






CHAPTER 5

SUMMARY, FINDINGS,  DISCUSSION,  CONCLUSIONS,

AND RECOMMENDATIONS

SUMMARY

The e f f e c t  of  a s p e c i f i c  e x e r c i s e  program on the  

c o l l a g e n  and e l a s t i n  f i b e r s  o f  the a o r t a  was s t u d i e d  

u t i l i z i n g  180 a d u l t  male a l b i n o  r a t s  as s u b j e c t s .

A l l  r a t s  were randomly d i v i d e d  i n t o  6 groups of  

30 animals each and i n t o  2 age groups:  75 days (young)  

and 130 day ( a d u l t ) ,  w i t h  each age group c o n s i s t i n g  o f  

1 c o nt r o l  and 2 ex per i men t a l  groups.  The e x e r c i s e  programs 

co n s i s t e d  o f  2 groups o f  r a t s  swimming 15 minutes and 2 

groups o f  r a t s  swimming 30 mi nutes d a i l y  f o r  5 c o ns e c u t i v e  

days per  week.  A t o t a l  o f  60 ex p er i men t a l  r a t s  swam f o r  

10  days and 60 o f  the ex pe r i me n t a l  r a t s  swam f o r  20  days.

At  t he  c o nc l us i on  o f  each 10 day and 20 day swimming p e r i o d ,  

15 o f  the  c o n t r o l  r a t s  as w e l l  as 30 o f  t he  e x e r c i s i n g  r a t s  

were s a c r i f i c e d  by e t h e r .  A l l  a o r t i c  t i s s u e  was prepared  

f o r  h i s t o l o g i c a l  exami na t i on  by l i g h t  mi croscopy.

Comparisons were made between the  numbers o f  

a o r t i c  e l a s t i n  f i b e r s  o f  t h e  c o n t r o l s  and ex pe r i me nt a l  

ani mal s  u t i l i z i n g  a 3 X 2 f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  

de s i g n .  When s i g n i f i c a n t  F r a t i o s  were o b t a i n e d ,  or t hogonal
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comparisons,  were u t i l i z e d  to det ermi ne where s i g n i f i c a n t  

d i f f e r e n c e s  e x i s t e d .  No comparisons were made f o r  the  

co l l a ge n  t i s s u e  and s i ze s  o f  e l a s t i n  f i b e r s  because t he  

raw measurements of  the  c o n t r o l s  were e i t h e r  the same as ,  

or  g r e a t e r  t h a n ,  the exper i ment a l  an i ma l s '  raw measure

ments.

FINDINGS

The f i n d i n g s  o f  t h i s  study were as f o l l o ws :

1.  According to t he  raw measurements,  t her e  were  

no d i f f e r e n c e s  in the  numbers or s i zes  of  col l agen f i b e r s  

o f  the  exper i ment a l  r a t s  and the c o n t r o l s .

2.  The raw measurements o f  the e l a s t i n  f i b e r s  

r e v e a l e d  t h a t  the s i zes  o f  these f i b e r s  were not  d i f f e r e n t  

between the swimmers and c o n t r o l s .

3. Tot a l  raw measurements of  the  numbers of  

e l a s t i n  f i b e r s  showed t h a t  the swimmers had more e l a s t i n  

f i b e r s  in t h e i r  a or t ae  than did the c o n t r o l s .

4.  There was a s i g n i f i c a n t  d i f f e r e n c e  in the  

number of  e l a s t i n  f i b e r s  in the swimmers and in the 

c o n t r o l s .  Orthogonal  comparisons data i n d i c a t e d  t h a t  the  

number of  e l a s t i n  f i b e r s  was s i g n i f i c a n t l y  g r e a t e r  in t he  

exper i ment a l  animals as compared to those o f  the c o n t r o l s .

5. There was a s i g n i f i c a n t  d i f f e r e n c e  in the number  

o f  e l a s t i n  f i b e r s  in both age groups wi t h  the 75 day o l d  

r a t s  having the  g r e a t e s t  i n c r e a s e .
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6 . I n t e r a c t i o n  f a c t o r  was not  s i g n i f i c a n t ,  t h e r e f o r e  

swimming,  age,  and d u r a t i o n  o f  t he s t udy  had no s i g n i f i c a n t  

e f f e c t  on one a n o t h e r .

