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A b s t r a c t  

The a i m  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  e f fec t  of a n  

a e r o b i c  t r a i n i n g  program on  t h e  deve lopmen t  o f  b l o o d  p r e s s u r e  

c h a n g e s  i n  male Dahl  s e n s i t i v e  (DS) r a t s  on two d i e t a r y  

r e g i m e n s .  A l l  r a t s  were g i v e n  an  i n i t i a l  t r e a d m i l l  e d u c a t i o n  

p e r i o d  o f  1 0  d a y s ,  a f t e r  which t h e  a n i m a l s  were randomly  d i v i d e d  

i n t o  f o u r  g r o u p s  on  t w o  d i e t  r e g i m e n s .  The g r o u p s  were: N o r m a l  

Chow N o n t r a i n e d  (NCN), Normal Chow T r a i n e d  (NCT), High S a l t  

N o n t r a i n e d  (HSN), and  Nigh S a l t  T r a i n e d  (HST). The no rma l  chow 

g r o u p s  r e c e i v e d  P u r i n a  5001  r o d e n t  chow i n  meal fo rm;  t h e  h i g h  

s a l t  g r o u p s  r e c e i v e d  normal  chow supp lemen ted  w i t h  sodium 

c h l o r i d e  (36 g rams  N a C l  p e r  964 grams chow).  Tap water w a s  

p r o v i d e d  ad l i b i t u m .  T r a i n e d  g r o u p s  r a n  on a r o d e n t  t r e a d m i l l  a t  - 
26.4 m/min a t  a 5 p e r c e n t  g r a d e  f o r  i n c r e a s i n g  l e n g t h s  o f  t i m e ,  

b e g i n n i n g  a t  7 . 5  min.  p e r  d a y  and  r e a c h i n g  1 1 5  min.  p e r  d a y  by  

t h e  end o f  t h e  1 2 t h  week. Direct b l o o d  p r e s s u r e  measu remen t s  

were pe r fo rmed  u n d e r  h a l o t h a n e - n i t r o u s  o x i d e  a n e s t h e s i a  a f t e r  

t h e  4 t h ,  8 t h ,  a n d  1 2 t h  weeks o f  t h e  t r a i n i n g  program.  

The t r a i n i n g  program r e s u l t e d  i n  s i g n i f i c a n t l y  lower 

s y s t o l i c  and d i a s t o l i c  b l o o d  p r e s s u r e s  ( p  less t h a n  0 .0001)  i n  

b o t h  t h e  t r a i n e d  g r o u p s  a s  compared t o  t h e i r  n o n t r a i n e d  

c o u n t e r p a r t s .  The t r a i n i n g  a l s o  r e s u l t e d  i n  s i g n i f i c a n t l y  s l o w e r  

h e a r t  ra tes  a n d  s i g n i f i c a n t l y  g r e a t e r  r e l a t i v e  h e a r t  w e i g h t s  

t h a n  t h e  n o n t r a i n e d  g r o u p s .  N o n t r a i n e d  g r o u p s  a t t a i n e d  g r e a t e r  

body w e i g h t s  t h a n  t h e  t r a i n e d  g r o u p s .  Mechanisms i n v o l v e d  i n  t h e  

iii 



d i f f e r e n c e s  o b s e r v e d  were n o t  i n v e s t i g a t e d .  The r e s u l t s  

i n d i c a t e d  t h a t  p h y s i c a l  t r a i n i n g  a c t e d  i n  some way t o  r e d u c e  t h e  

deve lopment  of s a l t - i n d u c e d  h y p e r t e n s i o n  i n  DS male r a t s  o n  two 

d i e t a r y  s a l t  r e g i m e n s .  
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A .  INTRODUCTION 

Up t o  o n e  f i f t h  o f  t h e  w o r l d ' s  p o p u l a t i o n  h a s  b e e n  

c l a s s i f i e d  a s  h a v i n g  h y p e r t e n s i o n .  When h y p e r t e n s i o n  h a s  been  

d e f i n e d  as  b lood  p r e s s u r e  above  160  mm Hg s y s t o l i c  a n d / o r  95 mm 

Hg d i a s t o l i c ,  f rom 8 t o  1 F  p e r c e n t  o f  a d u l t s  h a v e  been  l a b e l l e d  

h y p e r t e n s i v e  (WHO, 1 9 7 8 ) .  I n  g e n e r a l ,  t h e  h i g h e r  t h e  a r t e r i a l  

p r e s s u r e ,  e i t h e r  s y s t o l i c  o r  d i a s t o l i c ,  t h e  g r e a t e r  t h e  

c a r d i o v a s c u l a r  m o r b i d i t y  and m o r t a l i t y  (WHO, l%"i'). 

Depending on t h e  s e v e r i t y  o f  h y p e r t e n s i o n ,  a s  d e f i n e d  by 

t h e  d e g r e e  o f  e l e v a t i o n  o f  t h e  a r t e r i a l  b l o o d  p r e s s u r e ,  

d i f f e r e n t  c a r d i o v a s c u l a r  c o m p l i c a t i o n s  r e s u l t .  Mild h y p e r t e n s i o n  

(90-104 mm 133 d i a s t o l i c )  h a s  been  p r i m a r i l y  a s s o c i a t e d  w i t h  

i n c r e a s e d  a t h e r o s c l e r o s i s .  Some o f  t h e  m a j o r  c o m p l i c a t i o n s  

a s s o c i a t e d  w i t h  modera t e  h y p e r t e n s i o n  (105-114 mm H g  d i a s t o l i c ) ,  

h a v e  i n c l u d e d  : i n c r e a s e d  a t h e r o s c l e r o s i s ,  h e m o r r h a g i c  s t r o k e ,  

c o n g e s t i v e  h e a r t  f a i l u r e ,  d i s s e c t i n g  ao r t i c  aneurysm,  and 

m a l i g n a n t  h y p e r t e n s i o n .  U n t r e a t e d  s e v e r e  h y p e r t e n s i v e s  ( 1 1 5  mm 

Hg and o v e r  d i a s t o l i c )  g e n e r a l l y  succumb t o  o n e  o f  t h e  above  

men t ioned  c o m p l i c a t i o n s  ( F r i e s  , 1 9 7 8 )  . 
E p i d e m i o l o g i c a l  s t u d i e s  h a v e  i s o l a t e d  s e v e r a l  f a c t o r s  

h i g h l y  c o r r e l a t e d  t o  t h e  i n c i d e n c e  o f  h y p e r t e n s i o n .  The World 

H e a l t h  O r g a n i z a t i o n  (1978)  named t h e  f o l l o w i n g  a s  a s s o c i a t e d  

w i t h  t h e  o c c u r r e n c e  o f  h y p e r t e n s i o n :  a g e ,  r a c e ,  h e r e d i t y ,  

w e i g h t ,  t h e  i n t a k e  o f  sodium c h l o r i d e  ( s a l t )  , p r o t e i n ,  a l c o h o l ,  

d e m i n e r a l i z e d  water, e x e r c i s e ,  and  p s y c h o s o c i a l  f a c t o r s .  I n  

a d d i t i o n  t h e  WHO (1978)  made some " c o n j e c t u r a l  recommendat ions"  

f o r  t h e  p r e v e n t i o n  o f  p r i m a r y  ( e s s e n t i a l  ) h y p e r t e n s i o n .  These 



i n c l u d e d :  c o n t r o l  o f  s a l t  i n t a k e ,  r e g u l a r  p h y s i c a l  a c t i v i t y ,  

c o n t r o l  of w e i g h t ,  and t h e  a v o i d a n c e  o f  p r o l o n g e d  a d v e r s e  

psycho1 o g i c a l  and s o c i a l  c o n d i t i o n s .  

E p i d e m i o l o g i c  s t u d i e s  h a v e  emphas i zed  t h e  m a j o r  role o f  

sodium c h l o r i d e  ( s a l t )  consumpt ion  i n  t h e  p r e v a l e n c e  and 

p o s s i b l e  p r e v e n t i o n  o f  h y p e r t e n s i o n .  Many s t u d i e s  h a v e  

i n v e s t i g a t e d  t h e  r e l a t i o n s h i p  b e t v e e n  sodium c h l o r i d e  and b lood  

p r e s s u r e .  The p r e s e n c e  o f  g e n e t i c  p r ~ d i s p o s i  t i o n s  t o  t h e  

h y p e r t e n s o g e n i c  e f f e c t s  o f  d i e t a r y  s a l t  h a s  been  i d e n t i f i e d  b o t h  

i n  a n i m a l s  ( D a h l ,  H e i n e ,  and T a s s i n a r i ,  1 9 6 2 ) ,  and i n  humans 

(Kawasaki ,  1978;  F u j i t a ,  1980). I t  h a s  been  s u g g e s t e d  t h a t  n i n e  

t o  t w e n t y  p e r c e n t  o f  t h e  human p o p u l a t i o n  a r e  g e n e t i c a l l y  

s u s c e p t i b l e  t o  s a l t - i n d u c e d  h y p e r t e n s i o n  ( T o b i a n ,  1 9 7 9 ) .  T h i s  

p o s t u l a t e d  g e n e t i c  p r e d i s p o s i t i o n  combined w i t h  t h e  h i g h  l e v e l  

o f  s a l t  consumpt ion  o f  t h e  modern d i e t ,  c o u l d  b e  a c a u s e  i n  a  

l a r g e  p o r t i o n  of t h o s e  a f f l i c t e d  w i t h  t h e  d i s e a s e .  

The u s e  of e x p e r i m e n t a l  a n i m a l  m o d e l s  h a s  become p r o m i n e n t  

i n  h y p e r t e n s i o n  r e s e a r c h .  S e v e r a l  e x p e r i m e n t a l  model s o f  

h y p e r t e n s i o n  h a v e  been  deve loped  (Yamor i ,  1 9 7 9 ) .  The u s e  o f  

a n i m a l  m o d e l s  p r o v i d e s  s e v e r a l  e x p e r i m e n t a l  a d v a n t a g e s :  

1. c o n t r o l  o f  t h e  t y p e  and s e v e r i t y  o f  t h e  h y p e r t e n s i o n ,  

2. c o n t r o l  o f  t h e  d r u g s  and d i e t ,  

3. c o n t r o l  o f  a g e ,  

4 .  c o n t r o l  o f  t h e  number o f  s u b - i e c t s ,  

5. c o n t r o l  o f  e x p e r i m e n t a l  m e t h o d s  i n c r e a s e d .  

The v a r i e t y  o f  e x p e r i m e n t a l  m o d e l s  a v a i l a b l e  h a s  a l l o w e d  t h e  

s e l e c t i o n  o f  a n  a p p r o p r i a t e  model f o r  an  e x p e r i m e n t  based  on 



p r e v i o u s l y  documented  c h a r a c t e r i s t i c s .  G e n e t i c  m o d e l s  of 

h y p e r t e n s i o n  h a v e  p r o v e n  p a r t i c u l a r l y  u s e f u l  as  many 

s im i l a r i t i e s  b e t w e e n  r a t  m o d e l s  a n d  human f o r m s  of h y p e r t e n s i o n  

h a v e  b e e n  i d e n t i f i e d  ( Y a m o r i ,  1 9 7 9 ) .  

A u n i q u e  e x p e r i m e n t  d e s i g n e d  t o  p r o v e  t h e  e x i s t e n c e  o f  a 

g e n e t i c a l l y  d e t e r m i n e d  p r e d i s p o s i t i o n  t o  sal  t - i n d u c e d  

h y p e r t e n s i o n  w a s  p e r f o r m e d  by  L . K .  D a h l  a n d  h i s  g r o u p  i n  t h e  

e a r l y  1 9 6 0 ' s  ( D a h l ,  H e i n e ,  a n d  T a s s i n a r i ,  1 9 6 2 ) .  S u s c e p t i b i l i t y  

a n d  r e s i s t a n c e  t o  s a l t - i n d u c e d  h y p e r t e n s i o n  w a s  s e l e c t e d  f o r  b y  

i n b r e e d i n g  Sprague-Dawley r a t s .  The i n b r e e d i n g  o f  g e n e t i c a l l y  

s u s c e p t i b l e  ( s e n s i t i v e )  and r e s i s t a n t  r a t s  c o n t i n u e d  f o r  t h r e e  

g e n e r a t i o n s  b y  which  t i m e  a d e f i n i t e  s e p a r a t i o n  o f  t w o  d i s t i n c t  

s t r a i n s  was a p p a r e n t ;  a s e n s i t i v e  s t r a i n ,  w h i c h  d e v e l o p e d  

f u l m i n a t i n g  h y p e r t e n s i o n  when p l a c e d  o n  a h i g h  s o d i u m  c h l o r i d e  

d i e t ,  a n d  a r e s i s t a n t  s t r a i n ,  w h i c h  showed n o  b l o o d  p r e s s u r e  

e l e v a t i o n  o n  t h e  same d i e t .  The e x p e r i m e n t  n o t  o n l y  p r o v e d  t h e  

e x i s t e n c e  o f  a g e n e t i c  p r e d i s p o s i t i o n  t o  t h e  h y p e r t e n s o g e n i c  

e f f e c t s  of s a l t ,  b u t  h a s  a l s o  p r o v i d e d  v a l u a b l e  m o d e l s  f o r  t h e  

s t u d y  of s a l t  h y p e r t e n s i o n :  t h e  D a h l  S e n s i t i v e  ( D S ) ,  and  Dahl  

R e s i s t a n t  (DR) r a t s .  

I n  a d d i t i o n  t o  t h e  c o n t r o l  o f  s a l t  i n t a k e ,  t h e  WHO a l s o  

recommended p h y s i c a l  a c t i v i t y  i n  t h e  p r e v e n t i o n  of p r i m a r y  

h y p e r t e n s i o n  (WHO, 1 9 7 8 ) .  L a r g e  s u r v e y s  h a v e  shown d e f i n i t e  

c o r r e Z a t i o n s  b e t w e e n  i n c r e a s e d  p h y s i c a l  a - c t i v i t y  a n d  lower b l o o d  

p r e s s u r e .  Montoye and o t h e r s  ( 1 9 ? 2 ) ,  s u r v e y e d  1700 males o v e r  16 

Years o f  a g e  and  found  t h a t  m o r e  a c t i v e  men had s i g n i f i c a n t l y  

l o w e r  s y s t o l i c  and  d i a s t o l i c  b l o o d  p r e s s u r e  t h a n  more s e d e n t a r y  



men f rom t h e  same community. G y n t e l b e r g  ( 1 9 7 7 )  r e p o r t e d  s i m i l a r  

r e s u l t s  f rom a s t u d y  o f  5 , 2 4 9  m a l e s .  

When human s u b j e c t s  h a v e  b e e n  p l a c e d  on p h y s i c a l  t r a i n i n g  

p rog rams  a v a r i e t y  o f  r e s u l t s  h a v e  been  r e p o r t e d .  A g e n e r a l  

r e d u c t i o n  o f  b l o o d  p r e s s u r e  d u e  t o  t r a i n i n g  h a s  b e e n  r e p o r t e d  by  

s e v e r a l  g r o u p s  (Boyer  and Kasch ,  1970 ;  K i v ~ l o f f  and Huber ,  1971; 

C h o q u e t t e  and F e r g u s o n ,  1973;  S a n n e r s t e d t  and  o t h e r s ,  1973;  

Bonanno and L i e s ,  1974;  Khomanzink and  o t h e r s ,  1 9 7 8 ) ,  w h e r e a s  

n o n c o n c l u s i v e  r e s u l t s  have  b e e n  r e p o r t e d  by o t h e r s  ( Johnson  and 

G r o v e r ,  1967;  Hanson and Nedde, 1 9 7 0 ) .  S t u d i e s  o n  human ~ u b ~ i e c t s  

i n  t h i s  a r e a  h a v e  o f t e n  been  c o m p l i c a t e d  by t h e  v a r i a b i l i t y  o f  

symptoms and s e v e r i t y  o f  t h e  h y p e r t e n s i v e  s u b j e c t s .  Most r e c e n t  

r e s e a r c h  h a s ,  t h e r e f o r e ,  moved t o w a r d s  t h e  u s e  o f  e x p e r i m e n t a l  

m o d e l s  o f  h y p e r t e n s i o n .  

P h y s i c a l  t r a i n i n g  s t u d i e s  h a v e  b e e n  per formed on s e v e r a l  o f  

t h e  h y p e r t e n s i o n  mode l s  i n c l u d i n g :  m o d e l s  o f  g e n e t i c ,  s u r g i c a l ,  

and p h a r m a c o l o g i c a l  o r i g i n .  The mos t  common model used  h a s  been  

t h e  s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t  (SHR) . With r a t s  a s  w i t h  

humans,  r e s u l t s  h a v ~  been i n c o n c l u s i v e .  O v e r a l l ,  t h e  r e s u l t s  

h a v e  s u g g e s t e d  t h a t  c e r t a i n  f o r m s  o f  t r a i n i n g  were e f f e c t i v e  t o  

a  l i m i t e d  d e g r e e  i n  r e d u c i n g  r e s t i n g  s y s t o l i c  b lood  p r e s s u r e .  I n  

a  r e c e n t  s t u d y  Dahl s t r a i n  f e m a l e s  were u t i l i z e d  and p r e l i m i n a r y  

r e s u l t s  i n d i c a t e d  a s u b s t a n t i a l  s y s t o l i c  b l o o d  p r e s s u r e  

n o r m a l i z a t i o n  e f f e c t  r e s u l t i n g  f rom a t r e a d m i l l  r u n n i n g  program 

( S h e p h e r d ,  1 9 8 1 ) .  

A c o n t e n t i o u s  a r e a  i n  t h e  s t u d y  o f  b l o o d  p r e s s u r e  r e s p o n s e s  

t o  t r a i n i n g  i n  t h e  r a t  h a s  been  t h e  almost e x c l u s i v e  u s e  o f  



i n d i r e c t  b l o o d  p r e s s u r e  measu remen t .  T h i s  t y p e  o f  measurement  i n  

t h e  r a t  i n v o l v e s  h e a t i n g ,  c o n f i n e m e n t ,  and o f t e n  a n e s t h e s i a ,  t o  

o b t a i n  a m e a s u r a b l e  p u l s e  i n  t h e  r a t  t a i l .  C o n s i d e r a b l e  

c r i t i c i s m ,  p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  h e a t i n g  and stress 

i n v o l v e d ,  h a s  b e e n  made a g a i n s t  t h i s  i n d i r e c t  method (Bunag,  

McCubbin, and P a g e ,  1 9 7 1 ) .  Repea ted  d i r e c t  b lood  p r e s s u r e  

measurement  i n  a  p h y s i c a l  t r a i n i n g  s t u d y  h a s  y e t  t o  b e  

a t t e m p t e d .  A s  a r e s u l t ,  o n l y  l i m i t e d  d a t a  a r e  a v a i l a b l e  on  

d i a s t o l i c  b lood  p r e s s u r e  l e v e l s  which  h a v e  n o t  b e e n  measured  

i n d i r e c t l y  . S e v e r a l  human s t u d i e s  h a v e  shown d i a s t o l i c  p r e s s u r e  

m o d i f i c a . t i o n  d u e  t o  t r a i n i n g  t o  be p a r t i c u l a r l y  r e s p o n s i v e  

(Boyer  and K a s c h ,  1970;  C h o q u e t t e  and F e r g u s o n ,  1979;  Bonnano 

and L i e s ,  1 9 7 4 ) .  Hornever t h e  almost e x c l u s i v e  u s e  o f  i n d i r e c t  

measurement ,  i n  most  r a t  s t u d i e s ,  h a s  l e f t  a n  area o f  d o u b t  i n  

t h e  r e s u l t s  o f  most h y p e r t e n s i v e  r a t  s t u d i e s  o b t a i n e d  up t o  now. 

A i m  - 

The aim o f  t h i s  s t u d y  w a s  t o  i n v e s t i g a t e  t h e  e f f e c t s  of 

p h y s i c a l  t r a i n i n g  on t h e  b lood  p r e s s u r e  o f  t h e  DS male r a t .  

P h y s i c a l  t r a i n i n g  a s  a  m o d i f i e r  o f  h y p e r t e n s i o n  h a s  been  s t u d i e d  

i n  s e v e r a l  o t h e r  r a t  mode l s ,  b u t  n o t  i n  d e t a i l  i n  t h e  DS male 

r a t .  

The Dahl r a t  model o f f e r e d  u n i q u e  c h a r a c t e r i s t i c s  (Folkow,  

1 9 7 7 ) ,  which  w i t h  r e s p e c t  t o  p h y s i c a l  t r a i n i n g  h a v e  o n l y  

P a r t i a l l y  been  e x p l o r e d  ( S h e p h e r d ,  1 9 8 1 ) .  A s  t h e  DS model is n o t  

s p o n t a n e o u s l y  h y p e r t e n s i v e ,  b u t  r a t h e r  s u s c e p t i b l e  when i n d u c e d  

by d i e t a r y  s o d i u m ,  t h e  i n t e n s i t y  o f  t h e  i nduced  h y p e r t e n s i o n  ma-y 

b e  p a r t i a l l y  c o n t r o l l e d  by t h e  amount of sodium i n  t h e  d i e t  



(Dahl  and o t h e r s ,  1968). The p r e s e n t  s t u d y  i n v e s t i g a t e d  t w o  

d i e t a r y  sodium l e v e l s ,  t h e r e f o r e  t w o  i n t e n s i t i e s  of h y p e r t e n s i o n  

i n d u c t i o n ,  i n  r e s p o n s e  t o  p h y s i c a l  t r a i n i n g .  T h i s  s e r v e d ,  n o t  

o n l y  t o  i n d i c a t e  whe the r  t r a i n i n g  had an e f f e c t  o n  b l o o d  

p r e s s u r e ,  b u t  a l s o  a t  which l e v e l s  t h e  e f f e c t  w a s  s i g n i f i c a n t .  

A d d i t i o n a l  p h y s i o l o g i c a l  and s t r u c t u r a l  d a t a  were c o l l e c t e d  

and a n a l y z e d  t o  a s s e s s  d i f f e r e n c e s  b e t v e e n  t h e  t r a i n e d  and 

n o n t r a i n e d  DS ma le  r a t .  These  i n c l u d e d :  body w e i g h t ,  f o o d  

i n t a k e ,  a n e s t h e t i z e d  h e a r t  r a te ,  and  w e t  h e a r t  and  k i d n e y  

w e i g h t s .  B lood ,  k i d n e y ,  a o r t a  2nd m u s c l e  s a m p l e s  were a l s o  

c o l l e c t e d  f o r  l a t e r  e n d o c r i n e  and h i s t o l o g i c a l  e x a m i n a t i o n .  

The method o f  r e p e a t e d  d i r e c t  b lood  p r e s s u r e  mea.surement 

employed i n  t h i s  s t u d y  had n o t  b e e n  p r e v i o u s l y  r e p o r t e d  i n  a 

p h y s i c a l  t r a i n i n g  s t u d y .  The f e a s i b i l i t y  o f  t h i s  method  w a s  

i n v e s t i g a t e d  i n  t h e  p r e s e n t  s t u d y .  



B. REVIEW OF LITERATURE 

P h y s i c a l  t r a i n i n g  and s a l t  h a v e  b o t h  been  i m p l i c a t e d  i n  t h e  

p a t h o g e n e s i s  o f  h y p e r t e n s i o n .  The e f f e c t s  o f  b o t h  t h e s e  

p a r a m e t e r s  h a v e  been  s t u d i e d  i n d e p e n d e n t l y .  However, 1 i t t l e  

r e s e a r c h  h a s  been  per formed on t h e  e f f e c t  o f  p h y s i c a l  t r e i n i n g  

on s a l t - i n d u c e d  h y p e r t e n s i o n .  The e f f e c t  o f  s a l t  and p h y s i c a l  

t r a i n i n g  on b l o o d  p r e s s u r e  h a s ,  t h e r e f o r e ,  been  r ev i ewed  

s e p a r a t e l y  i n  t h i s  c h a p t e r .  Blood p r e s s u r e  measurement  m e t h o d s  

i n  s m a l l  a n i m a l s  have  a l s o  b e e n  r e v i e w e d .  

Fo r  t h e  p a s t  two d e c a d e s  s e v e r a l  a u t h o r s  h a v e  s u g g e s t e d  t h e  

u s e  o f  p h y s i c a l  e x e r c i s e  o r  t r a i n i n g  a s  an  a p p r o a c h  t o  t h e  

t r e a t m e n t  o f  h y p e r t e n s i o n .  A 1  t h o u g h  a c o n s i d e r a b l e  amount o f  

r e s e a r c h  h a s  been  c o n d u c t e d  on t h e  e f f e c t  o f  p h y s i c a l  t r a i n i n g  

on b l o o d  p r e s s u r e ,  d i r e c t  p r o o f  o f  t h e  e f f i c a c y  o f  p h y s i c a l  

e x e r c i s e  i n  t h e  c o n t r o l  o f  b lood  p r e s s u r e  h a s  n o t  y e t  been  

d e m o n s t r a t e d  e i t h e r  i n  human o r  i n  a n i m a l  model e x p e r i m e n t s .  

The s t u d y  o f  h y p e r t e n s i o n  h a s  been  g r e a t l y  f a c i l i t a t e d  by  

t h e  u s e  o f  a n i m a l  mode l s  which a . r e  s imi lar  i n  some ways t o  human 

h y p e r t e n s i o n .  The Dahl r a t s  a re  o f  s p e c i f i c  in te res t  a s  t h e y  

have  been  d e v e l o p e d  t o  b e  s u s c e p t i b l e  o r  r e s i s t a n t  ( two  s t r a i n s )  

t o  s a l t - i n d u c e d  h y p e r t e n s i o n  (Dah l  and o t h e r s ,  1962) .  S e v e r a l  

l i n e s  o f  r e s e a r c h  have  d e m o n s t r a t e d  c h a r a c t e r i s t i c s  i n  human 

h y p e r t e n s i o n  s imi lar  t o  t h o s e  found  i n  t h e  s a l t - i n d u c e d  

h y p e r t e n s i o n  o f  t h e  Dahl r a t s  ( F r i e s ,  1976; T o b i a n ,  1g79). 

S a l t  and H y p e r t e n s i o n  -- 
S a l t  or  more s p e c i f i c a l l y  t h e  sodium i o n  h a s  become an  

i n t e g r a l  p a r t  o f  t h e  d i e t  o f  modern man. S a l t  h a s  been  used  a s  a 



f l a v o u r  e n h a n c e r  and p r e s e r v a - t i v e  w i t h o u t  r e g a r d  f o r  t h e  

p o t e n t i a l  damage which h a s  been  shown t o  r e s u l t  f rom e x c e s s  

consumpt ion .  Recent  r e s e a r c h  h a s  h e l p e d  t o  p o i n t  o u t  t h e  

p o t e n t i a l  d e t r i m e n t a l  e f f e c t s  o f  s a l t .  

