 16 aad 11; Tablel0): 

The peaks of tachyoardia m these patieuts were simUar to those 

observed in the normal sub)eots after placebo. SlmiluJf 40 1nl oral 

ax:pr.olol resulted in a siptfioant reduction iD these peaks. of tacllycardia . 
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TRAVEL BY TRAIN 

These journeys were undertaken for routine business plU'poses to 

Lond'll by British Rail inter-city e"press. Journeys were undertaken 

throughout the year and the usual journey time was 2! - 3! hours. The 

heart rate response was recorded an hour after taking a 40 mg oxprenolol 

or a matched placebo tablet; the ol'der of administration was t"andomized 

in pairs. 

RAILWAY TRAIN PASSENGERS 

a) No;n;nal Subjects (Figs 18 and 19; Table 11) 

The pattern of the heart rate t"esponse travelling by train was much 

more subdued with few peaks throughout the inter-city journey between 

Leeds and London as compared to that observed in the S8lDe normal 

subjeots during motor-car travel on the motorway and commuter traffic. 

The basal heart rate was lowel"ed by 40 mg oral oxprenolo1 taken one 

hour before the start of the journey, but the response to the drug was 

much less conspicuous than during motor-car travel. 

b) Patients with i$chaemic heaa.:-tdisease (Figs 20 and 21; Table 12) 

The heart l"ate response during train travel after placebo was 

similar to that of the normal subjects. The heart rate response 

was subdued after 40 mg oral oxprenolol. taken one hour before 

commencement of the journey. 
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TRAVEL BY AffiCRAFT 

Flights were made throughout the year and covered a wide range 

of weather conditions. During the summer and spring, days were often 

ideal for flying with a cloudless blue sky. But, during the autumn 

and winter adverse conditions were often met with thick fog, low clouds 

and the aircraft frequently had to fly entirely by instruments and make 

blind landing approaches. Frequently the cloud base extended from 

2000 ft to 12000 ft so that the whole journey involved blind flyblg in 

turbulent oonditions. Two types of aircraft were used for these journeys. 

Vickers Viscount turbopropeller aircraft with 73 seats and Hawker­

Siddeley Trident jet aircraft With 123 seats both run by North-East 

Airlines. The turbopropeller au,.craft journey from Leeds to Londm. 

an approxbm te dlstanoe of 200 miles, was usually flown in the routine 

aircraft corridor at an altitude of 12000 feet and speed of 300 m. p.h. with 

a flight time of approximately 55 minutes. The jet journey was from 

Newcastle to London, a distance of approximately 330 miles and was 

flown at an altitude of 29000 feet at 600 m.p.h. with a usual flight time 

of 40 minutes. 

It was not possible to use a double-blind method of study for two 

reasons. The 12 hour duration of the anti-stress effects of oxprenolol 

determined from the previous study precluded a study based on a single 

return fUght. And the costs involved ruled out two separate return flights 

in each individual (with an observer). A single blind study Was 

U$ed in preference to open trial to obviate the effects of subject 

suggestion. However, one patient, who Suffered a myocardial infarction 

six months prior to the study, was given an oxprenolol matched 



placebo tablet on both the outWard and retum journey on the turbo­

propeller flight (Fig. 22). 

The first study was carried out on the outward jW11ley one. hour 

after the ingestion of placebo. The return. flight was carried out one 

hour after taking a 40 mg tablet of oral oxprenolol. 

1) Leeds - London bX Viscount Turbopropellor alrcraf! 

a) Normal SUbjects (Figs 28 and 24; Table 13) 

Travel by these airoraft from Leeds to Londcm after placebo 

was assooiated with eonspicuous peaks of ;tachycardtathroughout the flight 

but partioularly during: 

i) take-off and landing 

it) during air turbulanoe 

Ui) iD response to unusual noises 

Iv) attitude of the airoraft 

v) hazard warnings by the oaptain or crew 

vi) oaptain's announcements of diversions of theaireraft to 

another airport . 

After 40 mg oral oxpreJ101o1 taken one hour before the return flight the 

peaks and cumulative heart rate were muoh reduced despttesimilar test 

oonditions . 

b) Patients with ischaemic heart disease (Figs. 25 and 26; Table 14) 

These subjects showed a similar response to that observed in 

normal subjects; the peaks of taohycardia observed duriJlg the placebo 

test ware conspicuously reduced after 40 mg oral oxprenolol, despite the 

very similar test situation. 

- 47 _ 



2) Newcastle-London by Trident Jet aircraft 

a) N9rmal SUblects (Figs 27 and 28, Table 15); 
. ~ - . 

Travel by jet aircraft from Newcastle to London after placebo 

showed conspicuous peaks of tachycardia throughout the flight am in 

particular during take-off, landing and during adverse flyblg conditions 

similar to those experienced during the flights by turbopropeller aircraft. 

40 mg oral oxprenolol taken one hour before the return flight 

abolished the peaks of tachycardia and decreased the total cumulative 

heart rate. 

b) Pa.tients with i$chaemic heart disease {Figs 29 and 30; Table 16); 

These .subjects showed a similar response to the normal subjects 

and the peaks of tachycardia were completely suppressed on the return 

flight one hour after 40 mg oral oxprenolol. The total cum.ulative 

heart beats were also decreased. 
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SP. ECTA TOR VIEWING .' - ' -" _ . . 

'LIV'evt~!!!M at Footballuatqhes 

This was a study of the heal"t rate response of spectators during live 

football matches. Theee matches were played iD different .aIld v~ 

weather o(llditions either _ a Weclaesday evenblg or a saturday aftel1lO<l1. 

and tavolved First Divislm matehes with Leeds UDlted's fir8t team. The 

lUbjeote studied were all interested In football and the local Leeds United 

team .. particular. Some of the studies were done ea hour after the 

"gesU. of ail axprenolol matched placebo tablet and the othe~study aD 

hour after tbe ingestion of 40 Dlg oral Ol(prellolol; the oHet of taking 

the tablets "_ reversed iD pairs, in randomtsedorde.r. In other 

studies 40 lXtg oral t>Xpreaololw88 htgestedafter the first 30 m1nutes of 

the match and the effeote on the heart rate was monitored throughout the 

subaequent 60 mJautee. The restag heart rates were teken over 'a 

15 mQwte ptrlod before the start of the mateh with the subJeot slttiJ3g 

quietly reviewing the programme. 

Watohing socoer matches one hour after the _estion ofaa oxprenolol 

matched placebo tablet as sp!otators (Figs 31 and 32. Table 17) was often 

associated With oonspicuous pe..- of taohycardia. These were associated with: 

i) goal scoring 

U)llear misses 

or Iv) lntsmterpreted deotstolUi by the refe.ree. 

40 mgexpl'enolol taken orally ,*e hour before the lItUt of a soo08r matoh 

completelr suppressed the peakS of tachyc&l'dia and th$ total eUmuiaUve 
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heart beats. The action of onset of 40 mg oral oxprenolol taken 30 minutes 

after the commencement of the match can be seen in Fig. 35 during passive 

soccer viewing. The suppression of the peaks of tachycardia could be seen 

30 minutes after ingestion of 40 mg oral oxprenolol. 

b) l?atlent$ with iscbaemic h~t disease 

The heart rate response during passive spectator viewing (Figs 37 and 38 

Table 18) was similar to the normal subjects both after the ingestion of the 

placebo tablet and after 40 mg oral oxprenolol. 

Tel~visi_ viewing Qf Football Matchf3s 

The television viewing soccer programme involved watching B.B.C.'s 

live transmission of national or international soccer mat0..\es. 40 mg oral 

'-
oxprenolol was given after the first 30 minutes of the game. 

a) Normal Subjects 

Watching soccer matches during live television transmission was associated 

with conspicuous peaks of tachycardia (Figs 33 and 34). The suppression of 

the peaks of tachycardia could be seen 30 minutes after the ingestion of 40 mg 

oral oxprenolol (Fig. 36.) 

Passive viewing of soccer matches was associated with a greater tachycardia 

than watching live televisiDn transmission. 

b) Patients with ischaemic he8.l't disease 

The heart rate response during live televiSion transmission was similar 

to the normal subjects before and after the ingestim of 40 mg oral oxprenolol 

(Figs 39 and 40). 

These illustrations of the individual responses were consistent far 

all subjects studied whether normal or patients with known ischaemic heart 

disease. The response to 40 mg oral oxprenolol was equally consistent 

in all individuals in all situati(lls. 



TELEVISION VIEWING 

Normal subjects and patients with ischaemic Mart disease 

were sht>Wn videotaped films of ,a Drama. Come<iyo)7 Dooumentary 

on each of sUCC0ssive two evenings in randomized o:rder durit)g 

the normal viewing hours after 6. 00 . p. m. None of the subjeots 

had seen the programme before. neither were they aware that 

these were videotaped s eries. One of the programmes was 

seen an hotU' after the fngestiDn of an oxprenolol matched placebo 

tablet and a similar programme of the same series, was seen all 

hoor after 40 mg oral oxprenolol; the order beiBg randomly 

varied. 

The Drama series consisted of an hour'S viewing of the 

tragio and suspense ridden t'Scales of Justice" . The series 

were re-enaetments of true crimes; of the trial that followed 

and of the passing of the sentence whioh was suspect in a lot 

of oases. The, subjects r eported feelings of anger, agitation 

and excitement throughwt the performanoe. 

The stimulus chosen for the Comedy series was the pleasant 

and charming oomedy of "Doctor in the House". This was a s eries 

of 30 miDutes of hilarious comedy depioting the mischIef and 

the trlalsand tribulations ora group of h08pitalin~rns under a 

d.ominating oonsultant. There was much laughter and tlw subJeots 

reported being very amused. 

The Documentary series was a programme of 25 minutes on 'the 
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Illdeeneern for the casualties of the war. 

itestblg heart rates wer~ taken over 10 mil'lutee prior to 

eomtortableehair. 

a) Normal Subjects (Figs 41. 42 and 43; Table 19). 

Watchillg vide()taped. programmes of Drama, Comedy or 

Documentary on televisioa duriug the normalvlewlng hours at 

cs. 00 . p. m. prOOttced CQJl$picuOUS peaks of tachyoanUa one hour 

after the ingest_ of all oxprenolol matched placebo tablet. 

The least degree of tadlycardia occurred while watching documentary 

programme suppressed the peaks of tachyoaroia and subst$ltially 

lowered the cumulative heart rate • 

. $ubjects sensitive to either thriller, horror 0" live boxing 

tachycardia one hour after the _estion of placebo. Three of 

palpitations and switched off their television sets. 40 tnJ oral 

\!}~'!J~F",;, , ~.ZI 

oxprenolol taken one hour before a similar programme by the 

t.1 cumulative heart rate (Figs. 44, 45 and 48. ) 

b) Patients with lsebaetnic heartdJ.sease (Figs 47 t 48 p.d 49; Table 20) 

These subjeots showed a si:m11ar heart rate response as the 

normal subjects. Some of the patients with angina pectoris 



complained of retrostemal discomfort duriDg exeltiDg moments 

in the televised programmes after taking the placebo tablet;. 

tbissensation did not oeour after taking 40 mg oral oxprenolol 

()J1e hour prior to the start of viewing. 
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RADIO AND TEI,EVISION COM).tIENrATORS ,. 

AND PERFORMEas 

The emotional reactions of radio and televisionoommentators 

reportmg live sports events followed the natural sw_s in the 

excitement of the game. A greater degree· of "emotiClllal 

stress't was involved ill a radio and television personality 

involved ill the popular ttTop of the Pops It teenace "pop" music 

show, shown on B.B.C. television on Thursday nights. 