7.  There was no s i g n i f i c a n t  d i f f e r e n c e  between the  

numbers o f  e l a s t i n  f i b e r s  o f  t h e  e x p e r i m e n t a l  r a t s  i n 10  

days o f  swimming and 20  days o f  swimming.

8 . The w i d t h  o f  t he  a o r t i c  media l a y e r  o f  t h e  

e x p e r i me n t a l  r a t  was s i g n i f i c a n t l y  l a r g e r  than t h a t  o f  the  

c o n t r o l  a n i m a l .

9.  No s i g n i f i c a n t  d i f f e r e n c e  i n  t he  number o f  

e l a s t i n  f i b e r s  o f  t h e  15 mi nut e  and 30 mi nut e  swimmers was 

found .

DISCUSSION

The r e s u l t s  o f  t h i s  s t udy  we r e ,  f o r  the most  p a r t ,  

c o m p l e t e l y  o p p o s i t e  f rom t h e  da t a  o b t a i n e d  from t h e  p i l o t  

s t u d y .  A p r i m a r y  reason f o r  t h i s  f a c t  l i e s  i n t h e  q u a l i t y  

o f  t h e  t i s s u e  s e c t i o n s .  For t h e  p i l o t  s t udy  most o f  t he  

e x p e r i m e n t a l  t i s s u e  was d i s t o r t e d ,  but  most o f  t he  c o n t r o l  

t i s s u e  was not  d i s t o r t e d  or  on l y  s l i g h t l y  d i s t o r t e d .  Thus,  

d i s t o r t e d  f i b e r s  had a much l a r g e r  d i a m e t e r  than d i d  

n o n d i s t o r t e d  f i b e r s .  For t h i s  p r e s e n t  i n v e s t i g a t i o n ,  most  

of  t h e  s e c t i o n s  o f  a o r t i c  t i s s u e  had more t i s s u e  p r e s e n t  

and were b e t t e r  s t a i n e d .  A l t hough most o f  t he  s e c t i o n s  

had d i s t o r t e d  a r e a s  p r e s e n t ,  t h e r e  were a r eas  on most  o f  

t hes e  s e c t i o n s  whi ch c o m p l e t e l y  l a c k e d  d i s t o r t i o n .  Much
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t i me  was spent  in f i n d i n g  the  areas i n which t he  e l a s t i n  

and c o l l a g e n  f i b e r s  were cut  c l e a n l y  and c r i s p l y .  A few 

s l i d e s  had a l l  s e c t i o ns  w i t h  on l y  d i s t o r t e d  f i b e r s .  In 

such cases ,  t he  areas  c o n t a i n i n g  the l e a s t  amount o f  d i s 

t o r t i o n  were used f o r  measur ing f i b e r  d i ame t e r s  and 

count i ng the  number o f  f i b e r s .  In count i ng  the  number o f  

e l a s t i n  f i b e r s ,  much t i me was taken to s e l e c t  those areas  

c o n t a i n i n g  t h e  g r e a t e s t  number o f  f i b e r s ;  in count i ng the  

number o f  c o l l a g e n  f i b e r s ,  the areas c o n t a i n i n g  the  

c l e a r e s t  f i b e r s  were used.

A l l  raw measurements taken f o r  t he  numbers and

s i ze s  o f  t he  c o l l a g e n  f i b e r s  were s t r i c t l y  rough e s t i ma t e s

because t hese  f i b e r s  as a whole were very  i n d i s t i n c t  and

very  dense and c ont a i ne d  e i t h e r  very  l i t t l e  i n t r a c e l l u l a r

space or were c o mp l e t e l y  voi d of  i n t r a c e l l u l a r  space.  The

f i b e r s  were a l s o  ver y  c u r l e d ,  t w i s t e d ,  and many t imes were

masked by e l a s t i n  f i b e r s ,  making a c c u r a t e  measurements

i mp o s s i b l e .  Apter^ a l s o  found t h a t  i t  was not  po s s i b l e

t o e s t i ma t e  t he  amount o f  c o l l a g e n  from h i s t o l o g i c a l
?

s e c t i o n s .  Accordi ng to Ri chard Pe t e r s on ,  Tomanek found 

t h a t  e x e r c i s e  di d not  i n c r e a s e  the  number o f  co l l a g en

^ J u l i e  T.  A p t e r ,  Murray R a b i n o w i t z ,  and Dorothy
H. Cummings, " C o r r e l a t i o n  o f  V i s c o - e l a s t i c  P r o p e r t i e s  o f  
Large A r t e r i e s  w i t h  Mi c r o s c o p i c  S t r u c t u r e , "  Ci r c u l a t i  on 
Res ear ch , 1 9 : 1 1 3 ,  J u l y ,  1966.

