








CHAPTER &

SUMMARY, FINDINGS, DISCUSSION, CONCLUSIONS,
AND RECOMMENDATIONS

SUMMARY

The effect of a specific exercise program on the
collagen and elastin fibers of the aorta was studied
utilizing 180 adult male albino rats as subjects.

A1l rats were randomly divided into 6 groups of
30 animals each and into 2 age groups: 75 days (young)
and 130 day (adult), with each age group consisting of
1 control and 2 experimental groups. The exercise programé
consisted of 2 groups of rats swimming 15 minutes and 2
groups of rats swimming 30 minutes daily for 5 consecutive
days per week. A total of 60 experimental rats swam for
10 days and 60 of the experimental rats swam for 20 days.
At the conclusion of each 10 day and 20 day swimming period,
15 of the control rats as well as 30 of the exercising rats
were sacrificed by ether. A1l aortic tissue was prepared
for histological examination by 1light microscopy.-

Comparisons were -made between the numbers of
aortic elastin fibers of the controls and experimental
animals utilizing a 3 X 2 factorial analysis of variance

design. When significant F ratios were obtained, orthogonal
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comparisons were utilized to determine where significant
differences existed. No comparisons were made for the
collagen tissue and sizes of elastin fibers because the
raw measurements of the controls were either the same as,
or greater than, the experimental animals' raw measure-

ments.
FINDINGS

The findings of this study were as follows:

1. According to the raw measurements, there were
no differences in the numbers or sizes of collagen fibers
of the experimental rats and the controls.

2. The raw measurements of the elastin fibers
revealed that the sizes of these fibers were not different
between the swimmers and controls.

3. Total raw measurements of the numbers of
elastin fibers showed that the swimmers had more elastin
fibers in their aortae than did the controls.

4. There was a significant difference in the
number of elastin fibers in the swimmers and in the
controls. Orthogonal comparisons data indicated that the
number of elastin fibers was significantly greater in the
experimental animals as compared to those of the controls.

5. There was a significant difference in the number
of elastin fibers in both age groups with the 75 day old

rats having the greatest increase.
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6. Interaction factor was not significant, therefore
swimming, age, and duration of the study had no significant
effect on one another.

7. There was no significant difference between the
numbers of elastin fibers of the experimental rats in 10
days of swimming and 20 days of swimming.

8. The width of the aortic media layer of the
experimental rat was significantly larger than that of the
control animal.

9, No significant différence in the number of
elastin fibers of the 15 minute and 30 minute swimmers was

found.
DISCUSSION

The results of this study were, for the most part,
completely opposite from the data obtained from the pilot
study. A primary reason for this fact lies in the quality
of the tissue sections. For the piiot study most of the
experimental tissue was distorted, but most of the control
tissue was not distorted or only slightly distorted. Thus,
distorted fibers had a much Targer diameter than did
nondistorted fibers. For this present investigation, most
of the sections of aortic tissue had more tissue present
and were better stained.. Although most of the sections
had distorted areas present, there were areas on most of

these sections which completely lacked distortion. Much
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time was spent in finding the areas in which the elastin
and collagen fibers were cut cleanly and crisply. A few
slides had all sections with only distorted fibers. In
such cases, the areas containing the least amount of dis-
tortion were used for measuring fiber diameters and
counting the number of fibers. In counting the number of
elastin fibers, much time was taken to select those areas
containing the greatest number of fibers; in counting the
number of collagen fibers, the areas containing the
clearest fibers were used.

A1l raw measurements taken for the numbers and
sizes of the collagen fibers were strictly rough estimates
because these fibers as a whole were very indistinct and
very dense and contained either very little intracellular
space or were completely void of intracellular space. The
fibers were also very curied, twisted, and many times were
masked by elastin fibers, making accurate measurements

1 also found that it was not possible

impossible. Apter
to estimate the amount of collagen from histological
sections. According to Richard Peterson,2 Tomanek found

that exercise did not increase the number of collagen

1Juh‘e T. Apter, Murray Rabinowitz, and Dorothy
H. Cummings, "Correlation of Visco-elastic Properties of
Large Arteries with Microscopic Structure," Circulation
Research, 19:113, July, 1966.