The heart rate response was studied one hour after takblg an 

oxprenolol matched placebo tablet, and. one hour after taltillg 40 

mg oral oxprenolol before the start of the programme on separate 

oeeasieas. The television pars_aUty study on the "popl! 

mute show was repea~ on another occasion without the 

tnge.sttonof any tablets. Resting hearts were taken over 15 

minutes an hour prior to the start of the programme. 

throughout the commentary and performance of the radiO and 

television personalities after the placebo tablet and also Without 

the UliesttOll of any tablets ill the "~P" musie artist. This 

was accompanied with a high basal cumulative heart rate. one 

hour following the ingest!. of 40 mg oral oxprel101o1 the 

tachycardia and peak bent rates weres.ifiaaatlyredueed with 

a low basal cumulative heart rate. There was no apparent 

adverse effect on their individual performances • (Figs 50, Sland 

5a: Table 21). 



BUS naxvERS 

L5 DistanoeDrivi!l (Figs 53, 54.d 55., Tabl$ 22). 

Experienced long <iis_es bus drivers were swdiedd'Ul"iIlI 

the summer when 1000 weather conditions uually prevailed atld 

the roads wem oongest_ with holiday traffio. Tlles61 trips 

involved journeysd between 130 - 480 miles and the buSes 

conveyed holiday makers to their respective desUnations. 

Driving was oonfined prt\dominantly to the towus with short 

motorway runs. 

In order to obviate the effeots of sugestionthls stwlywu done 

()l).e hour after the takiag of a placebo tablet. Oral oxprenolo! 

was not given to these drivers. 

This is the reoord of almost oontinuous driving mainly 

confined to towns with short motorw.ay runs. The pattel"n of 

heart rate changes in these experifJ1ced bus drivers is similar 

to tbatot motor car drivers :ill similar oirOUlllStaaoes. 

Sipiflaant peaks of taohycardia are seen thrQughout the journey; 

espeoially through ·towasaad during hazardous motorway and poor 

weather oonditions. 

CIty Drivg (Figs 56, 57 aDd 58. Table 23). 

This study was eoafmed to drivers. experienced ill tb-ivlag in 

LOl14on, en their OWD famillar bus routes. The study wastmder ... 

taken durblg the summer; traffio oOllditiou in I.,ontkin are poor 

with overcrowded. roa4I and pedestr1all hazards. The heart 

rate re.$ponse is shown by eontiauous tachycardia and hlgh~: 
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rates, entirely correlated to the hazards of eity drivinl. 

tful'oughout the 1°urney . 
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MOT OR-CAR DRIVING 

, CITY 

130 
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FIGURE 6 

Records of the heart rate in a normal subject driving a motor­
car between Leeds and London before and after 40 mg oral oxprenolol 
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TABLE 5 HEART RATE RESPONSE OF NORMAL MOTORWAY DRIVERS AND ITS MODIFICATION BY ORAL OXPRENOLOL. 

o 

i 

Control Heart Rate 
1 

Peak Heart Rate 
2 

Subjects per minute 

Placebo Oxprenolol Placebo Oxprenolol 

SHT 70 65 130 80 

MKM 70 65 130 85 

MP 80 70 130 80 

AF 70 60 100 75 

PH 70 60 140 70 

CNR 85 65 130 90 

GAP 80 70 ' 140 80 

GHK 75 66 130 80 

MEAN 75 66 129 80 

-SEM ± I ±2 ±1 ±4 ±2 
--~--

1. Heart rate during control period sitting still before test 

2. Values relate to the maximal heart rate during the trip 

3. The total heart rate over the journey_ 

Cumulative Heart Rate J 

Total Heart Rate Heart Rate per minute 

Placebo Oxprm 0101 Placebo Oxprenolol 

18200 12281 83 59 

17200 11624 108 73 

18380 15400 92 77 

14080 12100 69 59 

16630 11009 83 55 

19510 13220 98 66 
" 

17384 14800 87 74 

2376'0 154:65 107 70 

18143 13237 91 67 

± 980 ± 625 ±5 ±3 
--- -

~ 
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TABLE 6 HEART RATE RESPONSE OF DRIVERS WITH ISCHAEMIC HEART DISEASE AND ITS MODIFICATION BY ORA L OXPRE NOLO!-_ 

~ - ~ 

. 1 
Control Hear t Rate Peak Heart Rate 

2 . 3 
Cumulative Heart Rate 

, 

Subjects Total Heart Rate Heart Rate per minute -

Placebo Oxpreno101 Pla cebo Oxpreno101 Placebo Oxprenolol Placebo Oxprenolol 

I JR 85 75 110 85 18981 15190 105 84 

LG 80 60 145 85 17387 12887 102 76 

AS 75 70 140 80 17200 12282 78 56 I 

o· 

SB 70 65 150 80 14100 9975 94 67 

J M 75 65 135 85 18648 13296 93 66 

SDS 65 60 90 80 10948 9200 78 68 

r~ 

JB 75 55 115 60 16586 10694 83 53 

DM 80 60 12 0 90 14675 10071 113 77 

McC aa 75 60 105 70 21333 12933 85 54 

GA 60 55 100 65 10625 7121 89 59 

MEA N 74 63 121 78 16048 11365 92 66 

SE M ± ±2 ±2 ±6 ±3 ± 1094 ± 751 ±4 ±3 
~-- -

~ 

1. Hear t r ate during control period sitting still befor e test 
2 . Va lues relate to the maximal heart rate during the trip 
3. The tot al heart rate over the journey . 
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TABLE 7 HEART RATE RESPONSE OF NORMAL CITY DRIVERS AND ITS MODIFICATION BY ORAL OXPRENOLOL 

Control Heart Rate 
1 

Peak Heart Rate 
2 

per minute 
Subjects 

Placebo Oxprenolol Placebo Oxprenolol 

SHT 70 65 105 75 
.. 

MKM 70 65 100 75 

MP 
. 

80 60 120 65 

AF 65 60 125 65 

PH 72 60 125 70 

GHK 80 70 120 80 

MEAN 73 63 116 72 

SEM ± ±2 I ±2 ±4 ±2 

1. Heart rate during control period sitting still before test 
. 2. Values relate to the maximal heart rate during the trip 
3. The total heart rate over the journey. 

Cumulative Heart Rate 
3 

Total Heart Rate Heart rate per minute 

Before After Before After 

1575 1005 79 51 

1615 1230 81 62 

2375 1445 95 58 

1995 1275 80 51 

3050 1700 122 68 

3029 2250 101 75 
" 

2273 1484 93 61 

±.270 ± 180 ±7 ±4 
-

~ 
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FIGURE 12 

Record of heart rate during city driving in a 
patient with ischaemic heart disease before and after 
40 mg or,a1 oxpreno101. 
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, TABLE 8 HEART RATE RESPONSE OF CITY DRIVING IN PATIENTS WITH ISCHAEMIC HEART DISEASE Al\TD ITS 

MODIFICATION BY ORAL OXPRENOLOL 

Control Heart Rate 
1 

Peak Heart Rate 
2 

Cumulative Heart Rate 
3 

Subjects 
per minute Total Heart Rate Heart Rate per minute 

i Placebo Oxprenolol Placebo Oxprenolo1 Placebo Oxprenolol Placebo Oxprenolol 
. \ 

JR 70 65 130 75 2775 2110 93 70 

LG 80 60 120 80 2355 1560 94 62 

AS 70 60 120 70 8027 1832 101 61 
. " 

SB 75 60 150 80 2740 1940 110 78 

JM 80 70 120 75 4885 2740 122 69 

DM \ 75 70 105 75 , 4045 2560 101 64 I \ I 

McCaa \ 75 70 125 80 3227 1941 108 65 

GA 
\ 
\ 70 65 120 70 3107 1840 104 61 \ 

I 
MEAN 74 65 124 76 3270 2065 104 66 

I 

SEM ± ±1 ±2 ±5 ±l ± 288 ± 140 ±3 ±2 . 
L Heart rate during control period sitting still before test. 
2. Values relate to the maximal hear,t rate during the trip 
3. The total heart rate over the journey. '-- ~ 
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Record of the heart rate in a normal motor car passenger 
between Leeds and London during placebo and after 40 mg oral 
oxprenolol. 
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TABLE 9 HEART RATE RESPONSE OF NORMAL MOTOR CAR PASSENGERS DURING MOTORWAY DRIVING AND 

ITS MODIFICATION BY ORAL OXPRENOLOL 

Control Heart Rate 
1 

Peak Heart Rate 
2 

Cumulative Heart Rate 
3 

- Subjects 
Heart Rate per minute 

Placebo Oxprenolol Placebo Oxprenolol Placebo Oxprenolol Placebo Oxprenolo1 I 

SHT 70 60 90 75 23926 22271 68 64 

HT 60 55 90 60 13506 10189 75 57 

MKM 60 55 100 70 11007 7880 73 53 

..J MP J 80 60 110 65 10210 6970 85 58 

PH 70 60 105 70 13290 8898 83 56 

\ ' 

} .t 

GAP 80 60 90 70 17080 12760 71 53 

GHK \ 80 60 110 65 10210 6970 85 58 
r-

MEAN \ I \ 71 59 99 68 14176 10848 77 57 
i. 

\ 
. SEM ± \ ± 3 ±l ±4 ±2 ± 1866 ± 2054 ±3 ±1 

._-

1. Heart rate during control period sitting still before test. 
2. Values relate to the maximal heart rate during the trip 
3. The total heart rate over ~he journey. 
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FIGURE 16 

Record of the heart rate in a passenger with ischaemic heart 
disease between Leeds and London, during placebo and after 40 mg 
oral oxprenolol. 
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TABLE 10 HEART RATE RESPONSE OF PASSENGERS WITH ISCHAEMIC HEART DISEASE AND ITS MODIFICATION 

BY ORAL OXPRENOLOL 

Control Heart Rate 
1 

Peak Heart Rate 
2 

. 
Subjects 

Placebo Oxprenolol Placebo Oxprenolol 

JR 80 65 120 75 

LG 75 60 95 70 

.. 

AS 75 70 90 75 

SB 70 60 120 70 

I 
JM 70 65 90 70 

\ 
SD 80 60 135 70 

\ 

MEAN \ 75 63 108 72 
\ 

SEM ± ±2 ±2 ±8 ±1 
\ 

I. Heart rate during control period sitting still before test 
2. Values relate to the maximal heart rate during the trip 
3 G The total heart rate o~.rer the journey. 

- .• 

Cumulative Heart Rate 
3 

Total Heart Rate Heart Rate per minute 

Placebo Oxpreno101 Placebo Oxprenolol 

12555 9235 84 62 

14416 11077 88 66 

12185 9890 80 65 

10810 8010 72 54 

12190 10010 87 72 

18851 12380 94 62 

13501 10100 84 64 

± 1170 ± 614 ±3 ±2 

se 

i 

I 

. 
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Record of the heart rate in a normal subject travelling by 
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rail between Leeds and London before and after 40 mg oral oxprenolol. 
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TABLE 11 HEART RATE RESPONSE OF NORlVlAL RAIL PASSENGERS AND ITS MODIFICATION BY ORAL OXPRENOLOL 

.,. 

Control Heart Rate 
1 

Peak Heart Rate 
2 

Cumulative Heart Rate 
3 

per minute Total Heart Rate Heart Rate per minute 

Subjects 

Placebo Oxprenolol Placebo Oxprenolol Placebo Oxprenolol Placebo Oxprenolo1 

SHT 75 60 95 80 12630 10612 79 66 

. 

