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Summary. In a group of seven men the increase of the pulse rate at the onset of 
standard exercise on a bicycle ergometer and the drop during recovery were assessed, 
during the control period and after 60 h fasting. Analysis into a rapid (vagus, 
central) component of the pulse increment and a slow (peripheral, sympathetic) 
component was made and their velocity constants were obtained. Fasting lead to 
a rise of the pulse increment and an increase of the sympathetic component at the 
expense of the component of vagus inhibition. These results confirm that acute 
fasting leads to a drop of physical performance, as under normal conditions analogous 
changes are caused by more intense exercise. 

Acute fasting is one of the factors which exert a marked effect on 
a number of metabolic processes in the organism. This must be reflected 
also in changes of the physical performance of man. As one of the in- 
dicators of physical performance changes in the pulse rate are frequently 
used, either in conjunction with the simple step test or as part  of the 
evaluation of results of spiroergometric examinations, etc. [1, 2]. In  
particular the close linear correlation between oxygen consumption and 
pulse rate is important [2], as it renders the investigation of the pulse 
rate more valuable though the latter represents only one aspect of the 
complex circulatory response to the increased metabolic demands of the 
working muscles [1, 3]. 

The biphasic course of changes in the pulse rate at the beginning of 
exercise and during recovery with a rapid component followed by a 
second slow one [3] renders mathematical analysis into two exponential 
processes with markedly different half-lives possible. The rapid com- 
ponent is apparently due to vagus inhibition and the slow component 
is controlled by the sympathetic nerve. This analysis renders it at the 
same time possible to evaluate some vegetative regulations associated 
with exercise [4]. 

Acute fasting has a marked effect on circulation already at rest. There- 
fore such changes can be expected even more during physical exercise. 
An account of their investigation as regards the pulse rate and its 
regulation is the subject of the present communication. 
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Material and Methods 

The trial was made in seven healthy normally nourished men (average 
age 23.83 ~= 3.12 years, weight index according to VERDA:NCK [12] 
102.82 4-3.40). Six volunteers were students, one was a doctor. 

Complete fasting lasted 60 h. The experimental subjects received 
during this period only water and unsweetened tea. The fluid intake was 
not limited. 

Each experimental subject was examined after previous practical 
instruction twice on an Elema bicycle ergometer, in the morning on 
fasting at the onset of the experiment (i.e. after 12 h fasting) and for the 
second time at the same time of the day after 60 h fasting. The load, 
1.5 watt  per kg body-weight, was applied for 6 min. The pulse rate was 
recorded by means of a cardiotaehometer Prema and transmitted to a 
kymograph 5 min prior to the experiment, during exercise and during 
the first 10 min of recovery. Several other parameters which were in- 
vestigated are not the subject of the present communication. In  view 
of the medium grade load, in all instances not later than in the last 
2 rain of the experiment a steady state was attained. 

The analysis of the pulse rate curves is based on expressing their 
course at the onset of exercise and during recovery as the sum of two 
exponentials with a short and longer half-life [4]. 

For the period of exercise we can express it as follows 

a(t) = ~i (1 - -  e -kit) + ~2 (1 - -  e -k~t) for t s  < t  0, t s>  (1) 

where a (t) : the increment of pulse rate as compared with the value at 
rest at time t, 

al, ~ ---= the rapid [1] and slow [2] component of the pulse increment 
during exercise, 

ki, 2 ---- the velocity constants of the rapid and slow component 

(k: > 4) ,  
t o ---- the onset of exercise, 
t s ---- the moment when the steady state was reached or the end 

of exercise, if the steady state is not reached. 

During recovery 

co(t) = a 1' e - k ' ' t  -I- a 2' e -k~' t  for ts < t  R, ~)  (2) 

a':,  ~ : the rapid and slow component of the pulse increment during 
recovery, 

k'i, 2 = the velocity constant of the rapid and slow component 
(k ' :>  k'2), 

t R = the end of exercise and onset of recovery. 
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The following relations also apply 

O~ 0 ~ O~ l -~  O~ 2 

So = ~1' -~ a2' (3) 

where s 0 =- the increment of the pulse rate as compared with the initial 
value in the steady state or at the end of exercise if the steady state 
is not attained. In  this case, of course, in equation three only the un- 
equality applies and the accuracy of the parameters /or  the time o/exercise 
by means of simple graphic analysis declines considerably. 