A s t r o n g  c a s e  a g a i n s t  t h e  - ad l i b i t u m  consumpt ion  o f  s a l t  

h a s  d e v e l o p e d .  Even a s  f a r  b a c k  a s  t h e  E g y p t i a n  e r a ,  t h e  p r i e s t s  

a b s t a i n e d  from s a l t  consumpt ion  cia-iming s a l t  would l e a d  t o  

m e l a n c h o l y ,  and t h a t  a b s t i n e n c e  would k e e p  t h e i r  s o u l s  f r e e  of 

p e r t u r b a t i o n s  ( W e i n s i e r ,  1 9 7 6 ) .  More r e c e n t l y ,  i n  t h e  p a s t  

c e n t u r y ,  e m p h a s i s  h a s  f o c u s e d  on t h e  r o l e  o f  s a l t  i n  t h e  

p a t h o g e n e s i s  o f  h y p e r t e n s i o n .  D e s p i t e  many a d v a n c e s  i n  

h y p e r t e n s i o n  r e s e a r c h  t h e  r o l e  o f  s a l t  h a s  remained  p r o m i n e n t .  

A s  was s t a t e d  by Page  ( 1 9 7 4 ) ,  

I t  i s  i r o n i c  t h a t  o n e  o f  t h e  ea r l i e s t  s u b j e c t s  o f  
c o n c e r n  i n  t h e  t r e a t m e n t  o f  h y p e r t e n s i o n  a t  t h e  t u r n  o f  
t h e  c e n t u r y  was none  o t h e r  t h a n  s a l t  and  w a t e r !  

S t u d i e s  l i k e  t h o s e  o f  Kempner i n  t h e  1 9 4 0 1 s ,  showing b lood  

p r e s s u r e  r e d u c t i o n s  i n  human h y p e r t e n s i v e s  d u e  t o  a  low sodium 

d i e t  (Kempner, 1 9 4 8 ) ,  h a v e  encouraged  r e s e a r c h  i n  t h i s  area.  

Ev idence  g a t h e r e d  i n  t h e  p a s t  t h i r t y  y e a r s  h a s  shown t h e  

r o l e  o f  s a l t  t o  b e  o f  major i f  n o t  paramount  i m p o r t a n c e  i n  t h e  

c o u r s e  o f  h y p e r t e n s i o n .  I n v e s t i g a t o r s  h a v e  a+pproached t h i s  a r e a  

from s e v e r a l  d i r e c t i o n s  i n c l u d i n g  : e p i d e m i o l o g i c a l  , g e n e t i c ,  

hernodynamic, and p h a r m a c o l o g i c a l  s t u d i e s  ( F r i e s ,  1976).  

E a r l y  e p i d e m i o l o g i c a l  s t u d i e s  showed t h a t  many 

u n a c c u l t u r a t e d  p o p u l a t i o n s  had a v e r y  low i n c i d e n c e  o f  

h y p e r t e n s i o n .  I n  a d d i t i o n ,  i t  was found t h a t  b loo$  p r e s s u r e  d i d  

n o t  rise w i t h  a g e  a s  w a s  found i n  w e s t e r n  c u l t u r e s  (Meneely and  



o t h e r s ,  1953;  Dahl and Love,  1 9 5 4 ) .  The l o w  i n c i d e n c e  of 

h y p e r t e n s i o n  w a s  found  t o  c o r r e l a t e  w i t h  a low d i e t a r y  s a l t  

i n t a k e  (Dahl  and Love ,  1 9 5 4 ) .  L a t e r  a u t h o r s  s t u d i e d  t h e  b l o o d  

p r e s s u r e  o f  t h e  p e o p l e  o f  t h e  Solomon I s l a n d s .  Two c o m m u n i t i e s  

s imi lar  i n  a l l  r e s p e c t s  e x c e p t  t h a t  o n e  community cooked 

p r i m a r i l y  w i t h  sea w a t e r  t h e  o t h e r  w i t h  f r e s h  water were 

o b s e r v e d .  I t  was found  t h a t ,  i n  a d d i t i o n  t o  t h e  c o o k i n g  water 

d i f f e r e n c e ,  t h e  d a i l y  s a l t  c o n s u m p t i o n s  and  t h e  b l o o d  p r e s s u r e  

were q u i t e  d i f f e r e n t .  The community t h a t  cooked  t h e i r  food  i n  

s a l t  w a t e r  had a  10 p e r c e n t  i n c i d e n c e  o f  h y p e r t e n s i o n  w h e r e a s  

t h e  f r e s h  w a t e r  c o o k i n g  w a s  a s s o c i a t e d  w i t h  a  v i r t u a l  a b s e n c e  o f  

h y p e r t e n s i o n  ( P a g e ,  DXnion ,  and  M o e l l e r i n g  , 1 9 7 4 ) .  I 

Canadian  a u t h o r s  r e p o r t e d  a similar  s i t u a t i o n  ( F o d o r ,  

A b b o t t ,  and R u s t e d ,  1 9 7 3 ) .  Two p o p u l a t i o n s  o n  t h e  i s l a n d  o f  

Newfoundland, o n e  c o a s t a l  and o n e  i n l a n d ,  were found t o  b e  v e r y  

d i f f e r e n t  w i t h  r e s p e c t  t o  t h e  i n c i d e n c e  o f  h y p e r t e n s i o n .  The 

c o a s t a l  community had 2  t o  3 t i m e s  t h e  f r e q u e n c y  o f  

h y p e r t e n s i o n .  I t  was found t h a t  a g e  and s o m a t o t y p e  w e r e  n o t  

d i f f e r e n t  be tween  t h e  communi tes ,  b u t  t h a t  d i e t a r y  s a l t  i n t a k e  

on t h e  c o a s t  was c o n s i d e r a b l y  g r e a t e r .  G e n e t i c  f a c t o r s  c o u l d  n o t  

b e  r u l e d  o u t  a s  a n o t h e r  s o u r c e  o f  d i f f e r e n c e  be tween  t h e  

communi t i e s .  

L a r g e  i n t a k e s  o f  sodium h a v e  been  a s s o c i a t e d  w i t h  a n  

i n c r e 8 s e d  i n c i d e n c e  o f  h y p e r t e n s i o n .  I t  w a s  found t h a t  some 

communi t i e s  i n  n o r t h e r n  J a p a n  h a b i t u a l l y  consumed 425  mEq o f  

sodium p e r  d a y  ( T a k e h a s h i ,  1957; S a s a k i ,  1 9 6 1 ) .  These areas of 

Japan were shown t o  have  a v e r y  h i g h  i n c i d e n c e  o f  h y p e r t e n s i o n  



and s t r o k e .  

Blood p r e s s u r e  r e s p o n s e s  were o b s e r v e d  i n  n o r m o t e n s i v e s  

s u b j e c t e d  t o  e x t r e m e  d i e t a r y  s a l t  i n t a k e s  ( u p  t o  1500  mEq p e r  

d a y )  o v e r  a  s h o r t  p e r i o d  o f  t i m e .  R e s u l t s  showed an i n c r e a s e  i n  

b lood  p r e s s u r e  (Murray and  o t h e r s ,  1978). I n  a d d i t i o n  i t  h a s  

been  shown t h a t  a  h i g h  s a l t  i n t a k e  n e g a t e s  t h e  e f f e c t s  o f  
-- 

d i u r e t i c  d r u g s  ( b e n z o t h i a d i a z i n e s )  i n  r e d u c i n g  b lood  p r e s s u r e  

( m i n e r ,  1 9 6 1 ) .  

S t u d i e s  o f  l o w  d i e t a r y  s a l t  l e v e l s  h a v e  a l so  b e e n  shown t o  

c o r r e l a t e  i n v e r s e l y  w i t h  t h e  i n c i d e n c e  o f  h y p e r t e n s i o n .  When t h e  

i n t a k e  o f  sodium h a s  been  v e r y  low,  less t h a a  30 mEq per d a y ,  

t h e r e  w a s  e s s e n t i a l l y  no h y p e r t e n s i o n .  A t  s l i g h t l y  h i g h e r  

l e v e l s ,  t h a t  i s  30 t o  60  mEq p e r  d a y ,  t h e  i n c i d e n c e  o f  

h y p e r t e n s i o n  h a s  remained  be low 3 p e r c e n t  ( T o b i a n ,  1 9 8 0 ) .  I n  

c o n t r a s t  sodium i n t a k e s  be tween  90 and 200 mEq p e r  d a y ,  a s  h a s  

been commonly found  i n  w e s t e r n  s o c i e t i e s ,  h a v e  o f t e n  f a i l e d  to  

show a  s t r o n g  c o r r e l a t i o n  w i t h  b lood  p r e s s u r e  l e v e l s  (Kannel  and 

Dawber, 1973;  S impson ,  1 9 7 9 ) .  

R e c e n t  work h a s  been  a b l e  t o  c l a s s i f y  h y p e r t e n s i v e s  based  

on t h e i r  r e s p o n s e s  t o  d i e t a r y  s a l t  and d i u r e t i c  t h e r a p y  

(Kawasaki ,  1978; F u j i t a  and o t h e r s ,  1 9 8 0 ) .  I t  i s  o f  i n t e r e s t  

t h a t  t h e  h y p e r t e n s i v e  r e s p o n s e  t o  s a l t  l o a d i n g  h a s  n o t  r e q u i r e d  

t h e  p r e s e n c e  o f  k i d n e y s .  Anephr i c  p a t i e n t s ,  when s a l t  l o a d e d ,  

d e m o n s t r a t e d  d i f f e r e n t  b lood  p r e s s u r e  r e s p o n s e s  based  on t h e i r  

P r e v i o u s  b lood  p r e s s u r e s .  P r e v i o u s l y  h y p e r t e n s i v e  p a t i e n t s  

deve loped  h i g h  b l o o d  p r e s s u r e  when s a l t  and w a t e r  l o a d e d ,  

whereas  a n e p h r i c  p a t i e n t s  who were p r e v i o u s l y  n o r m o t e n s i v e  



remained n o r m o t e n s i v e  ( O n e s t i  and o t h e r s ,  1 9 7 5 ) .  

The v a r i e t y  o f  r e s u l t s ,  p a r t i c u l a r l y  i n  t h e  m i d d l e  r a n g e  o f  

s a l t  consumpt ion ,  l e a d  i n v e s t i g a t o r s  t o  l o o k  a t  t h e  ro le  of 

g e n e t i c  p r e d i s p o s i t i o n  t o  t h e  e f f e c t s  o f  d i e t a r y  s a l t .  Work i n  

t h i s  area l e a d  t o  t h e  p o s t u l a t e  t h a t  9  t o  20 p e r c e n t  o f  p e o p l e  

were g e n e t i c a l l y  s u s c e p t i b l e  t o  e s s e n t i a l  h y p e r t e n s i o n .  The 
---- - . --- 

s u s c e p t i b l e  i n d i v i d u a l  would have  t o  res t r ic t  s a l t  i n t a k e  t o  

less  t h a n  60 mEq p e r  d a y  t o  r ema in  n o r m o t e n s i v e  and p r e v e n t  

s u b s e q u e n t  h y p e r t e n s i v e  c o m p l i c a t i o n s  ( T o b i a n ,  1 9 8 0 ) .  

I n  a d d i t i o n  t o  ep idemio l -og ic  and e x p e r i m e n t a l  f i n d i n g s  i n  

humans, t h e  e f f e c t  o f  d i e t a r y  s a l t  on  b lood  p r e s s u r e  h a s  a l s o  

been n o t e d  i n  s e v e r a l  d i f f e r e n t  a n i m a l s  i n c l u d i n g :  c h i c k e n s  

(Lene l  and o t h e r s ,  1 9 4 8 ) ,  r a t s  ( S a p i r s t e i n ,  B r a n d t ,  and  D r u r y ,  

1950; Meneely and  o t h e r s ,  1953;  Dahl  , H e i n e ,  and T a s s i n a r i ,  

1 9 6 2 ) ,  d o g s  ( A l l e n  and Cope, 1942;  W i l h e l m j ,  Waldmann and 

McGuire, 1 9 5 1 ) ,  p i g s  (Cohen and o t h e r s ,  1 9 8 0 ) ,  and humans.  

G e n e t i c  v a r i a b i l i t y  o f  r e s p o n s e  h a s  b e e n  d e m o n s t r a t e d  i n  r a t s ,  

p i g s  and  humans. I n  t h e  e a r l y  1 9 6 0 ' s  Dahl d e v e l o p e d  t w o  s t r a i n s  

of  ra ts  from common Sprague-Dawley s t o c k  which e x h i b i t e d  

o p p o s i t e  r e s p o n s e s  t o  h i g h  l e v e l s  o f  d i e t a r y  s a l t  ( D a h l ,  H e i n e ,  

and T a s s i n a r i ,  1 9 6 2 ) .  T h r e e  g e n e r a t i o n s  o f  i n b r e e d i n g  f o l l o w e d  

by s e l e c t i v e  o u t b r e e d i n g ,  based  on t h e  bl-ood p r e s s w e  r e s p o n s e  

t o  s a l t ,  r e s u l t e d  i n  two s t r a i n s ,  a  s a l t  s e n s i t i v e  (DS) and a 

s a l t  r e s i s t a n t  (DR) s t r a i n .  S i n c e  t h a t  t i m e  t h e  two s t r a i n s  h a v e  

Served a s  u s e f u l  m o d e l s  i n  t h e  s t u d y  o f  s a l t - i n d u c e d  

hype r  t e n s i o n .  



When DS m a l e  r a t s  h a v e  been  m a i n t a i n e d  o n  l o w  s a l t  d i e t s  

( 0 . 3  p e r c e n t  N a C l ) ,  g rowth  a l o n e  r e s u l t e d  i n  i n c r e a s e d  s y s t o l i c  

b lood  p r e s s u r e  o v e r  a 14-week t i m e  p e r i o d .  The r i se  i n  s y s t o l i c  

p r e s s u r e ,  a s  measured  i n d i r e c t l y ,  w a s  f rom 1 1 5  rnm Hg t o  1 4 5  mm 

Hg o v e r  1 4  weeks .  The DR s t r a i n  showed a  s m a l l e r  s y s t o l i c  b l o o d  

p r e s s u r e  c h a n g e  w i t h  g r o w t h ,  f rom 1 1 5  rnrn Hg t o  1 2 5  mm Hg on t h e  

same d i e t  ( T o b i a n  and o t h e r s ,  1979).  Data  s p e c i f i c  t o  t h e  Dahl  

r a t s  on  t h e  c h a n g e s  i n  h e a r t  r a t e  w i t h  a g e  c o u l d  n o t  b e  l o c a t e d  

i n  t h e  l i t e r a t u r e .  

S e v e r a l  f a c t o r s  h a v e  been  i d e n t i f i e d  which i n f l u e n c e  t h e  

deve lopment  o f  t h e  h y p e r t e n s i v e  p r o c e s s  i n  t h e  DS r a t s .  Dahl and 

o t h e r s  (1068) ,  r e p o r t e d  t h a t  t h e  a g e  a t  which t h e  DS r a t s  were 

s t a r t e d  on a h i g h  s a l t  r eg imen  w a s  a  s i g n i f i c a n t  f e a t u r e  i n  t h e  

l a t e r  deve lopmen t  o f  h y p e r t e n s i o n .  I t  v a s  found t h a t  s t a r t i n g  

h i g h  s a l t  a t  w e a n i n g ,  3 mon ths ,  and  6 months  p o s t  weaning  

a1  t e r e d  t h e  h y p e r t e n s i o n  d e v e l o p m e n t .  The a u t h o r s  s t a t e d  t h a t  

"among r a t s  w i t h  a g e n e t i c  p r e d i s p o s i t i o n  t o  h y p e r t e n s i o n ,  a  

h i g h  N a C l  d i e t  i n t a k e  s t a r t e d  when t h e  an imr l  w a s  m a t u r e  s t i l l  

l e d  t o  t h e  d e v e l o p m e n t  o f  h y p e r t e n s i o n  and d e a t h  ... d e l a y i n g  

t h e  h i g h  NaCl i n t a k e  r e s u l t e d  i n  a more s l o w l y  d e v e l o p i n g  less 

f u l m i n a n t  t y p e  o f  h y p e r t e n s i o n "  (Dahl  and o t h e r s ,  1968).  

I n c r e a s e s  i n  t h e  amount o f  s a l t  i n  t h e  d i e t  a l s o  i n c r e a s e d  t h e  

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

m o r t a l i t y  o f  t h e  DS r a t s  (Dahl  and o t h e r s ,  1 9 6 8 ) .  

P o t a s s i u m  was found  t o  e x e r t  a p r o t e c t i v e  e f f e c t  when 

combined w i t h  a h i g h  sodium d i e t  (Fleneely,  1 9 5 7 ) .  The ra te  o f  

b lood  p r e s s u r e  r i se  and t h e  p r e s s u r e  a t t a i n e d  w e r e  found  t o  b e  



i n v e r s e l y  r e l a t e d  t o  t h e  po ta s s ium/sod ium r a t i o  i n  t h e  d i e t  

( D a h l ,  L e i t l ,  and  H e i n e ,  1 9 7 2 ) .  R e c e n t l y ,  Goto, T o b i a n ,  and  Iwai 

(1981)  found t h a t  t h e  DS r a t s  h a v e  a  much more pronounced  b lood  

p r e s s u r e  p r e s s o r  r e s p o n s e  t o  i n t r a c e r e b r o v e n t r i c u l a r  h y p e r  t o n i c  

s a l i n e  and a n g i o t e n s i n  I1 t h a n  DR r a t s .  F u r t h e r  i t  w a s  found  

t h a t  i n c r e a s i n g  t h e  d i e t a r y  p o t a s s i u m  i n t a k e  ( e i t h e r  KC1 or  

K - c i t r a t e )  o f  DS male r a t s  r educed  t h e  p r e s s o r  r e s p o n s e  t o  

i n t r a c e r e b r o v e n t r i c u l a r  h y p e r t o n i c  sodium and a n g i o t e n s i n  I1 

a lmos t  t o  t h e  l e v e l  o f  DR r a t s .  The a u t h o r s  s t a t e d  t h a t  t h i s  

e f f e c t  migh t  e x p l a i n  p a r t  o f  t h e  p r o t e c t i v e  a c t i o n  o f  d i e t a r y  

po ta s s ium i n  DS r a t s .  

D i u r e t i c  d r u g s  ( c h l o r o t h i a z i d e )  have  been  shown t o  b e  

e f f e c t i v e  i n  p r e v e n t i n g  t h e  deve lopmen t  o f  h y p e r t e n s i o n  i n  t h e  

DS r a t s  on  a  h i g h  s a l t  d i e t  (Tobian  and o t h e r s ,  1 9 7 9 ) .  

Even t h o u g h  t h e  deve lopmen t  o f  t h e  Dahl r a t  s t r a i n s  w a s  

based on a  s i n g l e  h y p o t h e s i s  t h e  mode l s  h z v e  shown a m u l t i t u d e  

o f  d i v e r g e n t  c h a r a c t e r i s t i c s .  E a r l y  work d e m o n s t r a t e d  t h a t  t h e  

k idney  was a p r o m i n e n t  f a c t o r  i n  t h e  h y p e r t e n s i o n  p r o c e s s .  

C r o s s - s t r a i n  t r a n s p l a n t a t i o n  s t u d i e s ,  t h a t  i s  when DS k i d n e y s  

where t r a n s p l a n t e d  t o  DR r a t s  o r  t h e  r e v e r s e ,  demons t r a t ec !  t h a t  

t h e  s e n s i t i ~ r i t y  o r  r e s i s t a n c e  t o  s a l t - i n d u c e d  h y p e r t e n s i o n  

tended  t o  f o l l o w  t h e  k i d n e y s .  DS k i d n e y s  t r a n s p l a n t e d  t o  a DR 

r a t  made t h e  r a t  s e n s i t i v e  t o  s a l t ,  and  DR k i d n e y s  t r a n s p l a n t e d  

t o  h y p e r t e n s i v e  DS r a t s  r educed  t h e  h y p e r t e n s i o n  f D a h l ,  N e i n e ,  

and Thompson, 1 9 7 4 )  . 
I n v e s t i g a t i o n  a l s o  s u g g e s t e d  a c i r c u l a t i n g  hormonal  f a c t o r  

Of some k i n d .  P a r a b i o t i c  e x p e r i m e n t s ,  i n  which a  g r a f t e d  area 



j o i n e d  t w o  a n i m a l s ,  d e m o n s t r a t e d  a  t r a n s f e r  o f  some f a c t o r  f rom 

a  DS t o  a  DR r a t  which c a u s e d  t h e  b l o o d  p r e s s u r e  t o  r ise i n  t h e  

DR r a t  ( D a h l ,  Knudsen, and I w a i ,  1 9 6 9 ) .  I t  w a s  s u g g e s t e d  t h a t  a 

c i r c u l a t i n g  s u b s t a n c e  from t h e  k i d n e y  produced  t h i s  e f f e c t .  I n  

more r e c e n t  work a n a t r i u r e t i c  f a c t o r  ( d e w a r d e n e r ,  1 9 8 0 ) ,  and a 

a n t i - n a t r i u r e t i c  f a c t o r  ( T o b i a n  and o t h e r s ,  1979), have  been  

p o s t u l a t e d  as f a c t o r s  i n  t h e  h y p e r t e n s i v e  r e s p o n s e  o f  t h e  DS 

r a t s .  The k a l l i k r e i n - k i n i n  v a s o d e p r e s s o r  s y s t e m  h a s  been  

s u g g e s t e d  a s  a n o t h e r  f a c t o r  i m p o r t a n t  i n  t h i s  mode l .  I t  h a s  been  

found t h a t  t h e  DS r a t s  h a v e  a  v e r y  much lower  l e v e l  o f  u r i n a r y  

k a l l i k r e i n s  t h a n  d i d  t h e  DR r a t s  ( C a r r e t a r o  and o t h e r s ,  1978). 

The a b s e n c e  of t h i s  d i u r e t i c ,  n a t r i u r e t i c ,  v a s o d e p r e s s o r  h a s  

been p o s t u l a t e d  a s  a  c a u s a l  fac tor  i n  t h e  h y p e r t e n s i v e  p r o c e s s .  

Recen t  work w i t h  t h e  i s o l a t e d  DS and DR k i d n e y s  have  

d e m o n s t r a t e d  some i n t r i n s i c  d i f f e r e n c e s  i n  sodium e x c r e t i n g  

c a p a c i t i e s .  I t  w a s  found t h a t  t h e  p r e - h y p e r t e n s i v e  DS k i d n e y  was 

much less ( a b o u t  50 p e r c e n t )  a b l e  t o  e x c r e t e  sod ium.  T h i s  s h i f t  

to  t h e  r i g h t  of t h e  p r e s s u r e - n a t r i u r e s i s  c u r v e  r e s u l t e d  i n  t h e  

i s o l a t e d  DS k i d n e y  e x c r e t i n g  much less  sodium a t  a g i v e n  

a r t e r i a l  p r e s s u r e  t h a n  t h e  DR k i d n e y .  The i s o l a t e d  DS k i d n e y  

mus t ,  t h e r e f o r e ,  have  an i n c r e a s e d  a r t e r i a l  p r e s s u r e  t o  e x c r e t e  

a  similar sodium load  compared t o  t h e  DR k i d n e y  (Tob ian  and 

o t h e r s ,  1 9 7 8 ) -  

G e n e t i c  s t u d i e s  h a v e  s u g g e s t e d  t h a t  t h e  s o u r c e  o f  t h e  s a l t  

s e n s i t i v i t y  l a y  i n  two t o  f o u r  g e n e t i c  l o c i  (Knudsen and o t h e r s ,  

1970). Marked s e x  d i f f e r e n c e s  were found i n  t h e  deve lopment  of 

h ~ p e r t e n s i o n  and t h e  b lood  p r e s s u r e  l e v e l  a t t a i n e d .  The ma le  w a s  



shown t o  d e v e l o p  h y p e r t e n s i o n  much more r a p i d l y  and r e a c h  a 

h i g h e r  b lood  p r e s s u r e  l e v e l  t h a n  t h e  f e m a l e .  I t  h a s  been found  

t h a t  c a s t r a t i o n  o f  t h e  male d i d  n o t  a l t e r  t h i s  p r o c e s s ,  however  

c a s t r a t i o n  of t h e  f e m a l e  r e s u l t e d  i n  a s i m i l a r  p r e s s u r e  r e s p o n s e  

t o  t h a t  o f  t h e  m a l e s  (Dahl  and o t h e r s ,  1 9 7 5 ) .  

The s y m p a t h e t i c  n e r v o u s  s y s t e m  must  be i n t a c t  f o r  t h e  

deve lopmen t  of h y p e r t e n s i o n  a s  w a s  d e m o n s t r a t e d  by t h e  

p r e v e n t i o n  o f  s a l t - i n d u c e d  h y p e r t e n s i o n  i n  t h e  DS r a t s  w i t h  6OH 

dopamine sympathectomy ( T a k e s h i t a  and Mark, 1918). Gordon,  

Xlatsuguchi ,  and  Mark ( 1 9 8 1 )  found  t h a t  p r e h y p e r t e n s i v e  and 

h y p e r t e n s i v e  DS f e m a l e  r a t s  e x h i b i t e d  a-n i m p a i r e d  b a r o r e f l e x  

f u n c t i o n  which  augmented r e s p o n s e s  t o  p r e s s o r  s t i m u l i .  The 

a u t h o r s  s p e c u l a t e d  t h a t  t h i s  d e f e c t  migh t  " c o n t r i b u t e  t o  t h e  

deve lopment  o f  s a l  t - i n d u c e d  h y p e r  t e n s i o n  i n  t h e  Dahl s t r a i n " .  

I t  was a l s o  found t h a t  stress i n  t h e  form o f :  e l e c t r i c  

s h o c k s ,  b r i g h t  l i g h t s ,  l o u d  n o i s e ,  and  c rowding  f a i l e d  t o  a l t e r  

t h e  c o u r s e  o f  h y p e r t e n s i o n  compared t o  c o n t r o l s  o n  t h e  same d i e t  

(Dahl  and o t h e r s ,  1 9 6 8 a ) .  A b e h a v i o r a l  s t u d y  showed t h e  

p r e - h y p e r t e n s i v e  DS r a t s  t o  b e  less e x p l o r a t i v e  when exposed  to  

a new e n v i r o n m e n t  compared t o  DR r a t s  (Welner  and o t h e r s ,  1968). 

Ev idence  g a t h e r e d  f rom many t y p e s  o f  r e s e a r c h  and s e v e r a l  

an imal  m o d e l s ,  most n o t a b l y  t h e  Dahl  r a t s ,  h a v e  he lped  t o  

c l a r i f y  t h e  i m p o r t a n c e  of d i e t a r y  sodium i n  t h e  c o u r s e  o f  

h y p e r t e n s i o n .  Many i m p o r t a n t  areas rema in  t o  b e  e l u c i d a t e d .  