MKM 50 45 60 50 8944 8135 56 51 

MP 70 65 80 70 14496 11519 81 64 
! I 

AF 65 60 90 70 13386 11639 74 65 

PH 75 60 90 70 17326 14549 72 61 

\ , 
GAP \ 65 60 65 60 13386 11639 82 65 

MEAN \ 67 58 80 67 13361 11349 74 62 

\ 
SEM ± \ ±4 ±3 ±6 ±4 ± 1111 ± 843 ±4 ±2 

1. Heart rat~ during control period sitting still before test 
2. Values relate to the maximal heart rate during the trip 
3. The total heart rate over the journey. 
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FIGURE 20 ; 

Record of the heart rate in a subject with ischaemic heart disease 
travelling by rail between Leeds and London during placebo and after 
40 mg oral oxprenolol. 
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Record of the heart rate in a subject with ischaemic heart 
disease travelling by rail between Leeds and London during placebo 
and after 40 mg oral oxpreno101. 



TABLE 12 HEART RATE RESPONSE OF PATIENTS WITH ISCHAEMIC HEART DISF:ASE DURING RAIL TRAVEL 

AND ITS MODIFICATION BY ORAL OXPRENOLOL 

/ 
Control Heart Rate 

1 2 
Cumulative Heart Rate 

3 
Pea.l{ Heart Rate 

per minute Total Heart Rate Heart Rate per minute 
Subjects 

Placeb o Oxpreno101 Placebo Oxprenolol Placebo Oxprenolol Placebo Oxprenolol 

JR 75 65 90 70 18760 15470 83 69 

I LG I 70 70 85 75 15666 13385 78 67 

! 
JM L 75 65 80 70 14770 10290 82 57 I 
JB 70 60 85 65 15860 13167 76 63 I 

I DM 70 65 85 I 70 14910 10890 83 61 

I GA \ 72 60 80 65 . ' 13560 11112 75 62 \ 
1--. 

MEAN \ 72 64 84 69 15587 12385 80 63 
\ 

SEM ± \ 
, 

±1 \ ±4 ±2 ±2 ± 716 ± 804 ±1 ±2 
- - -- - - -- - -

\ 

1. Heart ' rat~ during control period sitting still before test 
2. Values relate to the maximal heart rate during the trip 
3. T he total heart rate over the journey. 
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FIGURE 22 

Record of the heart rate in a patient with ischaemic heart 
disease travelling by turbopropeller aircraft beiween Leeds and 
London during placebo on both the outward and return journeys. 
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FIGURE 23 

Record of the heart rate in a normal subject travelling 
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and the modulation of the response by 40 mg oral oxprenolol taken 
one hour before the flight. 
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TAB:LE 13 HEART RA'I'E RESPONSE OF NORMAL TURBO- PROPELLER lUR-FLIGHT PASSENGERS AND ITS - ........ ~~,-.,, ' .. ,. , ' . . " , " 

MODIFICATION BY ORAL OXPRENOLOL 

! 1 2 3 

I Control Heart Rate Peak Heart rate Cumulative Heart Rate 
per minute Total Heart Rate Heart Rate per minute _ 

I 
Subiects ! , I ., I Placebo Oxpreno101 Placebo I Oxpreno101 Placebo Oxprenolo1 I Placebo Oxpreno101 j 

I SHT L ___ _ 70 60 140 65 I 5238 3858 95 70 

, -- ---MKM < 60 50 150 i 60 I 4222 2933 77 53 
L __ 

1_· MP -~ 60 150 I 80 I 4532 I 3279 82 '60 I 
r AIi"~ 60 115 ! 70 ' 5304 3165 96 58 1 
, PH I 60 50 100 j! GO . 3984 2903 72 I 53 I 
I I I ,.! 
1__ GAP I 75 I 60 130 I 75 " I 5063 3239 92 I 59 ~ I 
,- IVIEA~--l 68 J 57 131 68 4724 2230 86 59 

I -~ I 

I SEM ± I ± 3 I ± 2 ± 3 ± 3 ± 227 ± 140 ± 4 ± 3 11 
I _L_ _ __ _ ___ _ 

1. Heart rate during control period sitting still before test 
2. Values relate to the maximal heart rate during the trip 
3. The total heart rate over the journey. 
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FIGURE 25 

Record of the heart rate in a patient with ischaemic heart 
disease travelling by turbo-propeller aircraft between Leeds alld 
London during placebo and one hour after 40 mg oral oxprenolol. 
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TABLE 14 HEART RATE RESPONSE OF PATIE ~"'1' S WIT H ISCHAEMIC HEART DISEASE TRAVELLING BY TURBO-

PROPELLER AIRCRAFT AJ\TD ITS MODIFICATION BY ORAL OXPRENOLOL 

Cont rol Heart Rate 
1 

Peak Heart Rate 
2 

per minute 
Subjects 

Placebo Oxprenolol Placebo Oxprenolol 

tTR 70 55 100 55 

LG 75 60 120 70 

JM 75 70 120 80 

McCaa 75 60 140 80 

GA 70 65 125 80 

MEAN 73 62 126 74 

SEM ± ± l ±2 ±7 ±4 
--

1.. Heart r ate during control period sitting still before test 
2 . Values relate to the maximal heart rate during the trip 
3 . The total heart rate over the journey. 

. }" 

, 

Cumulative Heart Rate 
3 

Total Heart Rate Heart Rate per minute 

Placebo Oxprenolol . placebo Oxpreno101 

4003 3200 73 58 

5166 3686 94 67 

5233 3985 95 72 

5415 3224 98 59 

5225 3950 95 72 

4951 3524 90 64 

± 216 ± 163 ±4 ±3 
-- --

.f 

-
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FIGURE 27 

Record of the heart rate in a normal subject travelling by 
jet aircraft between Newcastly and London and the modulation of the 
response by 40 rug or al oxprenolol taken one hour before the flight. 

88 



AIIl CI{J\.FT P ASSENGER - -_.-..,_._._- -- ---- ---

/Control Take-off J et Flight Landing \ 

f/) L/"i 
oCooI -
~ -~ 
@ 

.i:: ..... 
ro 
:::l 
E 
:.l 

j w 7' ~ ~ 
..b " ? .. o, p, ?, .1' .. i tr-o- -o--o--o-- o-- o--o ob 0 -0 -(\ o--"'-o-(>. -o -o--O-o.o-q Q 0 

't,..o .. o.6 'b. J b.o-o~ '0' ti \-6' \, .. o .. o .. j ''t,.i ~ 

() 

m eo .... i.t') 

~ -M 

50 

0 "' 10 20 30 40 50 
Time min. 

-BefOre] ° 
0---<> After xprenolol 

FIGURE 28 

Record of the head rate in a normal subject travelling by jet 
aircraft between Newcastle and London and the modulation of the response 
by 40 mg oral oxprenolol taken one hour before the flight. 



TA BLE I5 !iEART RATE RESPONSE- OF N ORMAL J ET AIR FLIGHT P ASSENGERS Al~1) ITS MODIFICATION BY 

ORA L OXPRENOLOL 

. 
I 

Control Heart Rate 
1 2 

Cumulative Heart Rate 
3 

Peak Heart Rate 
per minute Total Heart Rate Heart Rate per minute 

Subject s 
Placebo Oxpr enolol Pla cebo Oxpr enolol Pla cebo Oxprenolol Placebo Oxprenolol 

SRT 70 65 110 75 4467 3194 89 64 

I I 

I\lIKIvI 60 68 53 

\ 

50 90 60 3400 267 0 I ---- - I ". PH 75 100 4115 3158 82 63 
I 

65 65 ! 
~ 

I GA P I 75 65 I 115 70 4473 3313 89 66 i 
I l . i 
I , I 

MEAN I 70 61 104 68 4114 3084 82 62 ! 
I 

I 
- I 

SEM ± ±4 ± 4 ± 6 ±3 I' ± 252 ± 142 I ±5 ±3 I I 
--~ 

i 

1. Hear t r ate during control period sitting s till befor e test 
2. Values relate t o the maximal heart rate during the trip 
3. The tota l heart r ate over the journey. 
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FIGURE 29 

40 50 

Record of the heart rate in a patient with ischaemic heart 
disease travelling by jet aircraft between Newcastle and London 
during placebo and one hour after 40 mg oral oxprenolol. 
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FIGURE 30 

Record of the heart rate in a patient with ischaemic heart 
disease travelling by jet aircraft between Newcastle and London during 
placebo and one hour after 40 mg oral oxprenolol. 
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TABLE 16 HEART RATE RESPONSE OF PATIENTS WITH. JSC HAE MIC HEART DISEASE TRAVELLING BY JET 

AIRCRAFT AND ITS MODULATION BY ORAL OXPRENOLOL 

I 1 

i 

Control Heart Rate 1 I Peak Heart 
2 

Cumulative Heart Rate 
3 

Rate 
per minute Total Heart Rate Heart Rate per minute 

Subjects ,. ; 

Placebo Oxprenolol Placebo Oxprenolol Placebo Oxprenolol 'Placebo Oxprenolol 

JR 70 65 115 70 4498 3380 90 68 

LG 75 70 100 80 4320 3942 86 79 
" 

JM H 60 110 70 4783 3425 96 69 

GA 60 55 90 60 4439 3043 8'9 61 
f 

~,,1EAN 69 63 104 70 4510 3448 90 69 

SEM ± ±3 I ±3 ±6 ±4 . t" ± 98 ± 186 ±2 ±4 I ,~. 

- ----- --- - -- - -

1. Heart rat e during control period sitting still before test 
2. Values relate to the maximal heart rate during the trip 
3. The total heart rate over the journey. 
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FIGURE 31 

Record of the heart rate in a normal subject watching a soccer 
match after the ingestion of placebo and the modulation of the response 
produced by 40 mg oral oxprenolol ta}>:en one hour before a similar match. 
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FIGURE 32 

Record of the heart rate in a normal subject \vatching 
a soccer ma.tch after the ingestion of placebo and the modulation of the 
response produced by 40 mg or al oxprenolol taken one hour before a 
similar match. 
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FIGURE 33 

Record of the heart rate in a normal subject watching a 
televised live football match and the effect of 40 mg oral oxprenolol. 
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Record of the heart rate in a normal subject watching 
a televised live football match and the effect of 40 mg oral 

oxprenolol. 
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FIGURE 35 

Record of the heart rate in a normal subject watching 
a soccer match and its modification produced by 40 mg oral 
oxprenolol taken 30 minutes after the commencement of the 
match. 
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Record of the heart rate in a normal subject watching a 
televised live football match and the effect of 40 mg oral oxprenolol 
taken 30 minutes after the commencement of the match. 



TABLE 17 !"1EART RATE RESPONSE OF NORMAL SUBJECTS DURING A LIVE FOOTBALL MATCH ANI:>. ITS 

MODIFICATION BY ORAL OXPRENOLOL 

1 2 3 
I 
I 

Control Heart Rate Peak Heart Rate Cumulative Heart Rate ! 
i 

per minute Total Heart Rate Heart Rate per minute 
Subjects -

Placebo Oxprenolol Placebo OXprenolol placebo Oxprenolol Placebo OXprenolol , 
I SHT 75 60 

I 
115 65 6921 5570 87 70 I 

r MK.\1: 

I 80 I 70 13 0 80 9187 6947 102 73 I 

-
MP I 80 

I 
70 120 80 8890 7177 111 76 I 

I r- I 

I PH ! 80 75 I 105 80 9367 7475 99 79 

L Cl'-.TR 75 60 125 75 4777 3132 106 70 
~'.t 

GAP 80 70 130 85 11178 7878 124 88 
t; ... 