2Richard Allen Peterson, "Microstructural and
Ultrastructural Response of Myocardium to Aerobic Physical
Training," (unpublished Doctor's dissertation, University
of Wisconsin, 1971)}.
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fibers of the heart in either young or old rats. The
results of this study suggest that exercise does not
increase the numbers or sizes of collagen in rat aortae,

3 reported that in guinea pigs

regardless of age. deVries
exercise increased the number of collagen fibers after
three weeks of training.

Aithough there was no increase in the sizes of the
experimental animals' elastin fibers as compared to the
elastin fibers of the controls, there was a very notice-
able difference in the numbers of elastin fibers as a
result of swimming. From the data, it appeared that
swimming did increase the.number of elastin fibers in the
media layer of rat aorta and that age did affect the number
also, since the increase in the number of elastin fibers
was greater in the 75 day old rats than in the 130 day old
rats.

Regardless of time, it appeared that swimming 15
minutes and 30 minutes daily for 10 days or 20 days had
the same effect on numbers of elastin fibers. Growth and

adaptation of the arterial media occur in several ways.4

3Herbert A. deVries, Physiology of Exercise for
Physical Education and Athletics (Dubuque: William C. Brown
Company, 1966), pp. 180-81.

4Seymour Glagov, "Hemodynamic Risk Factors: Mechan-
ical Stress, Mural Architecture, Medial Nutrition, and the
Vulnerability of Arteries to Atherosclerosis,” The Patho-
genesis of Atherosclerosis, eds. R. W. Wissler, J. C. Greer,
and Nathan Kaufman {Baltimore: The Williams and Wilkins Co.,
1972), pp. 179-80.
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As aortic diameter and tension increase, growth of the
aortic media is achieved by changes in width and composi-
tion of individual elastin lTamellar units, and by
formation of new elastin lTamellar units forming 1in the
adventitia layer. Since there was a significant increase
in the number of elastin fibers of the experimental anima]s,‘
swimming apparently brought about growth in the aortic
media of the rat aortae. The increase in the number of
etlastin fibers is reflected in the overall width of the
media layer.

Since the histological examinations of the aortic
tissue failed to show differences in the numbers and sizes
of collagen fibers between the controls and experimental
animats, it is possible that differences might be revealed
by other methods such as chemical analysis of collagen or
electron ﬁicroscopy. Electron microscopy might also
disclose differences in the sizes of elastin fibers.

Exercise increases blood flow through the arteries
which increases pressures and tension on the arterial
walls. Increased pressures and tension should strendthen
the wall of arteries by improving the functions of both
5

collagen and elastin tissue. Burton® stated that in

blood vessels there must always be a total tension in the

5A1an C. Curton, "Relation of Structure to Function
of the Tissues of the Wall of Blood Vessels," Physiological
Reviews, 34:633-34, October, 1954,
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walls sufficient to counteract the distending tendency of
the blood pressure. The primary function of collagen and
elastin fibers in the aorta, as well as in other arteries,
is to provide the necessary maintenance tension in the
wall without the expenditure of energy. Elastin fibers,
with their great range of extensibility, have the function
of producing maintenance tension against the normal blood
pressures and the normal pressure fluctuation. Due to the
architecture of the wall, collagen fibers are stretched
only at higher than normal pressures and have a protective
supporting role,

GTagov6 cites another function of collagen and
elastin in the aorta. A close association of collagen
with eTastin is responsible for the shape of the pressure-
volume curves in the aorta. The usual curve obtained 1h
the aortic segment shows diminishing increases in volume
per unit increase in pressure beyond a certain point. As
pressures are increased, elastin fibers uncurl and stretch;
increasing numbers of collagen fibers are drawn taut and,
due to their inextensibility, 1imit further distention.
The investigator of this present study believes that sig-
nificant increases in the numbers of elastin fibers of the
experimental rats show that pressures and tension on the

aortic walls were increased sufficiently to improve the

661agov, op. cit., p. 172.
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functions of both elastin and collagen fibers, and thereby
improve maintenance or total tension in the walls and
improve the shape of the pressure-volume curves in the
aortae.