E a r l y  i d e n t i f i c a t i o n  o f  t h o s e  p e o p l e  s e n s i t i v e  t o  t h e  

h y p e r t e n s i v e  e f f e c t s  of s a l t  may i n c r e a s e  t h e  e f f e c t i v e n e s s  o f  

d i e t  and l i f e s t y l e  m o d i f i c a t i o n  i n  t h e  p r e v e n t i o n  or  r e d u c t i o n  



of h y p e r t e n s i o n .  

p h y s i c a l  T r a i n i n g  and H y p e r t e n s i o n  

The p a s t  two d e c a d e s  h a v e  w i t n e s s e d  an i n c r e a s i n g  amount o f  

a t t e n t i o n  toward  t h e  p o t e n t i a l  b e n e f i t s  o f  p h y s i c a l  t r a i n i n g  i n  

t h e  r e d u c t i o n  o r  p r e v e n t i o n  o f  h y p e r t e n s i o n .  S e v e r a l  f a c t o r s  
\ 

have  made p h y s i c a l  t r a i n i n g  a welcome a p p r o a c h  t o  t h e  management 

of  h y p e r t e n s i o n .  F a c t o r s  s u c h  a s  t h e  r e l u c t a n c e  t o  u s e  

p h a r m a c o l o g i c a l  p r o d u c t s  (Morgan,  C a r n e y ,  and Myers ,  l98O), and 

t h e  i n c r e a s i n g  p o p u l a r i t y  o f  p h y s i c a l  f i t n e s s ,  h a v e  made 

p h y s i c a l  t r a i n i n g  a  d e s i r a b l e  a1 t e r n a t i v e  t o  d r u g s  ( B l a c k ,  

1 9 7 9 ) .  From t h e  p r a c t i t i o n e r s  p o i n t  o f  v i e w ,  however ,  more 

d e f i n i t e  p r o o f  o f  t h e  e f f i c a c y  o f  p h y s i c a l  t r a i n i n g  h a s  been  

needed ( D e n o l i n  and M a l l i o n ,  1 9 7 7 ) .  

Many me thods  h a v e  b e e n  used  i n  t h e  s e a r c h  f o r  r e l a t i o n s h i p s  

between b lood  p r e s s u r e  and p h y s i c a l  a c t i v i t y ,  t r a i n i n g ,  and 

f i t n e s s .  However, p r o b l e m s  h a v e  a r i s e n  i n  t h e  s e a r c h .  I n  human 

s t u d i e s  p rob lems  s u c h  a s  i n s u f f i c i e n t  numbers  o f  s u b j e c t s ,  

v a r i a t i o n  i n  t h e  t y p e  o r  i n t e n s i t y  o f  t h e  t r a i n i n g ,  and 

v a r i a b i l i t y  o f  t h e  s u b j e c t s '  symptoms, h a v e  made i n t e r p r e t a t i o n  

d i f f i c u l t .  I n  g e n e r a l ,  t h e  r e s e a r c h  h a s  been  grouped  i n t o  

s e v e r a l  t y p e s ,  i n c l u d i n g  mass s u r v e y  s t u d i e s ,  human t r a i n i n g  

s t u d i e s ,  and an ima l  model t r a i n i n g  s t u d i e s .  Each method h a s  

P rov ided  v a l u a b l e  i n f o r m a t i o n  o n  t h i s  p rob lem.  

Montoye and o t h e r s  i n  1 9 7 2 ,  r e p o r t e d  a l a r g e  s u r v e y  o f  t h e  

m a l e s  o f  a  s m a l l  N o r t h  American community.  E ighty- two p e r  c e n t  

of t h e  p o p u l a t i o n ,  which  c o n s i s t e d  of  1696 males be tween  16 and 

64 y e a r s  o f  a g e ,  p a r t i c i p a t e d  i n  t h e  s t u d y .  The t e s t i n g  me thods  



used  i n c l u d e d  a  q u e s t i o n n a i r e ,  a n  i n t e r v i e w ,  and a  m e d i c a l  

e x a m i n a t i o n .  D a i l y  a c t i v i t y  l e v e l s  were c a l c u l a t e d  on t h e  bas i s  

o f  d a i l y  e n e r g y  e x p e n d i t u r e  i n  o r d e r  t o  d i v i d e  t h e  s u b j e c t s  i n t o  

t h r e e  g r o u p s :  l e a s t  a c t i v e ,  i n t e r m e d i a t e ,  and  most a c t i v e .  

Wi th in  t h e  community,  t h e  l eas t  a c t i v e  men had t h e  h i g h e s t  mean 

b lood  p r e s s u r e s ,  b o t h  s y s t o l i c  and d i a s t o l i c .  When g rouped  

a c c o r d i n g  t o  a g e ,  i t  w a s  found  t h a t  w i t h i n  e a c h  s p e c i f i c  a g e  

g r o u p ,  t h e  mean b l o o d  p r e s s u r e  was h i g h e s t  i n  t h e  l e a s t  a c t i v e  

and l o w e s t  i n  t h e  most  a c t i v e  men. I t  w a s  c o n c l u d e d  t h a t  

" p h y s i c a l  a c t i v i t y  and  body f a t n e s s  a r e  e a c h  c l e a r l y  r e l a t e d  t o  

b lood  p r e s s u r e ,  t h e  f o r m e r  i n v e r s e l y  and t h e  l a t t e r  d i r e c t l y " .  

I n  1977 ,  G y n t e l b e r g  r e p o r t e d  a s imi la r  s u r v e y .  T h i s  s u r v e y  

i n v o l v e d  5 , 2 4 9  m a l e s  a g e d  40 t o  5 9  y e a r s  o f  a g e .  A l l  were 

employees  o f  l a r g e  e n t e r p r i s e s  i n  Copenhagen. The me thods  

i n c l u d e d  : an  i n t e r v i e w ,  a q u e s t i o n n a i r e ,  b l o o d  p r e s s u r e  

measurement ,  h e i g h t  and  w e i g h t  measu remen t ,  and an i n d i r e c t  

maximal oxygen consumpt ion  measurement .  The a u t h o r  r e p o r t e d  a 

h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  be tween  p h y s i c a l  f i t n e s s  and  

s y s t o l i c  and d i a s t o l i c  b l o o d  p r e s s u r e .  G y n t e l b e r g  went o n  t o  

s u g g e s t  t h a t ,  f rom a  p r e v e n t i v e  m e d i c i n e  p o i n t  o f  v i ew ,  t h e r e  

were b e n e f i t s  f rom an  i n c r e a s e  i n  p h y s i c a l  f i t n e s s  and  a 

d e c r e a s e  i n  mean body w e i g h t .  The a u t h o r  a l so  s t a t e d  t h a t  a 

c a u s a l  r e l a t i o n s h i p  seemed t o  e x i s t  be tween  e l e v a t e d  b lood  

p r e s s u r e ,  body w e i g h t ,  and p h y s i c a l  f i t n e s s .  

S e v e r a l  s t u d i e s  h a v e  been  c o n d u c t e d  on t h e  b lood  p r e s s u r e  

r e s p o n s e  o f  human s u b j e c t s ,  b o t h  n o r m o t e n s i v e  and h y p e r t e n s i v e ,  

t o  p h y s i c a l  t r a i n i n g .  The r e s u l t s  h a v e  shown r e d u c t i o n  of b lood  



p r e s s u r e  i n  some czses .  These r e s u l t s  h a v e ,  however ,  b e e n  

somewhat e q u i v o c a l .  I n  1967 ,  a s t u d y  o f  t h e  r e s p o n s e s  o f  f o u r  

h y p e r t e n s i v e  male s u b j e c t s ,  o v e r  a  s i x  week p r o g r e s s i v e  t r a i n i n g  

program on a  t r e a d m i l l  ( 3  t i m e s  p e r  week, work t o  e x h a u s t i o n  i n  

a p p r o x i m a t e l y  35 m i n u t e s ) ,  were r e p o r t e d  by Johnson  and G r o v e r .  

T h e i r  f i n d i n g s  i n d i c a t e d  t h a t  b l o o d  p r e s s u r e  was n o t  r e d u c e d  by  

t r a i n i n g .  The a u t h o r s  s p e c u l a t e d  t h a t  t h e  r e s u l t s  had been  

a f f e c t e d  by t h e  u s e  o f  s u s t a i n e d  h y p e r t e n s i v e s  r a t h e r  t h a n  

l a b i l e  h y p e r t e n s i v e s .  They a l s o  s u g g e s t e d  t h a t  t h e  t r e i n i n g  

program i t s e l f  m i g h t  n o t  have  been  o f  s u f f i c i e n t  i n t e n s i t y  t o  

e x e r t  a n  e f f e c t .  V?ith a  s ample  s ize  o f  f o u r ,  l i t t l e  i n  t h e  way 

o f  c o n c l u s i o n s  were p o s s i b l e .  

I n  1970 ,  Boyer  and Kasch c o n d u c t e d  a more e x t e n s i v e  s t u d y .  

The s u b j e c t s  ( m a l e ,  25-61 y e a r s )  t r a i n e d  f o r  s i x  mon ths  a t  60 t o  

70 p e r c e n t  o f  t h e i r  a g e  r e l a t e d  maximal h e a r t  r a t e .  The t r a i n i n g  

s e s s i o n s  were h e l d  twice p e r  week. S u b j e c t s  i n c l u d e d  22  

n o r m o t e n s i v e  and 2 3  h y p e r t e n s i v e  m a l e s .  Over t h e  t r a i n i n g  

p e r i o d ,  d i a s t o l i c  p r e s s u r e s  o f  t h e  h y p e r t e n s i v e  g r o u p  d e c r e a s e d  

2 t o  3 0  mm Hg (mean d e c r e a s e  11.8 mm Hg) ,  w h i l e  t h e  

n o r m o t e n s i v e s  e x h i b i t e d  a mean d e c r e a s e  o f  6 mm Hg. Only  t h e  

h y p e r t e n s i v e  s u b j e c t s  r e c o r d e d  a d e c r e a s e  i n  s y s t o l i c  p r e s s u r e ,  

a mean dec rea - se  o f  1 3 . 5  rnm Hg o v e r  t h e  c o u r s e  o f  t h e  t r a i n i n g .  

The a u t h o r s  s u g g e s t e d  t h e  v a s o d i l a t i n g  e f f e c t  o f  e n d u r a n c e  

e x e r c i s e  migh t  h a v e  been  t h e  c a u s e  o f  t h e  b lood  p r e s s u r e  

c h a n g e s .  

Hanson and Nedde (1970)  p u b l i s h e d  p r e l i m i n a r y  o b s e r v a t i o n s  

of p h y s i c a l  t r a i n i n g  on s i x  h y p e r t e n s i v e  male s u b j e c t s  (30-54 

*la". 



y e a r s ,  n o n o b e s e ,  n o n s m o k e r s ) .  Downward t r e n d s  were found i n  b o t h  

s y s t o l i c  and d i a s t o l i c  b l o o d  p r e s s u r e s  a s  a r e s u l t  o f  t h e  

t r a i n i n g  ( o n e  hour  o f  v a r i o u s  a c t i v i t i e s  s u c h  a s :  m u s c l e  

s t r e t c h i n g  and f l e x i b i l i t y  e x e r c i s e s ,  i s o m e t r i c - i s o t o n i c  

maneuve r s ,  d i s t a n c e  r u n n i n g ,  and c o m p e t i t i v e  s p o r t s )  t h r e e  t i m e s  

p e r  week f o r  s e v e n  mon ths .  The number o f  s u b j e c t s  was 

i n s u f f i c i e n t  f o r  t h e  d i f f e r e n c e s  r e c o r d e d  t o  r e a c h  s t a t i s t i c a l  

s i g n i f i c a n c e .  The a u t h o r s  s u g g e s t e d  t h e  c o u r s e ,  s e v e r i t y ,  and  

c o n s e q u e n c e s  o f  l a b i l e  and e s s e n t i a l  h y p e r t e n s i o n  c o u l d  b e  

m o d i f i e d  t h r o u g h  p rog rams  o f  p h y s i c a l  f i t n e s s ,  p a r t i c u l a r l y  when 

i n i t i a t e d  e a r l y .  

K i v e l o f f  and  Huber (1971) examined a n o t h e r  form of 

t r a i n i n g .  Us ing  b r i e f  maximal i s o m e t r i c  e x e r c i s e  t h r e e  t i m e s  per 

d a y  o v e r  f i v e  t o  e i g h t  weeks ,  a s u b s t a n t i a l  b lood  p r e s s u r e  

r e d u c t i o n  was n o t e d .  E i g h t  male s u b j e c t s  aged  57 t o  72 r e c o r d e d  

b lood  p r e s s u r e  d r o p s  o f  2  t o  2 4  mm H g  d i a s t o l i c ,  and 16 t o  42 mm 

Hg s y s t o l i c .  F i v e  s u b j e c t s  who had been t a k i n g  h y p o t e n s i v e  d r u g s  

a l s o  r e c o r d e d  b lood  p r e s s u r e  d r o p s  d u r i n g  t h e  e x p e r i m e n t ,  4  t o  

28  mm Hg s y s t o l i c  and 2 t o  1 4  mm IIg d i a s t o l i c .  Two s u b j e c t s  

s u b s t i t u t e d  i s o m e t r i c  e x e r c i s e  f o r  t h e i r  h y p o t e n s i v e  d r u g  

t r e a t m e n t  and  were a b l e  t o  r ema in  n o r m o t e n s i v e  f o r  e l e v e n  

months .  No c h a n g e s  were n o t e d  i n  t h e  f o u r  n o r m o t e n s i v e  s u b j e c t s .  

Th ree  p o s s i b l e  e x p l a n a t i o n s  were g i v e n :  

1, With less m e c h a n i c a l  p r e s s u r e  o n  t h e  m u s c l e  
c a p i l l a r i e s  a n  i n c r e a s e d  venous  r e t u r n  may s t i m u l a t e  
l o w  b a r o r e c e p t o r s .  T h i s  r e f l e x l y  l e a d s  t o  p e r i p h e r a l  
v a s o d i l a t i o n  by r e d u c i n g  v a s o c o n s t r i c t o r  t o n u s .  The 
i n c r e a s e d  v e n o u s  r e t u r n  p r o d u c e s  a n  i n c r e a s e d  
c a r d i a c  o u t p u t  a g a i n s t  1 ess p e r i p h e r a l  r e s i s t a n c e ,  
t h e r e b y  l o w e r i n g  d i a s t o l i c  and s y s t o l i c  b l o o d  



p r e s s u r e s .  
S t i m u l a t i o n  o f  t h e  h i g h  b a r o r e c e p t o r s  i n  t h e  c a r o t i d  
and a o r t i c  s i n u s e s  i n t e r m i t t e n t l y  d u r i n g  i s o m e t r i c  
e x e r c i s e  may c a u s e  an i n t e r m e d i a t e  r e f l e x  s l o w i n g  of 
t h e  h e a r t ,  wh ich  i n  t u r n  may r e d u c e  a r t e r i a l  b l o o d  
p r e s s u r e .  
Repea ted  d a i l y  i s o m e t r i c  e x e r c i s e  o v e r  a  l o n g  p e r i o d  
may c a u s e  g rowth  o f  t h e  c a p i l l a r y  bed i n  m u s c l e s  and  
t h e r e b y  i n c r e a s e  t h e  volume of b l o o d  i n  t h i s  a r e a ,  
which i n  t u r n  may d e c r e a s e  a r t e r i a l  b lood  p r e s s u r e .  

T h i s  s t u d y  by K i v e l o f f  and  Huber is  q u i t e  u n i q u e  a s  most  s t u d i e s  

h a v e  u t i l i z e d  a e r o b i c  t r a i n i n g  r a t h e r  t h a n  i s o m e t r i c  e x e r c i s e .  

Maximal i s o m e t r i c  e x e r c i s e  h a s  u s u a l l y  b e e n  c o u n t e r i n d i c a t e d  f o r  

h y p e r t e n s i v e s  ( S t o r e r  and R u h l i n g  ( 1 9 8 1 ) ) .  

"Border1  i n e "  h y p e r t e n s i v e s  were t h e  s u b j e c t s  o f  a  1973  

s t u d y  by C h o q u e t t e  and  F e r g u s o n .  " B o r d e r l i n e "  was d e f i n e d  a s  t h e  

p r e s e n c e  o f  e i t h e r  a s y s t o l i c  p r e s s u r e  o f  1 4 0  t o  1 5 9  mm Ilg, a 

d i a s t o l i c  p r e s s u r e  o f  90 t o  95 mm Hg, o r  b o t h .  The s i x  month 

t r a i n i n g  program c o n s i s t e d  of a weekly  two hour  s e s s i o n  p l u s  

d a i l y  home c a l i s t h e n i c s  o f  a , p p r o x i m a t e l y  1 0  t o  1 5  m i n u t e s .  The 

s u b j  ects i n c l u d e d  37 b o r d e r l  i n e  h y p e r t e n s i v e s  and  1 2 8  

n o r m o t e n s i v e  men. A f t e r  t h e  t r a i n i n g  p rog ram i t  w a s  found  t h a t  

b o t h  t h e  b o r d e r l i n e  h y p e r t e n s i v e s  and t h e  n o r m o t e n s i v e s  

s i g n i f i c a n t l y  r e d u c e d  t h e i r  b lood  p r e s s u r e s .  The r e d u c t i o n s  o f  

b o t h  t h e  s y s t o l i c  and d i a s t o l i c  p r e s s u r e s  a t  rest were 

s i g n i f i c a n t l y  g r e a t e r  f o r  t h e  h y p e r t e n s i v e s .  T h i s  s t u d y  

s u g g e s t e d  t h a t  b o r d e r l  i n e  h y p e r t e n s i v e  s u b j e c t s  d e r i v e d  a g r e a t  

b e n e f i t  from a p rog ram o f  p h y s i c a l  t r a i n i n g .  

Another  1373 s t u d y  r e p o r t e d  t h e  e f f e c t s  o f  a  s i x  week 

b i c y c l e  e r g o m e t e r  t r a i n i n g  program on " b o r d e r l  i n e  l a t e n t  

a r t e r i a l  h y p e r t e n s i v e  men of t h e  h y p e r k i n e t i c  t ype" .  T r a i n i n g  

t o o k  p l a c e  a v e r  s i x  weeks ,  t h r e e  t i m e s  p e r  week,  f i v e  12 m i n u t e  



i n t e r v a l s  p e r  s e s s i o n ,  a t  a workload  set  t o  a c h i e v e  a -  h e a r t  r a t e  

o f  150  t o  160  b e a t s  p e r  m i n u t e  b y  t h e  end o f  e a c h  12-minute  

i n t e r v a l .  The s a m p l e  s i z e  w a s  a g a i n  s m a l l  ( f i v e  men) ,  however ,  

some f i n d i n g s  were s i g n i f i c a n t .  The t r a i n i n g  r e s u l t e d  i n  t r e n d s  

o f  l ower  r e s t i n g  h e a r t  r a t e ,  c a r d i a c  o u t p u t ,  and a r t e r i a l  b lood  

p r e s s u r e .  The d e c r e a s e  i n  b l o o d  p r e s s u r e  was s i g n i f i c a n t  be tween  

p a i r e d  o b s e r v a t i o n s .  I t  was s u g g e s t e d  t h a t  p h y s i c a l  t r a i n i n g  

w i t h  s u b j e c t s  o f  t h i s  k i n d  " c o n t r i b u t e s  t o  t h e  n o r m a l i z a t i o n  o f  

t h e i r  c i r c u l a t i o n  toward a n o r m o k i n e t i c  o n e ,  t h e r e b y  a l s o  

n o r m a l i z i n g  t h e i r  b lood  p r e s s u ' r e  l e v e l  and a c h i e v i n g  a  more 

economic e n e r g y  e x p e n d i t u r e  i n  t h e  c a r d i o v a s c u l a r  system1'  

( S a n n e r s t e d t  and  o t h e r s ,  1 9 7 3 ) .  

Bonnano and L i e s  ( 1 9 7 4 )  r e p o r t e d  on t h e  e f f e c t s  o f  p h y s i c a l  

t r a i n i n g  on c o r o n a r y  r i s k  f a c t o r s .  O f  t h e  t o t a l  39 ma.le 

s u b j e c t s ,  20 t r a i n e d  ( 1 2  h y p e r t e n s i v e s  and  8 n o r m o t e n s i v e s )  f o r  

1 2  weeks ,  w h i l e  19 a c t e d  as c o n t r o l s  ( 1 5  h y p e r t e n s i v e s  and  4 

n o r m o t e n s i v e s ) .  T h e r e  were t h r e e  40 t o  55 minu te  t r a i n i n g  

s e s s i o n s  p e r  week ,  o f  which 30  t o  3 5  m i n u t e s  was i n t e n s e  enough 

t o  a t t a i n  a  h e a r t  r a t e  o f  70 t o  85 p e r  c e n t  o f  ma.xima1. The 

a u t h o r s  found a s i g n i f i c a n t  r e d u c t i o n  i n  d i a s t o l i c  p r e s s u r e  i n  

a l l  t h e  g r o u p s ,  t h a t  i s ,  n o r m o t e n s i v e  and h y p e r t e n s i v e ,  t r a i n e d  

and u n t r a i n e d .  S y s t o l i c  b l o o d  p r e s s u r e  was s i g n i f i c a n t l y  r e d u c e d  

o n l y  i n  t h e  h y p e r t e n s i v e  s u b j e c t s  who t r a i n e d .  The mechanism f o r  

t h e  bl*,ood p r e s s u r e  r e d u c t i o n  w a s  o b s c u r e ,  b u t  t h e  a u t h o r s  

Sugges t ed  t h a t  t r a i n i n g  c o u l d  h a v e  r e s u l t e d  i n  a d e c r e a s e  i n  

Sympa the t i c  t o n e  and p e r i p h e r a l  r e s i s t a n c e ,  b o t h  a t  rest and 

d u r i n g  e x e r c i s e .  R e g a r d l e s s  of t h e  mechanism,  however ,  w i t h o u t  



a n y  o t h e r  form of  h y p e r t e n s i v e  t h e r a p y  ( d r u g s ,  sod ium 

r e s t r i c t i o n ,  o r  w e i g h t  r e d u c t i o n ) ,  a s i g n i f i c a n t  r e d u c t i o n  o f  

b l o o d  p r e s s u r e  w a s  a c h i e v e d .  

I n  a  p u b l i s h e d  p a n e l  d i s c u s s i o n  i n  1976 ( B e l l e r s t e i n  and 

o t h e r s ,  1 9 7 6 ) ,  a p h y s i c i a n  s t a t e d  " i f  a p e r s o n  h a s  a  l o w  

p r e s s u r e  b e f o r e  t r a i n i n g  t h e  v a l u e  d o e s n ' t  cha>nge. On t h e  o t h e r  

hand ,  b o t h  s y s t o l i c  and d i a s t o l i c  p r e s s u r e  d r o p  s i g n i f i c a n t l y  

a f t e r  c o n d i t i o n i n g  i f  t h e  p e r s o n  i s  e l e v a t e d  i n i t i a l l y 1 ' .  Ano the r  

p a n e l  member when a sked  t h e  t r e a t m e n t  he  u t i l i z e d  f o r  b o r d e r l i n e  

h y p e r t e n s i v e s  s t a t e d ,  "I ' d  have  him see t h e  d i e t i c i a n  f o r  a low 

sodium d i e t ,  and  I ' d  a d v i s e  him t o  s t a y  away f rom p r o c e s s e d  

f o o d s ,  l o s e  some w e i g h t ,  and s ta r t  a n  e x e r c i s e  program".  I t  

a p p e a r e d ,  b a s e d  on t h e  r e s p o n s e s  o f  t h e  p h y s i c i a n s  on  t h e  p a n e l ,  

t h a t  t h e  m e d i c a l  community was s t a r t i n g  t o  r e c o g n i z e  t h e  v a l u e  

o f  nonpharmacol  o g i c a l  t r e a t m e n t  f o r  hype r  t e n s i o n .  E x e r c i s e  and 

sodium r e s t r i c t i o n  h a v e  t a k e n  an i m p o r t a n t  ro l e  i n  t h i s  t y p e  o f  

t r e a t m e n t .  

Deno l in  and  M a l l i o n  i n  1977 p u b l i s h e d  a  r e v i e w  o f  t h e  major 

f i n d i n g s  i n  e x e r c i s e  and h y p e r t e n s i o n .  They were a b l e  t o  s t a t e  

based  on t h e i r  r e v i e w :  

a l t h o u g h  t h e  r e s u l t s  a r e  d e b a t a b l e ,  i t  seems t h a t  a 
c o n t r o l l e d  p h y s i c a l  t r a i n i n g  program can  p o s s i b l y  b r i n g  
a b o u t  a m o d e r a t e  r e d u c t i o n  o f  t h e  a r t e r i a l  b lood  
p r e s s u r e  i n  n o r m o t e n s i v e s  b u t  t h a t  t h i s  r e d u c t i o n  
becomes much more s i g n i f i c a n t  i n  h y p e r t e n s i v e s . .  . t h e  
mechanism o f  t h i s  h y p e r t e n s i o n  r e d u c t i o n  s t i l l  h a s  t o  b e  
e l u c i d a t e d :  a r e d u c t i o n  o f  s y m p a t h e t i c  t o n e  h a s  b e e n  
c o n s i d e r e d .  On t h e  o t h e r  h a n d ,  t r a i n i n g  l e v e l ,  t y p e ,  and 
f r e q u e n c y  o f  e x e r c i s e s ,  and s e l e c t i o n  o f  c a s e s  s t i l l  
remain p r o b l e m s  t o  b e  s o l v e d  b e f o r e  d e f i n i n g  t h e  p l a c e  
o f  p h y s i c a l  a c t i v i t y  i n  t h e  t r e a t m e n t  o f  h y p e r t e n s i o n .  



A r e c e n t l y  t r a n s l a t e d  a b s t r a c t  o f  a R u s s i a n  s t u d y  r e v e a l e d  

some i n t e r e s t i n g  i n f o r m a t i o n .  Khomazink a n d  o t h e r s  (1979) 

r e p o r t e d  t h e  e f f e c t s  of a two y e a r  t r a i n i n g  p r o g r a m  o n  3 1 4  

h y p e r t e n s i v e  p a t i e n t s .  S p e c i f i c s  o f  t h e  m e t h o d o l o g y  were 

l a c k i n g ,  h o w e v e r ,  r e g u l a r  p h y s i c a l  t r a i n i n g  w a s  f o u n d  t o  

d e c r e a s e  b l o o d  p r e s s u r e .  The mechan i sm p r o p o s e d  and t e s t e d  

i n v o l v e d  t h e  k a l l i k r e i n - k i n i n  b l o o d  p r e s s u r e  d e p r e s s o r  s y s t e m .  