GHK 70 65 110 80 7004 5673 88 71 

MEA N I 77 67 119 78 102 75 
.j\\-

SEM ± ±l I ±2 ±4 ±2 ±5 ±2 
-~ - -- -- --

1. Heart rate during control period sitting quietly 30 minutes before the match 
2 . Values relate to maximal heart rate during the match. 
3. Total heart rate during the match. 
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FIGURE 37 

Record of the heart rate in a patient with ischaemic 
heart disease watching a soccer match and the modulation of the 
response by 40 mg oral oxprenolol taken 30 minutes after the 
commencem~l1t of the match. 
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FIGURE 38 

Record of the heart rate ina patient with ischaemic heart disease 
watching a soccer match and the modulation of the response by 40 mg 
oral oxprenolol taken 30 minutes after the commencement of the match. 
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FIGURE 39 

Record of the heart rate in a patient with ischaemic heart disease 
watching a televised live football match and the effect of 40 mg oral 
oxprenolol taken 30 minutes after the commencement of the match. 
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FIGURE 40 

Record of the heart rate in a patient with is chaemic heart 
disease watching a televised live football match and the effect of 
40 mg oral oxprenolol takeri 30 minutes after the commenc~ment 
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TABLE 18 HEART RATE RESPONSE OF PATIENTS WITH ISCHAEMIC HEART DISEASE DURING A LIVE .FOOTBA.LL 
-----"t ... - • . " . . ' : _ _ ' , 

MATCH AND ITS MODIFICATION BY ORAL OXPRENOLOL 

,. 

I 
----

I 2 3 I 

Control Heart Rate Peak Heart Rate Cumulative Heart Rate 

Subjects per m inute Total Heart Rate Heart Rate per minute 

Phwebo Oxpreno101 Placebo Oxprenolol P1aeebo Oxprencilol Placebo Oxprenolo1 

I JR 70 65 120 75 3805 2445 95 61 

L~ 80 70 125 95 3685 2209 123 74 

I 

I 
I 

I JM 75 60 90 60 3005 1555 100 52 I 
I I 

SD I 70 . 60 120 

I 
70 3027 1832 101 61 , - ! 

I 
DM 80 70 130 80 11188 6760 124 75 

~ .. 
McCaa 75 65 140 85 4643 3277 103 73 1" 

GA 75 60 120 80 3770 2560 126 85 

MEA N 75 64 121 78 110 69 

~¥ 

, SEM ± ± 2 ±2 I ±6 ±4 ±5 ±4 
--~ 

1. Heart rate during control period sitting quietly 30 minutes before the match 
2. Values relate to maximal heart rate during the match. 
3. Total heart rate during the match. 
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FIGURE 41 

Record of the heart rate Lll a normal subject watching programmes 
of Drama, Comedy and Documentary on television during placebo and the 
modification of the response by 40 mg oral oxprenolol taken one hour before 
the programme. 
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FIGURE 42 

Record of the heart rate in a normal subject watching programmes 
of Drama, Comedy and Documentary on television during placebo and the 
modification of the response by 40 mg oral oxprenolol taken one hour before 
the programme. 
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FIGURE 43 

Record of the heart rate tn a normal subject watching programmes 
of Drama, Comedy and Documentary on television during placebo alld 

the modification of the response by 40 mg oral oxprenolol taken one hour 
before the programme. 
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FIGURE 44 

Record of the heart rate in a sensitive subject watching a mystery 
television film and the modulation of the response by 40 mg oral axprenolol 
taken one hour before a similar programme. 
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Record of the heart rate in a sensitive subject watching a televised 
live boxing match, after 40 mg oral oxprenolol. 
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T AB LE 19 
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' \ 
HEART RATE RESPONSE OF NORMAL SUBJECTS TO TELEVISION VIEWING A:t-..'TI ITS' MODIFICATION BYOXPRENOLOL 

CONTROL HEART RATE 1 

PER MINUTE 
PEAK HEART RATE 2 CUMULATIVE HEART' 

~ 

Mfl].~· .. ~·~ .. -t ,: ."-'1 3 a -. ~ 
.,1I'i I . 

-"'.' , 

. Documentary 

I 
Drama I Comedy Documentary Drama Comedy Documentary Drama Comedy . ~i 

Q b ' ' Q (60 min) (30 min) (25 min) (60 min) (30 min) (25 min) . ;1 I I' ..... u ]ecL, Total H. R. HR/min Total H. R. HH/min il Total H. R. HR/min I 
i P l op lOp 0 POP 0 POP 0 POP 0 P 0 I P 0 PO r- I I I 
i MKM I 60 55 60 55 60 . 55 100 . 75 105 80 95 65 4750 3901 79 65 2500 2060 .83 69 2014 1220 81 49 

t -t . I i I 
I MP +72 65 72 65 I 72 65 110 80 120 I 75 9075 5004 4178 84 70 2749 2102 92 70,' 2075 1675 83 67 I - ~ . \ 

~ _ AF .: : 8~ 75 ~~Q. 75 80 I 75 110 85 no .. , 80 100 75 5180 4520 86 75 '2850 12150 I 95 72 . 2250 11872 90 ! 75 

I PH~ 65 ~,L' 6 65 76 65 120 75 n5 80 100 \ 75 5260 4080 88 68, 2871 2100 96 ·70 ! 2250 1753 90 70 

L GAP 'I 82 65 82 65 82 65 110 75 no 7~. 100 70 5468 4102 91 68 2951 2001 98 67 I 2200 1620 88 65 

I GEK 84 70 80 I. 70 80 70 1120 80 110 75 lOO 75 5668 4380 94 73 2670 2160 97 72 2150 1702 86 64 

~EA~ 76 66 75 65 

I~SEM ± ±4 I ±3 

! 65 75 I 65 112 I. 78 113 78 98 73 5222 4194 87 70 2765 2496 94 7~. , 2157 I 1640 I 86 

±3 I ±3 I ±3 ±3 ±3 ±2 ±2 ,~. ±l ±2 ±2 ±l34 ±91 ±2 ±l ±66 ±24 ±2 ±l 1'1 ±39. . I I 
±91 ±2 ±4 

1 Heart rate during control period sitting still before test. 
2. Values relate to maximal heart rate during television viewing 
3. Total heart rate during television viewing. 
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FIGURE 47 

Record of the heart rate in a patient with ischaemic heart disease watching 
programmes of Drama, Comedy al1.d Documentary on television during placebo 
and the modification of the response by 40 mg oral oxprenolol ta}{en one hour 
before the programme. 
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Record of the heart rate in a patient with ischaemic heart disease 
watching programmes of Drama, Comedy and Documentary on television 
during placebo and the modification of the response by 40 mg oral oxprenolol 
taken one hour before the programme. 
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FIGURE 49 

Record of the heart rate in a patient with is chaemic heart disease 
watching programmes of Drama, Comedy and Documentary on television 
during placebo and th~ modification of the response by 40 mg oral oxprenolol 
taken one hour before the programme. 
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,TABLE 20 

Subjects 

i 

JR 

AS 

I ' SB 

~ 

,,--' ".-
HEART RATE RESPONSE TO TELEVISION VIEWING IN PATIENTS 'WITI{ ISCH~El\IIIC,H~4\&'F, DISEAS~d~:Nl)'ITSMODIFICAT.tON:'BX·:;bXP11:EN'(5i\bhi 'n 

CONTROL HEART RATE 1 
PER MINUTE 

Drama 
(60 min) 

p . 

70 

,-) 

80 

o. 

Comedy 
(30 min) 

PlO, 

60 I 70 65 

65 I 76 65 

Documentary 
(25 min) 

PlO 

70 60 

80 65 

P 

95 

120 

. ',., :.' . "," ..... , ~, .. " . ' ~j'~1 -
.-

~;~..;,i) "- ~ -
.cUMULATIVE HEART .RATE 3 I I . PEAK HEART RATE 2 

, 

Drama 
(60 min) 

Comedy 
(30 min) 

Documentary 
(25 min) 

Drama Comedy Documentary 

; I 
HR/ min T

i
,otal HR I HR/ min 
\ 

HR/min Total H.R. Total HR 
71' 

o P ! 0 PlO P o P o PlO PlO 11 10 IP o 
I 

86 1 66 
i 1930 11435 77 I 57 60 I 95 I 70 1 80 I 70 [ 5278 I 3775 188 ! 63 I 2565 11980 

70 1 ;'00 65 -~ 70 -1-~~80-1 37281-;~~r~;--r;;;;11995 96 I 67 I 2025 I 1610 
\ 

81 I 64 

r;~-~I 65 
I 70 60 I 70 I 60 70 60 80 65\1 80 60 100 65 14793 3485 80 58 2668 h680 189 1 56 I1 2205 11617 

~ J1II ' I, 70 60 170 60 75 60 ,100 70! 1'05 65 190 ~ 65 4612 3270 77 55 ' 2658 l484 89 63 r 2131 1163_1_~ 65 

72 Rfi I 70 ~fi 70 ~r-; 1100 7fl il00 (\0 I ~fi RO ,4.h~? ~{)n 7~ fll ?7~4IHl q4. q~ RR r~ 

DM 

GA 
l ._ 

~EAN 
I 
I SEM ± 

72 

74 

75 

73 

±l 

60 I 70 

66 ! 74 

60 I 75 

6~72 
±l I ±l 

! 

65 

60 

63 

±l 

70 60 105 

7J' 65 110 

70 60 

I 

72 62 \103 

±l ±l :tA 

1. Heart rate during control period sitting still before test 

70 

69 

±2 

105 

I 70 

r-
75 

65 

90 65 

95 79 

90 65 

4710 3485 1 79 

5875 4160 I 98 

14925 I 3210 82 

o 

58 72 

69 

I 
54 2724 11920 91 64 I 1945 1605 78 64 

±23 ±2 

63 1101 1,66 190 66 15019 3598 84 60 2660 1892 , 86 I 63 1_2_0_6_7 -t1--'-__ -t-_-+-__ _ 

I ;5 J ±2 I ±2 I ±I i±l53 I ±lOS ±2 ±2 ±80 ±28 ±4 Pt ±44 

1577 83 

± 1 

2. Values relate to maximal heart rate during television viewing 
p -- Placebo 
0- Oxprenolol 

3. Total heart rate during television vi.ewing. 
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RADIO AJ'{!) TELE'iTJSION 
----~~--~ .. ~---.... - ,-......... ------

First Half 

20 40 50 
Time min. 

-- BefOre] Oxprenoloi .. ooo-oAfter 

FIGURE 50 

Second Half 

80 100 

I Live 
Commentary 

120 

Record of heart rate of a radio and television commentator 
during a live football match and the modification of the response produced 
by 40 mg oral oxprenolol taken one hour before a similar match. 
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RADIO AND TELEVISION - ---_ .. _------_._-
PEP.sONALITY ------- -

live Broadcast-Te!evision Program;;] 
"Top of the Pops" 

If) 

20 40 
Time min 

~ BeforelO~nrenolol 
e>----. After J ~ 

FIGURE 51 

Record of heart rate in a radio and televis ion personality during a 
"pop" music show after ingestion of placebo and the modulation of the 
response produced by 40 mg oral oxprenolol taken one hour before a 
similar show_ 
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R ADIO AND TELE VISION 
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FIGURE 52 

Record of heart rate in the radio and television !lpop" 
personality during a show without the ingestion of any tablets. 
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TABLE 21 HP;ART RATE RESPONSE OF RADIO AND TELEVISION COMMENTATORS AND PERFORMERS_ 

AND ITS MODIFICATION BY OXPRENOLOL 

Control Heart Rate 
1 

Peak Heart Rate 
2 

Cumulative Heart Rate 
3 

per minute 

Subjects Total Heart Rate Heart Rate per minute 

Placebo Oxprenolo1 Placebo Oxprenolol Placebo Oxprenolol Placebo OXprenolol 

B.D. 80 60 150 85 12778 8674 111 75 

J.S. 76 60 160 85 4556 2315 114 58 I 
"pop" (65)* (160)* (117)* 

I artist 

I 
~-- --

* Denotes heart rate response without ingestion of any tablets. 
\ ~ 
\ 

1. Heart rate dur ing control period sitting still for 30 minutes before broadcasting/performance. " 
2. yahes relate to maximal heart rate during broadcasting/performance. 
3. 1\otal heart rate during broadcastL'llg/performance . 