Although at present there is no underlying theory

7,8,9 the

for increasing the elasticity of the adrta,
investigator of the present study believes that the swimming
treatment employed in this research did increase the elasti-
city of the aortae. Increasing the number of elastin

fibers 1in the experimental aortic media should result in
strengthening the wall which would increase elasticity.
Further research needs td be conducted such as measures of

elasticity on fresh tissue to prove or disprove this

hypothesis.
CONCLUSIONS

Within the Timitations of this study, the following
conclusions were reached:

1. Swimming significantly increased the number of

7Based on perscnal correspondence between Dr.
Herbert A. deVries, University of Southern California, and
the writer, Mary Welch,

8Based on personal correspondence between Dr.
William C. Adams, University of California at Davis, and
the writer, Mary Welch,

9Based on personal correspondence between Dr.
Laurence E. Morehouse, University of California at Los
. Angeles, and the writer, Mary Welch.
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elastin fibers in the media of the aorta of the experimental
rats.

2. The exercise utilized in this study did not
significantly modify the size or number of collagen fibers.
3. Exercise is apparently more beneficial in
increasing the number of elastin fibers in younger animals

than in older subjects.

4, Neither the number of days of exercise nor the
number of minutes of exercise per day had any significant
effect over that of exercise alone on the number of elastin

fibers.
RECOMMENDATIONS

The following studies should be conducted:

1. A study on the effects of swimming on rat aorta
collagen and elastin fibers by electron microscopy.

2. Chemical analysis might reveal changes in
collagen and elastin fibers of rat aorta of rats exposed
to swimming.

3. Measures of elasticity on rat aorta from rats
exposed to swimming. A measure of elasticity that is used
to measure the elasticity of blood vessel walls is Young's
Modulus, or "longitudinal elasticity". This modulus is
usually denoted by Y and is computed by the equation:

Yy A%

2
0

F = AL
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APPENDIX A

RAW MEASUREMENTS OF ELASTIN FIBERS

Groups, Total Number Total Mean Sizes
Ages of Fibers in Microns

10 days 20 days 10 days 20 days
Control,
75 day 202 203 91.50 90.0
old rats
Control,
130 day 172 175 93.0 100.5
old rats
15 minute
swim, 75 240 240 82.0 72.0
day old rats
15 minute
swim, 130 235 220 80.0 84.5
day old rats
30 minute
swim, 75 , 245 260 72.0 68.5
day old rats
30 minute
swim, 130 228 214 86.5 88.5

day old rats
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APPENDIX B

RAW MEASUREMENTS OF COLLAGEN FIBERS

Groups, Total Number Total Mean Sizes
Ages of Fibers in Microns

10 days 20 days 10 days 20 days

Control,
75 day 74 91 58.5 55.0

old rats

Control,
130 day 73 78 66.25 67.5

old rats

15 minute
swim, 75 day 81 80 46.5 48.0
old rats

15 minute
swim, 130 day 76 75 59.5 58.0
old rats

30 minute
swim, 75 day 77 76 45.5 48 .5

old rats

30 minute
swim, 130 day 75 75 60.0 53.5
old rats




APPENDIX C

RAW SIZES OF RAT AORTAE

Groups, . Total Sizes (diameters)
Ages in millimeters

10 days ' 20 days
Control, 75 day 36 36.5
old rats _
Control, 130 day 39.5 34
old rats
15 minute swim, 37 38

