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Physical activity, body fat and experimental cardiac necrosis
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1. The effects of varying levels of physical activity were tested in rats, starting at ages of 21,
32 and 55 days and continuing until go, 100, 125 and 205 days.

2. Weight changes did not differ significantly between the exercise groups, except in the
groups tested up to 2035 days, when both the exercised group and the group with limited
activity were significantly lighter than the control group.

3. The weight of the soleus muscle was significantly greater in the exercised rats compared
with controls and rats with limited activity, except in the oldest age-group. The weight of the
tibialis anticus muscle did not differ significantly between the different exercise regimes.

4. Heart weight was not significantly affected by the exercise regime, except that in rats
studied from 55 to 125 days; the group with limited activity had significantly lighter hearts than
those in the control group or the exercised group.

5. The percentage body fat was lower in the exercised group compared with the limited
activity group, and was less than the control group in both the rats studied up to 205 days and
those studied from z1 to go days.

6. Isoprenaline produced less cardiac damage in the exercised rats than in controls or in
rats with limited activity. Animals who died following injection of isoprenaline had a higher
percentage body fat than those animals with minimal cardiac damage.

A number of clinical studies suggest a relationship between increased incidence of
cardiovascular diseases and low physical activity (Morris, Heady, Raflie, Roberts &
Parks, 1953; Kagan, 1960; Brunner & Manelis, 1960; Kannel, 1967). The reason for
this is not clear, but lack of muscular work and activity may be one of the factors which
promote these diseases (Frank, 1966; Raab, 1965; Montoye, 1967).

Animals adapted to increased physical activity resemble younger animals in certain
aspects of fat metabolism (Pafizkova & Starikova, 1967). Experiments have therefore
been carried out in which the effects of exercise on rats have been studied at different
ages. As well as examining differences in muscle size and in body fat, the effect of
isoprenaline has also been examined since it has been shown (Rona, Chappel, Balasz &
Gaudry, 1959a) that the cardiotoxicity of isoprenaline is less in younger and lighter
animals than in older and heavier ones. The lower mortality is closely related to the
proportion of body fat in young rats (Faltova & Patizkova, 1969) who display a high
degree of spontaneous physical activity (Smith & Dugal, 1963).

EXPERIMENTAL

A total of 193 male Wistar rats was included. There were five groups of animals
studied over different periods of time (see Table 1). Each age-group was further
subdivided and the subgroups had different regimens of physical activity ranging
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from virtual inactivity to moderately severe treadmill exercise. Details of numbers in
each group and subgroup are given in Table 1, together with details of physical activity

and cage sizes.
Animals were fed on a standard Larsen diet and had water ad lib. (Patizkova &

Statikov4, 1964).

Table 1. Details of exercise regimen and number of rats
in each group and subgroup

Activity regime
— A N Period studied

Group 1 2 3 4 Total (days)

1 11 12 14 14 5I 55—100

2 16 9 . 18 43 §5-125

3 10 13 10 18 5I 32-1235

4 . 9 . 9 18 21-90

5 10 10 . 10 30 21-205

Total 47 53 24 69

Activity: (1) Animals in separate cages, size 8-5 % 3-5 in. = limited activity.
(2) Animals in groups up to 5 in each cage (16-0 X 9-0 in.) = control.
(3) Ditto, but with earth in cages = control conditions + digging activity.
(4) Animals on treadmill 20 m/min 9o min/day = increased activity.

(It was expected that physical activity would increase from 1<2<3<4.)

Table 2. Dosage schedule of isoprenaline injections per kg body-weight

Group Dose 1 (mg) Dose 2 (mg)
1 40 20
2 8o 40
3 8o 80
4 8o 8o
5 20 5

Myocardial necrosis. 'Two doses of isoprenaline were given at an interval of 24 h,
subcutaneously, to each rat at the end of the period of study (Rona, Chappel, Balasz &
Gaudry, 19595). The doses used are set out in Table 2. The rats were decapitated
24 h after the second injection; the heart was removed and the degree of cardiac
damage estimated, using the scale described by Rona et al. (19594, b), where

o = no damage, 1 = diffuse pale areas at tip of ventrical, 2 = limited necrosis at
tip of ventricle, 3 = necrosis involving one-third of left ventricle, 4 = necrosis involv-
ing more than half of left ventricle, 5 = animals dying.

Body fat. This was estimated gravimetrically, using a chloroform extract of the
carcass saponified in a mixture of 30%, KOH in 509, ethanol. In the final evaluation
of results, only those from animals in which all indicators could be estimated were used.

Measurement of oxygen consumption and rectal temperature. Following the adminis-
tration of isoprenaline, rectal temperature was measured with a thermocouple and
oxygen consumption was assessed using an interferometer (L. Stankova & L. Jansky,
unpublished results).
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RESULTS

In Table 3 are set out all the significant differences observed in the various measure-
ments made. In this table are included all the comparisons of, on the one hand,
limited activity and, on the other hand, the exercised rats running on the treadmill
with the control group.