Analogously as in oxygen consumption, we described the area below 
the curve of pulse increments during recovery as the pulse debt (pd) 
which can be divided into the area beneath both exponentials, i.e. the 
rapid component of the pulse debt  (pdl) and the slow component (Td2). 
The pulse debt and its components are calculated by  integration of 
equation 2 within the range of tR to cr and thus the following relationship 
apply 

pd 1 _ al_~' pd2 - -  a~' pd = pd 1 § ~0d2. (4) 

The illustration of all above relationships and the method how the 
parameters  are obtained by  the graphic method are given in Fig. 1. 

Results 

60 h fasting led in the group of seven men to a rise of the pulse rate 
at  rest from 7 4 . 6 •  10.5 to 86.8-~ 19.6 p/rain. This difference in the 
paired t- test  is statistically significant (t = 3.2261, p < 0.02). 

Changes in the pulse rate as compared with the value at  rest  in the 
control period and during fasting expressed as average values for the 
whole group are given in Fig. 2. The results of the analysis of pulse rate  
increments during exercise and at  the onset of recovery are recorded in 
the Table. 

The maximum increment of pulse rate  (a0) during fasting rises on 
an average only by  5.2 p/min, the difference is, however, significant. 

Analysis into exponential components at  the onset of exercise indicates 
tha t  while during the control period the rapid component of the pulse 
increment (al) predominates markedly over the slow component (as) , 
during fasting this relationship shifts in favour of the slow component. 
This is particularly marked when expressed in per cent (Table). These 
relations for average values of the pulse increment and its components 
are illustrated in Fig. 3. 

The mutual  ratio of the two components of the pulse increment during 
recovery (al', as') and their changes are analogous. 
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Fig. 1. Shape of curve of pulse increment at  onset of exercise [1] and during recovery 
[2] and their graphic analysis in semilogarithmic coordinates [3, 4]. t = time, 
t o ~ onset of exercise, ts = moment when steady state is attained, tR = onset of 
zecovery, a = pulse increment, a0 ~ pulse increment during steady state, al,2 
a ' 1 , 2  = rapid and slow component of pulse increment at onset of exercise and during 
recovery. ]c 1, k s, /c' 1, ]c'2 = appropriate velocity constants obtained by calculation 
from half-lives/1,2 and t'l, 2. 1 = steep part of curve. 2 ~ slow part of curve corre- 
sponding to slow exponential, l a = rapid component obtained by subtracting 

extrapolated part 2 from 1, ~1,~, ~~ = corresponding angles with time axis 

Ana lys i s  of  t he  ve loc i ty  cons tan t s  of  t he  two  exponen t i a l s  r evea led  
in  p a r t i c u l a r  t he  fol lowing fac t s :  

a) t h e  ve loc i ty  cons tan t s  of  t he  r a p i d  componen t  a re  m a n y  t imes  
g rea t e r  t h a n  t h e  cons tan t s  of  t h e  slow componen t  [4] ; 

b) t he  ve loc i ty  cons tan t s  of  t he  r a p i d  a n d  slow componen t  are  m a r k -  
ed ly  h igher  a t  t h e  beg inn ing  of  exercise  t h a n  dur ing  r ecove ry  [4] ; 

c) fas t ing  leads  in  genera l  to  a r ise of  al l  ve loc i ty  cons tan ts .  

The  difference in t he  r a p i d  componen t  is  r e l a t i ve ly  smal l  (in k I i t  is in- 
s ignif icant) ,  in  t h e  slow componen t s  (k~, #~') t he  increase  is much  more  
marked .  
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The pulse deb t  (pd) increases  dur ing  fas t ing  on ly  ins ignif icant ly ,  m a i n l y  
in i ts  slow componen t  (pd~). The r a p i d  componen t  of  the  pulse  deb t  
(pdl), on the  o the r  hand ,  decl ines  s ignif icant ly  dur ing  fast ing.  

rest . : exercise _ _ recovery 

_ 

I I I I I 

0 

fasting per,__ 
c o n t r o l  per. 7O 

~-~6C 

4C 

3C 

2C 

IC 

I ~ I I I I T I I 

16 
t [rnin] 

Fig. 2. Course of average curves of pulse increment for entire group during exercise 
and recovery in control period and during fasting, a = pulse increment as compared 

with value at rest 

E R E R 
lOOr 

oo,_ 7 
i~ so ~7o 

~~ 40 50 

20 ~ 30 

I0 

0 
control fasting control fasting 

Fig. 3. Analysis of average pulse increment (o~) during control period and during 
fasting. During exercise (E) rapid component = al, slow component = a~. During 