2
Ri char d A l l e n  P e t e r s o n ,  " M i c r o s t r u c t u r a l  and 

U 1 t r a s t r u c t u r a l  Response o f  Myocardium t o Aer ob i c  Phys i ca l  
T r a i n i n g , "  ( unpu b l i s hed  D o c t o r ' s  d i s s e r t a t i o n ,  U n i v e r s i t y  
o f  Wi scons i n ,  1 9 7 1 ) .
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f i b e r s  o f  t h e  hear t  i n  e i t h e r  young or  old r a t s .  The

r e s u l t s  o f  t h i s  study suggest  t h a t  e x e r c i s e  does not

i n c r e a s e  t he  numbers or  s i z e s  o f  c o l l a g e n  in r a t  a o r t a e ,
3

r e g a r d l e s s  o f  age.  d e V r i e s  r e p o r t e d  t h a t  in gui nea pigs  

e x e r c i s e  i n c r e a s e d  the number o f  c o l l a g e n  f i b e r s  a f t e r  

t h r e e  weeks o f  t r a i n i n g .

Al t hough t h e r e  was no i n c r e a s e  in the s i z e s  o f  the  

e x pe r i me n t a l  a n i ma l s '  e l a s t i n  f i b e r s  as compared t o the  

e l a s t i n  f i b e r s  o f  the c o n t r o l s ,  t h e r e  was a ver y  n o t i c e 

a b l e  d i f f e r e n c e  in the numbers o f  e l a s t i n  f i b e r s  as a 

r e s u l t  of  swimming.  From the d a t a ,  i t  appeared t h a t  

swimming d i d  i n c r e a s e  t h e  number o f  e l a s t i n  f i b e r s  in the  

media l a y e r  o f  r a t  a o r t a  and t h a t  age di d a f f e c t  the number 

a l s o ,  s i nce t h e  i n c r e a s e  in the number o f  e l a s t i n  f i b e r s  

was g r e a t e r  i n  the 75 day old r a t s  than in the 130 day ol d  

r a t s .

Regar dl ess  o f  t i m e ,  i t  appeared t h a t  swimming 15 

mi nut es and 30 m i n u t e s ' d a i l y  f o r  10  days or  20 days had 

t h e  same e f f e c t  on numbers of  e l a s t i n  f i b e r s .  Growth and
4

a d a p t a t i o n  o f  t he  a r t e r i a l  media occur  in s e ver a l  ways.

3
H e r b e r t  A. d e V r i e s ,  Phys i o l ogy  of  E x e r c i s e  f o r  

Phys i c a l  Educat i on  and A t h l e t i c s  (Dubuque:  W i l l i a m  C. Brown 
Company, 1 9 6 6 ) ,  pp. 1 8 0 - 8 1 .

^Seymour Gl agov,  "Hemodynamic Risk F a c t o r s :  Mechan
i c a l  S t r e s s ,  Mural  A r c h i t e c t u r e ,  Medi a l  N u t r i t i o n ,  and t he  
V u l n e r a b i l i t y  o f  A r t e r i e s  to A t h e r o s c l e r o s i s , "  The Pat ho
genes i s  of  A t h e r o s c l e r o s i s , eds.  R. W. W i s s l e r ,  J.  C. Gr e e r ,  
and Nathan Kaufman ( B a l t i m o r e : The W i l l i a m s  and Wi l k i n s  Co. ,  
1 9 7 2 ) ,  pp. 1 7 9 - 8 0 .
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As a o r t i c  d i a me t e r  and t e n s i o n  i n c r e a s e ,  growth o f  the  

a o r t i c  media i s  achi eved by changes in width and composi 

t i o n  o f  i n d i v i d u a l  e l a s t i n  l a m e l l a r  u n i t s ,  and by 