\ . 

$' 



LONG_l?I~TANCE BUS DRIVING 

LONG DISTANCE BUS DRIVING 480 MILES 
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FIGURE 53 

Record of heart rate during long distance bus driving. 
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LONG DISTANCE BUS DRIVING 
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EXCURSION BUS DRIVER 
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FIGURE 54 

Record of heart rate during long distance bus driving. 
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FIGURE 55 

Record of heart rate during long distance bus drivirg . 
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TABLE 22 HEART RATE RESPONSE T O L ONG DISTANCE BUS DRIVING 

" 
, 

1 1 2 3 
Control Hear t Rate Peak Heart Rat e Cumulative Heart Rate 

I 

I 
I 
I ,. 

I 

Sub jects per minute 
Total Heart Rate 

JB 78 150 64200 (600 mins) 

JC I 80 145 57643 (600 mins) 

PJ 74 140 57893 (600 mins) 

BC 68 150 48960 (480 mins) 

BB I 78 140 45450 (480 mins) 

HS 80 150 5326 0 (600 mins) , 
SW 82 145 48800 (540 mins) 

JS 72 135 62846 (600 mins) 

HS 76 130 2428 (240 mins) 
\ ,f 

\ 

J B 78 130 9720 (90 mins) 
\ 

HS \ 82 145 31600 (300 mins) 
\ 

JCC 80 140 29586 (300 mins) 
\ '" 

. SW \ 80 120 11520 (120 mins) 

MEAN 77 140 

SEM ± 
I 

± 1 ± 3 
. .. 

1. Hea r t rate during control per iod s itt ing still before start of journey. 
2 . Values rel ate to ma..x imal heart r ate during journey 
3. Total heart rate during trip . 
4 . Percentage heart rate incr ement over contr ol value during journey . 

~HR/min 

107 

96 

96 

102 

95 

89 

90 

105 

100 

108 

105 

99 

96 

99 

±2 

~;r ''''' - ' 

I Increment~ I 
I 

27 

17 ~ . 

23 

33 

. 
18 

10 

9 

\ 14 

24 

28 

22 

19 

17 

20 

±2 

:" 
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LONDON BUS DRIVING 
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Time min. 

FIGURE 56 

Cumulative Total 
13240 

• 
100 120 

Record of heart rate during bus-driving in London. 
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Cumulative· Total 
14720 

100 120 

Record of heart rate durulg bus-drivmg jn London. 
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FIGURE 58 

Cumulative Total 
11760 

80 100 120 

Record of heart rate during bus-driving in London . 
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TABLE 23 HEART RATE RESPONSE TO BUS DRIVING IN LONDON 

I Control Heart Rate 
1 

Peak Heart Rate 
2 

Cumulative Heart Rate 
3 

Increment 4 I 
I 
I 
I per minute 

Total Heart Rate HR/min 

DP 80 140 11760 (120 mins) 98 22 

TML 76 130 12780 (120 mins) 107 29 

MJ 75 120 13240 (120 mins) 110 32 

AC. 74 140 14720 (120 mills) 123 40 

AW ~ 

I 
78 140 10200 (90 mins) 113 31 

-I JS 70 130 9360 (90 mins) 104 33 I 

I I 
I , MEAN 76 133 12010 109 31 

I I --
I I 

.-~~ . 

SEM ± ±l ±3 ±3 :l:2 
t I 

1. Heart r ate during control period sitting still before start of journey. 
2. Values r elate t o maxim al heart rate during journey 
3. Total heart rate during trip 
4. Percentage heart rate increment over control value dur-1ng journey. 



SUMHMtxOr BESUL1'S 

The foUG\YiDg 001101\181-. caD be drawn from these stucU$$:" 

1) A 11U~ of everyday envflt~ntal situatims 'Were assocktted with a 

substaatial morease in heart rate, i.e. motol·-oar and bu$ "IV'_ Ct1 a 

metonvay .;md. ill city traffie. lnoto., ... car. raU and aircraft .>t,Uu.eoger t live 

ad televbllm view", of aoeMr matches, te!evisi_ 'Viewing of eomedy. 

drama and documentary films, al1d radio and television C&mD'lentators and 

periormers. 

2) Thesepeak$ of tacbyoardia Wet e eC8spteuously reduced ferup t<> 12 hours 

__ 40 1nl oral oxprenolol. 

3) TJle peaks of tachycardia observed during motor-car drivmg Were 

slmUarlysuppressad by the same degree of beta-blockade q that 

r esulUDg from the i.nfufJion of eateeholamines. 

4) None of the subjects noticed .any appreoiable effect <m mental performance 

or any detectable cllange tn their everyday skills after oxpreDt)lol. 
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~IS2USSION 

The dlsf,NluJlm is arraaged Ulider the following headinga: 

1. CRlTRUE of Method. 

2. INTERPRETATION of. the Results 

3" CONCLUSIONS 
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ClUT8P! OF MP;"rHOJ) 

fnoJide1" that these studies mar be placed iD. proper cUldoal 

perspeQt'v~. tt i8 tmportant that th~tr design aad executtoa are 

crtttcaUr eUlUineci. They nut, be criticised from the foUQWing view-points: 

1) It may be argued tbat la th.e absence of a double-bUn' study 

the mterpretattou of the effects of QXple Dolo1ls less valid. However, 

as wu discussed in Study la eomp1ete17 double-blilld study \Uld.ertaken 

during the stress of city metOl' driving showed that 40 mg 0'o"a1 .prenatal 

~pieuously modified the pe. of taohycardia for up to 11 hOUl'S. 

It is impossible t:o hide the marked reduotions iD heart rate to .. trained 

observel'. 0Il1yoontllluou$ blmd It.C.G. recordiDg would have 8,D8wered 

the nOblem and this was Impract1eal both tecbDloaUy and· eOODomieally 

at the time. However, in the other moreexteDSlve $_le bl1n.d studies. 

the NSpEIlSes were me~objeotlvely and were stmtlar m all 

sUbJeets..oonfimrlllg their validity. 

2) MeaUy in the study of eay~onmental stress on the heart, le. c. G. 

re~ over 24 hours aAd (Wet' several days Is mandatory and 

would allow far tn~re detalledt;ttudy of the sympathetic atbmtlaUen of 

tire heart. Unfortunately, dwrhlgthe time of this study, IlO such 

recording apparatus W8$ available 

3. The Ilea.rt rate response .-ecol'ded may bave not beea 801ely 

Piycbolog1cally Jaduced by tu part the results of wmoticad 

... 131-
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physical exertion. This criticism could be answered by 

the fact that the tachycardia response of the heart to 

psychologically induced stress (motor-car driving) and to 

the infusion of catecholamines was largely suppressed for 

up to 12 hours following 40 mg oral oxprenolol; the 

tachycardia induced by exercise in the same subjects was 

much less affected by the drug both in magnitude and duration 

(Study 1). Similar small doses of propranolol have also 

been shown to have relatively little effect on the tachycardia 

associated with isometric contraction of skeletal muscles, 

such as might be expected in gripping the ar ms of a chair 

(McDonald et aI, 1966). Therefore the major portion of 

the tachycardia observed in these situations is a reaction to 

. psychological stress and unassociated with significant 

physical exertion. 

4) It could be argued that this pilot study consisted of a small 

number of male subjects. There is no reason to belive that 

the heart rate response to stress or its modulation by 

sympathetic antagnnists is different in female sut;ects. 

Moreover. the environmental s tresses studied were those 

frequently experienced by the same patients and subjects ; 

all were studied during their normal everyday activities 

and none were subject to abnormal situations as many of 

the previous studies in the literature. Against this it 
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could be argued that be~ <iextreme in<lividual variatiOll$ 

ill the beartrate resp0D8e toeavircmm.eatal stress, this pilot 

stwiy ahould be extended to tneorporate a larger e'O$s-.""tlm 

of the populattGD.. 

5) Tbere le a valid argum_ that the who1espectrum of enviromnental 

sweeS. OD the heart should be studied; this was by necessity a limited 

survey.. It was not posslble fa such a pilot study to me:l$ure effeots 

of all situatiGDS in everyday life. The situati<ms chosen were 

theught to be the mostfJUresstul in the everyday life .,tuatim. 

G) Anxiety is aocompanied 1\ot_y by aD morease in heart rate but 

perhaps also by an in~e in cardiac outpUt and the sys~o 

arterial pressure. Cbatages other tbaa heart rate were not measured 

as they We" precluded by the design of theatudy • Eve». the 

taking of the blood. pre~ by the cuff method besides beiDg 

unreliable would have caus$d.some further anxiety under the 

ckcumstaaoes of study • All methods of measuement ol ~iac 

output :Involve prooedur$$ that can reasODably be expeoted to "suit 

in additltr1lal mental str~s . Therefore. althougb the ~l'ement 

of heart rate alone limits the interpretatia:a of these "SlUts. at least 

the a..-1av8$ive metheds U$E!d were innocuous in this respect. 

IN'l'l;ltPlitll:4 TIQNS OF. Tm: RESVL,T~ 

Aoceptmg the validity of the foregomg critioisms of the methods used 

the l'e$ults of the pres.ent stJldie.s are olear-out. 

Many forma of everyda., travel were consistently uao*ted with 
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CODSplouGUS peaks in heart rate. 111 this respect motOl"-CU", bus 

dl"lvtag and alrtravel were associated witb greater tachycardia than motor 

oar tnvelasa passellger; Irall travel was by far the least disturbing. 

High peaks In heart rate W$re feuad on televlsiOD viewing of drama and comedy 

films thaa during documenta:ry programmes .Shnilar responses were seen 

la live radio and television commentator.. There wu no e.pparent 

diffe'teaee between the res~e$ in nQrmalsubjeots aad pati~ts with proven 

18clwnnia heart disease. The tacD,ycudia fOUDd dur1l'lg these situations 

was ClDJpieuously suppl'Gssed by 40 mg eral oxprenolol in aU subjects. The 

rapklity of actiOll of the dl'UlWb illustrated by observatiQDS during 

speotator viewing whilst the excit_ stimuli was maintained; the heart 

rate increase was abolished withm thil1¥ minutes of its ialcestim. The 

modulation of stress ... induaed tachycardia by this close of drug was 

m.ainta1ned for up to 12 hours. 

Oard_c. WOl"k dUriBl M:en!!! .§~s 

What do these repetati~ mereases in cardiac sytnpathetio activity 

meaD in terms of mcrease in ce.rdtac work? 

