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INTRODUCTION AND LITERATURE REVIEW

In recent years, the use of the treadmill to simulate 

exercise for diagnostic purposes has increased along with 

the interest in physical activity for many Americans. The 

treadmill is very useful equipment because the experimenter 

can conveniently gather data. Both speed and slope can be 

changed to provide varying work loads. It is relatively 

inexpensive and uses little space.

This thesis reports two separate experiments involving 

the use of the treadmill. Dogs were used as the subjects.

In many studies a change in rectal temperature is used 

as a measure of the animal's response to varying physical 

conditions. Rectal temperature is most often used because 

it is so easy to obtain. The value of rectal temperature 

versus deep body temperature as an indicator of the dog's 

physiological response is the subject of the first experiment 

It would seem that temperatures measured in the deep body 

would be of greater value to scientists studying physiolo

gical responses of the body to exercise but are much more

difficult to obtain.

The second experiment showed the relationship of the 

amount of heat lost due to evaporation by panting in exer

cising dogs in normal and dehydrated states.
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For effective body temperature regulation, heat loss 

must equal heat production. The main source of heat is 

the result of metabolism, and physical exercise can increase 

the basal metabolic rate over 24 times (3). Of the four 

main avenues for heat dissipation (conduction, convection, 

radiation, and evaporation), evaporation is the most effi

cient during exercise. In man, the evaporation is carried 

out by the sweating mechanism, while the dog's main avenue 

of heat dissipation is through the respiratory system (panting) 

and not by sweating.

In man, equilibrium levels of rectal temperature (T ) 

during exercise are significantly correlated with concomitant 
plasma (Na+) and osmotic concentrations, but they are apparently 

unrelated to variations in plasma volume by inference from 

changes in plasma colloid osmotic pressure (14) , from plasma 

protein concentrations (4), or calculated from the hemato

crit (6). This ion-osmotic factor appears to act by influ

encing sweating; the sweat rate is inversely proportional
* to the serum osmotic concentrations (5) and to the change 

in osmolality (16). Neilsen (13) suggests that the hyper

thermic effect of increased plasma osmolality is due to the 

sodium ion. However, in experiments carried out on human 

subjects, it is difficult to determine whether the postulated 

ion osmotic effect acts peripherally on the sweat glands (5), 
on the central nervous system temperature centers (13), or 

at both sites. It has been shown that regulatory sweating
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is a linear function of mean skin and body core temperatures 

when exercise is performed continuously in the upright posi

tion and equilibrium conditions are attained (3). The 

failure of skin and core temperatures to predict sweating 

during intermittent exercise (1), work in the supine position 

(8), at altitude (7), during negative work-walking downhill 

(12, 17), and during thermal transients suggests that there 

are factors other than skin or core temperatures important 

in this control system.

It has been shown that sodium and calcium ions injected 

into cerebral ventricles can change body temperature (11). 

Greenleaf et al. (9) infused NaCl solutions of various con

centrations in dogs at rest and during moderate exercise 

on a treadmill. They found that infusions of hypertonic 

solutions either before or during exercise resulted in ele
vated plasma Na+ and osmotic concentrations and produced 

higher equilibrium levels of T during exercise but not at 

rest. Water consumption during exercise decreased plasma
' Na+ concentration, osmolality, and the equilibrium level of 

Tr to control levels. From this study it was concluded that 

the exercise T^ responses of the dog respond quantitatively 
like man to elevated plasma Na+ concentration and osmolality 

but it is not related to changes in plasma volume. Also, 
water intake significantly reduced the ion-osmotic hyper

thermia. In a study by Grande (2), it was shown that the 

elevation of T^ during exercise above the control value
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begins only after a certain negative water balance has 

been reached. The sweat rate appeared to decrease in a 

linear way as soon as the negative water balance develops. 

Thus, it appears that the response of the sweating mechanism 

decreases as dehydration progresses.

