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DEMEERSMAN, R ,  D GETTY AND D C SCHAEFER Sympathomtmencs and exerctse enhancement All tn the 
mtnd ~ PHARMACOL BIOCHEM BEHAV 28(3)361-365, 1987 --Dunng the 1972 Olymptc Games, a 16 year old American 
athlete was compelled to return a gold medal and was d~squal~fied from further participation Pock Demont had used a 
sympathomimettc drug (ephedrine) prior to competition for treatment of his asthma as prescribed by his phys~cmn The 
present research was earned out to investigate whether the administration of a sympathom~met~c drug enhances maximal 
performance in the normal healthy ~nd~wdual m terms of physiological and psychological processes9 Ten subjects partici- 
pated ~n a double-bhnd, cross-over, counterbalanced ~ncremental cycle ergometer test on two dtfferent occasions, once 
after ~ngestlng placebo, once after ingesting ephedrine Repeated measures ANOVA's revealed no s~gmficant d~fferences m 
any of the card~opulmonary (VE, VOz, VCO~, RQ and AT), cardiovascular (HR, BP, O2 Pulse, RPP) and psychophystolog- 
lCal (RPE) variables between treatments Findings m the current ~nvest~gatton suggest that no advantage ~s obtained with 
the use of sympathom~met~c drugs to augment one's maxtmal aerobic capacity 

Sympathomtmet~c Maximal aerobic capacity Perceived exertion 

DURING the 1972 Olympic Games in Munich, Germany, a 
16 year old American athlete was compelled to return a gold 
medal during a swimming competition and d~squalified from 
further participation The reason for this action by the Inter- 
national Olympic Committee Medical Commission was a 
positive test for the presence of  a banned drug, ephedrine 
The swimmer, Rack Demont, had used this sympathomimet~c 
medication prior to competition for treatment of  his asthma 

The following research was born out of  unanswered 
questions regarding the effects of  a sympathomlmetlc drug 
on maximal performance. Specifically, does the admlmstra- 
t~on of  a sympathom~met~c drug enhance maximal perform- 
ance m the normal healthy Individual m terms of physiolog- 
ical and psychological capability 9 The physiological re- 
quirements for a maximum aerobic (oxygen consuming) per- 
formance involve a functional couphng of accelerated car- 
d~ovascular and pulmonary activity in order to achieve suf- 
ficient gas (02 and CO2) transport between the working 

muscles and the atmosphere to meet increasing metabohc 
demands These metabolic demands are preose ly  geared to 
the rate of work being performed. Consequently, the mag- 
mtude of  cardiovascular and pulmonary capabiht~es possess 
a high predictive value in terms of  an athlete 's maximum 
performance capacity Any dysfunction of  the card~opulmo- 
nary system puts stress on the other systems ~mpa~nng the 
functional capacity of the athletes Could the exogenously 
introduced drug ephednne yield a markedly enhanced per- 
formance 9 The answer depends on a careful quantification of 
the physiological capabihties of the athlete under normal and 
drug reduced conditions. The index of  maximal oxygen con- 
sumption capacity, VO2max, ~s a recognized objective and 
reproducible measure to achieve this quantifiable data This 
research compared VO2max and several other card~opulmo- 
nary and psychophys~ologic parameters to elucidate ephed- 
rine Induced effects 