,.t~re is llttle doubt that. aoreqes in heart rate aredbreotly responsible 

f()l' substaJltia11noremellts in mycfJa.rd1al QXygeft e.ouum.ptt. (Teo, 1885, 

EVal1$ and Matsuoka, 1915; Laureat et aI, 1956; Van Cltters ~t al. 1957; 

Muwell et ai, 1958; Wt<rheU et al, 1963; Van del" VeeD ead W1Uebrands 

1917; Boertll et al, 1969). But there are fewoomprehenatve circulatory 

studtesof the overall ha.em~Q e~enees of emoUalaU, blduoed 

streSs. Anxiety in subjects ~rgoing circulatory iaW$tlgatiOll has been 

ShOWD tQ be accompanied by ~crease·s in heart rate, cardiae QUtput aad 

systemic arterial pressure (Orellman, 1929; Stead et a1, 1946; Hickman 

at al. 1948; SteVensOl1 et al. 1949). Tbesa ohanges are increased by any 
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further psychological stress. such as forced meDtallU"ltbm~tte (Brad 

et at. 1959). The tachycard., meretlSe in eudtao output a:lid 

bl()Odpr,essure are aooompanled by vQooeutriotiOll lathe 81da 

ancI renal elreu.1atlon (Brad et aI, 1954; French.t al. 1959) ad 

by tnetaboUaally iadependecat vasodilatation in mllscle (B1altet aI, 1959; 

Batoteft et al, I9tW; Brodetal. 1962). These otreulate.ry ~~es 

observed during stress imply substantial inereases in left veatnoular 

work. It must also be pointed _ that the cardiac O~$ m~red in 
" "- . . ' ,. ' .. . 

WlUeh may give some iadleatten of the extent aad magnitude of the 

eirCltlatory ooang_ that ~ tesult from more stressful situations. 

A further tactor that m.t he taken bl~to aooQ.Ult in .... rt-e$pect is 

that k1 the Jnajority t4 oll'~'allces in which. suoh nl.e.Ul"em~nts WEt' e 

was aeeomparlied by a high eMeentrattcm of plasma oateeh&1a1'llines. 

partttnllarly JlO'F-adrelUtlJne (Tqgart et aI, 1969; Tagart .... Carru.thers , 

19'71) or by their ino-reasecl ~~ secretion (Bogdonoff etal, 1960). It 

is perhaps relevant m this l'e'apect to pomt out thateateehOlfunJnea 

appear to mcrease lDfooa'l'dial oxygeu eossumption ov. ad above that 

punly J'elated to thelrpoaitlve ~onotropla and tDotropic deGt$ (Raab 

et al. 1961). Thus. there would appear to be no reUOlllble dGUbt that 
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stress induced by emotional or psychological factors results in 

substantial increases in cardiac work; these increases are probably 

underestimated by the use of the heart rate index alone. The peaks 

of tachycardia observed in these studies were of a similar order to 

those known to be associated with the production of myocardial 

ischaemia in patients in whom the coronary arterial blood supply is 

limited. Yet these were associated with normal everyday conditions 

of living. Whilst the effects of such increases in heart rate may be 

borne with impunity by the heart with normal arterial supply, it 

can be expected with reasonable confidence that the heart limited by 

coronary arterial disease will outstrip its available blood supply at 

these rates. In fact, this is the basis of the diagnostic atrial pacing 

test for the precipitation of angina. pectoris. Furthermore, these heart 

rates imply very considerable sympathetic stimulation of the heart. 

The resulting direct increase in myocardial contractility can be 

expected to result in an increase in myocardial oxygen consumption 

considerably greater than that directly due to the increased rate alone. 

This is the clinical basis for the provocati~e isoprenaline ,infusion test 

for ischaemic heart disease. CWex1er et al. 1971). 
, 

pathophysiol2lical effects of Stress on the Heart 

Are such increases in cardiac work immediately hazardous to the 

heart? 

There are no haemodynamic studies which would suggest that the 

stress induced in subjects under cardiac investigation are associated 
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with impairment of left ventti,cular fUnotiOD; no, direct measurements 

of left ventricular aotivity during emotional stress appear to have been 

made. The catheter studies of Hlckman et aI, 1$48 oan be used as 

a guide; anxiety induced in ftve"normal" subjeots was not acoompanied 

by any abnormal increase in pulmouaryartery preSSure. But there 

was a r 18eof 12 mm Hi in the mean pulmonary artery Fessure Without 

change in the cardiae output (2.2 4 min!sq.m) in a patient ineongestive 

Ileart fallure during induced anxiety. Although changes in pulmonary 

artery pressure are at best an insensitive indicator of changes in left 

ventrioolar filling pressure, directional changes iD both pressures 

are similar (Balcon et aI, 19'2). Thus it is possible that mental 

anxiety may adversely effee~ the pumping funeti.on of the failing or 

ischaemic heart. 

The heart rate peaks r epeate.dly seen during these evarydaystressful 

aotivities can with rea.s0Jlable confide-nee. be expected to preoipitate 

a state of myocardial ischaemia in matU' patients with obstructive 

ooronary artery disease. 

Of more definite relevance to my studies are the studle$ of 

eleetroc.ardfographic ehanges in sUbjeots durblg induced psychological 

stress. Theeviden.ce that the type of stressful situation under 

consideration in this thesis induced pathological changes in the 

electrocardiogram of "lu)rmall ' subjects is difficult to evaluate. 

Eleetrooardiographlc changes suggestive of myocardial isohaemia 

have bean reported in assooiation with the tachycardia induced by fear . 
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MaiQeand Krause (1940) d~$el'lbed eleetrocardiogr aphle ehaBges 

suggestive of myocardial is4haemia in 16 of 25 patients without other 

evidence of ischaemic heart disease and 8 of 12 patients with definite 

evidence ofsucb disease during the anxiety immediately ~foresurgioal 

operations; the changes disappeared after induotion of anaesthesia. 

A number of reports have also described electrocardlographic chaJlges ' 

during spontaneousamtiety states 11'1 otherwise normal pa;tient$ 

(Loftus et flIt 194,5; Heyer et al, 194:7; Magendantz and Shortsleeve. 

1951) and during amdety induced by cardiovascular investigations 

(Stevenson et al. Ifll49). Even more relevant to my study was the 

demtmstration of a close association. between the heart rate and 

eleet~ocardiographic ischaemic changes during motor car4l'iving. 

HOfiman (1965) in an extellslve study of 600 healthy male d1livers and 

26 drivers with coronary artery disease, claimed to have detnonstrated 

no Hpathologioal" electrocarciiographio changes in healthy d:river s 

as compared to changes in 12 per cent in subjects with oeronary 

heart disease drivmg in low traffio densities . la city drivmg. with 

high traffio deD.Sity "patbolQ{Jical" changes ocourred in IS per ()ent of 

healthy drivers and 46 per cent of drivers with ooronary disease . 

Unfortunately, the olinical eategorizatiQil of the patients studied. the 

~aot definition of eleotroca.rdtographic evidence of abnormality and 

the mraerver variation in interpretation of the electroc&r'diographie 

findings was not given. Simonson and his colSagues (1968) deseribed 

HT-wave changes H during long distance motor car driving ill five 
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healthy males aged 26 - 77 years with normal post-exercise 

electrocardi0grams. However t !IT-wave changes" are not 

pathognomonic of myocardial "hypoxia" although they have been 

observed during infusion of adrenaline (MitcheU and Shapiro, 1954; 

Lepeschkin et al. 1960) and it has been claimed that such changes 

are a reflection of subendocardial ischaemia (Sooi Polares et aI, 1971) 

there is no categoric evidence of this supposition particularly in the 

presence of high heart rates. Bellet and his co-markers (1968) 

reported that no significant changes were noticed in the electro­

cardiogram recorded continuously in 65 normal subjects during a 

period of two and a half hours driving in "favourable conditions" . 

In similarly easy driving conditions electrocardiographic changes 

probably Significant of myocardial ischaemia, e.g. S ... T segment depression 

multifocal premature contractions. ventricular bigeminal or trigeminal 

rhythm, were observed in 11 of 66 patients with known coronary heart 

disease. More recently Taggart et al (1969) reported a close 

association between the heart rate and electrocardiographic ischaemic 

changes during motor car driving in dense commuter traffic in 13 of 

24 patients with ischaemic heart disease and 3 of 32 normal subjects. 

Furthermore, it should not be ignored that it is common clinical 

experience that many patients with established ischaemic heart disease 

suffer typical anginal symptoms during the stress of motor car driving. 

during the excitement of live football matches, watching exciting 

television programmes or viewing mystery films. 
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Despite the variability ill observer It."ecognitionand oral 

interpretation of electrocardiographic changes, certain conclusions 

ean be drawn from these and my studies . Although the increase 

in cardiae sympathetic stim.ulation associated with extremely 

stressful situations may give rise to myocardial ischaemia even 

in the normal heart; there is no conclusive evidence that this results 

from everyday emotional stimuli. However, in patients with coronary 

heartdisease, even such eommon everyday tasks such as motor car 

or bus driving may precipitate myocardial ischaemia" and it is 

of relevant interest th at similar symptomatic and electrocardiographic 

changes may be produced in such patients by raising the heart rate to 

similar levels by the infusien of catecholamines (Wexler et aI, 1971). 

This evidence" together with that of the foregoing, suggests 

that While the everyday psychological stresses met in modern urban 

existence probably have no immediately deleterious effects on the 

normal heart, there is reasonable evidence that they result in 

myocardial ischae~mia in SUl;}jects with eoronary artery disease. 

There was a conspicuous suppression of the tachycardia associated 

with stressful situations in all subjects after 40 mg oral oxpl''Emolol. 

Both studies confi:rm this conclusion. 

Study I suggests the similarity in the magnitude and duration of 

the stress and isoprenaline tachycardia. to the same degree of beta­

receptor antagonislm suggests that the heart rate response to both 

stimuli may be due to the same mechanism, namely stimulation of 
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the cardiac beta-receptors by circulating catecholamines. 

Although such a supposition should be susceptible to direct proof by the 

measurements of circulating catecholamines the practical and technical 

difficulties in making such measurements precludes their valid use 

at the present time. The quite different pattern of response of 

exercise tachycardia to the same degree of beta-receptor blockade 

would suggest that a difference mechanism is responsible for heart 

rate response to exertion. This differential effect of beta-receptor 

antagonism on the cardiac response to psychological stress and 

exercise has also been observed in other situations. Eliasch et aI, 

(1967) observed that propranolol inhibited the heart rate increase 

during simulated flight in pilots but had much less effect on the 

tachycardia of exercise. Imhoff and his colleagues (1969) found 

similar differential effects of oxprenolol on the tachycardia associated 

with pre-jump anxiety and that associated with the physical exertion 

of ski-jumping. The response of the heart rate to exercise in 

this range of exertion is preponderantly due to vagal Withdrawal (Donald and 

Shepherd, 1963: Robins on, 1966). Thus the small doses of oral 

oxprenelol that completely suppressed eatecholamme or stress induced 

,!achycardia had relatively little effect on exercise performance 

of the heart. Thus the effects on the heart of such environmental 

stresses as were studied in the present investigation may be largely 

suppressed with doses of beta~receptor antagonists that could be 

expected to have little noticable effect on patients' exercise 
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capability during normal everyday life. 

Tbe Effect of Emotional Stress on the Course of Establisbed Ischaemic 

Heart Disease 

Do these responses aggravate the course of establiSh.ed ischaemic 

heart disease? The factors associated with the progression of 

established coronary heart disease are unknown. There is, at 

present,. no evidence that the frequency of emotionally induced 

OJ! exercise induced myocardial is cbaemia has any bearing on the 

natural history of the disease. But as the pain sometimes associated 

with ischaemic heart disease is often 2:lccompanied by enzyme changes 

in the peripheral blood probably indicative of myocardial cell death, 

and as the majority of patients dying from ischaemic heart disease 

usually exhibit widespread nlyocardial fibrosis, there is every reason 

to suppose that rEI current attacks of myocardial ischaemia. however 

induced, are deleterious in the long term. Even more speculative 

is the association between these circulatory responses and the 

'sudden death' aslsociated with coronary artery disease. In an autopsy 

study of the causes of sudden natural death in motor car drivers, 

Peters on and Pett~ (1962) found the larlge majority of deaths to be 

associated with SE~vere coronary heart disease or actual myocardial 

infarction. Chiang and his colleRMes (1969) found distinct correlation 

between the prevalence of ventricular premature contractions. coronary 

artery disease and sudden death. It is of interest that extrasystoles 

are commonly noted in anxiety states, are frequently precipitated by 
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catecholamine infufJions (Lapesehkln et aI, 19(0) and have been 

noticed during Blotor car driving (Taggart et aI, 19(9). Although this 

evidence relating lllental stress, its effects on the heart and su~den 

death is speculative, it is based on reasonable logic. Fortunately, 

the beta-receptor altntagonists provide a socially acceptable medical 

tool for putting this~ important thesis to the test. 