The problem focused on the measurement of the change 

in relative humidity. The difference between atmospheric 

air and the expired air from the exercising dog was used as 

a measure of evaporative heat loss. If the difference in 

dehydrated animals was less than that of normally hydrated 

animals, this would support the observations stated above. 
That is, with loss of water, the Na+ concentration and 

osmolality increase and the sweat rate decreases.



MATERIALS AND METHODS

Part I

One male sheep dog weighing 25 kg was obtained from 

the dog pound and trained to run on a treadmill sloped at 

20%. The treadmill was in a temperature-controlled box 

located on the campus of the University of California at 

Riverside. After a training period of about 2 weeks, a 

copper-constantan thermocouple was implanted in the right 

internal carotid artery of the dog. After implantation, 

the dog was given a recovery period of about a week.

Prior to each run, the dog was allowed a short rest 

period to establish a steady temperature. Rectal and carotid 

temperatures were measured simultaneously before, during, 

and after each run. The rectal temperature was measured 

with a Supermite Thermo Electric potentiometer while the 

carotid temperature was recorded using a Grass 7 polygraph. 
Data was collected at ambient temperatures of 25°C and 35°C 

while the dog was maintaining a trot. The runs varied in 

length, being slightly shorter at higher temperature.

Part II

Four male mongrel dogs were obtained from the pound and 
trained to run on a treadmill. The dogs were also trained 

to wear a loose-fitting mask of clear plastic over a light
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wire frame which covered the head and neck. The training 

period took approximately two weeks.

Each dog was run at a trot for 30 minutes at 0% and 
20% slopes at ambient temperatures of 25°C and 35°C. Prior 

to each run, a copper-constantan thermocouple covered with 

a plastic tube was inserted in the dog's rectum. The plastic 

mask was placed over the dog's head and secured. Air was 

pulled through the mask at 400-500 1/min. The water 

evaporated was calculated by measuring the difference in 

humidity of air flowing into and out of the mask.

The above data was collected for dogs in a normal, 

hydrated state and also in a dehydrated condition. Dehydra

tion was accomplished by depriving the animal of food and 

water until 10% of his normal body weight was lost. The 

animal was left outside in a cage on the roof of Weber Hall 

on the UCR campus. Since temperatures often got to 100 

degrees during the day, dehydration usually took one day, 

two at most. After each run, the dogs were given water and 

returned to their cages where unrestricted food and water 

were available. Only one dehydrated run on each dog was 

performed in a single week. The relative humidity of the 

air flowing into and out of the mask as well as rectal 

temperature were recorded on a Grass 7 polygraph while the 

ambient temperature was continually monitored using a thermo

couple and a Supermite Thermo Electric potentiometer.



RESULTS

Part I

As shown in Figure 1, rectal and carotid temperatures 

appear to rise at about the same rate. A slight deviation 

is apparent during the last 5 minutes. Because the dog 

became increasingly uncooperative as the experiment pro

ceeded, only one measurement of rectal and carotid tempera
tures measured simultaneously was obtained at 25°C.

Upon inspection of Figures 2, 3, and 4 it is clear that 
at 35°C there is greater variation between rectal and carotid 

temperatures than there is at 25°C. As shown above, the 

largest difference between rectal and carotid temperatures 
obtained at 25°C is 0.3°C, the rectal temperature being 

slightly higher. However, this value is the smallest differ
ence found in any of the 3 runs made at 35°C, the carotid 

being the higher temperature. Clearly, then, at 35°C the 

carotid temperature rises at a faster rate than the rectal 

temperature with increasing deviation as the run progresses.

Part II

Table 1 shows the rectal temperatures of the four dogs 

taken just prior to each run. Although there is some varia

tion between the four dogs, as would be expected, there was

7
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not much variability within each group of runs performed 

under identical conditions on the same dog. There was more 
variability at 35°C than at 2 5°C. The rectal temperatures 

of the dogs in a dehydrated state were much higher than 

those run under identical conditions when the dogs were in 

a normally hydrated state. In any case, this data merely 

indicates that the dogs had recovered from the outside heat 

that they were exposed to prior to each run and that the 

humidity data would not be affected.