Vigorous muscular exercise requires increases ~n blood 

1Requests for repnnts should be addressed to Dr Schaefer, Keller Army Hospital, West Point, NY 10996 The vtew of the authors do not 
purport to represent the position of the Army or the Department of Defense 
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flow to exercising muscles Concomitant  increases in plasma 
catecholamines result in increased heart rate and force of  
contraction thus producing a greater volume of  blood to be 
pumped into the arteries (stroke volume). In the lungs, cate- 
cholamine release causes terminal air passages (bronchloles) 
to dilate, improving oxygen delivery to the blood Sym- 
pathomimetlc drugs are synthetic congeners of the naturally 
occumng catecholamines norepinephnne (noradrenahne) 
and epinephrine (adrenaline) These hormones have three 
primary pharmacologic actions, stimulating alpha, beta, ,  and 
betaz receptors [1] The organ response to a sympathomime- 
tic drug depends on the relative selectivity of  the drug for the 
receptor in addition to the type and quantity of the receptor  
present in the end organ Stimulation of beta receptors ehc~ts 
vascular smooth muscle contraction, resulting m vas- 
oconstriction. Stimulanon of  beta receptors also results in 
the production of lntracellular cyclic adenosine monophos- 
pate (cAMP) [7] Beta1 receptors are present primarily in 
cardiac tissue, and their stimulation increases heart  rate and 
force of  contraction. Beta2 receptor  stimulation relaxes 
bronchial smooth muscle, resulting in bronchodilation, in 
addition to dilation of arterioles of skeletal muscle [7] Sym- 
pathomimetlcs have been designed to increase receptor 
speclf io ty  and affinity Furthermore,  they delay the drug 
inactivation, prolonging duration of action and increasing the 
activity of the administered agent. Included ~n thin class of 
drugs are synthetic adrenahne, phenylephrine, ~so- 
proterenol,  albuterol,  ephedrine and others [1,7] Concomi- 
tant with physiological changes during exercise are psycho- 
logical, or perceptual,  changes of exercise intensity Recent 
research suggests that people exercising at physiologically 
eqmvalent work loads perceive their effort at varying inten- 
sities [2] A person perceiving h~mself exercising, or com- 
peting athletically, at a lesser level than another may push 
himself farther Perceptual effort can be quantitatively 
rated and compared among individuals during exercise by 
the scale of rate perceived exertion (RPE) This scale of  
overall perceived exertion integrates various information, 
~ncludmg the many signals eho ted  from the peripheral work- 
mg muscles and joints,  from the cardiovascular  and respira- 
tory systems, and from the central nervous system All of 
these signals, perceptions,  and experiences are ~ntegrated by 
a person into a psychological configuration or "Ges ta l t "  of 
perceived exertion [3] 

METHOD 

Ten healthy students,  males and females, voluntarily par- 
tmipated in the experiment after the nature of  procedures 
had been fully explained and informed consent was obtained 
All research was approved by the insntunon 's  committee on 
the conduct of human research 

In the current investigation the double-bhnd cross-over 
counterbalanced design was used with a one week wash-out 
period between both protocols Thus, neither the subjects 
nor the researcher knew which treatment (drug or placebo) 
condition was being tested. Cardiovascular,  cardiopulmo- 
nary and psychophyslologlcal  variables were compared de- 
hneatmg a rigorous criteria for determining possible differ- 
ences induced by drug/placebo treatments Subjects were 
instructed to be at least 4-6 hours post-absorptive and to 
refrain from smoking, use of stimulants and physical exer- 
cise 24 hours before the test. After entering the laboratory 
the subject 's  anthropometnc measurements were recorded 
The subject then was asked to perform two consecutive 
forced vital capacity maneuvers using standard static pul- 
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FIG 1 Ventilation volume, resp]rato~ e~c~eney, oxygen con- 
sumpt;on, and oxygen pulse at 25, 50, 75 and 1 0 ~  of m ~ m u m  
funct]on~ capacity a~ter ephed~ne and placebo ingestion 
( m e ~ S  D ) 

monary function procedures (closed circuit splrometry). All 
tests were run by an experienced and certrfied respiratory 
therapist.  Following the pulmonary function test the subject 
was asked to swallow a pill containing either 40 mg ephed- 
nne or sucrose. The pills were ldentmal in weight and ap- 
pearance for all conditions The subject remained seated for 
30 minutes after which another two static pulmonary func- 
tion tests were repeated Prior to the experimental trials, 
subjects were allowed a brief testing protocol training ses- 
sion of  5 minutes to familiarize the subject with the stress 
testing procedures (cycle ergometry). All of the participants 
had prior experience as to cycle ergometry and open circuit 
splrometry procedures The stress testing protocol consisted 
of ndmg a cycle ergometer at 50 revolutions per minute 
(rpm) as dictated by an audiovisual metronome The initial 
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T A B L E  I 