The. ItelatioBship between Mental Stress lllld. Precocious Coro~y Heart 

Disease 

Despite many speculative hypotheses and assertions(Wglff. 1950; 

Morris and Crawford, 1958; Carruthers t 1969) f there is, as yet,. 

no acceptable evidElnce that stress and coronary heart disease are 

casually related. A number of studies on bus drivers, train drivers, 

aircraft pilots and subjects · in sedentary occupations have all claimed 

a connection betwe~en occupation and an increased incidence of ischaemic 

heart disease. But the validity of these condllusions is in serious 

doubt due to two main factors; the personal characteristics of the 

subjects in. each occupational group and the basis OB which the clinical 

diagnosis of coroBllll"Y heart disease was made. These problems 

are htghlighted by the ear lystudies of Morris and his colleagues (1953). 

These authors coneluded that there was an increased incidence of 

"coronary heart disease" in London bus drivers as compared to bus 

conductorS. But the clinical diagnoses were "obtained from general 

practitioners" and ~'hospital certificates'! or from medical dUcal'S' 

reports of examina1;ions carried out 28 days or more after the illness. 
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The quality of such information. presumably much of it subjective. 

is 'Unacceptable for the present day diagnosis of ischaemic heart 

disease. Later it was reported that at the time of taking up their 

occupation. the bus drivers Were already considerably fatter men 

than the conductors (Morris et aI, 1956). It may be that the 

recurrently high heart rate of bus drivers does indeed predispose them 

to coronary heart disease, but there is no con:tincing evidence of 

such a relationship. A similar .argument may be levelled at the 

claim that stress on telephonists predisposes them to precocious 

cOl"onary heart disease as compared to postmen (MerJJis et al, 1953). 

However, although suoh critical reasoning is essential if such findings 

are to be placed in proper clinical and social perspective. it is 

equally important that the potential value of such studies in the 

evaluation of the effects of urbanized living on the heart is not ignored. 

Although the demonstration of such a relationship does not necessarily 

implicate a cause-effect relationship, the findings in this thes~ that 

small doses of beta .... receptor antagonists completely suppress the 

cardiac effects of such stress, again suggests that these drugs may 

provide a useful tool in the test of such a hypothesis. 

CONCLUSION 

The results of this study of the effects of emotional and 

psychological stress on the heart must be placed in clinical and social 

perspective. Although the obsel'vations made raise many exciting 

questions in the coronary heart disease scene, their interpretation 
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must be tempered by critical consideration of the design and 

objective findings of the study. The results of any single report 

such as this. desllpled as a limited pilot study, must necessarily 

be treated with reserve until confimned by observations in a larger 

population. The stresses selected for study were arbitrarily 

chosen from a wide range of possible situations; the effects of many 

other types of everyday stress require similar evaluation. These 

results concern only changes in heart rate; other less accessible 

circulatory variables must be measured before the full spectrum 

of the circulatory responses to everyday life situations are known. 

But Within these critical limitations these studies indicate that the 

stresses of everyday life, many of which are accepted as normal in a 

Western urbanized society l'esult in substantial sympathetic stimulation 

of the heart . There is no evidence that such psychological or 

emotional stresses are damaging to the normal heart or associated 

with precocious coronary heart disease . But there are suggestive 

indications that such responses may be harmful to the heart aftl icted 

by coronary artery obstruction. However, there is as yet no 

evidence that suppression of these effects stays or reverses the natural 

oourse of ischaemic hear~ disease. Furthermore, these studies have 

shown that the effect of such stresses on the heart may be completely 

prevented by small doses of beta-receptor antagonists which have little 

effect on everyday exercise performance . The beneficial effects 

of such agents on the amelioration of symptoms in angin.a pectoris is 
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well established . The results of this study, if confirmed, would 

suggest that their E~valuatiOll in progresSlive ischaemic heart disease 

and perhaps in its prevention is also wOlrthy of serious consideration. 
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1. SUtnmal'Y Tables of the subject studied. 

2. Remaib1tlg tUuatratiou {rem the resultsef the ma1a tfmt • 
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TABLE 24 

Subjects 

SI-IT 

MKM 

MP 

AF 
, 

-
PH 

CNR 

I 

GAP 

GHK 

JS 

AC - " 

WL 

AC 

SUBJECTS (ONLY MALE SUBJECTS WERE STUDIED) 

-----. 
Age 

46 

35 

28 

26 

26 

56 
t 

36 

26 

23 

25 

50 

30 

__________ .I ---NORMAL SUBJECTS 

A) Healthy Normal Subjects 

Height in \Veight in 
B.P. 

ft and ins. stones 

5' 10" 11.00 120/80 

5' 10" 11 . 80 115/75 

· 5'11" 11.50 120/70 

5' 9" 10.50 120/70 

5' 11" 11 . 00 115/70 

5' 10" 12.00 130/80 

5' 9" , 12 . 00 125/80 

5' 11" 11. 00 120/80 

B) Normal Subjects Sensitive to 
Television Viewing 

5' 9" 11.00 120/80 

5' 9" 10.00 115/80 

5' 8" 10.00 130/70 

5! 9" 10.50 115/75 
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Occupation 

Consultant Physician 

Physician 

Senior Technician 

Physician 

Senior Technician 

Physician 

Company Director 

Physician 

School Teacher 

Salesman 

Works Foreman 

Salesman 

I 



, 

I· 

I 

I' 

J . h. D .l.;£' '"v .t'B.Ub JY1;:' W IT H l >::i CHAJ:: JVllC 1-tEART DISEASE 
! 
1~·. 

~ .. 
r "' 

;:\ (~;,: ', 
,,,,, .. ,A) P atients with Exercise induced Angina P e ctoris 

Subjects Age 
Ht. in Wt in 

Occupation 
ft and ins. __ st-ones"" B.P . 

'. JR, 35 5 t--10" 
.-

12 .00 110/80 Company Dire ctor 

LG 60 5' 8" n . 50 135/80 Business Executive 
'~ 

AS 53 5' 11" 13. 00 140/80 Company Dire ctor 

J'B 60 5' 6" 10 . 50 130/7 0 Bus iness Executive 
"j 

JO 4 0 5' 10" 11.75 140/75 Company Director 

DB 45 5' 9" 11. 00 135/80 Company Director 

- • ~ 
! B) Patients with M;yocar dial Infarction 

, 

SB 58 5' 9" 11. 00 110/70 Retired Busines s 
Executive 
-" 

, 
JM 35 5' 8" 12.00 120/80 Company Dire ctor 

" 

" 

...- ; 

SD 38 5' 8" 12.50 130/75 Branch Manager 
of Mot or Factory 

DM 36 5' 10" 13.00 ' 120/80 Works Manager 
Br itish Ley land 

I. 50 5' 11" 12.25 130/80 Fact or y Direct or 

GA 50 5' 9" 11.00 130/80 . . Company Director 

i e , , 
_. 

- , 
, 
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Clin ical Diagnosis 
i 

i , 

Exer cis e induced angina 
pe ctoris for 12 months . 

Exercise induced angin'a: "l .;"':; I pe ctoris for six mont0.:S' ;;' 
. ~' .' .:: ""., -·:r -', . \ ; , 

Exercise induced angina 
pectoris for nine months 

Exereis e induced angina 
pector is for nine months 

I 
Exercis e induced angina I 
pect oris for 12 months 

I 

Exercise induced angina ! 
pe ct oris for s ix m onths l 

Posterior MyocardIal 
Infarction 9 m onths prior 
t o study; confir m ed by 
E.C.G. changes fu"ld 
elevated serum enzym es 

Anterior myocardial 
infarction 6 months prior 
to study; confinmed by 
E.C.G. changes and 
elevated ser um enzymes 

Anterolateral infarction 
12 months prior to ~tudy 
confirmed by E. C . n . 
changes and elevated 
serum enzymes 

Inferior myocardial 
infarction 12 months 
prior to study; confir-
m ed by E. C.G . changes 
and elevated ser um 
enzymes . 

Inferior myocardi ' 
infarct ion 12 months 
prior to study; con5]r-
med by E. C.G. changes 
and elevated s erum 
enzymes. 

Anter ior myocardial 
infarction 6 m onth8 
prior to s tudy ; 
confir med by E . C . G . 
changes and e levated 
s e rum enzym es 



T1Ll::$.Lt.; ~ti HU~ DRIVING 
t-

! 
A) Long Dis tance Bus Drivers B) City Bus Drivers I ! 

! L 

L. 

I 
; 

I Subjects Age Height in Weight in 
B.P. 

Subjects Age Height in Weight in 
B . P. 

I 
I it and ins. ft and ins. stones 
I stones 

f 

I JB 50 5' 8" 10.00 135/85 DP 32 5 ' 10" 12.00 130/70 

I JC 34 5 f 10" 12.00 120/ 80 TML 30 5' 9" 11.50 12 0/8 0 
I 
I 
! PJ 4 8 I 5 ' 9" n.5 0 12 0/75 MJ 26 5' 9" 11.00 115/ 75 
I 

I 

BC 36 5 ' 8" 9 .75 130/ 70 AC 28 5' 8" 11.25 115/ 70 

BB 36 I 5 ' 11" 10 . 50 120/75 AW 4 0 5 ' 11" 12 . 25 I 125/ 80 

HS 58 5' 10" 12.00 130/80 JS 36 5' 10" 10.50 120/8 0 I 
SW 32 5' 81t 10. 00 115/ 70 

t , 
J S 46 I 5 i 10" n .75 12 0/80 

. f ' 

HS 46 5 i 7" 10 . 00 125/75 
, 

\ , 

\30 '-- ' 

JB 5' 9" 12 .00 115/8 0 
\ , 

HS 30 \ 5 ' 7" 11. 00 120/ 80 
$;. 

tTCe 45 \ 5 ' 8" 9.75 130/70 

SW 5 0 5 ' 10" 12.00 130/85 

----. 

-~-----



>-' 
c.n 
>-' 

0 .. 

,.;;1 ' 

TABLE 27 B.B. C. RADIO AND TE LEVISION COMMENTATORS AND PERFORMERS 

Subject Age Height Weight in . B.P. Occupation -- in ft. ins . . stones 

36 
I 

120/75 BD 5' 10" 11. 00 Radio and Televisi<m 
Commentator 

JS 48 5' 9 i ' 10.50 130/80 Radio and Television 
Performer 

~------ .. - - _._- - - -- . __ ~I 

• )"0( 

Jtl> 

''1<1. 

.. 
-) 
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MOTOR-CAR DRIVING 

CITY 

:~ .<r~ r·q!"'R~ ."'I .~ .q ~ !: ~ .~ N 9~' j 
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o 20 100 120 140 

Time min. 
~ BefOre} Oxprenolol 
. --- 0 After 

FIGURE 59 

160 200 

Records of the heart rate in a normal su~t driving a motor-

220 

car between Leeds and London before and after 40 mg oral oxprenolol. 
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I 

140 

120 

MOTOR- CAR DRIVING 

Motorway City 
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FIGURE 60 

Records of the heart rate in a nonmal subject driving a motor-
car between Leeds and London before and after 40 mg oral oxprenolo1. 
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MOTOR- CAR DRJVING 

I City I Motorway I City 
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Time min. 