I t  w a s  s t a t e d ,  i n  t r a n s l a t i o n :  

R e g u l a r  p h y s i c a l  t r a i n i n g  d u r i n g  t h e  i n i t i a l  s t a g e s  of 
d e v e l o p m e n t  o f  h y p e r t e n s i v e  d i s e a s e  a i d e d  t h e  
f u n c t i o n i n g  o f  d e p r e s s o r  s y s t e m s :  r e s u l t s  i n d i c a t e d  a 
p o s s i b l e  r e v e r s i b i l i t y  o f  c h a n g e s  i n  t h e  b l o o d  p r e s s u r e  
d e p r e s s o r - k i n i n  s y s t e m  o f  p a t i e n t s  i n  t h e  i n i t i a l  s t a g e s  
o f  h y p e r t e n s i v e  d i s e a s e .  Under  r e g u l a r  p h y s i c a l  t r a i n i n g  
t h e  a v e r a g e  l e v e l s  o f  k a l l i k r e i n  and k a l l i k r e i n  
i n h i b i t o r  i n c r e a s e d  ( p  l e s s  t h a n  . 0 0 1 ,  a n d  p less t h a n  
.05 r e s p e c t i v e l y )  

I n  1979 B l a c k  c o m p i l e d  a r e v i e w  o f  n o n p h a r m a c o l o g i c a l  

t h e r a p y  f o r  h y p e r t e n s i o n .  The r a t i o n a l e  f o r  t h i s  t y p e  o f  t h e r a p y  

was s t a t e d ,  

s i n c e  n o n p h a r m a c o l o g i c a l  t r e a t m e n t  f o r  h y p e r t e n s i o n  is  
i n e x p e n s i v e  a n d  p r o b a b l y  s a f e ,  t h e  t i m e  i s  r i g h t  f o r  
e x t e n s i v e  r e s e a r c h  t o  d e t e r n i n e  t h e  e f f i c a c y ,  
a p p l i c a b i l i t y ,  p a t i e n t  c o m p l i a n c e ,  a n d  s a f e t y  o f  t h i s  
a p p r o a c h  . . . n o n p h a r m a c o l o g i c a l  m e t h o d s  a r e  c h e a p e r  t h a n  
d r u g s  a n d  a,l t h o u g h  o n l y  m o d e s t  r e d u c t i o n s  i n  b l o o d  
p r e s s u r e  h a v e  b e e n  c o n s i s t e n t l y  r e p o r t e d ,  t h i s  d e g r e e  o f  
s u c c e s s  may b e  e n o u g h  t o  s a f e l y  t r e a t  p a t i e n t s  w i t h  
b o a r d e r l i n e  a n d  m i l d  h y p e r t e n s i o n ,  t h e  g r o u p  i n  whom 
p h a r m a c o l o g i c a l  t h e r a p y  h a s  y e t  t o  b e  c o n v i n c i n g l y  
d e m o n s t r a t e d  a s  e f f e c t i v e .  

P h y s i c a l  Tra , in  i n g  a n d  Hyper t e n s i o n  i n  R a t s  -- 

The u s e  o f  a n i m a l  m o d e l s  i n  t h e  s t u d y  o f  p h y s i c a l  t r a i n i n g  

and h y p e r t e n s i o n  h a s  b e e n  a r e l a t i v e l y  r e c e n t  o c c u r r a n c e ,  

P r i m a r i l y  c o n f i n e d  t o  t h e  p a s t  d e c a d e .  Much l i k e  t h e  s t u d y  o f  

human s u b , j e c t s ,  r e s e a r c h  u s i n g  a n i m a l  m o d e l s  h a s  e n c o u n t e r e d  
C g 



e q u i v o c a l  r e s u l t s .  Up t o  now, m o s t  o f  t h e  s t u d i e s  i n  t h i s  a r e a  

have  used g e n e t i c a l l y  s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s  ( S m )  as  

s u b j e c t s .  The SHR model w 2 s  d e v e l o p e d  i n  t h e  e a r l y  1 9 6 0 ' s  

(Okamoto and o t h e r s ,  1 9 6 0 ) ,  b u t  h a s  o n l y  r e c e n t l y  been  used  i n  

p h y s i c a l  t r a i n i n g  s t u d i e s .  O t h e r  h y p e r t e n s i o n  m o d e l s :  g e n e t i c ,  

s u r g i c a l ,  and  p h a r m a c o l o g i c a l  which  have  been  d e v e l o p e d  h a v e  

a l s o  been  used  t o  v a r y i n g  d e g r e e s .  

The e a r l i e s t  s t u d y  on  r a t s  and  p h y s i c a l  t r a i n i n g  w i t h  a n  

e m p h a s i s  on  b l o o d  p r e s s u r e  r e s p o n s e  was p u b l i s h e d  i n  1g73 by  

T i p t o n  and o t h e r s .  The a u t h o r s  f o u n d ,  u s i n g  n o r m o t e n s i v e  m a l e  

r a t s ,  1 0  weeks o f  p h y s i c a l  t r a i n i n g  ( i n t e n s i t y  n o t  s t a t e d )  

r e s u l t e d  i n  s r e d u c t i o n  i n  mean a r t e r i a l  b lood  p r e s s u r e .  The 

d i f f e r e n c e  w a s  s i g n i f i c a n t  o n l y  i n  t h e  s p r i n t  t r a i n e d  a n i m a l s .  

Blood p r e s s u r e  was measured d i r e c t l y  v i a  t h e  c a r o t i d  a r t e r y  a t  

t h e  t e r m i n a t i o n  o f  t h e  t r a i n i n g  p e r i o d .  T h i s  r e p o r t  a l s o  

c o n t a i n e d  a p i l o t  s t u d y  o f  f e m a l e  SHR which showed a s u b s t a n t i a l  

d e c r e a s e  i n  b l o o d  p r e s s u r e  d u e  t o  t h e  t r a i n i n g  ( 1 0  w e e k s ) .  

Dunne and  o t h e r s  (1974)  c o n d u c t e d  a  small s t u d y  o f  t h r e e  

d i f f e r e n t  s t a t e s  o f  t r a i n i n g .  I n  t h i s  e x p e r i m e n t  SHR ( 3  m a l e ,  3 

f e m a l e )  were d i v i d e d  i n t o  t h r e e  g r o u p s  : c o n t r o l  f no e x e r c i s e ) ,  

ad l i b i t u m  e x e r c i s e  on  a c t i v i t y  w h e e l s ,  and f o r c e d  e x e r c i s e  (5 - 
days  p e r  week,  2 h o u r s  p e r  d a y ,  0 .42  mph.) f o r  a s ix-month  

p e r i o d .  Measurement  o f  s y s t o l i c  b lood  p r e s s u r e  was made u s i n g  

t h e  t a i l - c u f f  t e c h n i q u e .  T h e i r  r e s u l t s  s u g g e s t e d  t h a t  a d  l i b i t u m  - 

e x e r c i s e  enhanced  t h e  deve lopmen t  o f  h y p e r t e n s i o n  i n  t h e  SHR. 

S y s t o l i c  b l o o d  p r e s s u r e  i n c r e a s e d  s t e a d i l y  i n  a l l  t h r e e  

t r e a t m e n t s .  Heart r a t e s  o f  t h e  t r a i n e d  g r o u p s  were lower. T h e r e  



w a s  a t e m p o r a r y  d e c r e a s e  i n  s y s t o l i c  b lood  p r e s s u r e  i n  t h e  

t rz i ined  ra ts  wh ich  t h e  a u t h o r s  t h o u g h t  migh t  b e  d u e  t o  

d e h y d r a t i o n .  O v e r a l l  t h i s  e x p e r i m e n t  showed no b e n e f i c i a l  e f f e c t  

o f  t r a i n i n g  a-nd p o s s i b l y  a d e t r i m e n t a l  e f f e c t  o f  - a d  l i b i t u m  

a c t i v i t y .  

T i p t o n ,  C a l l a h a n ,  and Alat thes  (1975)  found  a p o s i t i v e  

r e l a t i o n s h i p  be tween  p h y s i c a l  t r a i n i n g  and lower s y s t o l i c  b lood  

p r e s s u r e  i n  m a l e  and f e m a l e  S H R .  S p e c i f i c a l l y  t h e y  found  1 0  t o  

1 2  weeks o f  t r a i n i n g  r e s u l t e d  i n  a t e n d e n c y  t o w a r d  lower  

s y s t o l i c  b l o o d  p r e s s u r e  compared t o  we igh t  p a i r e d  c o n t r o l s .  

However, t h i s  d i f f e r e n c e  w a s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Twelve t o  13 a n i m a l s  were i n  e a c h  t r a i n e d  and c o n t r o l  g r o u p .  I t  

was s u g g e s t e d  t h a t  t h e  most b e n e f i c i a l  r o l e  o f  e x e r c i s e  migh t  

have  o c c u r r e d  i f  t h e  e x e r c i s e  had been combined w i t h  

a n t i h y p e r t e n s i v e  d r u g s .  

Tha rp  ( 1 9 7 6 )  u sed  Carwor th  n o r m o t e n s i v e  and h y p e r t e n s i v e  

r a , t s  i n  a  t r a i n i n g  s t u d y  (8  weeks ,  5 d a y s  p e r  week,  up t o  0.8 

mph, 1 h o u r  p e r  d a y ) .  T a i l - c u f f  s y s t o l i c  b l o o d  p r e s s u r e  w a s  

r e c o r d e d .  No s i g n i f i c a n t  d i f f e r e n c e  i n  s y s t o l i c  b lood  p r e s s u r e  

be tween  t r a i n e d  and c o n t r o l  g r o u p s  was o b t a i n e d .  These  r e s u l t s  

s u g g e s t e d  t h a t  c h r o n i c  e x e r c i s e  d i d  n o t  l ower  s y s t o l i c  b l o o d  

p r e s s u r e  i n  C a r w o r t h  r a t s .  

B u r g e s s  a n d  o t h e r s  ( 1 9 7 6 ) ,  however ,  r e p o r t e d  a  l a r g e  s t u d y  

o f  100  ma le  SHR o v e r  6 8  weeks .  The g r o u p s  w e r e  50 s e d e n t a r y  

c o n t r o l  SHR a n d  50 which t r a i n e d  t h r e e  t i m e s  p e r  week o n  a 

t r e a d m i l l  (40  f t / m i n ,  1 5  p e r c e n t  s l o p e ) .  S y s t o l i c  b l o o d  p r e s s u r e  

was d e t e r m i n e d  by t h e  t a i l - c u f f  method.  Here i t  was found  t h a t  



t r a i n i n g  s i g n i f i c a n t l y  lowered  s y s t o l i c  b l o o d  p r e s s u r e s .  The 

a u t h o r s  s u g g e s t e d  b e n e f i c i a l  e f f e c t s  o f  t r a i n i n g  (1 h o u r  p e r  

d a y ,  3 d a y s  p e r  week) on t h e  c a r d i o v a s c u l a r  s y s t e m  of t h e  SHR.  

C r i t z  and  L i p s e y  (1976) s t u d i e d  t h e  e f f e c t  o f  s w i m  t r a i n i n g  

b e f o r e  and a f t e r  a p p l y i n g  a s u r g i c a l  and p h a r m a c o l o g i c a l  

h y p e r t e n s i v e  t r e a t m e n t  ( u n i l a t e r a l  n e p h r e c  tomy,  

d e o x y c o r t i c o s t e r o n e  a c e t a t e  (DOCA), and 1 p e r c e n t  NaCl d r i n k i n g  

w a t e r )  t o  m a l e  Sprague-Dawley r a t s .  The i n d i r e c t  t a i l - c u f  f  

method was u s e d  t o  o b t a i n  s y s t o l i c  b lood  p r e s s u r e s .  The r a t s  

i n i t i a l l y  s u b j e c t e d  t o  t h e  h y p e r t e n s i v e  t r e a t m e n t  and  l a t e r  t o  

t h e  s w i m  t r a i n i n g  were n o t  a f f e c t e d  by t h e  swimming program;  

t h e i r  s y s t o l i c  b l o o d  p r e s s u r e s  were t h e  same a s  t h e  non-swimming 

c o n t r o l s .  The r e s u l t s  were d i f f e r e n t ,  however ,  i n  t h e  g r o u p  

which was t r a i n e d  p r i o r  t o  t h e  h y p e r t e n s i v e  t r e a t m e n t .  The g r o u p  

which w a s  t r a i n e d  f o r  s i x  weeks p r i o r  t o  h y p e r t e n s i v e  t r e a t m e n t  

d e m o n s t r a t e d  a d e l a y  i n  t h e  o n s e t  o f  h y p e r t e n s i o n  t o  e i g h t  

weeks,  w h e r e a s  i n  t h o s e  a n i m a l s  w i t h o u t  p r i o r  t r a i n i n g  t h e  o n s e t  

o f  h y p e r t e n s i o n  had o c c u r r e d  by f o u r  weeks a f t e r  t h e  

h y p e r t e n s i v e  t r e a t m e n t .  One o f  t h e  c o n t r o l  g r o u p s  i n  t h i s  

e x p e r i m e n t ,  e x e r c i s e  w i t h o u t  h y p e r t e n s i v e  t r e a t m e n t ,  a l s o  

r e c o r d e d  an i n c r e a s e  i n  s y s t o l i c  p r e s s u r e .  The d e l a y  i n  t h e  

o n s e t  o f  h y p e r t e n s i o n  i n  t h e  p r e t r a i n e d  r a t s  s u b j e c t e d  t o  a 

Power fu l  h y p e r t e n s i v e  t r e a t m e n t  t e n d e d  t o  i n d i c a t e  a p r e v e n t i v e  

b e n e f i t  f rom t h e  p h y s i c a l  t r a i n i n g .  A s  f o r  t h e  i n c r e a s e d  

S y s t o l i c  p r e s s u r e  i n  t h e  c o n t r o l  r a t s  t h e  a u t h o r s  s u g g e s t e d  t h i s  

migh t  have  b e e n  d u e  t o  t h e  stress a s s o c i a t e d  w i t h  t h e  swimming. 



The a u t h o r s  ( C r i t z  and L i p s e y ,  1976)  a l s o  found  

n o r m o t e n s i v e  c o n t r o l s  t o  have  t h e  s m a l l e s t  h e a r t  w e i g h t s  w i t h  

n o r m o t e n s i v e  s w i m  t r a i n e d  r a t s  h a v i n g  s i g n i f i c a n t l y  g r e a t e r  

h e a r t  w e i g h t / b o d y  we igh t  r a t i o s .  A l l  t h e  h y p e r t e n s i v e  r a t s  had 

s i g n i f i c a n t l y  g r e a t e r  h e a r t  w e i g h t / b o d y  w e i g h t  r a t i o s  t h a n  t h e  

n o r m o t e n s i v e  g r o u p s .  The r e l a t i v e  h e a r t  w e i g h t s  o f  t h e  

h y p e r t e n s i v e  s w i m  t r a i n e d  g r o u p s  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f rom t h e  h y p e r t e n s i v e  s e d e n t a r y  g r o u p ,  e x c e p t  when t h e  
, 

swimming and h y p e r t e n s i v e  t r e a t m e n t  were i n i t i a t e d  

s i m u l t a n e o u s l y .  When i n i t i a t e d  a t  t h e  same t i m e  t h e  swimming 

r e s u l t e d  i n  a g r e a t e r  h e a r t  we igh t /body  w e i g h t  r a t i o .  

Rock and  o t h e r s  (19%)  f a i l e d  t o  show a n y  b l o o d  p r e s s u r e  

r e d u c i n g  e f f e c t  o f  p h y s i c a l  t r a i n i n g  on t h e  SHR. The me thods  

employed by t h e s e  a u t h o r s  were s i m i l a r  t o  t h o s e  o f  Dunne and 

o t h e r s  ( 1 9 7 4 )  (3 ma le  and 3 f e m a l e  SHR i n  each o f  3 g r o u p s  

s e d e n t a r y  c o n t r o l s ,  ad l i b i t u m  a c t i v i t y ,  and  f o r c e d  r u n n i n g  3 h r  * - 

p e r  d a y ,  1.1 mph , 5 days  p e r  week) .  S y s t o l i c  b l o o d  p r e s s u r e  was 

measured by t h e  i n d i r e c t  t a i l - c u f f  t e c h n i q u e .  O v e r a l l  there  was 

a  s l i g h t  t e n d e n c y  f o r  t h e  s y s t o l i c  b lood  p r e s s u r e  t o  become 

h i g h e r  and t h e  h e a r t  r a t e  l ower  i n  t h e  t r a i n e d  SHR compared t o  

t h e  s e d e n t a r y  c o n t r o l s .  To sum up t h e  a u t h o r s  s t a t e d ,  " s t r e n u o u s  

e x e r c i s e  had no a p p a r e n t  b e n e f i c i a l  e f f e c t  o n  SHR". 

T i p t o n  and  o t h e r s  r e p o r t e d  a v e r y  e x t e n s i v e  g r o u p  o f  

e x p e r i m e n t s  i n  1977 .  The e x p e r i m e n t s  i n c l u d e d  a s h o r t  t e r m  

p h y s i c a l  t r a i n i n g  program o f  g r a d u a l l y  i n c r e a s i n g  t r e a d m i l l  

r u n n i n g  (10 t o  1 2  w e e k s ) ,  and a  l o n g  t e r m  p rogram on motor 

d r i v e n  a c t i v i t y  w h e e l s  ( 3  t o  2 1  m o n t h s ) .  The m o d e l s  f o r  t h e s e  



e x p e r i m e n t s  i n c l u d e d  n o r m o t e n s i v e  Spague-Dawley male r a t s  and 

ma le  and f e m a l e  SHR. P r e d o m i n a n t l y  i n d i r e c t  s y s t o l i c  

measu remen t s  were r e p o r t e d .  Some t e r m i n a l  d i r e c t  measu remen t s  

were a l so  made. Another  e x p e r i m e n t  was c o n d u c t e d  on b o r d e r 1  i n e  

h y p e r t e n s i v e  r a t s  ( n o r m o t e n s i v e  ra t s  g i v e n  i n t r a m u s c u l a r  

i n j e c t i o n s  o f  DOCA w i t h o u t  s a l i n e  s u p p l e m e n t ) .  S y s t o l i c  b lood  

p r e s s u r e s  were measured  i n d i r e c t l y  u s i n g  t h e  t a i l  c u f f  method.  

The a u t h o r s  found  a l l  t h e  t r a i n e d  g r o u p s  ( t h a t  i s  s h o r t  and l o n g  

term SHR and DOCA t r e a t e d ,  male and f e m a l e )  t o  h a v e  lower  

s y s t o l i c  b l o o d  p r e s s u r e s  t h a n  t h e i r  n o n t r a i n e d  c o n t r o l s ,  and i n  

most c a s e s  t h e  d i f f e r e n c e s  were s t a t i s t i c a l l y  s i g n i f i c a n t .  

The DOCA i n j e c t e d  g r o u p s  showed t h a t  e x e r c i s e  i n s t i t u t e d  

a f t e r  t h e  h y p e r t e n s i v e  t r e a t m e n t  d e l z y e d  t h e  r i se  i n  b l o o d  

p r e s s u r e .  T h i s  r e s u l t  was s i m i l a r  t o  t h a t  r e p o r t e d  by  C r i t z  and  

L i p s e y  ( l W 6 ) ,  b u t ,  i n  t h i s  c a s e  t h e  h y p e r t e n s i v e  t r e a t m e n t  w a s  

f a r  less  s e v e r e .  I t  seemed t h e  lower  s e v e r i t y  a l l o w e d  t h e  

t r a i n i n g  p r o t o c o l  imposed a f t e r  t h e  t r e a t m e n t  t o  e x e r t  a 

d e l a y i n g  e f f e c t .  C r i t z  and L i p s e y ,  however ,  found  t h e  d e l a y i n g  

e f f e c t  o n l y  when t h e  t r a i n i n g  was per formed p r i o r  t o  t h e  

h y p e r t e n s i v e  t r e a t m e n t .  

Another  i n t e r e s t i n g  e x p e r i m e n t  b y  t h i s  g r o u p  i n v o l v e d  

combining t h e  e f f e c t s  o f  h y p e r t e n s i v e  d r u g  t h e r a p y  ( r e s p e r i n e ,  

c h l o r o t h i a z i d e ,  and  h y d r a l a z i n e )  and p h y s i c a l  t r a i n i n g .  T i p t o n ,  

C a l l a h a n ,  and M a t t h e s  (1975) had s p e c u l a t e d  t h a t  t h e  combined 

e f f e c t  o f  d r u g  t h e r a p y  and t r a i n i n g  would p r o d u c e  t h e  most 

b e n e f i c i a l  r e s u l t .  I t  was f o u n d ,  however ,  t h a t  t r a i n i n g  d i d  n o t  

modify t h e  e f f e c t  o f  t h e  d r u g  t h e r a p y .  I f  a n y t h i n g ,  t h e  t r a i n i n g  

h, 



s l i g h t l y  r e d u c e d  t h e  a n t i - h y p e r t e n s i v e  a c t i o n  o f  t h e  d r u g s  

( T i p t o n  and o t h e r s ,  1 9 7 7 ) .  

The a u t h o r s  ( T i p t o n  and o t h e r s ,  1977)  found no d i f f e r e n c e s  

be tween  h e a r t  a n d  k i d n e y  w e i g h t s  o f  t r a i n e d  and n o n t r a i n e d  

g r o u p s  o f  r a t s .  A s i g n i f i c a n t l y  g r e a t e r  h e a r t  w e i g h t  v a s  n o t e d  

i n  t h e  n o n t r a i n e d  SHR r e c e i v i n g  a n t i - h y p e r t e n s i v e  d r u g s  t h a n  t h e  

t r a i n e d  g r o u p  o n  t h e  same t h e r a p y .  

Some p o s s i b l e  mechanisms were s u g g e s t e d  by T i p t o n '  s g r o u p  

t o  a c c o u n t  f o r  t h e  p r e s s u r e  r e d u c t i o n  i n  t h e  t r a i n e d  g r o u p s .  One 

p o s s i b i l i t y  s u g g e s t e d  t h a t  t r a i n i n g  m i g h t  a1 ter t h e  

r e s p o n s i v e n e s s  o f  volume a n d / o r  p r e s s u r e  r e c e p t o r s  i n  t h e  body .  

A s imilar  s u g g e s t i o n  had been made by  K i v e l o f f  and  IIuber ( 1 9 7 1 ) .  

A r e d u c t i o n  i n  c a r d i a c  o u t p u t  a t  res t  w i t h  t r a i n i n g  was a l so  

s u g g e s t e d  as  a method by which b l o o d  p r e s s u r e  m i g h t  h a v e  been  

r e d u c e d .  A d e c r e a s e  i n  p e r i p h e r a l  r e s i s t a n c e  w a s  c o n s i d e r e d  a 

less l i k e l y  p o s s i b i l i t y .  

From t h e i r  o b s e r v a t i o n s  T i p t o n  and o t h e r s  ( 1 9 7 7 )  made t h e  

f o l l o w i n g  s t a t e m e n t :  

Our r e s u l t s  f rom n o r m o t e n s i v e ,  b o r d e r 1  i n e  h y p e r t e n s i v e ,  
o r  g e n e t i c  h y p e r t e n s i v e  r a t s  i n d i c a t e d  t h a t  c h r o n i c  
e x e r c i s e  w i l l  b e  a s s o c i a t e d  w i t h  l o w e r  r e s t i n g  b lood  
p r e s s u r e s .  However, c h r o n i c  e x e r c i s e  c a n n o t  n o r m a l i z e  
b lood  p r e s s u r e  i n  a d u l t  h y p e r t e n s i v e  a n i m a l s  and  i t  
would b e  u n r e a l i s t i c  t o  a d v o c a t e  e x e r c i s e  f o r  t h i s  
p u r p o s e .  

Weiss, i n  1 9 7 8 ,  p u b l i s h e d  a s t u d y  o f  e l e v e n  m a l e  SHR and 

t e n  m a l e  n o r m o t e n s i v e  r a t s  o n  a  r u n n i n g  t r a i n i n g  program.  The 

t r a i n i n g  program l a s t e d  1 6  weeks ,  5 d a y s  p e r  week,  45 m i n u t e s  

p e r  d a y ,  a t t a i n i n g  30 m/min by  t h e  8 t h  week. S y s t o l i c  b l o o d  

p r e s s u r e  was i n d i r e c t l y  measured u s i n g  t h e  t a i l - c u f f  method .  The 



o v e r a l l  f i n d i n g  was t h a t  p h y s i c a l  t r a i n i n g  d i d  n o t  s i g n i f i c a n t l y  

a l t e r  t h e  r e s t i n g  s y s t o l i c  b lood  p r e s s u r e  compared t o  u n t r a i n e d  

c o n t r o l s  a s  measu red  by t h e  t a i l - c u f f  t e c h n i q u e .  The a u t h o r  went  

on  t o  p o s t u l a t e  a r e a s o n  f o r  t h e  d i f f e r e n c e  be tween  h e r  r e s u l t s  

compared t o  many human s t u d i e s .  

One g r e a t  d i f f e r e n c e  be tween  man and r a t ,  however ,  
p r o b a b l y  i n h e r e n t  i s  t h e  f a c t  t h a t  a programme o f  
p h y s i c a l  t r a i n i n g  is ,  i f  a n y t h i n g  e x p e r i e n c e d  a s  a 
" s t r e s s f u l  e v e n t "  by t h e  r a t  s i n c e  t h e y  a re  f o r c e d  to  
r u n  u n d e r  t h r e a t .  On t h e  o t h e r  h a n d ,  j.n mos t  p e o p l e  w i t h  
s e d e n t a r y  o c c u p a t i o n s  which f r e q u e n t l y  i n v o l v e  e l e m e n t s  
of m e n t a l  s t r e s s ,  e x e r c i s e  i s  commonly e x p e r i e n c e d  a s  a 
f a i r l y  p l e a s a n t  o c c u r r e n c e  l e a d i n g  t o  re1 i e v e d  f e e l i n g s  
o f  m e n t a l  t e n s i o n  and s t r a i n .  I t  t h e r e f o r e  seems l i k e l y  
t h a t  t h e  b e n e f i c i a l  e f f e c t s  o f  e x e r c i s e  o n  t h e  b lood  
p r e s s u r e  l e v e l s  i n  h y p e r t e n s i v e  man is e s s e n t i a l l y  d u e  
t o  some p s y c h o p h y s i o l o g i c a l  mechanisms r a t h e r  t h a n  t o  
s t r u c t u r a l  and f u n c t i o n a l  c h a n g e s  i n  t h e  h e a r t  and  
v a s c u l a r  bed  p e r  se. 

Weiss (1978) was a b l e  t o  d e t e c t  s i g n i f i c a n t l y  l ower  

h i n d q u a r t e r  r e s i s t a n c e  i n  t h e  t r a i n e d  SHR. T h i s  was t a k e n  b y  t h e  

a u t h o r  t o  i n d i c a t e  t h a t  p r e v i o u s  e n c r o a c h m e n t  o f  t h e  v a s c u l a r  

wa . l l s  i n t o  t h e  lumen o f  t h e  bl-ood v e s s e l s  had been  compensa ted  

f o r  b y  t h e  s t r u c t u r a l  w i d e n i n g ,  o r  t h a t  new v e s s e l s  .had  

d e v e l o p e d ,  o r  b o t h .  