THE EFFECTS OF EPHEDRINE AND PLACEBO INGESTION ON RESPIRATORY METABOLISM AT 25, 50, 75, A N D  100% OF 
MAXIMUM OXYGEN CONSUMPTION DURING AN INCREMENTAL CYCLE ERGOMETER TEST 

Rate 
Heart Systohc lares sure Oxygen Ventilation Oxygen 
Rate B P Product Consumption Volume Pulse 

(beats/mm) (mmHg) (HR×SBP×10 -~) (ml/mm/kg) (L/mm) (ml) 

Ephednne 
~ 25 
~ 50 

~ 75 > 
~ 1 0 0  

Placebo 
~ 25 
E 50 

~ 75 
> 100 * 

102_+ 11 127_+ 17 129_+ 2 8  165_+ 3 17 165-+ 3 16 95_+ 220 NS 
130_+17 148_+21 1 9 4 - + 4 6  269_+ 620 266_+ 108 1 3 5 _ + 3 5 4  NS 
161 -+ 15 162_+ 15 274-+  43  398 _+ 769 456_+ I0 1 164_+ 3 81 NS 
183_+ 8 185_+ 20 337_+ 3 5  510_+ 971 674_+ 192 218_+ 852 NS 

104_+ 13 128_+ 14 13 1 _+ 23  164_+ 2 14 167_+ 230 10 1 _+ 1 11 NS 
129_+12 146_+17 2 0 6 - + 4 3  278-+ 548 260_+ 110 1 4 0 _ + 4 3 2  NS 
165_+ 9 164_+ 16 272_+ 43  395_+ 663 442_+ 9 11 166_+ 348 NS 
180_+ 12 181 _+ 23 325_+ 4 6  513_+ 100 682_+ 194 219-+ 9 19 NS 

Values are means _+ S D 
N=10 
NS=Not  s~gmficant 

T A B L E  2 

THE EFFECT OF EPHEDRINE AND PLACEBO INGESTION ON 
RESPIRATION EFFICIENCY, AND RATINGS OF PERCEIVED 

EXERTION AT 25, 50, 75 AND 100~ of MAXIMUM 
OXYGEN CONSUMPTION DURING AN INCREMENTAL CYCLE 

ERGOME'I ER 1 V~b I 

Respiratory Ratings of 
Efficiency Perceived Vital 
(VE/VOz) Exertion Capacity 

Ephedrine 
~ 25 2 1 0 _ + 2 9  8 _ + 1 2  NS 
E 50 202_+ 14 12_+ 12 NS 
~ 75 217__+21 15_+ 13 NS 
;>100 23 1 + i 5 19+  1 2 NS 3 7 4 +  079  ~ - -  _ _  _ _  

Placebo 
~ 25 186_+ 13 8_+ 15 NS 
~ 50 199_+ 1 5 12_+ ! 8 NS 

~ 75 2 1 4 _ + 2 4  1 5 + _ 2 0  NS 
> 100 236 + 2 4  19 + 1 1 NS 3 76 + 078 ~ - -  _ _ _  

NS 

NS 

Values are means + S D 
N=10 
NS=Not  sigmficant 
The effects of ephednne and placebo ~ngestion on vital capacity 

work load  cons i s t ed  o f  pedal l ing  at  50 r pm  In an  u n l o a d e d  (0 
wat ts )  cond i t ion  The rea f t e r ,  the  work load  ( res i s tance)  was  
i nc r ea sed  at  e a c h  two  minu te  in t e rva l  by  15 wa t t s  for  the  
female  sub jec t s  and  30 wat t s  for  the  male  sub jec t s  unt i l  the  
sub jec t  cou ld  no t  ma in t a in  the  peda l l ing  f r e q u e n c y  and  
d r o p p e d  be low 30 r p m ' s .  