f o r ma t i o n  o f  new e l a s t i n  l a m e l l a r  u n i t s  formi ng in the  

a d v e n t i t i a  l a y e r .  Since t h e r e  was a s i g n i f i c a n t  i nc r e as e  

i n  the number o f  e l a s t i n  f i b e r s  o f  t h e  ex pe r i me n t a l  a n i ma l s ,  

swimming a p p a r e n t l y  brought  about  growth in t he  a o r t i c  

media o f  t he  r a t  a o r t a e .  The i n c r e a s e  in the number of  

e l a s t i n  f i b e r s  i s  r e f l e c t e d  in t he  o v e r a l l  w i d t h  o f  the  

media l a y e r .

Si nce t he  h i s t o l o g i c a l  ex ami na t i ons  o f  t h e  a o r t i c  

t i s s u e  f a i l e d  to show d i f f e r e n c e s  i n  the numbers and s i z e s  

o f  c o l l a g e n  f i b e r s  between the  c o n t r o l s  and e x pe r i me n t a l  

a n i ma l s ,  i t  i s p o s s i b l e  t h a t  d i f f e r e n c e s  might  be r e ve a l e d  

by o t h e r  methods such as chemi cal  a n a l y s i s  o f  c o l l a g e n  or  

e l e c t r o n  mi cr oscopy .  E l e c t r o n  mi croscopy mi ght  a l s o  

d i s c l o s e  d i f f e r e n c e s  in t he  s i z e s  o f  e l a s t i n  f i b e r s .

E x e r c i s e  i n c r e a s e s  blood f l o w  through t h e  a r t e r i e s

which i n c r e a s e s  pr essur es  and t e n s i o n  on the a r t e r i a l

w a l l s .  I nc r e as e d  pressur es  and t e n s i o n  should s t r e ng t he n

t he  wa l l  o f  a r t e r i e s  by i mpr ov i ng t he  f u n c t i o n s  o f  both
5

c o l l a g e n  and e l a s t i n  t i s s u e .  Bur ton s t a t ed  t h a t  in  

blood v e s se l s  t h e r e  must always be a t o t a l  t e n s i o n  in the

5
Alan C. Cur t o n ,  " R e l a t i o n  o f  S t r u c t u r e  t o  Funct i on  

o f  the T i ssues  o f  the  Wal l  o f  Blood Ves s e l s , "  Physi  o l o q i c a l  
Revi ews,  3 4 : 6 3 3 - 3 4 ,  Oc t ob e r ,  1954.



w a l l s  s u f f i c i e n t  to coun t e r a c t  the d i s t e n d i n g  tendency of  

t he  blood pr es sur e .  The pr i mar y  f u n c t i o n  of  co l l agen  and 

e l a s t i n  f i b e r s  in the a o r t a ,  as wel l  as in ot her  a r t e r i e s ,  

i s  to provi de the necessary maintenance t ens i on in t he  

wal l  wi t hout  t he  expendi t ur e  o f  energy.  E l a s t i n  f i b e r s ,  

wi t h  t h e i r  g r e a t  range of  e x t e n s i b i l i t y ,  have the f u n c t i o n  

of  producing mai ntenance t e ns i on  aga i n s t  the normal blood 

pressures and t he  normal pr essure  f l u c t u a t i o n .  Due to the  

a r c h i t e c t u r e  o f  t he  w a l l ,  c o l l a g e n  f i b e r s  are s t r e t c h e d  

onl y  at  h i gher  than normal pressures and have a p r o t e c t i v e

suppor t i ng r o l e .
6Glagov c i t e s  anot her  f u n c t i o n  of  co l l a gen  and 

e l a s t i n  in the  a o r t a .  A c l o s e  a s s o c i a t i o n  of  co l l a g e n  

wi t h  e l a s t i n  i s  r e s pons i b l e  f o r  the shape of  the p r essur e -  

volume curves i n  the a o r t a .  The usual  curve obt a i ned in 

the a o r t i c  segment shows d i mi n i s h i n g  i n c r e as e s  in volume 

per  u n i t  i n c r e a s e  in pr essure  beyond a c e r t a i n  p o i n t .  As 

pressures are i nc r e a se d ,  e l a s t i n  f i b e r s  uncur l  and s t r e t c h ;  

i n c r e a s i ng  numbers of  c o l l a g e n  f i b e r s  a r e  drawn t a u t  and,  

due t o  t h e i r  i n e x t e n s i b i l i t y ,  l i m i t  f u r t h e r  d i s t e n t i o n .