Edwards a n d  Diana  (1978) s t u d i e d  p r e -  and p o s t c a p i l l a r y  

r e s i s t a n c e  o f  t h e  ma le  and f e m a l e  SEE and t h e  e f f e c t  o f  p h y s i c a l  

t r a i n i n g .  The t r a i n i n g  c o n s i s t e d  o f  r u n n i n g  on a t r e a d m i l l  11 * 

t imes  p e r  week f o r  10 weeks f rom t h e  a g e  o f  8 t o  le weeks 

( i n c r e a s i n g  from 5 min a t  5 p e r c e n t  g r a d e  and 0 .6  mph t o  l o n g e r  

d u r a t i o n s ) .  T h e r e  were 5 t o  11 a n i m a l s  i n  e a c h  g r o u p .  The d i e t s  

were m a n i p u l a t e d  t o  min imize  we igh t  d i f f e r e n c e s  be tween  t r a i n e d  

and u n t r a i n e d  g r o u p s .  The i n d i r e c t l y  measured  s y s t o l i c  b l o o d  



p r e s s u r e s  i n  t h e  t r a . i n e d  male and f e m a l e  SHR w e r e  l o w e r  b y  1 4 . 9  

and 9.8 p e r  c e n t  r e s p e c t i v e l y ,  compared t o  u n t r a i n e d  c o n t r o l s .  

T h e r e  w a s  a  s i g n i f i c a n t  d i f f e r e n c e  d u e  t o  t r a i n i n g  i n  

n o r m o t e n s i v e  r a t s  o n l y  when t r a i n e d  and u n t r a i n e d  m a l e  s i b l i n g s  

were compared .  P e r f u s e d  i s o l a t e d  h i n d p a r t  p r e p a r a t i o n s  were used 

t o  d e t e r m i n e  p r e -  and p o s t c a p i l l a r y  r e s i s t a - n e e ,  f i l t r a t i o n  

c o e f f i c i e n t s ,  and  c a p i l l a r y  h y d r o s t a t i c  p r e s s u r e .  A s u b s t a n t i a l  

d e c r e a s e  (20-30 p e r c e n t )  i n  p r e c a p i l l a , r y  r e s i s t a n c e  was n o t e d  i n  

t h e  t r a i n e d  SHR. The p o s t c a p i l l a r y  r e s i s t a n c e ,  however i n c r e a s e d  

v e r y  s u b s t a n t i a l l y  due  t o  t r a i n i n g ,  70 p e r  c e n t  h i g h e r  i n  

t r a i n e d  a s  compared t o  c o n t r o l .  The r e s u l t s  s u g g e s t e d  t h a t  t h e  

s t r u c t u r a l  o r  i n t r i n s i c  musc le  t o n e  ( n o t  i n f l u e n c e d  by n e u r a l  or 

hormonal  s t i m u l i )  o f  t h e  p r e c a p i l l a r y  r e s i s t a n c e  was r e d u c e d  due  

t o  t r a i n i n g .  The i n c r e a s e  i n  t h e  p o s t c a p i l l a r y  r e s i s t a n c e  w a s  

e x p l a i n e d  by t h e  a u t h o r s  2s f o l l o w s :  " c o n c e p t u a l l y ,  a n  enhanced  

venous  t o n e  would s h u n t  b lood  from p e r i p h e r a l  c a p a c i t a n c e  

v e s s e l s  t o  t h e  c e n t r a l  poo l  and p r o v i d e  an  e f f e c t i v e  mechanism 

to  augment  c a r d i a c  o u t p u t " .  

Data  p e r t i n e n t  t o  t h i s  s t u d y  was p r e s e n t e d  by P f e f f e r  and 

o t h e r s  ( 1 9 7 8 )  l o o k i n g  p r e d o m i n a n t l y  a t  t h e  v e n t r i c u l a r  

morphology i n  t h e  t r a i n e d  v e r s u s  n o n t r a i n e d  n o r m o t e n s i v e  and SHR 

f e m a l e  r a t .  Twelve t o  1 4  SHR, WKY, and  n o r m o t e n s i v e  Wistar r a t s  

were a l l o c a t e d  t o  t r a i n e d  and c o n t r o l  g r o u p s .  S y s t o l i c  b l o o d  

p r e s s u r e  was measured  d u r i n g  t h e  c o u r s e  o f  t h e  t r a i n i n g  u s i n g  

t h e  t a i l - c u f  f t e c h n i q u e .  However a  t e r m i n a l  d i r e c t  b lood  

p r e s s u r e  measurement  was a l s o  made v i a  t h e  c a r o t i d  a r t e r y .  The 

t r a i n i n g  c o n s i s t e d  of a  swimming program which  s t a r t e d  a t  3 



weeks o f  a g e  f o r  30 min. p e r  d a y  and  p r o g r e s s e d  by t h e  1 3 t h  week 

t o  2 h o u r s  p e r  d a y  u n t i l  t e r m i n a t i o n  a: 28-32 weeks.  The 

t r a i n i n g  f a i l e d  t o  s i g n i f i c a n t l y  a l t e r  t h e  p r o g r e s s  o f  

h y p e r  t e n s i o n  deve lopmen t  i n  t h e  SHR. A l l  t h e  n o r m o t e n s i v e  

s t r a i n s  s t u d i e d  showed s i m i l a r  b l o o d  p r e s s u r e  l e v e l s  i n  t r a i n e d  

and c o n t r o l s .  An i n t e r e s t i n g  r e s u l t  i n  t h i s  s t u d y  i n d i c a t e d  a, 

s t r o n g  t r e n d  toward  d i a s t o l i c  p r e s s u r e  r e d u c t i o n  d u e  t o  t r a i n i n g  

where no  s im i l a r  t r e n d  e x i s t e d  f o r  s y s t o l i c  p r e s s u r e .  The 

r e d u c t i o n  o f  d i a s t o l i c  p r e s s u r e  a g r e e d  w i t h  s e v e r a l  a u t h o r s  from 

human s t u d i e s  d i c u s s e d  p r e v i o u s l y  (Boyer  and Kasch ,  1970; 

C h o q u e t t e  and F e r g u s o n ,  1973;  Bonnano and L i e s ,  1 9 7 4 ) .  Due to  

t h e  n a t u r e  o f  t h e  i n d i r e c t  t a i l - c u f f  b l o o d  p r e s s u r e  method used 

by a l m o s t  a l l  a u t h o r s ,  few r e s u l t s  o f  d i a , s t o l i c  p r e s s u r e s  h a v e  

been  r e p o r t e d .  

P f e f f e r  and o t h e r s  (1978) a l s o  r e p o r t e d  t h a t  t r a i n i n g  

e x e r t e d  a s t r a i n  s p e c i f i c  e f f e c t  o n  r e s t i n g  h e a r t  ra tes  o f  

f e m a l e  r a t s .  A l though  b o t h  t r a i n e d  and n o n t r a i n e d  r a t s  o f  e a c h  

s t r a i n  showed a d e c r e a s e  i n  r e s t i n g  h e a r t  r a te  w i t h  a g e ,  t r a i n e d  

n o r m o t e n s i v e  W i s t a r  r a t s  had lower  h e a r t  r a t e s  t h a n  t h e i r  

s e d e n t a r y  c o u n t e r p a r t s .  Wis ta r -Kyoto  r a t s  showed no h e a r t  r a t e  

d i f f e r e n c e  a s  a r e s u l t  o f  t r a i n i n g .  SHR showed a pronounced 
- 

b r a d y c a r d i a  a s  a  r e s u l t  o f  t r a i n i n g .  I t  w a s  a l s o  found t h a t  t h e  

i n t r i n s i c  h e a r t  r a t e s  o f  t h e  t r a i n e d  a n i m a l s  w a s  slower t h a n  

t h e i r  . . n o n t r a i n e d  c o n t r o l s .  The a u t h o r s  found  no d i f f e r e n c e  

be tween  k i d n e y  w e i g h t s  o f  t r a i n e d  and n o n t r a i n e d  g r o u p s .  Heart 

w e i g h t s ,  however ,  d i f f e r e d  s i g n i f i c a n t l y  be tween  s w i m  t r a i n e d  

and s e d e n t a r y  c o n t r o l s .  The h e a r t s  o f  t h e  SHR and b o t h  



n o r m o t e n s i v e  g r o u p s  were h e a v i e r  a s  a r e s u l t  o f  t r a i n i n g  

compared t o  s e d e n t a r y  c o n t r o l s .  

Evenwel and S t r u y k e r - B o u d i e r  ( 1979) compared t h e  

deve lopmen t  o f  h y p e r t e n s i o n  i n  t h e  t r a i n e d  v e r s u s  n o n t r a i n e d  

m a l e  SHR. The t r a i n i n g  program,  wh ich  s t a r t e d  when t h e  a n i m a l s  

were 4-5 weeks o l d ,  c o n t i n u e d  f o r  I1 weeks .  The r a t s  s w a m  4 days  

p e r  week b e g i n n i n g  w i t h  unweighted  swimming f o r  20 min.  and  

p r o g r e s s i n g  t o  swimming 1 hour  p e r  d a y  w i t h  a n  a d d i t i o n a l  3 

p e r c e n t  o f  t h e  body we igh t  a t t a c h e d  t o  t h e  t a i l .  I n d i r e c t  

t a i l - c u f f  measu remen t s  were made t o  d e t e r m i n e  s y s t o l i c  b lood  

p r e s s u r e .  They found  t h a t  t r a i n i n g  s i g n i f i c a n t l y  r educed  o r  

s lowed t h e  deve lopmen t  o f  h y p e r t e n s i o n .  

Evenwel and S t r u y k e r - B o u d i e r  ( 1 9 7 9 ) ,  a l s o  found h e a r t  r a t e s  

t o  d e c r e a s e  a s  a  r e s u l t  o f  t r a i n i n g  compared t o  s e d e n t a r y  

c o n t r o l s  i n  Mis ta r -Kyoto  and SHR s t r a i n s .  They found  s w i m  

t r a i n i n g  t o  r e s u l t  i n  a r e l a t i v e l y  g r e a t e r  h e a r t  w e i g h t  i n  male 

Wis ta r -Kyoto  r a t s .  No d i f f e r e n c e  be tween  t h e  r e l a t i v e  h e a r t  

w e i g h t s  o f  t r a i n e d  and n o n t r a i n e d  SHR w e r e  d e t e c t e d .  R e l a t i v e  

k i d n e y  w e i g h t s  were t h e  same i n  t r a i n e d  and n o n t r a i n e d  a n i m a l s  

o f  b o t h  s t r a i n s .  

A r e v i e w  r e c e n t l y  p u b l i s h e d  by  T i p t o n  and o t h e r s  ( l 9 ? 0 ) ,  

p o i n t e d  o u t  t h a t  t h e  SHR h a s  d e m o n s t r a t e d  a n  i m p a i r e d  

t e m p e r a t u r e  r e g u l a t i o n  a b i l i t y .  A s  a r e s u l t  o f  t h i s  i m p a i r m e n t ,  

i n  e x e r c i s e  s t u d i e s  t h e  a n i m a l s  were o f t e n  work ing  a t  t h e  upper  

l i m i t s  o f  t h e i r  t e m p e r a t u r e  t o l e r a n c e .  T h i s  r e v i e w  went  o n  t o  

s u g g e s t  mechanisms o f  t h e  e f f e c t  of e x e r c i s e  i n  b lood  p r e s s u r e  

c o n t r o l .  The a u t h o r s  p o s t u l a t e d  t h a t  " r e d u c t i o n  i n  s y m p a t h e t i c  



t o n e ,  d e c r e a s e s  i n  b a r o r e c e p t o r  s e n s i t i v i t y ,  c h a n g e s  i n  myogenic 

s t r u c t u r e s ,  t o n e ,  o r  r e l a t i o n s h i p s ,  a n d / o r  d e c r e a s e s  i n  r e s t i n g  

c a r d i a c  o u t p u t  a r e  t h e  most i m p o r t a n t " .  

R e c e n t l y ,  Shepherd and o t h e r s  ( 1 9 8 0 )  r e p o r t e d  i n  an 

a b s t r a c t  a s t u d y  on  t h e  e f f e c t  o f  t r a i n i n g  on t h e  Dahl s t r a i n s  

o f  r a t s .  Two e x p e r i m e n t s  were r e p o r t e d ,  o n e  began  w i t h  e i g h t  

week o l d  S  and R ma.le r a t s  s u b j e c t e d  t o  a h i g h  s a l t  ( 8  p e r c e n t  

NaCl) d i e t  and  e n d u r a n c e  r u n n i n g  fo r  an e i g h t  week p e r i o d .  The 

t r a i n i n g  c o n s i s t e d  of  t r e a d m i l l  r u n n i n g  a t  20 m/min f o r  1 hour  

p e r  d a y ,  5 d a y s  p e r  week. S y s t o l i c  b l o o d  p r e s s u r e  w a s  measured 

by t a i l - c u f f  u n d e r  l i g h t  e t h e r  a n e s t h e s i a .  I n  t h i s  e x p e r i m e n t  a  

s i g n i f i c e n t l y  l ower  s y s t o l i c  b l o o d  p r e s s u r e  w a s  r e c o r d e d  i n  t h e  

t r a i n e d  S  r a t s  compared t o  u n t r a i n e d  S r a t s .  I n  t h e  R s t r a i n  a 

s l i g h t l y  h i g h e r  s y s t o l i c  b lood  p r e s s u r e  was r e p o r t e d  d u e  t o  

t r a i n i n g .  I n  t h e  second  e x p e r i m e n t  S  s t r a i n  r a t s  were 

s i m u l t a n e o u s l y  t r a i n e d  and f e d  a h i g h  s a l t  d i e t .  A l though  n o t  

s t a t e d  i n  t h e  a b s t r a c t  r e s u l t s  p r e s e n t e d  a t  t h e  Lewis  K .  Dahl 

symposium, May, 1981 ,  s t a t e d  t h i s  work was pe r fo rmed  u s i n g  

f e m a l e  DS r a t s .  I t  was s t a t e d  t h a t  t h e  t r a i n i n g  program g r e a t l y  

r e d u c e d  t h e  e f f e c t  o f  t h e  h i g h  s a l t  d i e t ,  n o r m a l i z i n g  t h e  

s y s t o l i c  b l o o d  p r e s s u r e  f o r  t h e  e i g h t  week c o u r s e  o f  t h e  

e x p e r i m e n t  . 
Booth and  o t h e r s  (1980)  i n v e s t i g a t e d  t h e  e f f e c t  o f  e x e r c i s e  

on  t h e  l o n g e v i t y  o f  a new s t r a i n  o f  o b e s e  h y p e r t e n s i v e  ( c p l c p )  

male  and f e m a l e  r a t s .  The t r a i n i n g  c o n s i s t e d  o f  t r e a d m i l l  

r u n n i n g  7 d a y s  p e r  week a t  20  m/min, f o r  up t o  60 min p e r  d a y .  

A f t e r  6-8 mon ths ,  t h e  t r a i n i n g  had t o  b e  r e d u c e d  t o  10-20 min. 



p e r  d a y  a t  7 m/min. T h i s  s t u d y  found  a s h o r t e r  l i f e  span  a s  a 

r e s u l t  o f  t h e  p h y s i c a l  t r a i n i n g  compared t o  t h e  s e d e n t a r y  

c o n t r o l s .  The a u t h o r s  s t a t e d  t h a t  t h e  t r e a d m i l l  r u n n i n g  i n  t h e s e  

o b e s e ,  b l  i n d  , h y p e r t e n s i v e  r a t s  may h a v e  c o n t r i b u t e d  t o  e a r l y  

d e a t h  i n  t h i s  s t r a i n  o f  r a t .  

Due t o  t h e  e q u i v o c a l  n a t u r e  o f  t h e  p u b l i s h e d  r e s u l t s  o f  

t r a i n i n g  on h y p e r t e n s i o n ,  a c o n c i s e  summary h a s  been  d i f f i c u l t .  

The s u r v e y  r e s e a r c h  h a s  l e f t  l i t t l e  d o u b t  o f  t h e  c o r r e l a t i o n  

be tween  p h y s i c a l  a c t i v i t y  o r  f i t n e s s  and  f reedom from 

h y p e r t e n s i o n  (Montoye and o t h e r s ,  1972; G y n t e l b e r g  , 1 9 7 7 ) .  T h i s  

t y p e  o f  r e s e a r c h ,  however ,  c a n n o t  e s t a b l i s h  a n y  c a u s e - e f  f e c t  

r e l a t i o n .  The mu1 t i - d i m e n s i o n a l  n a t u r e  o f  b o t h  p h y s i c a l  f i t n e s s  

and  h y p e r t e n s i o n  h a s  made t h i s  t a s k  i m p o s s i b l e  w i t h  s u r v e y  

r e s e a r c h .  

R e s e a r c h  o n  human h y p e r t e n s i o n  and t r a i n i n g  h a s  

d e m o n s t r a t e d  s e v e r a l  i m p o r t a n t  f i n d i n g s .  E a r l y  work h a s  f o u n d ,  

i n  most  c a s e s ,  a d e c r e a s e  i n  t h e  s y s t o l i c  and d i a s t o l i c  b l o o d '  

p r e s s u r e  l e v e l s  due  t o  t r a i n i n g  p a r t i c u l a . r l y  i n  h y p e r t e n s i v e s .  

S e v e r a l  d i f f e r e n t  t y p e s  o f  t r a i n i n g  p rog rams  h a v e  been  shown t o  

r e s u l t  i n  b lood  p r e s s u r e  r e d u c t i o n s .  V a r i a t i o n  o f  t h e  t r a i n i n g  

p r o c e d u r e s  and  r e s u l t s  o f  v a r i o u s  e x p e r i m e n t e r s  h a s  made 

c l a r i f i c a t i o n  o f  t h e  r o l e  o f  p h y s i c a l  t r a i n i n g  d i f f i c u l t .  

Another  problem h a s  been  t h e  l a c k  o f  human s u b j e c t s  w i t h  

s imi lar  t y p e  and  s e v e r i t y  o f  h y p e r t e n s i o n .  A s  a r e s u l t ,  s e v e r a l  

s t u d i e s  have  b e e n  per formed w i t h  s a m p l e  p o p u l a t i o n s  o f  o n l y  f o u r  

t o  s i x  men ( J o h n s o n  and G r o v e r ,  1967;  Hanson and Nedde, 1970;  

S a n n e r s t e d t  a n d  o t h e r s ,  1 9 7 3 ) .  The small s a m p l e  made a t t a i n m e n t  



of  s t a t i s t i c a l  s i g n i f i c a n c e  a l m o s t  i m p o s s i b l e .  To d a t e ,  no  s t u d y  

o f  h y p e r t e n s i v e s  h a s  r e p o r t e d  s i g n i f i c a n t  i n c r e a s e s  i n  b l o o d  

p r e s s u r e  d u e  t o  t h e  e f f e c t s  o f  p h y s i c a l  t r a i n i n g ,  w h e r e a s  

s e v e r a l  s i g n i f i c a n t  b lood  p r e s s u r e  r e d u c t i o n s  h a v e  been  r e p o r t e d  

(Boyer  and K a s c h ,  1970;  K i v e l o f f  and  Huber ,  1971;  C h o q u e t t e  and 

F e r g u s o n ,  1973 ;  S a n n e r s t e d t  and  o t h e r s ,  1973;  Bonnano and L i e s ,  

1974;  Khomanziuk and  o t h e r s ,  1 9 7 8 ) ) .  N o n - s i g n i f i c a n t  b l o o d  

p r e s s u r e  r e d u c t i o n s  h a v e  a l s o  b e e n  r e p o r t e d  ( J o h n s o n  and G r o v e r ,  

1967; Ranson and Nedde, 1 9 7 0 ) .  D e s p i t e  t h e  b l o o d  p r e s s u r e  

r e d u c t i o n s  f r e q u e n t l y  f o u n d ,  d i f f i c u l t y  i n  i d e n t i f y i n g  t h e  

mechanisms b y  which  t r a i n i n g  h a s  m o d i f i e d  b lood  p r e s s u r e  h a s  

r e m a i n e d .  Mechanisms h a v e  been  s u g g e s t e d ,  b u t  e x p e r j - m e n t a l  

v e r i f i c a . t i o n  o f  a n y  mechanisms h a s  been  a b s e n t .  

The e x p e r i m e n t a l  h y p e r t e n s i o n  mode l s  which h a v e  b e e n  

u t i l i z e d  i n  t h e  most  r e c e n t  r e s e a r c h  have  p roven  t o  h a v e  b e e n  a 

v a l u a b l e  t o o l .  E x p e r i m e n t s  w i t h  t h e  v a r i o u s  m o d e l s  h a v e  e a c h  

added  a new p e r s p e c t i v e  o n  t h e  r o l e  o f  p h y s i c a l  t r a i n i n g .  The 

SHR h a s  been  shown t o  b e  r e s p o n s i v e  t o  t h e  b e n e f i c a l  e f f e c t s  o f  

t r a i n i n g  i n  o n l y  c e r t a i n  c o n d i t i o n s .  To t h i s  d a t e ,  a e r o b i c  

c o n d i t i o n i n g  f rom an e a r l y  a g e  h a s  seemed t h e  most  p r o m i s i n g  

( T i p t o n  and o t h e r s ,  1077;  Edwards and D i a n a ,  1978;  Evenwel and 

S t r u y k e r - B o u d i e r ,  1 9 7 9 ) .  Here a g a i n ,  however ,  t h e  mechanisms 

have proven  e l u s i v e  . 
Based on t h e  c u r r e n t  l i t e r a t u r e ,  f u r t h e r  r e s e a r c h  i n t o  t h i s  

problem must a t t e m p t  t o  i s o l a t e  t h e  t y p e s  o f  h y p e r t e n s i o n  which 

r e spond  t o  p h y s i c a l  t r a i n i n g .  The u s e  o f  a n i m a l  m o d e l s  w i t h  

h y p e r t e n s i o n  o f  known o r i g i n  may g i v e  more d i r e c t  c l u e s  t o  t h e  
L 



mechanisms i n v o l v e d .  I n  a d d i t i o n ,  measurement  o f  a s s o c i a t e d  

f a c t o r s  s u c h  a s  hormonal  l e v e l s  o r  d i e t a r y  components  h a s  b e e n  

s c a r c e  i n  t h e  l i t e r a t u r e .  Data  o f  t h i s  k ind  c o u l d  g i v e  v a l u a b l e  

i n s i g h t s  i n t o  t h e  p o s s i b l e  mechanisms.  

Blood P r e s s u r e  Measurement 

The a c c u r a t e  measurement  o f  b l o o d  p r e s s u r e  h a s  b e e n  a 

d i f f i c u l - t ,  b u t  e s s e n t i a l  r e q u i r e m e n t  i n  t h e  s t u d y  o f  b l o o d  

p r e s s u r e  and b l o o d  p r e s s u r e  m o d i f i c a t i o n .  T h i s  r e q u i r e m e n t  h a s  

o n l y  r a r e l y  b e e n  m e t  ( I d v a l l  , 1 9 7 8 ) .  R e s e a r c h  i n v o l v i n g  i n d i r e c t  

me thods  and s m a l l  l a b o r a t o r y  a n i m a l s  may h a v e  b e e n  o b t a i n i n g  

measurements  n o t  n e c e s s a r i l y  r e f l e c t i n g  t h e  i n t r a a r t e r i a l  

p r e s s u r e .  

Rev. S t e p h e n  H a l e s  made t h e  f i r s t  a t t e m p t s  a t  m e a s u r i n g  

a r t e r i a l  b lood  p r e s s u r e  i n  1733. H e  o b t a i n e d  d i r e c t  b l o o d  

p r e s s u r e  measu remen t s  v i a  t h e  c a r o t i d  a r t e r y  o f  a r e s t r a i n e d  

u n a n e s t h e t i z e d  mare. S i n c e  t h e s e  e a r l y  a t t e m p t s  maay d i r e c t  and  

i n d i r e c t  s y s t e m s  o f  m e a s u r i n g  b lood  p r e s s u r e  h a v e  b e e n  

d e v e l o p e d ,  w i t h  v a r y i n g  d e g r e e s  o f  s u c c e s s  (Geddes ,  1970 ) . 
I n d i r e c t  measu remen t s  o f  b l o o d  p r e s s u r e  were d e v e l o p e d  and 

u t i l i z e d  b e c a u s e  t h e y  were s i m p l e  and r e p e a t a b l e .  S a c k s  ( 1 9 7 9 )  

h a s  p o i n t e d  o u t ,  however t h a t  t h e r e  are  p r o b l e m s  with i n d i r e c t  

measurements  o f  b l o o d  p r e s s u r e .  A s  h e  s t a t e d ,  " A s  w i t h  a l l  

i n d i r e c t  m e a s u r e m e n t s ,  w e  must f a c e  t h e  f 2 c t  t h a t  w e  a r e  n o t  

r e a l l y  m e a s u r i n g  what  w e  want t o  measu re  b u t  r a t h e r  s o m e t h i n g  

else t h a t  w e  b e l i e v e  is c l o s e l y  r e l a t e d  t o  it" ( S a c k s ,  1 9 7 9 ) .  

I n  g e n e r a l  t h e  i n d i r e c t  me thods  i n v o l v e  a p r e s s u r e  c u f f  t o  

o c c l u d e  b l o o d  f l o w ,  and some i n d i c a t o r  o f  b l o o d  f l o w  d i s t a l  t o  



t h e  c u f f .  N e i t h e r  o f  t h e s e  i n s t r u m e n t s  measu re  b l o o d  p r e s s u r e .  

The r e q u i r e m e n t  of t h e  p r e s s u r e  c u f f  t o  c o l l a p s e  t h e  a r t e r y  t o  

s t o p  t h e  b l o o d  f l o w  h a s  made t h e  e l a s t i c  b e h a v i o r  of t h e  

a r t e r i a l  w a l l  v e r y  i m p o r t a n t  ( S a c k s ,  1 9 7 9 ) .  Changes  i n  t h e  

v e s s e l  w a l l  d u e  t o  h y p e r t e n s i o n  induced  t h i c k e n i n g  or 

a t h e r o s c l e r o s i s  c o u l d  s u b s t a n t i a l l y  a l t e r  t h e  b e h a v i o r  of t h e  

a r t e r y  and  r e s u l t  i n  a s u b s t a n t i a l  measurement  e r ror .  