Table 2 shows the peak rectal temperature attained in 

each of the runs. As in the resting data, while there was 

some variability within each group of identical running con

ditions for each dog, the values were for the most part very 

close. This peak rectal temperature was almost invariably 

at the end of each run. Also, the temperatures in the dehy

drated state were again much higher than the hydrated values.

The change in rectal temperature between resting and 

peak temperatures would take into account any individual 

differences in starting temperature observed. This is shown 

in Table 3. Where several runs were obtained, it was evident 

that the values were very close within each group of runs 
with similar conditions. At 25°C and 0% slope, the change 

in the rectal temperature tended to be much higher in the 

dehydrated state. However, in the other runs the values 

tended to correlate more closely. Some values for the 

dehydrated runs were actually less than those obtained under

identical conditions in the hydrated state.
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The difference in relative humidity between the inspired 

and expired air is shown in Table 4. There was considerably 

more variation within each group of numbers obtained under 

similar conditions than was observed with the rectal tempera

ture. It should be noted, however, that the vacuum was not 

100% efficient in collecting the expired air and very often 

there was a large amount of moisture observed on the inside 

of the mask after each run. There were some groups, however, 

that showed very constant changes. The few dehydrated values 

obtained tended to be slightly lower than those obtained 

under identical conditions in the hydrated state. Those that 

were not lower tended to approximate the hydrated values.
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TABLE 1

Rectal Temperature of Resting Dogs in Hydratedand Dehydrated States at 25°C and 35°C

Hydrated Dehydrated
35°C2 5°C 3 5°C 2 5°C

Dog 0%* 20% 0% 20% 0% 20%
Barney 38.65 38.95 38.85 38.80 38.80 39.40

38.90 38.60 38.75 38.70
38.80 38.75 38.70
38.60 39.40
38.80 38.95
38.70

Jake 38.40 38.45 38.05 38.35 39.10 38.65
38.75 38.45 38.95 38.95 39.50
38.35 38.50 38.50
38.45 38.30 38.95

38.65

Horace 38.85 38.95 39.15 38.75 39.65 39.45
39.05 38.70 38.40
39.15 40.85

38.75

Porky 38.25 38.40 38.30 38.30 40.00 39.00
38.25 38.45 39.00
38.55 38.75
38.30 38.30

★ Slope of treadmill

0%20%

39.80

40.15
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TABLE 2

Peak Rectal Temperature in Hydrated
and Dehydrated Dogs at 25°C and 35°C

Hydrated Dehydrated
35°C

0% 20%Dog

25°C 35°C 25°C

0%* 20% 0% 20% 0% 20%
Barney 39.10 40.65 40.15 41.55 39.85 41.60 41.8

39.35 40.40 39.75
39.40 40.75
39.25 40.95
39.25 40.65

Jake 39.80 42.15 39.50 41.50 40.15 42.10
39.55 40.70 41.70 40.00
39.25 41.20 39.80
39.60 40.40

Horace 39.25 40.70 40.05 40.95 40.75 41.20 41.15
39.85 40.15 40.80

Porky 39.35 40.60 40.80 42.20
39.15 39.80
39.55 40.70
39.30 42.35

*Slope of treadmill
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TABLE 3

Change in Rectal Temperature in Hydrated
and Dehydrated Dogs at 25 C and 35°C

Hydrated Dehydrated

Dog

25°C

0%

35°C

20%

25°C 3 5°C

0% 20%0%* 20% 0% 20%

Barney 0.45 1.70 1.00 2.85 1.05 2.20 2.05
0.45 1.80
0.60 2.00
0.65 1.55
0.45 1.70