The i n v e s t i g a t o r  o f  t h i s  p r es ent  study b e l i e v e s  t h a t  s i g 

n i f i c a n t  i ncr eases  in the numbers of  e l a s t i n  f i b e r s  of  the  

exper i ment a l  r a t s  show t h a t  pressures and t ens i on  on the 

a o r t i c  wa l l s  were i ncreased s u f f i c i e n t l y  t o  improve the

^Glagov,  op. c i t . ,  p.  172.
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f u n c t i o n s  o f  both e l a s t i n  and c o l l a g e n  f i b e r s ,  and t her eby  

improve maintenance or  t o t a l  t e ns i o n  in the w a l l s  and 

improve the shape of  the pr essur e- vol ume curves in the  

a o r t a e .

Al though a t  present  t h e r e  i s  no u n d e r l y i ng  t heor y
7 8 9f o r  i n c r e a s i n g  the e l a s t i c i t y  o f  t he a o r t a ,  * * the  

i n v e s t i g a t o r  of  the pr esent  study b e l i e v e s  t h a t  t he  swimming 

t r e a t me n t  employed in t h i s  r esear ch di d i ncrease  the  e l a s t i 

c i t y  of  the a o r t a e .  I n c r e a s i ng  the number of  e l a s t i n  

f i b e r s  in the exper i ment a l  a o r t i c  media should r e s u l t  in 

s t r e ng t h e n i ng  the wal l  which would i ncr e as e  e l a s t i c i t y .  

Fur t he r  research needs to be conducted such as measures of  

e l a s t i c i t y  on f r e s h  t i s s u e  to prove or  d i spr ove  t h i s  

hypothesi  s .

CONCLUSIONS

Wi t h i n  t he  l i m i t a t i o n s  o f  t h i s  s t udy ,  t he  f o l l o w i n g  

concl usi ons were reached:

1.  Swimming s i g n i f i c a n t l y  i ncreased the number of

^Based on personal  correspondence between Dr.
Her ber t  A. d e V r i e s ,  U n i v e r s i t y  o f  Southern C a l i f o r n i a ,  and 
the w r i t e r ,  Mary Welch.

D
Based on personal  correspondence between Dr.

W i l l i a m  C. Adams, U n i v e r s i t y  o f  C a l i f o r n i a  a t  Dav i s ,  and 
the w r i t e r ,  Mary Welch.

g
Based on personal  correspondence between Dr.  

Laurence E. Morehouse,  U n i v e r s i t y  of  C a l i f o r n i a  a t  Los 
Angel es ,  and the w r i t e r ,  Mary Welch.
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e l a s t i n  f i b e r s  in the media o f  the a o r t a  o f  the exper i ment a l  

r a t s .

2.  The exer c i se  u t i l i z e d  in t h i s  study did not  

s i g n i f i c a n t l y  modi fy the s i z e  or number o f  co l l agen f i b e r s .

3.  Exer c i se  i s  a p p a r e n t l y  more b e n e f i c i a l  in 

i n c r e a s i ng  t he  number of  e l a s t i n  f i b e r s  in younger  ani mal s  

than in o l d e r  subj ec t s .

4.  N e i t h e r  the number o f  days o f  ex e r c i s e  nor  the  

number o f  minutes of  e x e r c i s e  per  day had any s i g n i f i c a n t  

e f f e c t  over  t h a t  of  e x e r c i s e  alone on t he  number of  e l a s t i n  

f i  b e r s .

RECOMMENDATIONS

The f o l l o w i n g  s t u d i e s  should be conducted:

1.  A study on t he  e f f e c t s  of  swimming on r a t  ao r t a  

c o l l a g en  and e l a s t i n  f i b e r s  by e l e c t r o n  mi croscopy.

2.  Chemical  a n a l y s i s  might  r e v e a l  changes in 

c o l l agen  and e l a s t i n  f i b e r s  o f  r a t  a o r t a  o f  r a t s  exposed 

t o  swimming.