The i n d i r e c t  b lood  p r e s s u r e  measurement  i n  t h e  l a b o r a t o r y  

r a t  by  way o f  t h e  t a i l - c u f f ,  i n  a d d i t i o n  t o  t h e  a b o v e  d e s c r i b e d  

p rob lems ,  h a s  s e v e r a l  o t h e r  compl i c a t i o n s  . The a n i m a l  mus t  b e  

c o n f i n e d ,  h e a t e d ,  and o f t e n  l i g h t l y  a n e s t h e t i z e d .  The 

c o n f i n e m e n t  i s  n e c e s s a r y  t o  k e e p  t h e  an ima l  s t a t i o n a r y  and  to  

k e e p  t h e  t a i l  w i t h i n  t h e  c u f f .  To d o  t h i s  i t  i s  i m p o r t a n t  t o  

have  a  r e s t r a i n i n g  box o f  t h e  correct  s ize  t o  p e r m i t  free 

b r e a t h i n g ,  b u t  small enough t o  k e e p  t h e  t a i l  i n  p l a c e  ( P a l b o l  

and Henn ingsen ,  1979).  The h e a t i n g  h a s  been  pe r fo rmed  t o  

i n c r e a s e  t h e  b l o o d  f l o w  t o  t h e  t a i l  t h e r e b y  i n c r e a s i n g  t h e  

s i g n a l  t o  n o i s e  r a t i o  f o r  t h e  b lood  f l o w  d e t e c t i n g  i n s t r u m e n t  

and  t h e r e f o r e ,  t h e  a c c u r a c y  o f  t h e  measurement .  T h i s  p r o c e d u r e  

h a s  been  p r o v e n  e f f e c t i v e ,  i n c r e a s i n g  t h e  b l o o d  f l o w  a b o u t  o n e  

hundred t i m e s  ( J o h a n s e n  , 1962)  . However, t h e  o v e r h e a t i n g  and 

d i s c o m f o r t  may i n d u c e  c h a n g e s  i n  t h e  b lood  p r e s s u r e  ( P r o s k a u e r ,  

1 9 4 5 ) .  

The r e s u l t s  o f  c o m p a r i s o n s  be tween  d i r e c t  and  i n d i r e c t  

measurement  r e s u l t s  h a v e  shown s e v e r a l  i n c o n s i s t a n c i e s .  Bunag, 

McCubbin, and  P a g e  (1971)  found u n a n e s t h e t i z e d  r a t  t a i l - c u f f  

m e a s u r e s  t o  d i f f e r  c o n s i d e r a b l y  f rom t h e  i n t r a a r t e r i a l  



p r e s s u r e s .  E t h e r  a n e s  t h e s i a  r e d u c e d  t h e  d i f f e r e n c e  be tween  

m e a s u r e s ,  however ,  c a t e c h o l a m i n e s  ( n o r e p i n e p h e r i n e )  g r e a t l y  

i n c r e a s e d  t h e  d i s p a r i t y  be tween  m e a s u r e s ,  a p p a r e n t l y  d u e  t o  t h e  

c o n s t r i c t i o n  o f  t h e  t a i l  a r t e r y .  I t  was found t h a t  s y s t o l i c  

p r e s s u r e  i n  t h e  u n a n e s t h e t i z e d  r a t ' s  t a i l  w a s  a l w a y s  lower  b y  

a b o u t  30 mm Hg t h a n  t h a t  measured i n  t h e  aor ta .  I t  w a s  s t a t e d  ' 

t h a t ,  

The a s s u m p t i o n  t h a t  t h e  t a i l  a r t e r y  i n  u n a n e s t h e t i z e d  
r a t s  i s  a p a s s i v e  t u b e  t h a t  r e f l e c t s  c h a n g e s  i n  s y s t e m i c  
a r t e r i a l  p r e s s u r e  w i t h  c o m p l e t e  a c c u r a c y ,  d o e s  n o t  
a p p e a r  t o  be a  v a l i d  one .  

l l a i s t r e l l o  and Mat sche r  ( 1 9 6 9 )  a l s o  compared t h e  i n d i r e c t  

t a i l - c u f f  method t o  d i r e c t  i n t r a a r t e r i a l  p r e s s u r e  r e c o r d i n g s .  

They found  s e v e r a l  f a c t o r s  which i n f l u e n c e d  t h e  v a l u e  o b t a i n e d  

v i a  t h e  t a i l - c u f f  method .  Cuff s i z e ,  body w e i g h t ,  a.nd t h e  

e l a s t i c i t y  of t h e  r u b b e r  s l e e v e  were found t o  a f f e c t  t h e  

measurement .  I n  l o n g  term e x p e r i m e n t s  i n  which g r o w t h  o f  t h e  

a n i m a l s  was i n v o l v e d  c o n s i d e r a b l e  s y s t e m a t i c  error c o u l d  d e v e l o p  

i f  c u f f  s ize  w a s  n o t  c o n t i n u a l l y  a d j u s t e d  t o  s u i t  t h e  a n i m a l  

d u r i n g  g r o w t h .  

Chiueh  a n d  Kopin ( 1 9 7 8 )  found t h a t  some s t r a i n s  o f  r a t s  

r e sponded  d i f f e r e n t l y  t o  t h e  stress o f  t h e  t a i l - c u f f  method .  SHR 

were found to  d e m o n s t r a t e  s y s t o l i c  b l  ood p r e s s u r e s  a p p r o x i m a t e l y  

25 mm Hg h i g h e r  when r e s t r a i n e d  i n  a  t a i l - c u f f  a p p a r a t u s  t h a n  

r e s t i n g  i n  t h e i r  c a g e s .  F u r t h e r  SHR d e m o n s t r a t e d  a  g r e a t e r  

i n c r e a s e  i n  p l a sma  c a t e c h o l a m i n e s  t h a n  Wis ta r -Kyoto  r a t s  when 

p l a c e d  i n  t h e  measurement  a p p a r a t u s .  Given t h e  r e s u l t s  o f  Bunag,  

McCubbin, and  P a g e  ( 1 9 7 1 )  t h e  i n c r e a . s e  i n  c a t e c h o l a m i n e s  i n  



a d d i t i o n  t o  a l t e r i n g  t h e  b lood  p r e s s u r e ,  would r e d u c e  t h e  b l o o d  

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

measu remen t s .  

Borg and V i b e r g  (1980)  found an e r r o r  w i t h i n  t a i l - c u f f  

measu remen t s  o f  5 t o  10 p e r c e n t .  T h i s  e r r o r  changed  w i t h  t h e  

an ima l  s i z e  and  s e x .  The t a i l - c u f f  measurement  was 5 t o  1 0  

p e r c e n t  h i g h e r  t h a n  t h e  d i r e c t  method i n  f u l l  grown m a l e s ,  b u t  5 

t o  1 0  p e r c e n t  lower i n  t h e  f e m a l e s .  

A m a j o r  d rawback  o f  t h e  i n d i r e c t  me thods  h a s  b e e n  t h e  

i n a b i l i t y  t o  o b t a i n  an  a c c u r a t e  measu re  o f  d i a s t o l i c  o r  mean 

a r t e r i a l  b l o o d  p r e s s u r e  (Geddes ,  1970). S y s t o l i c  p r e s s u r e  a l o n e  

o f f e r s  l i m i t e d  i n f o r m a t i o n ,  1 7 a r i a t i o n s  i n  p u l s e  p r e s s u r e  and 

t o t a l  p e r i p h e r a l  r e s i s t a n c e  c a n n o t  be r e c o r d e d .  

I n  g e n e r a l  d i r e c t  methods  h a v e  been  shown t o  r e q u i r e  few 

a s s u m p t i o n s  a n d  were a ,ble  t o  p r o v i d e  more c o m p l e t e  p r e s s u r e  

i n f o r m a t i o n .  T h e r e  a re  some d i f f i c u l t i e s ,  however ,  i n  d i r e c t  

measurement  i n  s m a l l  a n i m a l s .  The h i g h e r  p u l s e  f r e q u e n c y  a n d  

s m a l l  c a t h e t e r s  r e q u i r e d  p l a c e  c o n s i d e r a b l e  demands o n  t h e  

measurement  s y s t e m  ( I d v a l l  , 1977 ) . 
The s t u d y  o f  b l o o d  p r e s s u r e  d e p e n d s  o n  a c c u r a t e  and 

r e l i a b l e  measu remen t .  T h e r e f o r e  i t  would seem t h a t  t h e  method 

used s h o u l d ,  w h e r e  p o s s i b l e ,  m e a s u r e  p r e s s u r e  d i r e c t l y .  Where 

c h a n g e s  i n  s i ze  and p o s s i b l y  c h a n g e s  i n  a r t e r i a l  e l a s t i c i t y  are  

i n v o l v e d  i n h e r e n t  errors c o u l d  c o u n t e r i n d i c a t e  t h e  u s e  o f  

i n d i r e c t  m e t h o d s .  Direct  me thods ,  a l t h o u g h  n o t  f r e e  o f  

d i f f i c u l t i e s ,  h a v e  d e m o n s t r a t e d  a c c u r a c y  (Geddes ,  1 9 7 0 )  and g i v e  

more c o m p l e t e  i n f o r m a t i o n  w i t h  r e g a r d  t o  t h e  hemodynamic c h a n g e s  



(Re rne  and Levy ,  1 9 7 2 ) .  

Growth and  F e e d i n g  C h a r a c t e r i s t i c s  - o f  T r a i n e d  R a t s  

E x c e s s  body we igh t  o r  o b e s i t y  h a s  been  i d e n t i f i e d  a s  o n e  o f  

t h e  f a c t o r s  i n  t h e  p a t h o g e n e s i s  o f  h y p e r t e n s i o n  (WHO, 1 9 7 8 ) .  

S e v e r a l  a u t h o r s  h a v e  found t h a t  p h y s i c a l  t r a i n i n g  can  a f f e c t  

body w e i g h t  a n d  f o o d '  i n t a k e .  The l a b o r a t o r y  r a t  h a s  p r o v e n  a 

u s e f u l  model i n  t h e  s t u d y  o f  t h e  e f f e c t s  o f  t r a i n i n g  on g rowth  

and food  i n t a k e  (Crews and o t h e r s ,  1969; Dror i  and  Folman,  1975;  

P i t t s  and  B u l l ,  1 9 7 7 ) .  S t u d i e s  o n  t h e  e f f e c t  o f  body w e i g h t  o r  

g rowth  on  t h e  b l o o d  p r e s s u r e  o f  r a t s  c o u l d  n o t  be l o c a t e d .  

I n v e s t i g a t o r s  have  r e p o r t e d  v a r i e d  r e s u l  ts when t r a i n e d  and 

n o n t r a i n e d  male r a t s  a re  compared w i t h  r e s p e c t  t o  g r o w t h .  Crews 

and o t h e r s  ( 1 9 6 9 )  t r a i n e d  m a l e  W i s t a r  r a t s  f o r  1 2  weeks 

b e g i n n i n g  a t  7  weeks o f  a g e .  The t r a i n i n g  c o n s i s t e d  o f  t r e a d m i l l  

r u n n i n g  (8  p e r c e n t  i n c l i n e )  5 d a y s  p e r  week b e g i n n i n g  w i t h  t w o  

10-minute  r u n s  a t  22 m/min. and  p r o g r e s s i n g  t o  1 2 0  m i n u t e s  a t  31 

m/min. w i t h  1 m i n u t e  s p r i n t s  (42 m/min.) a t  1 0  min i n t e r v a l s .  I t  

was found t h a t  t h e  t r a i n e d  g r o u p s  on  e i t h e r  a no rma l  or  l o w  

p r o t e i n  d i e t  g a i n e d  less w e i g h t  and  had a lower carcass f a t  

c o n t e n t  t h a n  t h e  n o n t r a i n e d  c o n t r o l s .  The d i f f e r e n c e s  were 

a t t r i b u t e d  t o  a i n c r e a s e d  czxloric e x p e n d i t u r e  and  a d e c r e a s e d  

food i n t a k e  b y  t h e  t r a i n e d  g r o u p s .  

D r o r i  a n d  Folman ( 1 9 7 6 ) ,  found  t w o  m i n u t e s  o f  d a i l y  

t r e a d m i l l  r u n n i n g  t o  have  no  e f f e c t  on  g r o w t h  ra tes  o f  ma le  

random b r e d  Norway ma le  r a t s .  

P i t t s  and  B u l l  ( 1 9 7 7 ) ,  found  e x e r c i s e  t r a i n i n g  t o  d e c r e a s e  

, t h e  r a t e  o f  g r o w t h  o f  ma le  r a t s  compared t o  n o n t r a i n e d  c o n t r o l s  
1: 
t 



b o t h  o n  normal and h i g h  f a t  d i e t s .  The t r a i n i n g  c o n s i s t e d  o f  

t r e a d m i l l  r u n n i n g  twice per d a y ,  7 d a y s  p e r  week, a t t a i n i n g  18 

m/min., a t  a 14  p e r c e n t  g r a d e ,  f o r  30 m i n u t e s .  The t r a i n i n g  

e f f ec t  o n  g rowth  r a t e  w a s  shown t o  b e  c o m p l e t e l y  r e v e r s i b l e .  

When t h e  t r a i n i n g  program was s t o p p e d  t h e  t r a i n e d  a n i m a l s  g a i n e d  

w e i g h t  up t o  t h a t  o f  t h e  c o n t r o l  a n i m a l s  which had been  

s e d e n  ta , ry  t h r o u g h o u t  t h e  e x p e r i m e n t  . The body c o m p o s i t i o n  d a t a  

of t h i s  e x p e r i m e n t  s u g g e s t e d  t h a t  " e x e r c i s e  d e c r e a s e d  masses o f  

b o t h  t h e  f a t  and f a t  f r e e  compar tment  be low v a l u e s  f o r  t h e  

s e d e n t a r y  g roups"  ( P i t t s  and  B u l l ,  1977). 

P f e f f e r  and o t h e r s  ( 1 g 7 8 ) ,  s t u d y i n g  t h e  e f f e c t  o f  p r o l o n g e d  

s w i m  t r a i n i n g  ( p r e v i o u s l y  d e s c r i b e d ,  p p .  35-36) on f e m a l e  

n o r m o t e n s i v e  (Wistar and Wis ta r -Kyoto)  and h y p e r t e n s i v e  (SHR) 

r a t s ,  found  no s i g n i f i c a n t  e f f e c t  o f  t r a i n i n g  on body w e i g h t  o r  

g r o w t h  r a t e s  o f  t h e  n o r m o t e n s i v e  r a t s ,  however t h e  t r a i n e d  

f e m a l e  SHR weighed less t h a n  t h e i r  s e d e n t a r y  c o n t r o l s .  

I n  a  r e c e n t  r e v i e w  N i k o l e t s e a s  (1g79)  made s e v e r a l  

i n t e r e s t i n g  s t a t e m e n t s  a b o u t  food  i n t a k e  i n  t h e  e x e r c i s i n g  r a t .  

The a u t h o r  s u g g e s t e d  t h a t  food i n t a k e  o f  ma le  and f e m a l e  r a . t s  

d i f f e r e d  i n  r e s p o n s e  t o  f o r c e d  e x e r c i s e ,  t h e  f e m a l e  r a t s  

i n c r e a s e d  t h e i r  food  i n t a k e ,  t h e  m a l e  r a t s  d i d  n o t .  H e  went  o n  

t o  s t a t e  t h a t  " t h i s  c o n c l u s i o n  may a p p l y  o n l y  t o  t h o s e  

s i t u a t i o n s  i n  which  a pre-mixed d i e t  ( e g  chow) i s  o f f e r e d " .  

Dahl  and o t h e r s  (1958) r e a c h e d  t h e  c o n c l u s i o n  t h a t  t h e  

r e d u c t i o n  o f  w e i g h t  i n  obese p e o p l e  b y  d i e t a r y  r e s r i c t i o n  is 

f r e q u e n t l y  accompanied  by b lood  p r e s s u r e  r e d u c t i o n  a s  a r e s u l t  

o f  t h e  c o n c o m i t a n t  s a l t  i n t a k e  r e d u c t i o n ,  n o t  a s  a r e s u l t  o f  t h e  



c a l o r i c  r e s t r i c t i o n .  T h i s  f i n d i n g  h a s  r e c e n t l y  been  d i s p u t e d  by  

R e i s i n  and o t h e r s  ( 1 9 7 8 ) .  Heyden and Hames (1980)  s t a t e d  t h a t  

d e s p i t e  r e c e n t  f i n d i n g s  Dahl ' s  h y p o t h e s i s  h a s  n o t  b e e n  

d i s p r o v e n .  R e s e a r c h  of t h i s  t y p e  h a s  n o t  been  pe r fo rmed  on t h e  

DS r a t s .  



C. METHODS 

E x p e r i m e n t a l  Animal Model 

The Dahl s a l t  s e n s i t i v e  (DS) ma le  r a t  was s e l e c t e d  a s  t h e  

model f o r  t h i s  e x p e r i m e n t .  T h i s  s t r a i n  w a s  d e v e l o p e d  a t  

Brookhaven N a t i o n a l  L a b o r a t o r i e s ,  Upton ,  N e w  York ( D a h l ,  H e i n e ,  

a n d  T a s s i n a r  i , l962), t h r o u g h  t h r e e  g e n e r a t i o n s  o f  s e l e c t i v e  

i n b r e e d i n g  o f  s t a n d a r d  Sprague-Dawley ra ts  f o l l  owed by c a r e f u l  

o u t b r e e d i n g  and s e l e c t i o n  b a s e d  on b l o o d  p r e s s u r e  r e s p o n s e  t o  

d i e t a r y  s a l t .  The r a t i o n a l e  u n d e r l y i n g  t h e  deve lopmen t  o f  t h i s  

s t r a i n  a r o s e  f rom t h e  h y p o t h e s i s  t h a t  w i t h i n  any  p o p u l a t i o n  o f  

a n i m a l s  s u b g r o u p s  e x i s t e d  which e x h i b i t e d  d i f f e r i n g  b lood  

p r e s s u r e  r e s p o n s e s  t o  t h e  h y p e r t e n s i v e  e f f e c t s  o f  d i e t a r y  s a l t .  

A s  a r e s u l t  o f  t h e  i n v e s t i g a t i o n  o f  t h i s  h y p o t h e s i s  t w o  s t r a i n s  

o f  r a t s  were d e v e l o p e d .  The DS s t r a i n  showed a  marked e l e v a t i o n  

o f  b l o o d  p r e s s u r e  when g i v e n  a  h i g h  s a l t  d i e t .  The r e s i s t a n t  

(DR) s t r a i n ,  however ,  showed no e l e v a t i o n  o f  b l o o d  p r e s s u r e  

d e s p i t e  h i g h  l e v e l s  o f  d i e t a r y  s a l t .  

F o r  t h i s  e x p e r i m e n t  r a t s  o f  t h e  DS s t r a i n  were o b t a i n e d  

from t h e  Brookhaven N a t i o n a l  L a b o r a t o r i e s .  Only m a 1  e a n i m a l  s 

were u t i l i z e d .  The r a t s  were m a i n t a i n e d  a t  t h e  Brookhaven 

L a b o r a t o r i e s  u n t i l  s h o r t l y  a f t e r  weaning whereupon t h e y  were 

s h i p p e d  by a i r  f rom N e w  York t o  Vancouver .  I m m e d i a t e l y  a f t e r  

a r r i v a l  a t  Vancouver  t h e  r a t s  were t r a n s p o r t e d  t o  t h e  Simon 

F r a s e c  U n i v e r s i t y  Animal C a r e  F a c i l i t y  (SFUACF). Upon a r r i v a l  a t  

t h e  f a c i l i t y  t h e  a n i m a l s  were weighed and p l a c e d  i n  i n d i v i d u a l  

c a g e s  and  m a i n t a i n e d  on a r e v e r s e  12-hour  d a y - n i g h t  c y c l e .  A l l  

h o u s i n g  and e x p e r i m e n t a t i o n  t h r o u g h o u t  t h e  s t u d y  t o o k  p l a c e  a t  



t h e  SFUACF. The DS r a t s  were housed i n  a  room s e p a r a t e  f r o m  a l l  

o t h e r  a n i m a l s  t o  min imize  p o s s i b l e  d i s e a s e  t r a n s m i s s i o n .  

The h o u s i n g  room w a s  m a i n t a i n e d  a t  24 +/-  1 d e g r e e  C  

t h r o u g h o u t  t h e  e x p e r i m e n t .  Hous ing ,  t r a i n i n g ,  and s u r g e r y  were 

e a c h  pe r fo rmed  i n  s e p a r a t e  rooms. The a n i m a l s  were t r a n s p o r t e d  

t o  t h e  t r e a d m i l l  room f o r  t r a i n i n g  on a  r a c k  c o n t a i n i n g  1 2  t o  30 

c a g e s .  T r a n s p o r t  t o  t h e  s u r g e r y  a r e a  was done  o n e  animp1 a t  a 

t i m e .  Only t h e  a n i m a l  u n d e r g o i n g  t h e  measurement  w a s  i n  t h e  

s u r g e r y  room d u r i n g  t h e  s u r g e r y  and  r e c o v e r y .  A l l  p r o c e d u r e s  

i n c l u d i n g  t r a i n i n g ,  w e i g h i n g ,  h a n d l i n g ,  c h a n g i n g  of  food  and 

water,  and s u r g e r y  were per formed d u r i n g  t h e  d a r k  p o r t i o n  o f  t h e  

d a y - n i g h t  c y c l e .  

The c a g e s  f o r  h o u s i n g  t h e  a n i m a l s  were H o e l t g e  24 X 18 X 18 

c m  mounted on  a 6 - t i e r e d  metal r a c k .  L i t t e r  b e n e a t h  t h e  c a g e s  

was changed 2 t o  3 t i m e s  p e r  week. Animals  i n  t h e i r  c a g e s  d i d  

n o t  have  a n y  c o n t a c t  w i t h  e a c h  o t h e r .  Cages were changed  

b i -weekly .  The area w i t h i n  t h e  c a g e  was r educed  by  t h e  food  

c o n t a i n e r  wh ich  was p l a c e d  i n  o n e  c o r n e r  a.nd h e l d  i n  p l a c e  b y  a 

m e t a l  s p r i n g .  

D i e t  

A l l  a n i m a l s  were g i v e n  ad - l i b i t u m  d i e t s  o f  b o t h  food  and 

t a p  waster .  The t a p  w a t e r  w a s  p r o v i d e d  i n  500 m l  b o t t l e s  w i t h  

b a l l - b e a r  i n g  s p o u t s .  Water  i n t a k e  was measured d a i l y  b y  we igh ing  

t o  t h e  n e a r e s t  gram; t h e  amount l o s t  d u e  t o  d r i p p i n g  was n o t  

measu red .  Any t i m e  t h e  w a t e r  l e v e l  d ropped  be low 200 m l  o r  i f  

t h e  water had n o t  been  changed f o r  3 d a y s ,  t h e  water b o t t l e  was 

r e p l a c e d  w i t h  a f r e s h  b o t t l e  a f t e r  t h e  we igh t  had been 



a s c e r t a i n e d .  

The "normal chow" d i e t  c o n s i s t e d  o f  P u r i n a  L a b o r a t o r y  Chow, 

c o d e  5001. The i n g r e d i e n t  list i s  shown a s  t a b l e  3-1. The d i e t  

w a s  f e d  i n  m e a l  fo rm i n  c o n t a i n e r s  which h e l d  up  t o  3 d a y s  

a l l o t m e n t  o f  food  ( u p  t o  90 grams) .  

The h i g h  s a l t  d i e t  c o n s i s t e d  o f  a d d i t i o n a l  r e a g e n t  g r a d e  

, sodium c h l o r i d e  added t o  t h e  P u r i n a  chow ( 3 6  grams NaCl p e r  964 

grams o f  m e a l ) .  The a d d i t i o n a l  sodium c h l o r i d e  w a s  f i r s t  

powdered by hand  w i t h  a  m o r t a r  and p e s t l e  t h e n  t h o r o u g h l y  mixed 

w i t h  t h e  m e a l .  The food  w a s  t h e n  d i s t r i b u t e d  i n  t h e  same manner 

a s  t h e  normal  chow. Food i n t a k e  was measured d a i l y  by  w e i g h t .  

Food s p i l l a g e  d i d  o c c u r  b u t  c o u l d  n o t  b e  a c c u r a t e l y  measu red .  

The T r a i n i n g  Program 

The t r a i n i n g  program c o n s i s t e d  o f  t r e a d m i l l  r u n n i n g  a t  

c o n s t a n t  s p e e d  and i n c l i n a t i o n  f o r  i n c r e a s i n g  l e n g t h s  o f  t i m e ,  

f i v e  d a y s  p e r  week. 

I n  p r e p a r a t i o n  f o r  t h e  t r a i n i n g  p r o t o c o l  a l l  a n i m a l s ,  b o t h  

t h o s e  d e s t i n e d  t o  be used  a s  e x p e r i m e n t a l  and c o n t r o l ,  were 

t r a i n e d  t o  r u n  o n  t h e  t r e a d m i l l  f o r  5 m i n u t e s  a t  t h e  c r i t e r i o n  

speed  o f  26.4 meters p e r  m i n u t e  a t  5 p e r c e n t  g r a d e .  P r i o r  t o  

t h i s  t r e a d m i l l  e d u c a t i o n  p e r i o d ,  t h e  a n i m a l s  were g i v e n  o n e  day  

a f t e r  a r r i v a l  a t  t h e  SFUACF t o  a c c l i m a t i z e .  T h e r e a f t e r  t h e  

a n i m a l s  were r u n  d a i l y  on  t h e  t r e a d m i l l  a t  i n c r e a s i n g  s p e e d s  

u n t i l  . a t  1 0  d a y s  t h e y  were a b l e  t o  r u n  a t  t h e  c r i t e r i o n  speed  

f o r  5 m i n u t e s .  The d u r a t i o n  and speed  u t i l i z e d  e a c h  d a y  o f  t h e  

t r e a d m i l l  e d u c a t i o n  i s  shown on  t a b l e  3-2. 



TABLE 3-1 PURINA 5001 CONTENT 

Approximate Chemical Composition 

Protein................................23.4 percent  

Fat ..................................... 4.5  pe rcen t  

Fiber  ................................... 5. 0 percent  

Ash. .................................... 7.3  percent  

Reprinted from Pur ina  Laboratory Chow, Code: 5001, 
Revised 10/8/75. 