75 day old rats

15 minute swim, 38 39.5
130 day old rats

30 minute swim, 36.5 40
75 day old rats

30 minute swim, 38.5 41
130 day o1d rats




APPENDIX D

NUMBERS OF ELASTIW FIBERS FOR 180

3°X 2 FACTORIAL ANALYSIS 0F

ADULT MALE WHITE

RATS

Ay As As
15 min 30 min Control
swim swim 75
75 days 75 days days
old old old
Total Total Total
Scores= Scores= Scores=
(480) {505) (405)
15 min 30 min Control
swim swim 130
130 days 130 days days
old old old
Total Total Total
Scores= Scores= Scores=
(455) (442) (347)
SA] = 935 £A2 = 947 £A3 = 752
X = 15.58 x = 15.78 Xx = 12.53
Variables:
A = Treatment
B = Age

30 rats per group

£EH

X

£8,

1l

1l

VARIANCE DESIGN

1390

15.44

1244

13.82
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NUMBERS OF ELASTIN FIBERS FOR 130

APPENDIX E

DAY OLD MALE WHITE RATS

3 X 2 FACTORIAL ANALYSIS OF VARIANCE DESIGN

A

A

A

1 2 3
T5 min 30 min Control
swim swim
10 days 10 days 10 days
of of
swimming swimming
(235) (228) (172)
15 min 30 min Control
SWim swim
20 days’ 20 days 20 days
of of
swimming swimming
(220) (214) (175)
SA] = 455 £A2 = 442 SAB = 347
x = 15,17 X = 14.73 x = 11.57
Variables:
A = Treatment
B = Duration

15 rats per group

<8

>

£8,

Rt

H

92

635

14,11

609

13.53
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APPENDIX F

NUMBERS OF ELASTIN FIBERS FOR 75
DAY OLD MALE WHITE RATS

3 X 2 FACTORIAL ANALYSIS OF VARIANCE DESIGN

Ay Aa A3
15 min 30 min Control
swim swim
10 days 10 days 10 days 2381 = 687
of of
swimming swimming - = 15.27
{240) (245) (202)
15 min 30 min Control
swim swim
20 days 20 days 20 days 882 = 703
. of of
swimming swimming - = 15,62
{240} (260) (203)
z A1 = 480 SAZ = 505 8A3 = 405
= 16.00 z = 16.83 3= 13.50
Variables:

A = Treatment

B = Duration

15 rats per group
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APPENDIX G

NUMBERS OF ELASTIN FIBERS FOR 180
ADULT MALE WHITE RATS

ORTHOGONAL COMPARISONS FOR

A LEVEL
AI A2 Ag
935 8947 752
+1 ~1 0
+1 +1 ~2

(935 - 947)% = (-12)% =144
60 (1%+ (-1)2 120 120

It
a—
-
£

1}

1.20

2 142884 _ 396.90

— -—

(935 + 947 + (-2) 752)% _ (378
60 (1° + 12 + (-2)2 ) 360 360




APPENDIX H

NUMBERS OF ELASTIN FIBERS FOR 130

DAY OLD MALE WHITE RATS.

ORTHOGONAL COMPARISONS FOR

A LEVEL
A As
455 447
C] +1 -1
i 2 2
C, = (455 - 442)° _ (13)% 169 _ , g,
7 7, " = = <.
30 (12+(-1)%) 60 60
C, = (455 + 442 + (-2) 347)% _ (203)° _ 41209
30 (12+1%4(-2)2) 180 180

= 228.94
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APPENDIX I

NUMBERS OF ELASTIN FIBERS FOR 75
DAY OLD MALE WHITE RATS

ORTHOGONAL COMPARISONS FOR

A LEVEL
Ay Ay As
480 505 405
+1 -1 0
+1 +1 -2
2 2 :
(480 - 505)° _ (-25)° _ 625 _ 4 42
2 N 2 = - - .
30 (1° +(-1)%) 60 60

(480 + 505 + (-2) 405)% _ (175)% _ 30625 _ 1,5 14

30 (1%+1%+(-2)°% 180 180
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APPENDIX J
t TEST FOR WIDTH OF MEDIAL LAYER
OF RAT AORTAE

X X
Formula: t = 1 2
2 2
\[EE1 + SE2
t = 150 - 180

v (1.69)2 + (2.39)2

t = 30 = 30
+ 8.57 2.93
t = 10.24 df = (N-1) = 11

Significant at .01 level
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