Jake 1.32 3.70 1.45 3.15 1.05 3.45
0.80 2.25 2.75 1.05
0.90 2.70 1.30
1.15 1.45

Horace 0.20 1.75 1.00 2.20 1.10 1.75 1.00
1.35 2.10

Porky 1.10 2.20 0.80 3.80
0.90 2.25
1.00 3.60
1.00 1.50

*Slope of treadmill



17

TABLE 4

Change in Relative Humidity in Hydratedand Dehydrated Dogs at 25°C and 35°C

Hydrated Dehydrated
2 5°C 35°C 2 5°C

Dog 0%* 20% 0% 20% 0% 20%

Barney 15.00 30.00 24.00 35.00 15.50 26.00
20.00 25.50 15.00 44.50 24.50
9.00 27.00 21.50

14.00 30.50 26.00
15.50
12.50

27.00

Jake 12.50 27.50 34.00 30.00 14.00 23.00
12.00 28.00 12.80 20.00 34.00
12.50 32.00 18.00
18.00 27.00

20.00
16.00

Horace 12.00 35.70 16.50 41.00 17.00 28.00
20.00 32.50 16.00 43.00
23.00 36.00 26.00 36.00

36.00 33.50
43.50

Porky 12.50 29.00 7.00 25.50 14.50 29.50
14.00 31.00 19.50 27.00
14.00 32.50
17.00 29.50

3 5°C

14.50

44.50

*Slope of treadmill



DISCUSSION AND CONCLUSIONS

Part I: Comparison of Rectal and Carotid Temperatures

The data reported here are only a very small sample of 

the total data obtained. However, for a variety of reasons, 

these were the only complete runs where rectal and carotid 

temperatures were measured simultaneously. As the experiment 

progressed, it became increasingly difficult to get the dog 

to complete a run without pulling one or more of the leads 

connecting him to the polygraph. This particular dog was 

undoubtedly a creature of habit and within a very short time 

knew what was about to happen when he was placed on the 

treadmill. He became increasingly hostile towards the 

experimenter and it was virtually impossible to obtain any

further data.

The data indicate that at higher ambient temperatures, 

rectal and carotid temperatures differ (Figs. 1-4). The 

degree of significance of this difference would of course 

depend on the nature of the study being done. Experimenters 

should, however, be aware that a difference might exist and 

of any implications it might have in the interpretation of

their results.

18
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The most important thing learned from this experiment 

was that a great deal of patience is needed when working 

with fairly intelligent animals like dogs. In addition, 

the data that was obtained is very encouraging for further

research.

Part II: Differences in Rectal Temperatures and Relative
Humidity in Hydrated and Dehydrated Exercising Dogs

The peak rectal temperatures observed in the dogs that 

were dehydrated were higher than those observed for the same 

dogs in a normally hydrated condition (Table 2). These 

results are consistent with the findings of Greenleaf (9). 

Also, much of the data obtained suggests that the maximum 

difference in relative humidity was less for dehydrated 

animals than for hydrated ones (Table 4). This is consistent 

with the results of Grande (2) on human subjects. It there

fore appears that by dehydrating the animals and thus raising 
the concentration of Na+ ion concentration and plasma osmol

ality the temperature regulation mechanisms of the dog is 

affected. A more complete study can be undertaken that 
could include measurements of Na+ ion concentration and 

plasma osmolality before and after each run, and of course,

more trials.

A major source of error in this experiment involved the 

design of the mask and the vacuum collecting the expired air. 

The mask was not totally effective and quite often, upon 
removal of the mask, saliva was found inside and sometimes

on the ground below the dog's head. Every attempt was made
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to keep the vacuum directly in front of the dog's mouth. 

However, the position did vary somewhat between the different 

trials performed on the same animal and sometimes even 

within a single run. Therefore, a better-fitting mask is

needed for more accurate results.

Patience on the part of the experimenter played an 

important role in this experiment. The research was carried 

out over an entire summer and little data was obtained. The 

dogs did not like to wear the mask,and as they became better 

runners on the treadmill, they would frequently manage to 

pull the mask off during the run. In future experiments, 

it may be wise not to overtrain the animals. That is, they 

should be trained until they can run comfortably on the 

treadmill, but not so well that the dog is able to dis

connect the equipment. I found that once a dog is able to 

do this, it is very difficult to gather any more data 

successfully.
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