Open-c i rcu i t  sp i rome t ry  m e t h o d s  were  u t lhzed  for  col- 
l ec t ion  o f  me tabo l i c  da t a  for  all l a b o r a t o r y  sess ions .  E x p i r e d  
ven t i l a to ry  vo lume  (VE)  was  c o n t i n u o u s l y  m e a s u r e d  by  a 
P a r k i n s o n - C o w a n  mode l  CD4 d ry  gas  me te r ,  wh ich  was  
regular ly  ca l ib ra t ed  agmns t  a t~ssot 120 l i ter  sp i romete r .  
Ca l ib ra t ion  i n v o l v e d  c o m p a r i s o n s  o f  k n o w n  v o l u m e s  o f  mr  

pul led f rom the  t i sso t  s p i r o m e t e r  t h r o u g h  the m e t e r  at  pre-  
d e t e r m i n e d  c o n s t a n t  f low ra tes  The  subjec t s  b r e a t h e d  
t h rough  a t h r e e - w a y  va lve  into low r e s i s t ance  tubing,  to a 5 
l i ter  Plexiglas mixing  c h a m b e r  T e m p e r a t u r e  was  m o n i t o r e d  
~mmediately p r io r  to the  f low ra te  m e a s u r e m e n t  for  gas vol- 
u m e  co r r ec t i ons  (STPD) F rac t i ona l  exp i ra t ion  of  c a r b o n  
dioxide  (FE~o2) and  oxygen  (FEo2) was  m e a s u r e d  f rom the  
mixing  c h a m b e r  wi th  a B e c k m a n  mode l  LB2  COz ana lyze r  
and  a B e c k m a n  model  O M l l  O2 ana lyzer .  The  a n a e r o b i c  
t h r e sho ld  was d e t e r m i n e d  acco rd ing  to the  non - invas lve  pro- 
cedures  [8] Gas  ana lyze r s  were  ca l ib ra ted  before  and  a f te r  
each  tes t  wi th  commerc i a l l y  p r e p a r e d  gas  mix tures .  The  gas  
c o n c e n t r a t i o n s  were  ver i f ied  pr io r  to the  s tudy  by  gas chro-  
ma tog raphy .  T h r o u g h o u t  all e x p e r i m e n t a l  sess ions ,  hea r t  
ra te  r e s p o n s e  was  con t i nuous ly  r e c o r d e d  on  a Burd ick  elec- 
t r oca rd iog raph  model  EK/SA.  A modi f ied  CM5 b ipo la r  lead 
conf igura t ion  was  used.  In add i t ion  an  expe r i enced  car-  
d l o p u l m o n a r y  t e c h n i c i a n  m e a s u r e d  the  b lood  p re s su re  laus-  
cui ta t lon)  at  rest ,  and  at e v e r y  two  m i n u t e s  t h r o u g h o u t  the  
exerc i se  p ro toco l  F u r t h e r m o r e ,  sub jec t s  were  a sked  to ra te  
the i r  level  of  p e r c e i v e d  exe r t i on  once  eve ry  two minutes .  
Specif ical ly ,  sub jec t s  were  a sked  to look  at a two- foo t  by  
one- foo t  rep l ica  of  the  Borg  R P E  scale and  po in t  at  the  
n u m b e r  c o r r e s p o n d i n g  to the i r  cho ice  of  effor t  p e r c e p t i o n  
ra t ing  at  tha t  m o m e n t .  

RESULTS 

Sta t i s t ica l  t r e a t m e n t  cons i s t ed  o f  ana lys i s  o f  va r i ance  
wi th  r epea t ed  measu re s .  W h e r e  the  o m n i b u s  F ind ica ted  
s ignif icance a D u n c a n  mul t ip le  range  p o s t h o c  tes t  was  run  
C o m p a r i s o n s  o f  m a x i m u m  values  b e t w e e n  p ro toco l s  was  ac- 
c o m p h s h e d  by  pa i red  t - tes ts .  The  level  of  s ignif icance was  
set  at  (p<0 .05)  for  all s ta t is t ica l  ana lyses .  