Table 3. Table of significant differences, comparing rats with limited activity
and exercising rats with control group

(Numbers refer to tables, i.e.: 4 (a) = total body-weight; 4 (b) = fat-free body-weight;
5 = heart weight; 7 (@) = weight of soleus muscle; 7 (b) = weight of soleus muscle (mg)/100 g
body-weight; 7 (c) = weight of soleus muscle (mg)/100 g fat-free body-weight; 8 = body fat
(% total body-weight)

Limited activity Exercised
Group - A NI A
T 4 (2 5 7 (@), B), () 4(a)
2 . . . . 7 (a)
. . . . +
3 . . A ONG) 4(b) 7 (@), ()
. . - + + .
4 8
5 4(a) 8 4 (a), (6) 7(b) 8
— - — + u—
Table 4. Total and lean fat-free body-weight in male rats
on different exercise regimes
Age Age (a) Total body-weight (g) (b) Fat-free body-weight (g}
expt expt Is - N A—— )

began ended I 2 3 4 1 2 3 4
(days) (days) Group Limited Controls Earth Running Limited Controls Earth Running

55 100 1 X 25170 2740 2760 2534 229'5 251'0 2504 2356
s 187 280 167 191 152 26-0 191 178
55 125 2 X% 2827 2716 . 2847 2570 251'5 . 2631
s 260 273 . 24'0 250 21°0 . 20°1
32 125 3 X 2510 2643 2669 2801 2173 2256 232'4  243°1
s 283 354 338 893 257 35°1 29'9 278
21 90 4 X 300°1 . 2913 . 2476 . 2442
s . 16-7 . 207 . 19°2 . 171
21 205 5 X 4203 4640 . 3898 3496 3795 . 3342
Y 32'9 333 . 306 303 493 . 342

X = mean value; s = standard deviation.

The mean values for total weight and fat-free, lean body weight are presented in
Table 4. Significant differences of total body-weight relating to activity levels were
observed in group 1 rats (studied from 55 to 100 days) and in group 3 rats (studied
from 21 to 205 days). In both groups animals kept in single cages were lighter than
controls, and the group 1 rats were lighter than the rats kept in a cage with earth.
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There were a number of significant differences, as shown in Table 3, depending on
the age of the animals.

The variations in fat-free body-weight did not appear to be significant except that
in group 3 the controls were lighter than the animals running on the treadmill, but
in group 35 an opposite effect was observed (Table 3).

Table 5. Mean values of heart weights (mg) in male rats on
different exercise vegimes

1 2 3
Group Limited Controls Earth Running
1 x 836-0 9920 9070 922'0
s 57'8 1337 100°5 77°1
2 x 8877 000°2 . 925°4
) 2748 844 . 731
3 X 9727 1092°3 10973 I115°2
s 103°0 950 115°2 781
4 x 1026°4 . 1094°5
s . 983 . 982
5 x 11850 1145°Q . 1144°5
s 1237 803 . 86-9
X = mean value; s = standard deviation.
Table 6. Mean values of adrenal weights (mg) in rats on
different exercise regimes
1 2 3 4

Group Limited Controls Earth Running

1 x §I°X 479 580 471

s 1079 63 110 4'9

2 X 470 490 . 550

N 51 97 R 73

3 x 403 422 442 42's

s 2'5 69 47 43

4 x 447 508

§ . 7'8 32

5 x 48-8 49'1 . 49°3

s 4'9 51 . 41

X = mean value; s = standard deviation,

In Table 5 the mean heart weight of the rats is set out. Heart weight was significantly
greater in treadmill rats (4) than in the limited activity group (1) in groups 1 and 3,
but there was no such significant difference between the corresponding animals in
groups 2 and 5 (Table 3). Comparison of groups 2 and 5 showed that there was evidence
of only slight increase in heart size from the age of go days to 203, in spite of both
total and fat-free body-weight increasing by approximately 509, (Table 4).

Adrenal weights are set out in Table 6. The only significant difference attributable
to exercise was that, in the group 2 rats, running animals (4) had larger adrenals than
the rats kept in single cages. The weight of the tibialis anticus muscle was not signifi-
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Table 8. Proportion of fat, mortality and cardiac damage, in rats, following the injection

Group

I

Group

JaNA PaARrizkovA AND Eva FALTOVA

1970
cantly affected by the exercise regime, but the soleus muscle was significantly heavier
in the treadmill rats than in the limited activity rats in groups 1 and 3 (Tables 3 and 7).