TABLE 3-2 TREADMILL EDUCATION SCHEDULE 

D a y  D u r a t i o n  Speed 

2 . 5  m i n u t e s  

5 .0  I 1  

5 . 0  11 

5 . 0  11 

5 . 0  11 

5 . 0  I 1  

5 . 0  11 

5 . 0  11 

** e lec t r i c  s h o c k  m o t i v a t i o n  s ta r ted  



The r u n n i n g  w a s  per formed on a  Q u i n t o n  r o d e n t  t r e a d m i l l  

( Q u i n t o n  I n s t r u m e n t  Co., S e a t t l e ,  model 20 -40 ) .  The t r e a d m i l l  

c o n s i s t e d  o f  a l a r g e  moving b e l t  o v e r  which  was suspended  10  

compar tmen t s  10 c m  X 47.5 c m .  A t  t h e  rear o f  e a c h  compar tment  

was a n  e l e c t r i f i e d  g r i d .  The g r i d  was used  t o  m o t i v a t e  t h e  

a n i m a l s  t o  r u n  s i n c e  i f  t h e  a n i m a l s  s t o p p e d  or r a n  more s l o w l y  

t h a n  t h e  moving b e l t  i t  would come i n t o  c o n t a c t  w i t h  t h e  g r i d  

and r e c e i v e  a s h o c k .  T h i s  c o n d i t i o n e d  t h e  a n i m a l s  t o  r u n  a t  t h e  

f r o n t  p o r t i o n  of t h e  compar tment .  E l e c t r i c a l  c o n t a c t  was 

enhanced  by w e t t i n g  t h e  h ind  a r e a  o f  t h e  r a t s  w i t h  w a r m  t a p  

water p r i o r  t o  e a c h  t r e a d m i l l  s e s s i o n .  The e l e c t r i c  s h o c k  

p r o c e d u r e  was f i r s t  used on t h e  f o u r t h  d a y  o f  t r e a d m i l l  

e d u c a t i o n  and c o n t i n u e d  e a c h  r u n n i n g  s e s s i o n  t h e r e a f t e r  

t h r o u g h o u t  t h e  e x p e r i m e n t .  C o n t r o l  a n i m a l s  d i d  n o t  r e c e i v e  

e l e c t r i c a l  s h o c k s  a f t e r  t h e  t r e a d m i l l  e d u c a t i o n  p e r i o d .  

A t  t h e  c o n c l u s i o n  o f  t h e  t r e a d m i l l  e d u c a t i o n ,  t h e  a n i m a l s  

were randomly  d i v i d e d  i n t o  f o u r  g r o u p s  : normal  chow n o n t r a i n e d  

(NCN), normal  chow t r a i n e d  (NCT) , h i g h  s a l t  n o n t r a i n e d  (HSN), 

and  h i g h  s a l t  t r a i n e d  (HST). A l l  t h e  g r o u p s  were hand led  

i d e n t i c a l l y  w i t h  t h e  e x c e p t i o n  o f  t h e  d i e t  and  t h e  r u n n i n g  on 

t h e  t r e a d m i l l ,  which  were a l l o c a t e d  t o  t h e  s p e c i f i c  e x p e r i m e n t a l  

g r o u p s .  The t r a i n e d  and n o n t r a i n e d  g r o u p s  were p l a c e d  on 

t r e z d m i l l s  f o r  t h e  same t i m e  p e r i o d  e a c h  d a y  a t  t h e  same t i m e .  

The n o n t r a i n e d  a n i m a l s  were ,  however ,  p l a c e d  on a nonmoving 

t r e a d m i l l  o f  i d e n t i c a l  d i m e n s i o n s .  I n  t h i s  way t h e  t r a i n e d  and 

n o n t r a i n e d  a n i m a l s  r e c e i v e d  i d e n t i c a l  hand l i n g ,  e x p o s u r e  t o  

o t h e r  a n i m a l s ,  and  access t o  food and w a t e r  d u r i n g  t h e  



e x p e r i m e n t a l  program. 

Each t r e a d m i l l  cou ld  ho ld  up t o  10 a n i m a l s .  Dur ing  t h e  

t r e a d m i l l  e d u c a t i o n  p e r i o d  o n l y  2 t o  4 a n i m a l s  were r u n n i n g  a t  

o n c e .  Dur ing  t h e  e x p e r i m e n t a l  p e r i o d  t h e  a n i m a l s  were r u n  i n  

g r o u p s  o f  up t o  8 a t  o n e  t i m e .  The s t a t i o n a r y  t r e a d m i l l  was 

o c c u p i e d  by a s i m i l a r  number o f  c o n t r o l  a n i m a l s .  

The s p e e d  and i n c l i n a t i o n  o f  t h e  t r e a d m i l l  were k e p t  

c o n s t a n t  t h r o u g h o u t  t h e  e x p e r i m e n t ,  w h i l e  t h e  d u r a t i o n  i n c r e a s e d  

e a c h  week. The s c h e d u l e  is  shown on t a b l e  3-3. A f t e r  t h e  second  

measurement  t h e  t r a i n i n g  s e s s i o n s  were d i v i d e d  i n  t o  t w o  s e s s i o n s  

d a i l y  w i t h  a 3 t o  6 h o u r  rest  between r u n s .  T h i s  p r o c e d u r e  

a l l o w e d  t h e  a n i m a l s  t o  c o m p l e t e  t i m e  r e q u i r e m e n t  o f  t h e  r u n  more 

e a s i l y .  A s  t h e  t r a i n i n g  was a lways  pe r fo rmed  i n  t h e  d a r k  p o r t i o n  

o f  t h e i r  24-hour  c y c l e  t h e  l i g h t i n g  i n  t h e  t r e a d m i l l  a r e a  was 

r e d u c e d  a s  much a s  p o s s i b l e .  The measurement  o f  food  and water 

i n t a k e  a s  w e l l  a s  t h e  w e i g h t s  o f  t h e  a n i m a l s  were per formed 

i m m e d i a t e l y  a f t e r  t r a i n i n g .  

O c c a s i o n a l l y  a n i m a l s  r e c e i v e d  m i n o r  i n j u r i e s ,  s u c h  a s  

i n j u r e d  f e e t  o r  t a i l s .  These i n j u r i e s  were t r e a t e d  i m m e d i a t e l y  

upon d i s c o v e r y  w i t h  a d i s i n f e c t a n t  s p r a y .  I f  a t  a n y  t i m e  an 

an ima l  was e x p e r i e n c i n g  d i f f i c u l t y  i n  c o n t i n u i n g  t o  r u n ,  t h e  

a n i m a l  w a s  removed from t h e  t r e a d m i l l  t e m p o r a i l y  and r e t u r n e d  t o  

t h e  t r a i n i n g  s e s s i o n  t h e  same d a y  a f t e r  a  s h o r t  rest .  T h i s  

happened i n f r e q u e n t l y .  

The Blood P r e s s u r e  Measurement A p p a r a t u s  

The b l o o d  p r e s s u r e  measurement  s y s t e m  c o n s i s t e d  o f  a 

n o n - b e v e l l e d  1 c m  segment  o f  PE 50 t u b i n g  i n s e r t e d  i n t o  a 13-cm 



TABLE 2-3 TRAINING SCHEDULE 

Day Duration of Run Day Duration o f  Run 

7.5  minutes 
12 .5  I? 

15.0 1 I 

15.0 11 

15 .0  I 1  

r e s t  
r e s t  

17 .5  minutes 
22.5 I 1 

25.0 I 1  

25. (! 11 

25.0 l? 

r e s t  
r e  st 

27.5 minutes 
32.5 11 

35.0 I? 

35.0 11 

35.0 11 

r e s t  
r e s t  

37.5 minutes 
42.5 I? 

45.0 I 1  

45.0 ? 1 

45.0 ?I 

measurement 
r e s t  

15.0 minutes 
25.0 I 1 

35.0 11 

45.0 I 1  

50.P 11 

r e s t  
r e s t  

52.5 minutes 
57.5 I 1  

60.0 I I 

60.0 11 

60.0 ? 1 

r e s t  
r e s t  * two s e p e r a t e  

62.5 minutes 
67.5 11 

70.0 I I 

70.0 ? ?  

70.0 ?I 

r e s t  
r e s t  

72.5 minutes 

80.0 11 

80.0 11 

80.0 I? 

measurement 
r e s t  

30.0 minutes 
42.5 11 

35.0 11 

45.0 + 12.0 minutes  
35.0 + 35.0 I? 

r e s t  
r e s t  

40.0 + 35.0 minutes 
40.0 + 40.0 11 

50.0 + 45.0 I? 

50.0 + 45.0 11 

50.0 + 45.0 11 

r e s t  
r e s t  

52.5 + 45.0 minutes 
57.5 + 45.0 I? 

60.0 + 45.0 ?I 

60.0 + 45.0 ? ?  

60.0 + 45.0 I 1  

r e s t  
r e s t  

72.5 + 35.0 minutes  
82.5 + 30.0 11 

95.0 + 20.0 I? 

105.0 + 10.0 1 I 

115.0 minutes 
te rmina l  measurement 

s e s s i o n s  per day 



segmen t  o f  PE 90 t u b i n g .  A 19 gauge  n e e d l e  s h o r t e n e d  t o  1 - c m  

w i t h o u t  b e v e l  was i n s e r t e d  i n t o  t h e  o t h e r  end o f  t h e  PE 90 

t u b i n g .  The n e e d l e  was i n  t u r n  a t t a c h e d  to  a 3 way v a l v e  i n  l i n e  

t o  a S t a t h a m  P23BB s t r a i n  gauge  p r e s s u r e  t r a n s d u c e r  (Ha to  Rey, 

P u e r t o  R i c o ) .  The s t r a i n  gauge  t r a n s d u c e r  w a s  k e p t  a t  t h e  l e v e l  

o f  t h e  h e a r t .  The t h i r d  o u t l e t  o f  t h e  3 way v a l v e  was a t t a c h e d  

t o  a 10-ml s y r i n g e  c o n t a i n i n g  h e p a r i n i z e d  s a l i n e .  T h i s  s y r i n g e  

w a s  u sed  t o  push  s a l i n e  t h r o u g h  t h e  c a t h e t e r  when n e c e s s a r y .  

The t r a n s d u c e r  chamber c o n t a i n e d  b o i l e d  i s o t o n i c  s a l i n e .  I n  

a l l  c a s e s  t h e  sys t em was f u l l y  c l e a r e d  o f  a i r  b u b b l e s .  

The s i g n a l  f rom t h e  t r a n s d u c e r  w a s  p a s s e d  t o  a  ca r r i e r  

p r e a m p l i f i e r  (Phys iog raph  Mk 1 1 ,  E  & M I n s t r u m e n t s  Co. I n c . ,  

Hous ton  Tx .) , t o  a t r a n s d u c e r  c o u p l e r  ( N a r c o  B i o s y s t e m s  t y p e  

7 1 7 3 ) ,  t h e n  t o  a c h a r t  r e c o r d e r  ( H e w l e t t  P a c k a r d ,  7404A 

r e c o r d e r ,  medium g a i n  p r e a m p l i f i e r  t y p e  17401A w i t h  z e r o  

s u p p r e s s i o n )  . 
C a l i b r a t i o n  o f  t h e  sys t em b e f o r e  and a f t e r  e a c h  measurement  

w a s  pe r fo rmed  u s i n g  a mercury  column.  

Mean a r t e r i a l  b lood  p r e s s u r e s  were c a l c u l a t e d  

m a t h e m a t i c a l l y  u s i n g  t h e  f o l l o w i n g  f o r m u l a :  

P mean = P  d i a s t o l i c  + 1 / 3  (P s y s t o l i c  - P d i a s t o l i c )  

( B e r n e  and Levy,  1972 ,  p .  89; S p e n c e ,  S i b b a l d ,  and Cape ,  1 9 8 0 ) .  

Direct Blood P r e s s u r e  Measurement 

A l l  b l o o d  p r e s s u r e  measurements  were made b y  d i r e c t  

c a t h e t e r i z a t i o n  o f  e i t h e r  a  f emora l  o r  c a r o t i d  a r t e r y  and  t h e  

measurement  o f  p r e s s u r e  p u l s e s  i n  t h e  a r t e r y  w i t h  a s t r a i n  gauge  

p r e s s u r e  t r a n s d u c e r .  



I n  e v e r y  case t h e  b lood  p r e s s u r e  o f  e a c h  a n i m a l  w a s  

measu red  a f t e r  t h e  f o u r t h ,  e i g h t h ,  and  t w e l t h  week o f  t h e  

e x p e r i m e n t a l  p e r i o d .  The f i r s t  measurement  w a s  made from t h e  

r i g h t  f e m o r a l ,  t h e  second  from t h e  l e f t  f e m o r a l ,  and t h e  f i n a l  

measurement  f rom t h e  r i g h t  c a r o t i d  a r t e r y .  

Twenty f o u r  h o u r s  rest f o l l o w e d  t h e  p r e v i o u s  

s e s s i o n  b e f o r e  t h e  measurement  w a s  p e r f o r m e d .  The 

p e r i o d  was c h o s e n  t o  a l l o w  t i m e  f o r  r e c o v e r y  f rom 

t r a i n i n g  

24-hour t i m e  

t h e  p r e v i o u s  

t r a i n i n g .  A f u r t h e r  40 t o  48 h o u r s  a f t e r  t h e  measurement  a l l o w e d  

t h e  a n i m a l s  s u f f i c i e n t  t i m e  t o  r e t u r n  t o  t h e  n e x t  t r a i n i n g  

s e s s i o n .  

On t h e  s u r g e r y  d a y  t h e  r a t s  were t a k e n  i n d i v i d u a l l y  i n  

t h e i r  c a g e s  t o  t h e  s u r g e r y  where t h e y  were t h e n  hand led  t o  ca lm 

them. 

The s u r g i c a l  a r e a  w a s  k e p t  c l e a n  b u t  n o t  s t e r i l e .  

P o s t o p e r a t i v e  wound i n f e c t i o n  was n o t  a problem d u r i n g  t h e  

s t u d y .  

Dur ing  t h e  s u r g e r y  and t h e  measurement  o f  t h e  b lood  

p r e s s u r e  t h e  a n i m a l s  were a n e s t h e t i z e d  w i t h  a h a l o t h a n e - n i t r o u s  

ox ide-oxygen  m i x t u r e .  The g a s  was a d m i n i s t e r e d  v i a  a  Boy le  

A p p a r a t u s  (Med ica l  S e c t i o n  o f  B r i t i s h  Oxygen E n g i n e e r i n g  L t d  . , 
London) .  The machine  was c a l i b r a t e d  p r i o r  t o  t h e  e x p e r i m e n t .  The 

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

d i o x i d e  removal  i n  a Boy le  Absorber  Mark 111 ( B r i t i s h  Oxygen Co. 

L t d .  ) . Oxygen and N i t r o u s  Oxide ( L i n d e )  were o b t a i n e d  f rom Union 

C a r b i d e  Canada.  The i n h a l a n t  a n e s t h e t i c  w a s  h a l o t h a n e  

( F l u o t h a n e ,  A y e r s t  L a b o r a t o r i e s ,  M o n t r e a l  Canada)  . 



The c h o i c e  o f  a n e s t h e t i c  f o r  t h i s  e x p e r i m e n t  w a s  b a s e d  on 

s e v e r a l  c o n s i d e r a t i o n s :  r a p i d  i n d u c t i o n  and r e c o v e r y ,  s a f e t y  t o  

t h e  e x p e r i m e n t e r  and t h e  a n i m a l ,  a v a i l a b i l i t y  o f  t h e  a n e s t h e t i c  

and t h e  means t o  a d m i n i s t e r  i t ,  and t h e  r e s u l t s  o f  p i l o t  work. 

The Ha lo th%ne-Ni t rous  Oxide proved mos t  a d v a n t a g e o u s  o n  e a c h  o f  

t h e s e  c o n s i d e r a t i o n s .  The less  f a v o u r a b l e  f e a t u r e s  o f  t h e  

H a l o t h a n e - N i t r o u s  Oxide  a n e s t h e t i c  i n c l u d e :  a  g e n e r a l  b lood  

p r e s s u r e  d e p r e s s o r  e f f e c t ,  and t h e  a b s e n c e  o f  l i t e r a t u r e  

a v a i l a b l e  o n  t h e  e f f e c t s  o f  H a l o t h a n e - N i t r o u s  Oxide  o n  t h e  r a t .  

Throughout  t h e  p r o c e d u r e  t h e  oxygen  and n i t r o u s  o x i d e  f l o w  

r a t e s  were k e p t  c o n s t a n t  a t  1 l i t e r  p e r  m i n u t e  and 2 l i t e r s  p e r  

m i n u t e  r e s p e c t i v l y .  The h a l o t h a n e  l e v e l  changed a s  f o l l o w s  

d u r i n g  t h e  s u r g e r y :  2 . 5  p e r c e n t  d u r i n g  i n d u c t i o n ,  1 .7 p e r c e n t  

d u r i n g  a r t e r y  e x p o s u r e  and c a n n u l a t i o n ,  1 . 0  p e r c e n t  d u r i n g  t h e  

d a t a  c o l l e c t i o n ,  and  1 .7  p e r c e n t  t o  t h e  t e r m i n a t i o n  o f  t h e  

p r o c e d u r e .  The t i m e  a t  e a c h  s t a g e  o f  a n e s t h e s i a  f o r  e a c h  an ima l  

v a r i e d .  These  t i m e s  were r e c o r d e d  and a-ppear  i n  Appendix C and 

D .  

Dur ing  i n d u c t i o n  e a c h  an ima l  w a s  p l a c e d  i n  a l a r g e  g l a s s  

jar  w i t h  a l o o s e l y  f i t t i n g  metal p l a t e  c o v e r i n g  t h e  o p e n i n g .  The 

i n l e t  and  o u t l e t  t u b e s  from t h e  a n e s t h e t i c  mach ine  were 

c o n n e c t e d  t o  two h o l e s  i n  t h e  metal p l a t e .  The an ima l  was 

o b s e r v e d  c l o s e l y  d u r i n g  t h i s  i n d u c t i o n  p h a s e .  When t h e  an ima l  

los t  c o n s c i o u s n e s s  i t  w a s  t r a n s f e r r e d  t o  t h e  s u r g i c a l  t a b l e .  The 

i n l e t  and  o u t l e t  h o s e s  were moved and a t t a c h e d  t o  a  f i x e d  nose  

c o n e  i n t o  which  t h e  a n i m a l ' s  s n o u t  w a s  p l a c e d .  Dur ing  t h e  

t r a n s f e r  t h e  h a l o t h a n e  l e v e l  was d e c r e a s e d  from 2 . 5  t o  1 .7  



p e r c e n t .  

A f t e r  t r a n s f e r  f rom t h e  i n d u c t i o n  c o n t a i n e r  t h e  a n i m a l  was 

p l a c e d  on i ts  back  and i m m e d i a t e l y  s e c u r e d  i n  p l a c e  o n  a 

s u r g i c a l  t a b l e .  Adhes ive  t a p e  was p l a c e d  l o o s e l y  o v e r  a l l  f o u r  

l i m b s  t o  h e l p  s t a b i l i z e  t h e  a n i m a l  and e x p o s e  t h e  s u r g i c a l  

s i t es .  The s u r g i c a l  s i t e  w a s  t h e n  shaved  w i t h  a n  e l e c t r i c  

c l i p p e r .  T h i s  was f o l l o w e d  by a r i n s e  o f  t h e  s i t e  w i t h  70 

p e r c e n t  a l c o h o l .  I n  t h e  c a s e  o f  t h e  f e m o r a l  a r t e r y  s u r g e r y ,  t h e  

s i t e  was f u r t h e r  shaved  w i t h  a  s a f e t y  r a z o r  t o  remove most  o f  

t h e  r e m a i n i n g  f u r .  The s i t e  was t h e n  wiped d r y .  

The f e m o r a l  a r t e r y  s i t e  measu remen t s  o n  t h e  r i g h t  and l e f t  

s i d e s  were p r o c e d u r a l l y  i d e n t i c a l  and w i l l  b e  d e s c r i b e d  f i r s t .  

F o l l o w i n g  t h e  s i t e  p r e p a r a t i o n ,  a n  i n c i s i o n  a p p r o x i m a t e l y  1 t o  

1 . 5  c m  i n  l e n g t h  was made on  t h e  u p p e r  i n n e r  t h i g h  c lose  t o  t h e  

abdomen. The t i s s u e  was s e p a r a t e d  t o  e x p o s e  t h e  f e m o r a l  a r t e r y .  

The a r t e r y  w a s  t h e n  i s o l a t e d  w i t h  s p e c i a l  care to  s e p a r a t e  a l l  

accompanying n e r v e s  and c o n n e c t i v e  t i s s u e .  Fol  lowing  i s o l a t i o n  

t h r e e  s i l k  l i g a t u r e s  were drawn u n d e r  t h e  a r t e r y  and  l o o s e l y  

t i e d .  The most p rox ima l  w a s  no .  1 s i l k  ( E t h i c o n  c o d e  A57) T h i s  

p r o x i m a l  l i g a t u r e  s e r v e d  a s  a  b l o o d  f l o w  c o n t r o l ;  by t i g h t e n i n g  

t h i s  l i g a t u r e  b lood  f l o w  was o c c l u d e d ,  'when l o o s e n e d  b lood  cou ld  

f l o w  t h r o u g h  t h e  v e s s e l .  The two d i s t a l  l i g a t u r e s  w e r e  no .  4-0 

s i l k  ( E t h i c o n  code  A53). 

Once t h e  a r t e r y  w a s  i s o l a t e d  and l o o s e l y  l i g a t e d ,  t h e  most  

d i s t a l  l i g a t u r e  was t i g h t e n e d  s e c u r e l y  w i t h  a  s q u a r e  k n o t ,  

p e r m a n e n t l y  l i g a t i n g  t h e  a r t e r y .  The a r t e r y  was t h e n  s t r e t c h e d  

between t h e  p rox ima l  and d i s t a l  l i g a t u r e s  s t o p p i n g  b l o o d  f l o w  i n  



t h e  a r e a  be tween  t h e  l i g a t u r e s .  

A v e r y  s m a l l  i n c i s i o n  was made i n  t h e  a r t e r y  between t h e  

l i g a t u r e s .  The r e s u l t i n g  small h o l e  i n  t h e  a r t e r y  was t h e n  

e x p l o r e d  w i t h  f i n e  t i p p e d  f o r c e p s .  When t h e  f o r c e p s  were 

p a r t i a l l y  opened t h e  t i p  o f  t h e  c a t h e t e r  ( P E  50 t u b i n g )  was 

i n s e r t e d  i n t o  t h e  a r t e r y .  The c a t h e t e r  w a s  t h e n  h e l d  i n  t h e  

a r t e r y  w h i l e  t h e  f o r c e p s  were removed.  Once i n  t h e  a r t e r y  t h e  

c a t h e t e r  w a s  s e c u r e d  i n  p l a c e  b y  t i g h t e n i n g  t h e  c e n t e r  l i g a t u r e  

a r o u n d  t h e  c a t h e t e r  w i t h i n  t h e  a r t e r y .  The p rox ima l  l i g a t u r e  was 

t h e n  r e l e a s e d  a l l o w i n g  blood f l o w  o n t o  t h e  c a t h e t e r  t i p  and 

t r a n s m i t t i n g  t h e  p r e s s u r e  p u l s e s  t o  t h e  p r e s s u r e  t r a n s d u c e r .  A t  

t h i s  p o i n t  t h e  h a l o t h a n e  l e v e l  was d e c r e a s e d  t o  1 .0  p e r c e n t .  

Once i n  p l a c e  t h e  p a t e n c y  o f  t h e  c a t h e t e r  was e n s u r e d  by 

t h e  i n j e c t i o n  o f  a v e r y  s m a l l  amount o f  h e p a r i n i z e d  s a l i n e  (9 

p a r t s  s t e r i l e  i s o t o n i c  s a l i n e  t o  1 p a r t  h e p a r i n  sodium (1000 USP 

u n i t s ,  s o u r c e  s w i n e  i n t e s t i n a l  mucosa ,  p r e s .  b e n z y l  a l c o h o l  0 . 9  

p e r c e n t  v / v ,  A l l e n  and Hanburys)  . F u r t h e r  i n , j e c t i o n  o f  s m a l l  

q u a n t i t i e s  were made when n e c e s s a r y  t o  m a i n t a i n  p a t e n c y .  The 1 . 0  

p e r c e n t  h a l o t h a n e  l e v e l  was m a i n t a i n e d  d u r i n g  t h e  b l o o d  p r e s s u r e  

r e c o r d i n g  u n t i l  a  s t a b l e  measurement  w a s  o b t a i n e d .  Once t h e  

r e c o r d i n g  was comple t ed  t h e  h a l o t h a n e  l e v e l  w a s  r e t u r n e d  to  1 .7  

p e r c e n t  f o r  c a t h e t e r  removal and wound c l o s i n g .  

I n  o r d e r  t o  remove t h e  c a t h e t e r  t h e  f o l l o w i n g  p r o c e d u r e  w a s  

u s e d .  ' The p r o x i m a l  l i g a t u r e  was a g a i n  t i g h t e n e d  t o  s t r e t c h  t h e  

a r t e r y  and s t o p  t h e  b lood  f l o w  t o  t h e  segment  o f  t h e  a r t e r y  

be tween  t h e  o u t e r  l i g a t u r e s .  The c a t h e t e r  was t h e n  removed. The 

c e n t e r  l i g a t u r e ,  which  f o r m e r l y  h e l d  t h e  c a t h e t e r  i n  p l a c e  w a s  



moved p r o x i m a l l y  and t i g h t e n e d  and p e r m a n e n t l y  t i e d  w i t h  a 

s q u a r e  k n o t  p r e v e n t i n g  any  f u r t h e r  b l o o d  f l o w  t o  t h e  segment  

f o r m e r l y  c a t h e t e r i z e d .  The most p r o x i m a l  l i g a t u r e  w a s  l oosened  

and removed. The e x c e s s  l i g a t u r e  f rom t h e  t w o  d i s t a l  l i g a t u r e s  

was c u t  o f f .  The wound was c l o s e d  w i t h  4 o r  5 s u t u r e s  

( n o n - a b s o r b a b l e  s u r g i c a l  s u t u r e ,  00  s i l k ,  E t h i c o n  S u t u r e s  Ltd . ) . 
Each s u t u r e  w a s  c l o s e d  w i t h  a s q u a r e  k n o t  and  t h e  e x c e s s  t h r e a d  

removed. A s  s o o n  a s  t h e  wound w a s  c l o s e d  t h e  h a l o t h a n e  l e v e l  w a s  

d ropped  t o  0 . 0  p e r c e n t  and t h e  n i t r o u s  o x i d e  f l o w  was s t o p p e d .  

Oxygen w a s  c o n t i n u e d  a t  1 . 0  l i ters  p e r  m i n u t e  w h i l e  t h e  a r e a  

s u r r o u n d i n g  t h e  wound was c lea .ned and t h e  wound d u s t e d  w i t h  

a n t i b i o t i c  powder (Eye and Wound powder ,  A y e r s t  L a b o r a t o r i e s ,  

M o n t r e a l ,  Canada ) .  The an ima l  w a s  t h e n  removed from t h e  

o p e r a t i n g  t r z y  and r e c o v e r y  w a s  e n c o u r a g e d  by warming and g e n t l e  

s t i m u l a t i o n  b y  p a t t i n g  and s t r o k i n g .  Once t h e  a n i m a l  r e g a i n e d  

c o n s c i o u s n e s s  and locomotor  a b i l i t y  i t  w a s  r e t u r n e d  t o  i ts  c a g e  

and o b s e r v e d  u n t i l  comple te  c o n s c i o u s n e s s  r e t u r n e d .  The an ima l  

w a s  t h e n  r e t u r n e d  t o  t h e  h o u s i n g  room and r e p l a c e d  i n  t h e  c a g e  

r a c k .  