recovery (R) rapid component = a ' l ,  the slow component = a'2 

Discussion 

The b iphas ic  course of  t he  r is ing pulse  r a t e  a t  t he  onset  of  exercise  
and  the  r e t u r n  to  t he  va lue  a t  res t  dur ing  r ecove ry  is a fact  which has  
been known  for a long t ime  [3, 7]. This  t y p e  of  a d a p t a t i o n  to  condi t ions  
of  exercise and  r ecove ry  seem to  be a more  genera l  biological  mechanism,  
as in an  ana logous  m a n n e r  also changes in ven t i l a t i on  [10] and  oxygen  
consumpt ion  [6, 11] can be  ana lyzed .  
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The rapid rise of the pulse rate  at the onset of exercise is probably 
due to vagus inhibition which originates in the motor  area of the 
cerebral cortex. Tha t  a vagus reflex is involved is suggested in par- 
ticular by:  

a) the short period of latency of the reflex typical  for vagus re- 
flexes [3] ; 

b) the shortening of the cardiac cycle at the onset of exercise at  the 
expense of the diastole which is typical for a reduction of the vagual 
tonus [7] ; 

c) after removal  of the ganglion stellatum the initial increase in rate  
is maintained, but  it disappears after vagotomy [3], after atropine and 
during a high tempera ture  [9]. 

In  the second stage of acceleration the systole also becomes shorter [3]. 
Accelerators are a safety factor which starts to function only during more 
intense exercise when also humeral  factors participate. 

The quanti tat ive participation of both components and their mutual  
relationship can be ascertained by  means of graphic analysis [4] or by  
processing on a computer.  

The thus obtained rapid component of the increment and its velocity 
constant can thus be described as the central vagus component and the 
slow component as the peripheral or sympathet ic  one. In  our previous 
work [4] we demonstrated tha t  the participation of the slow component 
increases with the rising load and that ,  the load being equal, it is greater 
in women, i.e. a physically less efficient group than  in men of similar 
age. I t  seems thus the greater the pulse increment during the steady state 
or at the end of exercise, and the greater the ratio of the slow component 
(peripheral, sympathetic) in an individual or group on an equal load 
the smaller the physical efficiency and thus the peripheral safety regu- 
lation in the adaptat ion of circulation must  play a greater role. 

Acute fasting for 60 h lead to marked physical and mental  fatigue of 
the experimental  subjects. They displayed orthostatic changes and an 
acceleration of the pulse rate  at rest. In  addition to the increased 
catabolism of fats and body proteins fasting leads also to considerable 
losses of electrolytes and body fluids and the plasma volume de- 
clines [8]. This all leads to a deterioration of the tolerance of physical 
exercise [5]. 

As regards the pulse rate,  the pulse increment rises in the steady state 
though the basal pulse rate  is already increased. The analysis proper of 
the course of the pulse rate curves indicates tha t  the participation of the 
slow components of the pulse increment rises absolutely and relatively 
at  the onset of exercise and during recovery. These changes are statis- 
tically significant. 



32 V. BRODAlV and E. KuH~: 

This shift f rom vagus  inhibit ion towards  sympathe t ic  regulation con- 
firms the reduct ion of  physical  fitness as a result  of  fast ing and  is in 
keeping with the  stress s i tuat ion which acts  on the  organism. 

The veloci ty  constants  of  the rapid  vagus  component  are no t  ve ry  
much  influenced b y  fasting, con t ra ry  ~o the  marked  rise of  bo th  con- 
s tants  of  the  slow component .  This rise involves a more  rapid  re tu rn  
to  values at  rest  during recovery,  This could be erroneously in terpreted 
as increased performance.  I t  is, however,  a fairly generally valid rule t h a t  
considerably al tered values of  a certain parameter  have a t endency  to  
change more rapidly  under  the  influence of  a st imulus (so-called law of  
initial values [13]). This applies p robab ly  also to  constants  of  the  con- 
siderably greater  slow, sympathe t ic  component  dur ing fasting. The more  
rapid  rise of  the  slow component  at  the  onset of  exercise suggests at  the  
same t ime also an increased sympathe t ic  tonus.  

The average magni tude  of  the  pulse debt  increases only slightly during 
fasting. This small increment  is, however,  solely due to  the  rise of  the  
slow sympathe t ic  component  of  the  debt,  the  par t ic ipat ion of  which 
during the control  period amounts  to  74.33% of  the  to ta l  pulse debt  
and  85.69% during fasting. This dis t r ibut ion can therefore be also 
considered as evidence of  the  reduced efficiency of  circulation during 
fasting. 

The results thus  indicate t h a t  graphic analysis or analysis by  com- 
puters  of  changes in the  pulse ra te  can also under  conditions of  stress 
serve as a fur ther  parameter  for evaluat ing changes of  physical  per- 
formance of  man.  
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