-- Before] O}{prenolol 
"-'-1) After 

FIGURE 61 

150 

Records of the heart rate in a normal subject driving a motor-
car between Leeds and Newcastle before and after 40 mg oral oxpreno101. 
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MOTOR- CAR DRIVING 

Motorway 

o 50 , 100 150 200 
Time min 

.. ~ ~~e] Oxprenolol 

_ . .J 

FIGURE 62 

Records of the heart rate in a normal subject driving a motor-
car between Leeds and Newcastle before and after 40 mg oral oxprenolol. 
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Time min . 

......... Before] Oxprenolol 
1>- --- 0 After 

FIGURE 63 

120 140 160 

Record of the heart rate in a patient with ischaemic heart disease 
driving a motor- car between Leeds and London before and after 40 mg 
oral oxprenolol. 
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CITY 

50 

MOTOR- e AR _DRIVING 

MOTORWAY I TOWN 

.~ 

TIMEmin 

---- Before 1 
~ -- - ~ After J Oxprenolol 

FIGURE 64 

150 

TOWN CITY 

200 

]{ecord of the heart rate in a patient with ischaemic heart 
disease driving a motor-car between Leeds and London before and 
after 40 rug oral oxpr enolol. 
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o 20 .... 40 60 80 100 120 

TIME min 

- BEFORE 
~ ____ ~ AFTER OXPRENOLOL 

FIGURE 65 

Record of the heart rate in a patient with ischaemic heart 
disease driving a motor- car between Leeds and Newcastle before 
and after 40 mg oral oxprenolol. 

l~ 
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MOTOR - CAR .DRIVING 

ICity Motorway City 

.0"<\ p-o -Q\ ,:0-0 -q ,p .. o- ~'. 

'0- 0 -0 0-0-0 : 0 -O_D -0- o-q p.d 0-0 

·'c .f 

50 ' 100 
Time min 

-- BefOre] Oxprenolol 
"'---i) After 

FIGURE 66 

150 

Record of the heart rate:h a patient with ischaemic heart 
disease driving a motor-car between Leeds and Newcastle before 
and after 40 mg oral oxprenolol. 
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CITY DRIVING 

Commuter Traffic 

, , 
0- - 0' . 

, 
'O--Q 0--0--0. 

"', " 'I 

"0- - <I' "cJ 

,0 
\ , ' 
Cl 

60L---------~----- -----------------
5 10 15 20 

Tinle min. 
--- BefOre] Oxprenolol 
~---o After 

FIGURE 67 

Record of the heart rate during city driving in a normal subject 
before and after 40 mg oral oxprenolol . 
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CITY DRIVING 

Commuter Traffic 

0.. .' , 

, 
0 " 0 - - 0 - - 0" 

o--~ 0--,,-, " , 
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,(f' '~ ,0.-0-.0. 
, , ' 
'(f '0-·0'-0'-0 

60L-------~,------.--------~------~ 
5 10 15 20 

Time min. 
-r Before ] Oxprenolol 
0--.--00 After 

FIGURE 68 

Record of the heart rate during city driving in . a normal subject 
before and after 40 mg oral oxpreno1ol. 
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~CITY DRIVING 
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2 110 
<1l a::: 

o~ ______________________________________________ _ 
10 20 

Time min . 

.-.Beforel 
" .... cAfter J Oxprenolol 

FIG1JRE 69 

30 

------------- . . . 

Record of heart rate during city driving in a patient with ischaemic 
heart disease before and after 40 mg oral oxprenolol. 
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FIGURE 70 

30 40 

Record of heart rate during city driving in a patient with 
ischaemic heart disease before and after 40 mg oral oxprenolol. 
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FIGURE 71 

150 

Record of the heart rate in a normal motor car passenger between 
Leeds and London during placebo and after 40 mg oral oxprenoloL 
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FIGURE 72 

125 150 175 

Record of the heart rate in a normal motor car passenger between 
Leeds and London during placebo and after 40 mg oral oxprenolol. 
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FIGURE 73 

Record of the heart rate in a normal motor car passenger between 
Leeds and London during placebo and after 40 rug oral oxprelloloL 
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FIGURE 74 

100 

Record of the heart rate in a passenger with ischaemic heart 
disease between Leeds and London, during placebo and after 40 mg 
oral oxprenolo1. 
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FIGURE 75 
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Record of the heart rate in a passenger with ischaemic heart 
disease between Leeds and London, during placebo and after 40 mg 
oral oxprenolol. 
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150 200 

Record of the heart rate in a passenger with ischaemic heart 
disease between Leeds and London, during placebo and after 40 mg 
oral oxprenolol. 
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FIGURE 77 

J 

150 

Record of the heart rate in a l10rmai subject travelling by 
rail between Leeds and London before and after 40 mg oral oxprenolol. 
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Record of the heart rate in a normal subject travelling by rail 
between Leeds and London before and after 40 mg oral oxprenolol. 
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FIGURE 79 

100 150 

Record of the heart rate in a normal subject travelling by 
rail between Leeds and London before and after 40 mg oral Q!{ prenolol. 
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FIGURE 80 

Record of the heart rate in a subject with ischaemic heart disease 
travelling by rail between Leeds and London during placebo and after 
40 mg oral oxprenolol. 
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FIGURE 81 

Record of the heart rate in a subject with ischaemic heart disease 
travelling by rail between Leeds and London during placebo and after 
40 mg oral oxprenolol. 
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FIGURE 82 

Record of the heart rate in a subject with ischaemic heart 
disease travelling by rail between Leeds , and London during placebo 
and after 40 mg oral oxprenolol. 
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FIGURE 83 

Record of the heart rate in a normal subject travelling by 
passenger turbo-propeller aircraft between Leeds and London and 
the modulation of the response by 40 mg oral oxprenolol taken one 
hour before the flight . 
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Record of the heart rate in a normal subject travelling by 
passenger turbo-pr opeller aircraft between Leeds and London and 
the modulation of the response by 40 mg or al oxprenolol taken one 
hour before the flight . 
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FIGURE 85 

Record of the heart rate in a normal subject travelling by 
passenger turbo-propeller aircraft between Leeds and London and 
the modulation of the response by 40 mg or al oxprenolol taken one 
hour before the flight. 
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FIGURE 86 
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Record of the heart rate in a patient with ischaemic heart 
disease travelling by turbo-propeller aircraft between Leeds and 
London during placebo and one hour after 40 mg oral oxprenolol. 
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60 

Record of the heart rate in a patient with ischaemic heart disease 
travelling by turbo-propeller aircraft between Leeds and London during 
placebo and one hour after 40 mg oral oxprenolol. 
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Record of the heart rate in a patient with ischaemic heart disease 
travelling by turbo-propeller aircraft between Leeds and London during 
placebo and one hour after 40 mg oral oxprenolol. 
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40 50 

Record of the heart rate in a normal subject travelling by 
jet aircraft between Newcastle and London and the modulation of 
the response by 40 mg oral oxprenolol taken one hour before the flight. 
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FIGURE 90 

Record of the heart rate in a normal subject travelling by 
jet aircrait between Newcastle and London and the modulation of the 
response by 40 mg oral oxprenolol taken one hour before the flight. 
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FIGURE 91 

Record of the heart rate in a patient with ischaemic heart disease 
travelling by jet aircraft between Newcastle and London during placebo ' 
and one hour after 40 mg oral oxprenolol. 
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FIGURE 93 

Record of the heart rate in a normal subject watching a soccer 
match after the ingestion of placebo and the modulation of the response 
produced by 40 mg oral oxprenolol taken one hour before a similar 
match. 
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FIGURE 94 

SECOND HALF 
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Record of the heart rate in a normal subject watching a soccer 
match after the ingestion of placebo and the modulation of the response 
produced by 40 mg oral oxprenolol taken one hour before a similar match. 
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FIGURE 95 

Record of the heart rate in a nomnal subject watching a soccer 
match after the ingestion of placebo and the modulation of the response / 
produced by 40 mg oral oxprenolol taken one hour before a similar 
match. 
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FIGURE 96 

Record of the heart rate in a normal subject watching a televised 
live football match and the effect of 40 mg oral oxprel1olo1 taken 30 
minutes after the start of the match. 
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FIGURE 97 

Record of the heart rate in a normal subject watching a televised live 
football match and the effect of 40 rug oral oxpreno101 taken 30 minutes 
after the start of the match. 
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FIGURE 98 

Record of the heart rate in a patient with ischaemic heart 
disease watching a soccer match and the modulation of the r esponse 
by 40 mg oral oxprenolol taken 30 minutes after the start-of the match. 
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FIGURE 99 

Record of the heart rate in a patient with is chaemic heart disease 
watching a soccer match and the modulation of the response by 40 mg 
oral oxprenolol taken 30 minutes after the s tart of the match_ 
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FIGURE 100 

Record of the heart rate in a patient with ischaemic heart disease 
watching a soccer match and the modulation of the response by 40 mg , 
oral oxprenolo1 taken 30 minutes after the start of the match. 
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FIGURE 101 

Record of the heart rate in a patient with ischaemic heart disease 
watching a televised live football match and the effect of 40 mg oral 
oxprenolol taken 30 minutes after the commencement of the match. 
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Record of the heart rate in a patient with ischaemic heart disease 
watching a televised live football match and the effect of 40 mg oral 
oxpreno101 ta1~en 30 minutes after the commencement of the match. 
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FIGURE 103 

Record of the heart rate in a normal subject watching programmes of 
Drama, Comedy and Documentary on television during placebo and the 
modification of the response by 40 mg oral oxprenolol taken one hour before 
the programme. 
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FIGURE 104 

Record of the heart rate in a normal subject watching programmes 
of Drama, Comedy and Documentary on television during placebo and the 
modification of the response by 40 mg oral oxprenolol taken one hour 
before the programme. -
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FIGURE 105 

Record of the heart rate in a normal subject watching programmes 
of. Drama, Comedy and Documentary on television during placebo and the 
modification of the response by 4:0 mg oral oxprenolol taken one hour 
before the programme. 
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Record of heart rate in a sensitive subject watching a television 
thriller film and the modulation of the response by 40 mg oral oxprenolol 
taken one hour before a similar programme. 
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FIGURE 107 

Record of the heart in a patient with ischaemic heart disease 
watching programmes of Dr ama, Comedy and Dom mentary on television 
during placebo and the modification of the response by 40 mg oral 
oxprenolol -taken one hour before the programme. 
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Record of the heart rate in a patient with ischaemic heart disease 
watching programmes of Drama, Comedy and Documentary on television 
during placebo and the modification of the response by 40 mg oral 
oxprenolol taken one hour before the programme, 
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FIGURE 109 

Record of the heart rate in a patient with ischaemic heart disease 
watching programmes of Drama, Comedy and Documentary on television 

-during placebo and the modification of the response by 40 mg oral 
oxprenolol taken one hour before the programme. 
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Record of heart rate during long distance bus driving . 
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Recordof heart rate during long dist:nce bus driving. 
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Record of heart rate during long distance bus driving. 
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FIGURE 113 

Record of heart rate during long distance bus driving. 
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Record of heart rate during long distance bus driving. 
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Record of heart rate dur:ing long distance bus driving. 
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Record of heart rate during bus-driving in London. 
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FIGURE 117 

Record of heart rate during bus-driving in London. 
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