3.  Measures of  e l a s t i c i t y  on r a t  a o r t a  from r a t s  

exposed t o swimming.  A measure o f  e l a s t i c i t y  t h a t  i s  used 

t o  measure t he  e l a s t i c i t y  o f  blood vessel  wa l l s  is Young's  

Modulus,  or  " l o n g i t u d i n a l  e l a s t i c i t y " .  Thi s  modulus is  

u s u a l l y  denoted by Y and i s  computed by t he  equat i on:

F = .A.
o
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APPENDIX A

RAW MEASUREMENTS OF ELASTIN FIBERS

Groups, 
Ages

Total  Number 
of  Fi bers

To t a l  Mean Si zes  
in Microns

10 days 20  days 10  days 20  days

C o n t r o l , 
75 day 
ol d ra t s

202 203 91 .50 90 . 0

C o n t r o l , 
130 day 
ol d rats

172 175 93 . 0 100 . 5

15 minute 
swim, 75 
day old r a t s

240 240 82 . 0 72 . 0

15 minute 
swim, 130 
day old r a t s

235 220 8 0 . 0 84.  5

30 minute 
swim, 75 
day old r a t s

245 260 72 . 0 68 . 5

30 minute  
swim, 130 
day old r a t s

228 214 8 6 , 5 8 8 . 5



APPENDIX B

RAW MEASUREMENTS OF COLLAGEN FIBERS

89

Groups,  T o t a l  Number Tot a l  Mean Sizes
Ages . o f  Fi bers_____________  i n Microns______

 10 days 20 days 10 days 20 days

Cont rol  ,
75 day 74 91 5 8 . 5  55 . 0
ol d r a t s

Cont rol  ,
130 day 73 78 6 6 . 2 5  67 . 5
old r a t s

15 mi nute
s w i m , 7 5 d a y  81 80 4 6 . 5  4 8 . 0
old r a t s

15 mi nut e
swim, 130 day 76 75 5 9 . 5  58 . 0
old r a t s

30 mi nut e
swim, 75 day 77 76 4 5 . 5  48 . 5
old r a t s

30 mi nut e
swim, 130 day 75 75 6 0 . 0  53 . 5
ol d r a t s
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APPENDIX C

RAW SIZES OF RAT AORTAE

Groups,
Ages

To t a l  Si zes ( d i a m e t e r s )  
i n m i l l i m e t e r s

10  days 20 days

C o n t r o l , 75 day 
ol d  r a t s

36 36 . 5

C o n t r o l , 130 day 
ol d r a t s

3 9 . 5  34

15 mi nut e  swim,  
75 day ol d r a t s

37 38

15 mi nut e  swim,  
130 day ol d r a t s

38 39 . 5

30 mi nut e  swim,  
75 day ol d r a t s

3 6 . 5  40

30 mi nut e  swim,  
130 day ol d r a t s

3 8 . 5  41
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APPENDIX D 

NUMBERS OF ELASTIN FIBERS FOR 180 

ADULT MALE WHITE RATS 

3 X 2  FACTORIAL ANALYSIS OF VARIANCE DESIGN

= 1390 

x = 15 . 44

£ B 2 = 1244 

x = 1 3 . 8 2

c A1 = 935  £ A 2 = 947  £ A 3 = 752

x = 1 5 . 58  x = 1 5 .78 x = 1 2 . 53

Var i  abl  es :

A = Treatment  

B = Age 

30 r a t s  per group

A1 A2 3
15 mi n 30 mi n Control

swim swim 75
75 days 75 days days

ol d old ol d
Total Total Tot a l

Scores= Scores= Scores=
(480) ( 5 05 ) ( 405)

15 m i n 30 m i n Control
swi m swim 130

130 days 130 days days
ol d old old

Tot a l Tota l Tot a l
Scores= Scores= Scores=

(455) ( 442 ) ( 347)
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APPENDIX E 

NUMBERS OF ELASTIN FIBERS FOR 130  

DAY OLD MALE WHITE RATS 

3 X 2  FACTORIAL ANALYSIS OF VARIANCE DESIGN

A1 A2 A3
15 mi n 30 m i n Cont rol

swim swi m
10  days 10 days 10  days

o f o f
swimming swimming

(235 ) ( 2 2 8 ) ( 172)