A c o n s i s t e n t  p l a t eau  o f  oxygen  c o n s u m p t i o n  (VOw) was 
s een  in all sub jec t s  for  b o t h  p ro toco l s  A r e sp i r a to ry  quo t i en t  
o f  g rea t e r  t h a n  1 2 was  also n o t e d  for  all sub jec t s  at  levels  of  
p e a k  o x y g e n  c o n s u m p t i o n .  The re fo re ,  it is l ikely tha t  a t rue  
VO2max was  a c h i e v e d  for  all p ro toco l s  Ca rd iovascu la r ,  
c a r d i o p u l m o n a r y  and  p sychophys lo log i ca l  va r i ab les  at  25%, 
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FIG 2 Heart rate, systolic blood pressure, and rate pressure prod- 
uct at 25, 50, 75 and 100% of maximum functional capacity after 
ephednne and placebo ingestion (mean_+S D ) 

50%, 75%, and 100% of the progressive test after ephedrine 
and placebo are hsted in Tables 1 and 2 In addition, the 
static pulmonary test of vital capacity after 30 minutes post 
ingestion of ephednne and placebo is hsted in Table 2 No 
slgmficant d:fferences were noted for the static pulmonary 
function test between placebo and ephedrine trials (F~g. 1). 
All values are hsted as means and +-SD. The repeated meas- 
ures analysis of variance d~d not reveal any statistical s~gmfi- 
cance among any of the variables between the drug treat- 
ments t-Tests of peak values for both treatments faded to 
reveal any significant d:fferences. Reanalys~s of the data 
using the analysis of covariance ~n which the oxygen con- 
sumptlon (a precise measure of metabolic ~ntens~ty) serves 
as the covanate also failed to reveal any statistically signifi- 
cant differences 

 ..ot o EPH D ,NE ,3 4.0 - 3 -  I I 
,~ 2 . 0  N=~O 
F- 

~ 0 

FIG 3 V~tal capacity 30 m~n after ephedrine and placebo ingestion 

PSYCHOPHYSIOLOGICAL 
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FIG 4 Ratings of perceived exertion at 25, 50, 75 and 100% of 
maximum functional capacity after ephednne and placebo ingestion 
(mean_+S D ) 

DISCUSSION 

The purpose of this research was to ascertain if the admin- 
istration of a sympathomlmetlC drug (ephedrine) would 
enhance maximal performance in normal subjects. The dis- 
qualification of Rick Demont during the 1972 Olympic 
Games by the International Medical Commission after win- 
rang the gold medal :replied that the sympathomimetlc drug 
ephednne taken by the asthmatic swimmer not only at- 
tenuated his respiratory d~stress, but also augmented his per- 
formance abdity. The measurement of maximum oxygen 
consumption :s the primary index and documented ewdence 
of a person's maximal functional aerobic capacity Maximal 
oxygen consumption equals the product of maximal cardiac 
output and maximal artenovenous oxygen dtfference (A- 
VO2). Therefore, if VO2max :s to be increased it must do so 
by increasing e~ther cardmc output (Q) or the artelaovenous 
oxygen dtfference, or a combination of both. However, 
A-VO2 can only be measured by mvaslve techmques. This 
study used healthy young individuals and no jUStlficat:on for 
lnvas~ve measurements was indicated. In addition, the non- 
lnvasive procedures used m this study allow for maximal 
levels of phys:cal exertion without the use of life-threatening 
or restrictive measures 

Physiologically, Q ~s the product of heart rate times 
stroke volume. Findings in the current investigation show 
that the admmistrat:on of the sympathom~metic drug ephed- 
lane failed to act as a cardiac stimulant 
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Heart rate throughout the progressive test at specific 
metabohc mtenslt~es (%VO2max), and at maximal perform- 
ance d~d not differ from placebo (Fig. 2) Our study used 
oxygen pulse as a non-~nvas~ve measure of stroke volume. 
Since the O2 pulse at equal intensities ~s determined almost 
exclusively by the HR, we can conclude that the HR at these 
equal power increments can be taken as an expression of the 
performance capacity of the heart and vascular system [5] 
In addition, the O2 pulse increases in a hnear proportion to 
the cardiac volume, th~s was successfully demonstrated by 
Galle and Mellerow~cz [5]. Consequently, any ~ncrease in O2 
pulse Is caused by an ~ncrease ~n cardiac volume perform- 
ance and not a reduction ~n O2 peripheral extraction of the 
blood Our data showed that no significant d~fferences ~n the 
O2 pulse were present (Fig 3) 