The proportion of body fat was also lower in all the groups in the treadmill animals
compared with limited activity although the difference was only significant in groups

of isoprenaline. Cardiac damage assessed in terms of scale running from o to 5

(79 N A S

Body fat (% total
body-weight)

No. of rats died

No. of rats in group

Mean cardiac score of
survivors

Body fat (%, total
body-weight)

No. of rats died

No. of rats in group

Mean cardiac score of
survivors

Body fat (% total
body-weight)

No. of rats died

No. of rats in group

Mean cardiac score of
survivors

Body fat (% total
body-weight)

No. of rats died

No. of rats in group

Mean cardiac score of
survivors

Body fat (9% total
body-weight)

No. of rats died

No. of rats in group

Mean cardiac score of
survivors

K

8

&)

&

D

K

I

84

2°4

2
I1

17

90

2°5

8
16

19

133
28
4

10
22

12°4
29
5

10
1°4

Limited

2

Controls

82
14
2
12
17

7'4
2:2
I
9
14

132
34

13
20

RO o
Nepte]

W

170
41
7

10
1

X = mean value; s = standard deviation.

3
Earth

91
23
7
14
26

11°0
17

10
20

4
Running

69
12
2
14
16

72

17

7
18

14

11°3
249
9

18
I3

94

1°4
10

1

Table 9. Mean weight (g) and proportion of fat for rats with a score of 1
(least damage) and a score of 5 (animals died)

Body-weight Body fat (% total body-weight)
A % i) s A o
Score 5 Score 1 Score 5 Score 1
x s x s x s x s
295°0 17-8 2704 407 92 2°3 68 2°0
2750 21°0 2615 23°1 10°4 23 74 13
2792 308 2744 31°4 129 36 102 13
2940 — 294°5 — 12°9 36 10°2 1'3
448+7 384 397°3 360 13°3 28 113 36

& = mean value; s = standard deviation,
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4 and 5 (Tables 3 and 8). The number of animals dying following the injections of
isoprenaline was slightly less in the treadmill rats than in any of the other exercise
regimes (Table 8). The average score for the grading of myocardial lesions followed a
similar pattern. There was no evident relationship between the extent of myocardial
lesions and the percentage of body fat. However the death rate did appear to increase
as the percentage of body fat increased. The age at which the exercise regime began
did not appear to affect either mortality rate or the extent of the myocardial lesions.

The results, irrespective of the different exercise regimes, were divided into two
groups: rats with the most severe cardiac damage (grade 5) and those with the least
evidence of damage (grade 1). The body-weights and percentage fat in the two groups

Table 10. Changes in rectal temperatures after isoprenaline
in running (4) and control (2) rats in group 4

Rest 1h 2h 6-8 h

44 x 391 396 389 375
s o4 o6 12 10

42 x 390 396 403 383
s 03 06 17 23

X = mean value; s = standard deviation.

are set out in Table g. Groups 1 and 35 rats who had only slight cardiac lesions were
significantly lighter than the rats who died after isoprenaline, and there was a similar
but not significant difference in groups 2 and 3. However, when the results are expressed
as percentage body fat, there was a significant difference in groups 1, 2 and 3 (Table 3).

The effect of isoprenaline on body temperature and oxygen consumption was
complex. There was in most instances an increased oxygen consumption, which
tended to be higher in the control rats. Rectal temperature rose rather higher in the
control animals than in the exercised rats (Table 10).

DISCUSSION

There was no evident effect of the various exercise regimes on body-weight, except
in the oldest rats in group 5, where the rats exercised on the treadmill were significantly
lighter and less fat than the control group. The presence or absence of earth in the
cage did not appear to affect any of the results, i.e. there were no significant differences
between subgroups 2 and 3.

Heart size was in no instance significantly different when exercised and control
animals were compared, nor was mortality following the injections of isoprenaline.
However, the degree of cardiac damage was less in the exercised animals.

On the other hand, the results suggest that mortality rate and the percentage of
body fat are related. The influence of physical activity manifests itself only when the
body-weight and fat are reduced. When a comparison was made between all the
animals who died following isoprenaline and those with the least cardiac damage, it
was found that in all groups the latter had a lower percentage of body fat, and this

2 NUT 24
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was significant in groups 1-3. An increased ratio of fat can interfere with radiation
of excess heat (Quaade, 1963) produced by isoprenaline application and contribute
inter alia to final insufficiency of the heart (Faltova & Poupa, 1969) which is relatively
smaller in fatter animals. A comparison of the percentage body fat with the degree of
cardiac damage as scored did naot reveal an evident relationship.

Heart weight was affected by varying degrees of oedema due to the effect of isoprena-
line, and this may have obscured the relationship with exercise, as previous work has
shown that a significant effect of exercise can be demonstrated (Patizkova, Starikova,
Fabry & Koutecky, 1966; Patizkova, Koutecky & Staiikovi, 1966).

The main effect of exercise was an increase in the weight of the soleus muscle, but
even this was only significant in groups 1 and 3. There was no demonstrable effect
of the age at which the regime began or of its duration.
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