15 m i n 30 m i n Cont rol
swim swi m

20  days 20  days 20  days
of o f

swimming swimmi ng

( 2 2 0 ) ( 2 1 4 ) (175)

Z  A-j = 455 £ A 2 = 442 £ A 3 = 347

x = 1 5 . 1 7 x = 1 4 . 7 3 x = 11 . 57

t  B-

£  B,

V a r i a b l e s :

A = Tr e a t me nt  

B = D u r a t i o n  

15 r a t s  per  group

= 635 

= 14.11

= 609 

= 1 3 . 5 3



93

APPENDIX F 

NUMBERS OF ELASTIN FIBERS FOR 75 

DAY OLD MALE WHITE RATS 

3 X 2  FACTORIAL ANALYSIS OF VARIANCE DESIGN

£  B-j = 687 

x = 1 5 ‘ 27

£  B2 = 703

x = 1 5 ’ 62

t  A1 = 480 t  A2 = 505 £ A 3 = 405

- = 1 6 . 0 0  -  = 1 6 . 8 3  -  = 1 3 . 5 0
A A A

V a r i a b l e s :

A = T r ea t ment  

B = D u r a t i o n  

15 r a t s  per  group

A 1 a 2 A3
15 mi n 

swi m 
10  days 

o f
swi mmi ng

30 mi n 
swim 

10  days  
o f

swi mmi ng

Cont rol  

10  days

( 2 4 0 ) ( 2 4 5 ) ( 2 0 2 )

15 m i n 
swi  m 

20  days 
of

swi mmi ng

30 mi n 
swim 

20  days  
of

swi mmi ng

Cont rol  

20  days

( 2 4 0 ) ( 2 6 0 ) ( 2 03 )
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APPENDIX G

NUMBERS OF ELASTIN FIBERS FOR 180

ADULT MALE WHITE RATS

ORTHOGONAL COMPARISONS 

A LEVEL

FOR

A1 a 2 A3
935 947 752

+ 1 -1 0

+ 1 + 1 - 2

C, = (935 -  947 ) 2 = ( -1 2 ) 2 = 1 44 = ,
60 ( 1 2+ ( - 1  ) 2 120  120

C2 = (935 + 947 + ( - 2 )  7 5 2 ) 2 = ( 3 7 8 ) 2 = 142884
60 ( I 2 + I 2 + { - 2 ) 2 ) 360 360

396 . 90



APPENDIX H

NUMBERS OF ELASTIN FIBERS FOR 130

DAY OLD MALE WHITE RATS

ORTHOGONAL COMPARISONS 

A LEVEL

A2 

442

-1

+ 1

( 455  -  442 ) 2 = (1 3 ) 2 = 1_69

30 ( l 2 + ( - l ) 2 ) 60 60

(455 + 442 + ( - 2  ) 347 ) 2 = (203 ) 2 

30 ( 1 2 + l 2+ ( - 2 ) 2 ) 180

455  

+ 1 

+ 1

FOR

2. 82

41209
180
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APPENDIX I

NUMBERS OF ELASTIN FIBERS FOR 75

DAY OLD MALE WHITE RATS

ORTHOGONAL COMPARISONS FOR

A LEVEL

A1 A2 A3
480 505 405

+ 1 -1 0

+ 1 +1 - 2

C-| = (480 - 505 ) 2 = ( - 2 5 ) 2 = 625  ̂ = 1Q  42  

30 (1 2 + ( - 1  ) 2 ) 60 60

c? = (480 + 505 + ( - 2 )  405 ) 2 (1 7 5 ) 2 = 30625 = 1 7n
30 ( 1 2+ l 2+ ( - 2 ) 2 180 180



APPENDIX J 

t  TEST FOR WIDTH OF MEDIAL LAYER 

OF RAT AORTAE

F o r mu l a : t  = x i x;

V  SE. ,2 + SE2 2

t  = 1 50 -  1 80_________

- J  (1 . 69 ) 2 + ( 2 .  39 ) 2 

t  = 30 = 3 0
V” 8757  2 . 93

t  = 1 0 . 2 4  d f  = ( N - l ) = 11

S i g n i f i c a n t  a t  .01 l e v e l
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