Therefore, the use of ephednne did not potentiate the 
lnotrop~c properties since both the HR and the O2 pulse re- 
mained unaltered for both the ephednne and the placebo 
Rate pressure product ~s considered to be an excellent corre- 
late w~th myocardial oxygen consumption (MVO~) [6] An 
increased Oz demand ~n these healthy young lnd~wduals 
would result m an ~ncreased cardiac output and ultimately 
~ncrease VO2max No ewdence was seen from our data 
which would suggest an enhanced MVOz with the use of 
ephedrine The above parameters of heart rate, oxygen pulse 
and rate pressure product are all components contributing to 
the cardiac output S~nce these parameters failed to ~ncrease 
with ephednne, it then would come as no surprise that the 
blood pressure remmned unchanged as compared to placebo 
Cardiovascular and pulmonary systems work as an ~nter- 
active unit and consequently any change ~n physiological 
funct~omng m one system wdl ultimately modify the other 
Therefore, any factor that e~ther reduces the maximum m- 
crease m cardiac output or reduces the oxygen carried by the 
blood at the maximum cardiac output wdl reduce the maxi- 
mal oxygen consumphon The end result of changes on car- 
d~ac output ~s the amount of oxygen carried to the t~ssues A 
decreased dehvery of oxygen results ~n a sh~ft toward 

anaerobic metabolism. A by-product of anaerobic metabo- 
hsm is lactic acid. Spectfic plasma levels of lactic acid coin- 
ode  w~th the onset of anaerobtos~s or anaerobic threshold. 
The exercising body attempts to combat this shift which is 
evidenced by a non-hnear deviation of several of the respira- 
tory responses. Plots of ventilation volume, respiratory effi- 
oency,  oxygen consumption and oxygen pulse on a mlnute- 
by-m~nute bas~s faded to reveal any differences between the 
two treatments The anaerobic threshold occurred at 51.6% 
and 52 1% of VO2max for the ephednne and placebo treat- 
ment respectively One m~ght attribute any prolongation ~n 
t~me to exhaustion w~thout a concomitant increase in VO2max 
to the ingestion of ephedrine However, all subjects in 
th~s experiment had prior ergometry testing experience 
S~nce our research d~d not show d~fferences between drug 
and placebo trials m t~me to exhaustion, the ~ngestlon of 
ephedrine does not appear to delay neuromuscular fatigue 
and consequently has no performance enhancing effect ~n 
th~s regard 

In the current ~nvesttgatton the percephon of effort was 
quantitatively rated by the subject at the end of every work- 
stage. This overall perceived exertion rating ~ntegrates 
signals from the peripheral working muscles, from the car- 
dlovascular and respiratory systems S~nce the central (heart 
rate and ventdaaon volume), and the peripheral s~gnals (lac- 
tate accumulation) do not d~ffer between treatments ~t ~s of 
no surprise that the quantitative perceptions of effort re- 
mained the same for both treatments (F~g. 4) 

These findings support the results of an earlier ~nvest~ga- 
tlon ~n our laboratory ~n which the maximal aerobic capacity 
was not enhanced ~n normal subjects after the adm~mstrat~on 
of the sympathom~met~c drug salbutamol [4] 

The deos~on to resond R~ck Demont 's  gold medal ~mplles 
that the use of ephedrine unfairly enhanced his maximal per- 
formance capacity Our data clearly ~nd~cate that the use of 
the sympathom~metlc drug ephedrine offers no advantage ~n 
enhanong a normal subject's maximal aerobic capacity or 
psychophyslolog~cal functioning 
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