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The plateau level  of deep body tempera ture  during exe rc i se  is affected by the 
water  balance of the subject. A dehydration, due for instance,  to a sweat loss  in 
hot conditions, r e su l t s  in an increased  core  t empera tu re  compared  to that ob- 
tained during work at the same metabolic level  in the normal ly  hydrated state.  
Fur ther ,  a hyperhydration has been shown to cause a lowering of the exe rc i se  
tempera ture  level  compared  to normal  (Moroff and Bass ,  1965). 

Snellen (1966) stated that the change in body t empera tu re  which occurs  during 
exe rc i se  can be divided into a change due to exe rc i s e  and a change proport ional  
to the degree of dehydration. 

The effect of the state of hydration on the body t empera tu re  is usually thought 
to be due to c i r cu la to ry  fai lures:  after water  loss  l e ss  blood is available for the 
heat  t ranspor t  between core  and shell.  Consequently the gradient  must  inc rease  
in o rder  to maintain the heat balance, since heat  flow is equal to or  proport ional  
to blood flow x (Tcore - Tskin) different ial .  

Recent ly  Snellen (1971) repor ted  exper iments  in which body terhperature  during 
r e s t  was changed by drinking tap water  and saline.  The change could be divided 
into: 

(1) a change due to t empera tu re  of the fluid drunk; 
(2) a change due to the volume drunk and 
(3) a change due to the osmotic change produced in the body. 

Our exper iments  deal with the las t  two fac tors  mentioned above. 

We studied deep esophageal t empera ture  (Tes) during a 60-rain exe rc i s e  on a 
Krogh bicycle e rgome te r  at 20°C T a. In the normal  condition an exe rc i s e  plateau 
t empera tu re  was reached in 20-30 min. The work load was about 50% of the sub- 
j ec t ' s  maximal  aerobic capacity,  540 kpm/min ,  VO2 = 1.5 1/min.  

By lett ing the subject drink water  before the exper iment  we inc reased  his body's  
fluid contents and decreased  the osmolal i ty .  By lett ing him drink saline we in- 
c r ea sed  his fluid contents and increased  osmolal i ty ,  while by dehydrating him we 
decreased  body fluid content and increased  the osmotic  p r e s s u r e .  The volumes 
gained were  1½ l i te r  water  and 1 l i te r  2% NaC1, and the dehydration was 1 kg 
sweat loss  during exe rc i se  or in a sauna. 

The dilution or concentrat ion of the blood was evaluated in 2 ways, by meas -  
uring colloid osmotic p r e s s u r e  (Hansen Osmometer )  and by the hematocr i t .  The 
la t ter  was co r rec t ed  for the osmotic swelling or shrinkage due to changes in 
blood osmolal i ty  f rom the normal  average  287 mOsmol /1 .  There  was a l inear  
relat ionship between the two express ions  of p lasma volume. 

The osmolat i ty  of the p lasma was determined by a f reez ing  point depress ion  
method (Ramsay and Brown, 1955). 

*) Laboratory  for  the Theory of Gymnast ics ,  August Krogh Institute, Copenhagen, 
Denmark.  
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Figure  1 shows the t ime re la t ions  of Tes at the 5 experimental  conditions, nor -  
mal,  hyperhydrated with H20 (1½ 1), hyperhydrated with 1 l i ter  2 % sodiumchloride,  
dehydrated 1 kg by sweating in a sauna, and by exercise .  

A plateau tempera ture  is reached in all conditions, but the tempera ture  level is 
lower than normal  when hyperhydrated with water, while higher than normal  in 
the 3 other conditions. 

F igure  2 shows the esophageal tempera ture  plotted against  an expression of 
p lasma volume, the colloid osmotic p ressure .  It appears that no relat ionship 
exists.  The same deep tempera ture  can be found for the whole range of colloid 
osmotic p r e s su re s .  

However, a l inear  relat ionship is found between plateau tempera ture  and plasma 
osmolali ty (Fig. 3). At high osmotic p r e s s u r e s  high Tes were observed, both 
after saline ingestion where the p lasma volume is above normal ,  and after the 
two types of dehydration with a lower than normal  p lasma volume. 

The heart  rate during exercise was higher than normal  in the dehydrated states,  
and also slightly after salt water drinking, while considerably lower than normal  
after drinking pure tap water (Fig. 4). 

Measurements  of cardiac output gave near ly  identical values in all 5 conditions 
(Fig. 5). This means that the changes in plasma volume, and its effect on stroke 
volume is fully compensated by the changes in heart  rate.  

In Fig.  6 stroke volume is plotted against p lasma volume expressed by colloid 
osmotic p ressure .  Increase  in colloid osmotic p r e s su re  is followed by a de- 
c rease  in p lasma volume in these conditions. The expected negative relationship 
between stroke volume and p lasma volume is demonstrated.  

In conclusion: it seems that the observed changes in esophageal temperature  
during work cannot be ascr ibed to central  c i rcu la tory  fa i lures .  Fur ther ,  the ob- 
served plateau temperature  does not seem to Correlate with p lasma volume 
changes (colloid osmotic pressure) .  However, there is a strong relat ionship be-  
tween the osmolali ty of the p lasma and the plateau tempera tures .  

The effect of osmolal i ty on the tempera ture  regulat ion may be a direct  effect 
of p lasma osmolali ty on the activity of cel ls  in hypothalamic temperature  centers .  
via a reflex from adjacent osmorecepters  in the anter ior  hypothalamus, or the 
osmolali ty effect may be the resu l t  of a per ipheral  inhibition of the sweat gland 
function, due to the high osmotic concentrat ion in the in terce l lu lar  fluid, which 
must  occur after dehydration or NaC1 ingestion. 

A change in maximal  aerobic capacity due to the high p lasma osmolar i ty  might 
also influence the temperature  levels,  since it has been found the exercise  tem- 
pera ture  level is best  corre la ted  with the relat ive load, % max VO2 (~strand,  
1960; Salt in and Hermansen,  1966). P re l imina ry  experimentsindic-ate,however,  
that max VO2 is unchanged by water and salt water ingestion. 
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Fig. 1. Esophageal temperature (Tes) during 60 min exercise 540 kpm/min 
in 5 experimental conditions. 
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Fig. 2. Plateau values of esophageal temperature (Tes) plotted against 
plasma colloid osmotic pressure. 
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Fig .  4. Hear t  r a te  during 60-min e x e r c i s e  540 kpm/min  in 5 exper i -  
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Fig.  5. Cardiac output in steady state of exercise ,  540 kmp/min  in 
5 experimental  conditions. 
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Fig. 6. Stroke volume in the 5 experimental  conditions in steady state 
plotted against  plasma colloid p re s su re .  
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