I n  t h e  d a y s  f o l l o w i n g  t h e  s u r g e r y  t h e  a n i m a l s  were 

c a r e f u l l y  o b s e r v e d  f o r  c l e a n 1  i n e s s  o f  t h e  wound and g e n e r a l  

h e a l t h .  I n  a n y  c a s e  where t h e  s u t u r e s  remained  o n e  week p o s t  

s u r g e r y  t h e y  were removed. Removal o f  t h e  s u t u r e s  was 

a c c o m p l i s h e d  w i t h o u t  t h e  need f o r  a n e s t h e t i c .  I n  most  c a s e s  t h e  

a n i m a l s  removed t h e  s u t u r e s  t h e m s e l v e s  b y  t h e  s i x t h  d a y ,  making 

removal  by t h e  e x p e r i m e n t e r  u n n e c e s s a r y  and  l e a v i n g  a v e r y  c l e a n  

wound. I n  a l l  cases t h e  a n i m a l s  were g i v e n  g r e a t e r  t h a n  40 h o u r s  



r e c o v e r y  t i m e  f o l l o w i n g  t h e  s u r g e r y  b e f o r e  t h e  n e x t  t r a i n i n g  

p e r i o d  on t h e  t r e a d m i l l .  The t r a i n e d  a n i m a l s  were c l o s e l y  

watched  on t h e  t r e a d m i l l  t o  e n s u r e  t h a t  t h e y  were a b l e  to  

c o m p l e t e  t h e  t r a i n i n g  i n  t h e  week f o l l o w i n g  t h e  s u r g e r y .  

The r i g h t  c a r o t i d  a r t e r y  c a t h e t e r i z a t i o n  and b lood  p r e s s u r e  

measurement  w a s  per formed o n l y  a s  a  t e r m i n a l  measurement  a f t e r  

t h e  t w e l t h  week o f  t h e  e x p e r i m e n t .  The a n e s t h e t i c  i n d u c t i o n  

p r o c e d u r e  was i d e n t i c a l  t o  t h a t  d e s c r i b e d  p r e v i o u s l y  f o r  t h e  

f e m o r a l  a r t e r y  measurements .  The s i t e  w a s  p r e p a r e d  by s h a v i n g ,  

a s  c l o s e l y  a s  p o s s i b l e ,  a l a r g e  a r e a  o n  t h e  v e n t r a l  s i d e  o f  t h e  

neck  u s i n g  e l e c t r i c  c l i p p e r s .  The a r e a  v a s  t h e n  r i n s e d  w i t h  70 

p e r c e n t  a l c o h o l  and d r i e d .  A m i d l i n e  i n c i s i o n  w a s  made a l o n g  t h e  

l e n g t h  o f  t h e  n e c k .  The u n d e r l y i n g  t i s s u e  was s e p a r a t e d  t o  

e x p o s e  t h e  t r a c h e a  and t i s s u e  r e t r a c t o r s  were a p p l i e d  t o  k e e p  

t h e  t r a c h e a  e x p o s e d .  F u r t h e r  s e p a r a t i o n  exposed  t h e  s h e a t h  

c o n t a i n i n g  t h e  c a r o t i d  a r t e r y .  The a r t e r y  was c a r e f u l l y  i s o l a t e d  

from a l l  t h e  o t h e r  t i s s u e s .  Once i s o l a t e d  t h r e e  l o o s e l y  t i e d  

l i g a t u r e s  were p l a c e d  a round  t h e  a r t e r y ,  and c a t h e t e r i z a t i o n  w a s  

pe r fo rmed  i n  t h e  same manner a s  d e s c r i b e d  i n  t h e  f e m o r a l  a r t e r y  

p r o c e d u r e .  

Once t h e  c a t h e t e r  was i n  p l a c e  t h e  h a l o t h a n e  l e v e l  w a s  

r e d u c e d  i m m e d i a t e l y  t o  1 . 0  p e r c e n t  and t h e  p a t e n c y  o f  t h e  

c a t h e t e r  c o n f i r m e d  by a v e r y  small i n j e c t i o n  o f  h e p a r i n i z e d  

s a l i n e .  The p r e s s u r e  was a l l o w e d  t o  s t a b i l i z e  and  t h e  

measurement  w a s  r e c o r d e d .  

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

a g a i n  r a i s e d  t o  1 . 7  p e r c e n t ,  t h e  c a t h e t e r  removed,  and t h e  



a r t e r y  s e c u r e l y  1 i g a t e d  above  t h e  c a t h e t e r i z a t i o n  s i t e .  The 

r e t r a c t o r s  were t h e n  removed. The a n i m a l  was t h e n  p a r t i a l l y  

e x s a g u i n a t e d  by c a r d i a c  p u n c t u r e  and  t h e  w i t h d r a w a l  o f  4 t o  6  m l  

o f  b l o o d .  The e x t r a c t e d  b lood  w a s  i m m e d i a t e l y  c o o l e d  i n  an ice 

water b a t h  and  spun  a t  600 G f o r  1 5  m i n u t e s .  The p lasma was t h e n  

drawn o f f  and  f r o z e n .  F o l l o w i n g  t h e  c a r d i a c  p u n c t u r e  t h e  a n i m a l  

w a s  removed f rom t h e  n o s e  c o n e .  The h e a r t  and b o t h  k i d n e y s  were 

t h e n  removed f o r  f u r t h e r  s t u d y .  Wet w e i g h t  measu remen t s  o f  t h e  

h e a r t  and  l e f t  k i d n e y  were made. The s o l e u s  m u s c l e  f rom e a c h  l e g  

w a s  removed and immed ia t e ly  q u i c k  f r o z e n  i n  l i q u i d  n i t r o g e n  and 

s u b s e q u e n t l y  s t o r e d  o v e r  d r y  i c e .  Kidney  and  a o r t a  s a m p l e s  were 

p r e p a r e d  f o r  h i s t o l o g i c a l  e x a m i n a t i o n  a t  a  l a t e r  t i m e .  

A n a l y s i s  o f  t h e  Data  --- 

Body w e i g h t ,  food i n t a k e ,  d u r a t i o n  o f  measurement  

p r o c e d u r e s ,  h e a r t  r a t e ,  and b lood  p r e s s u r e  d a t a  were a n a l y z e d  by  

a n a l y s i s  o f  v a r i a n c e  f o r  r e p e a t e d  m e a s u r e s  m o d e l s  w i t h  unequa l  

c e l l  s i z e .  The c o m p u t a t i o n  w a s  pe r fo rmed  w i t h  t h e  u s e  o f  

B iomed ica l  Computer Programs S e r i e s - P  (BMDP) d e v e l o p e d  a t  The 

U n i v e r s i t y  of C a l i f o r n i a  , Los  A n g e l e s  (BMDP2V, p p .  549-52) 

Organ w e i g h t  d a t a  were a n a l y z e d  by a n a l y s i s  o f  v a r i a n c e  

w i t h  unequa l  ce l l  s i z e s .  The c o m p u t a t i o n  w a s  c a r r i e d  o u t  w i t h  

t h e  u s e  o f  BMDP (BMDPlV, p p .  523-31)  

A n a l y s i s  o f  c o v a r i a n c e  i n  t h e  case o f  food  in t ake -body  

w e i g h t  c o v a r i a n c e  and b lood  p r e s s u r e - b o d y  w e i g h t  c o v a r i a n c e  was 

pe r fo rmed  f o r  o n e  g r o u p i n g  v a r i a b l e ,  o n e  t r i a l  f a c t o r ,  and o n e  

c o v a r i a t e  c h a n g i n g  ove r  t r i a l s .  The c o m p u t a t i o n  was c a r r i e d  o u t  

w i t h  t h e  u s e  o f  BMDP (BMDPZV, pp. 560-62) 



D i f f e r e n c e s  between g r o u p s  were c o n s i d e r e d  s t a t i s t i c a l l y  

s i g n i f i c a n t  where  t h e  p r o b a b i l i t y  of the e v e n t  w a s  less t h a n  

0.05. 



D. RESULTS AND DISCUSSION 

T h i s  c h a p t e r  r e p r e s e n t s  a p r e s e n t a t i o n  and d i s c u s s i o n  o f  

d a t a  c o l l e c t e d  from August 1980 t o  A p r i l  1981.  The methods  

employed i n  c o l l e c t i n g  t h e  d a t a  were d e s c r i b e d  i n  t h e  p r e v i o u s  

c h a p t e r .  

Age o f  t h e  Expe r imen ta l  Animals  --- 

The a g e  a t  d i v i s i o n  i n t o  e x p e r i m e n t a l  g r o u p s  and i n i t i a t i o n  

o f  t h e  d i e t  a n d  t r a i n i n g  r e g i m e n s  i s  r e c o r d e d  i n  Appendix A .  The 

mean a g e  o f  t h e  g r o u p s  a t  t h e  i n i t i a t i o n  o f  t h e  e x p e r i m e n t a l  

p r o t o c o l  were: NCN - 4 0 . 9  d a y s ,  NCT - 4 1 . 9  d a y s ,  HSN - 4 1 . 7  

d a y s ,  HST - 4 1 . 4  d a y s ,  a l l  w i t h i n  a r a n g e  o f  o n e  d a y .  

I t  was found  t h a t  t h e  a n i m a l s  t o l e r a t e d  t h e  d i e t  and  

e x e r c i s e  p rog rams  w i t h o u t  major d i f f i c u l t i e s  ( t h a t  i s  w e i g h t  

g a i n  and g e n e r a l  h e a l t h  o f  t h e  a n i m a l s  seemed n o r m a l ) .  The 

number o f  a n i m a l s  s u c e s s f u l l y  measured  a t  e a c h  4-week i n t e r v a l  

w a s  r e c o r d e d  i n  Appendix B. Da ta  i s  m i s s i n g  where  t h e  

c a t h e t e r i z a t i o n  was u n s u c c e s s f u l  or  when animals d i e d  

p r e m a t u r e l y .  The i n c i d e n c e  o f  p r e m a t u r e  m o r t a l i t y  was 

d i s t r i b u t e d  a c r o s s  g r o u p s .  Four  d e a t h s  o c c u r r e d  i n  t h e  HSN 

g r o u p ,  t w o  i n  t h e  HST g r o u p ,  and  o n e  i n  t h e  NCT g r o u p .  

Body Weights  

The d a t a  r e c o r d e d  on t a b l e  4-1 r e p r e s e n t  weekly  mean 

w e i g h t s  o f  t h e  a n i m a l s .  A n a l y s i s  o f  t h e  d a t a  r e v e a l e d  

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  ( p  l e s s  t h a n  0 .0001)  i n  - 

body we igh t  c h a n g e s  between t r a i n e d  and n o n t r a i n e d  g r o u p s  o n  t h e  

t w o  d i e t  r e g i m e n s .  F i g u r e s  4-1 and  4-2 r e p r e s e n t  t h e  w e i g h t  

c h a n g e s  f o r  t h e  NC and HS g r o u p s  r e s p e c t i v e l y .  



TABLE 4-1 BODY WEIGHT 

Mean P o s t - T r a i n i n g  Body Weight ( g r a m s )  +/-  SEM ( n )  

N o r m a l  Chow * Group 
NCN 

Week 

High  S a l t  * -- 
HSN HST 

Week 



TIME (WEEKS) 

FIGURE 4 - 1 

MEAN BODY WEIGHTS (f STANDARD ERROR) OF DS RATS 
ON NORMAL CHOW DIET. 

NCN = NORMAL CHOW NONTRAINED (SOLID LINE) 
NCT = NORMAL CHOW TRAINED (DASHED LINE) 
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TIME (WEEKS) 

FIGURE 4 - 2  

MEAN BODY WEIGHT ('r STANDARD ERROR) OF DS RATS 
ON HlGH SALT DIET. 

HSN = HlGH SALT NONTRAINED (SOLID LINE) 
HST = HIGH SALT TRAINED (DASHED LINE) 



P r e v i o u s  a u t h o r s  h a v e  r e p o r t e d  a l t e r a t i o n s  o f  g rowth  

s imilar  t o  t h o s e  r e p o r t e d  i n  t h e  p r e s e n t  s t u d y  (Crews and 

o t h e r s ,  1969;  P i t t s  and  B u l l ,  1 9 7 7 ) .  P r e v i o u s  i n v e s t i g a t i o n  h a s  

a l s o  r e v e a l e d  t h a t  v e r y  l i g h t  t r a i n i n g  d i d  n o t  r e s u l t  i n  g rowth  

a l t e r a t i o n s  ( D r i o r i  and  Folman, 1 9 7 6 ) .  The t r a i n i n g  employed i n  

t h e  p r e s e n t  s t u d y  w a s  s imi la r  i n  t y p e  and i n t e n s i t y  t o  t h o s e  

p r e v i o u s  s t u d i e s  r e p o r t i n g  a l t e r a t i o n s  i n  growth  due  t o  t r a i n i n g  

(Crews and  o t h e r s ,  1969 ;  P i t t s  and B u l l ,  1977)  and much more 

i n t e n s e  t h a n  t h e  i n v e s t i g a t o r  r e p o r t i n g  no e f f e c t  o f  t r a i n i n g  

( D r i o r i  and Folman, 1 9 7 6 ) .  

P f e f f e r  and o t h e r s  ( 1 9 7 8 ) ,  s t u d y i n g  t h e  e f f e c t  o f  p r o l o n g e d  

s w i m  t r a i n i n g  ( p r e v i o u s l y  d e s c r i b e d )  on f e m a l e  n o r m o t e n s i v e  

( W i s t a r  and Wis t a r -Kyo to )  and h y p e r t e n s i v e  (SHR)  r a t s ,  f ound  no 

s i g n i f i c a n t  e f f e c t  o f  t r a i n i n g  on body w e i g h t  o r  g rowth  r a t e s  o f  

t h e  n o r m o t e n s i v e  r a t s .  However t h e  t r a i n e d  f e m a l e  SHR weighed 

less t h a n  t h e i r  s e d e n t a r y  c o n t r o l s .  T h i s  s i g n i f i c a n t  w e i g h t  

d i f f e r e n c e  d i d  n o t  however ,  accompany b lood  p r e s s u r e  d i f f e r e n c e s  

be tween  t r a i n e d  and n o n t r a i n e d  g r o u p s  o f  f e m a l e  SHR. 

Food I n t a k e  

Food i n t a k e  was r e c o r d e d  d a i l y .  The d a t a  p r e s e n t e d  on T a b l e  

4-2 ( F i g u r e  4-3 and  4-4)  r e p r e s e n t  t h e  food i n t a k e s  o v e r  o n e  

week time p e r i o d s  ( t h e  g r o u p  mean o f  t h e  t o t a l  food consumed by 

e a c h  a n i m a l  i n  7 d a y s  d i v i d e d  by 7 ) .  S p i l l e d  food was n o t  

measu red .  On o c c a s i o n s  when t h e  amount o f  food  consumed a p p e a r e d  

e x c e s s i v e ,  s u g g e s t i n g  e x c e s s i v e  food s p i l l a g e ,  t h e  measuremeqt  

was d i s c a r d e d .  Water  i n t a k e  was measured d a i l y  b u t  d u e  t o  t h e  

t y p e  o f  w a t e r  c o n t a i n e r  u s e d ,  r e l i a b l e  m e a s u r e s  o f  a c t u a l  water 



consumpt ion  were n o t  o b t a i n e d .  T h i s  d a t a  h a s  n o t  b e e n  i n c l u d e d .  

The a b s o l u t e  amount o f  food  consumed by t h e  NCN g r o u p  w a s  

s i g n i f i c a n t l y  g r e a t e r  ( p  less  t h a n  0 . 0 1 )  t h a n  t h e  NCT g r o u p .  

When t h e  a n i m a l  w e i g h t  w a s  u sed  a-s a c o v a r i a t e  t h i s  d i f f e r e n c e  

was no l o n g e r  s i g n i f i c a n t  ( p  g r e a t e r  t h a n  0 . 0 5 ) .  T h e r e  w a s  no  

s i g n i f i c a n t  d i f f e r e n c e  be tween  a b s o l u t e  food i n t a k e s  o f  t h e  HSN 

and  HST g r o u p s  ( p  g r e a t e r  t h a n  0 . 1 ) .  When body w e i g h t  was used  

a s  a c o v a r i a t e  t h e  HST g r o u p  consumed a g r e a t e r  amount o f  food 

t h a n  t h e  HSN ( p  less  t h a n  0 . 0 1 )  ( T a b l e  4 -3 ) .  

The r e s u l t s  o f  t h e  p r e s e n t  e x p e r i m e n t  a r e  s imi lar  to  

p r e v i o u s  s t u d i e s .  On t h e  normal  chow d i e t ,  t h e  food i n t a k e  d i d  

n o t  i n c r e a s e  t o  make up f o r  t h e  i n c r e a s e d  c a l o r i c  e x p e n d i t u r e  o f  

t h e  t r a i n e d  g r o u p .  A s  a r e s u l t ,  t h e  t r a i n e d  g r o u p  g a i n e d  w e i g h t  

more s l o w l y  r e a c h i n g  a lower  maximum w e i g h t  a t  t h e  end o f  t h e  

12-week t r a i n i n g  p e r i o d .  The h i g h  s a l t  t r a i n e d  g r o u p  d i d  t e n d  t o  

eat  p r o p o r t i o n a l l y  more t h a n  t h e  n o n t r a i n e d  g r o u p .  The reason 

f o r  t h i s  d i f f e r e n c e  was n o t  known: s i m i l a r  r e s u l t s  c o u l d  n o t  b e  

found i n  t h e  l i t e r a t u r e .  A s  t h e  d i f f e r e n c e s  i n  food i n t a k e  

be tween  HSN and  HST g r o u p s  was most pronounced i n  t h e  l a t e r  

weeks o f  t h e  p r o t o c o l  t h e  d i f f e r e n c e s  migh t  b e  a s s o c i a t e d  w i t h  

t h e  p r o l o n g e d  h i g h  s a l t  c o n s u m p t i o n .  

Blood P r e s s u r e  

The r e s u l t s  a re  shown i n  T a b l e s  4-4 and 4-5 and F i g u r e s  

4-5, '4-6, and 4-7. A n a l y s i s  o f  c o v a r i a n c e  w a s  a l s o  pe r fo rmed  

w i t h  growth  a s  a  c o v a r i a t e  and a p p e a r s  i n  T a b l e  4-6. 

The c o m p a r i s o n s  be tween  t r a i n e d  and n o n t r a i n e d  g r o u p s  o f  

e a c h  reg imen d e t e c t e d  s i g n i f i c a n t  d i f f e r e n c e s  ( p  less t h a n  



TABLE 4-2 FOOD INTAKE 

Mean D a i l y  Food I n t a k e  ( g r a m s )  +/- SEM ( n )  

Normal Chow * 
Week 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

High S a l t  ** -- 

Week 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Group 
NCN 

* p less t h a n  0.01, ** p g r e a t e r  t h a n  0.1 



TIME (WEEKS) 

FIGURE 4 - 3  

MEAN DAILY FOOD INTAKE (+STANDARD ERROR) OF 
DS RATS ON NORMAL CHOW DIET. 

NCN = NORMAL CHOW NONTRAINED (SOLID LINE) 
NCT = NORMAL CHOW TRAINED (DASHED LINE) 



TIME (WEEKS) 
FIGURE 4 - 4  

MEAN DAILY FOOD INTAKE(* STANDARD ERROR) OF 
DS RATS ON HlGH SALT DIET. 

HSN = HIGH SALT NONTRAINED (SOLID LINE) 
HST = HIGH SALT TRAINED (DASHED LINE) 



TABLE 4-3 FOOD INTAKE ADJUSTED FOR GROWTH 

Mean Food I n t a k e s  ( g r a m s )  A d j u s t e d  f o r  Growth R a t e  

Group 
NCM NC T HS N HST  

Week 



TABLE 4-4 BLOOD PRESSURE 

Mean S y s t o l i c  and  D i a s t o l i c  Blood P r e s s u r e  (mm H g )  +/- SEM (n) 

N o r m a l  Chow * Group  
NCN NC T 

Week 

4 S y s t o l i c  122.71 +/- 3 .6  (14)  111.92 +/- 2.5 (19)  
D i a s t o l i c  89.32 +/- 2.4 79.34 +/- 1.1 

8 S y s t o l i c  133.63 +/- 1 .9  (20)  120.35 +/- 2 .3  (20)  
D i a s t o l i c  95.13 +/- 1 . 3  82.95 +/- 1 . 8  

12  S y s t o l i c  147.58 +/- 2.9 (20)  117.95 +/- 2 . 1  (19)  
Dias to l i c  108.00 +/-  2.2 86.08 +/- 1 . 6  

High  S a l t  * -- 
HSN HS T 

Week 

4 S y s t o l i c  145.5 +/- 3 .0  (22)  131.9 +/- 3 . 1  (18)  
Dias to l ic  103.9 +/- 2 . 4  91.2 +/-  2 .7  

8 S y s t o l i c  165.0 +/- 3.3 (21)  145.3 +/- 3.9 (19)  
D i a s t o l i c  118.3 +/- 3 . 0  100.6 +/- 3.8 

12  S y s t o l i c  166.1 +/- 4 . 9  (19)  133.8 +/- 3.9 (18)  
Diastolic 123.1  +/- 3.9 98.3 +/- 3.2 

* p less t h a n  0.0001 



TABLE 4-5 CALCULATED !JEAN ARTERIAL BLOOD PRESSURE 

Group Mean A r t e r i a l  P r e s s u r e  (mm Hg) +/- SEM ( n )  

Normal Chow * Group 
NCN NC T 

Week 

High S a l t  * -- 

Week 
HSN HS T 

12  137.40 +/-  4 . 2  (19) 111.58 +/- 3.4 ( 18 )  

* p l e s s  t h a n  0.0001 
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TABLE 4-6 BLOOD PRESSURE ADJUSTED FOR BODY WEIGHT 

Group Mean Blood P r e s s u r e  (mm H g )  Ad*justed f o r  Body Weight 

N o r m a l  Chow 
Group 

NCN NC T  
Week 

4 s y s t o l i c  123 .65  1 1 2 . 2 3  
d i a s t o l i c  90. 70 81 .03  

8 s y s t o l i c  
d i a s t o l i c  

1 2  s y s t o l i c  
d i a s t o l i c  

High  S a l t  -- 

Week 
4 s y s t o l i c  

d i a s t o l i c  

8 s y s t o l i c  
d i a s t o l i c  

1 2  s y s t o l i c  
d i a s t o l i c  

HSN 



0 . 0 0 0 1 ) .  The s y s t o l i c  and d i a s t o l i c  b lood  p r e s s u r e  o f  t h e  

t r a i n e d  g r o u p s  w e r e ,  u n d e r  b o t h  d i e t  r e g i m e n s ,  l ower  t h a n  t h e  

n o n t r a i n e d  g r o u p s .  T h i s  s i g n i f i c a n t  d i f f e r e n c e  remained  ( p  l e s s  

t h a n  0 . 0 1 )  when t h e  w e i g h t  f a c t o r  w a s  p a r t i a l l y  a c c o u n t e d  f o r  

m a t h e m a t i c a l l y  by  a n a l y s i s  o f  c o v m - i a n c e .  

S e v e r a l  f e a t u r e s  made t h e  p r e s e n t  e x p e r i m e n t  d i f f e r e n t  f rom 

p r e v i o u s  e x p e r i m e n t s  on  t r a i n i n g  h y p e r t e n s i v e  r a t s .  The most  

n o t a b l e  d i f f e r e n c e  was t h e  e x p e r i m e n t a l  model .  P r e v i o u s  t r a i n i n g  

s t u d i e s  h a v e  u t i l i z e d  n o r m o t e n s i v e  r a t  s t r a i n s  ( T i p t o n  and 

o t h e r s ,  1973;  C r i t z  and L i p s e y ,  1976;  T h a r p ,  1976;  T i p t o n  and 

o t h e r s ,  1977;  Weiss, 1978;  P f e f f e r  and o t h e r s ,  1978;  Edwards and 

D i a n a ,  1978;  Evenwel and S t r u y k e r - B o u d i e r ,  1 9 7 9 ) ,  

p h a r m a c o l o g i c a l l y  i n d u c e d  h y p e r t e n s i v e  r a t s  ( C r i t z  and L i p s e y  , 

1976 ;  T i p t o n  and o t h e r s ,  1 9 7 7 ) ,  t h e  Okamoto SHR s t r a i n  ( T i p t o n  

and o t h e r s ,  1973;  Dunne and o t h e r s ,  1974;  T i p t o n  and o t h e r s ,  

1975 ;  B u r g e s s  and  o t h e r s ,  1976 ;  T i p t o n  and o t h e r s ,  1977;  Weiss, 

1978 ;  Edwards and  D i a n a ,  197%;  Evenwel and S t r u y k e r - R o u d i e r  

l 9 7 9 ) ,  a s  w e l l  a s  o t h e r  h y p e r t e n s i v e  s t r a i n s  ( T h a r p ,  1976;  Booth  

a n d  o t h e r s ,  1 9 8 0 ) .  To d a t e  o n l y  o n e  e x p e r i m e n t  u s i n g  Da-hl r a t s  

i n  a  t r e i n i n g  s t u d y  h a s  been  r e p o r t e d  (Shephe rd  and o t h e r s ,  

1960 ) . 
Many p r e v i o u s  s t u d i e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  have  used 

f e m a l e  r a t s  ( T i p t o n  and o t h e r s ,  1973;  Dunne and o t h e r s ,  1974;  

Tip tom and o t h e r s ,  1975;  Rock znd  o t h e r s ,  19763; T i p t o n  and 

o t h e r s ,  1977;  Edwards and  D i a n a ,  1978 ;  P f e f f e r  and o t h e r s ,  1978 ;  

Shephe rd  and o t h e r s ,  1 9 8 0 ) .  Dahl and o t h e r s  ( 1 9 7 5 )  found s e x  

d i f f e r e n c e s  i n  t h e  DS r a t  t o  have  a s i g n i f i c a n t  e f f e c t  on  t h e  



deve lopmen t  o f  h y p e r t e n s i o n  o n  a h i g h  s a l t  d i e t .  Compar i sons  

be tween  t h e  p r e s e n t  s t u d y  and  t h e  r e s u l t s  o f  Shepherd  ( 1 9 8 1 )  

must a l l o w  f o r  t h e  s i g n i f i c a n t  s e x  d i f f e r e n c e s  be tween  m a l e  and 

f e m a l e  DS r a t s .  

I n  a d d i t i o n  t o  t h e  a n i m a l  model u t i l i z e d  c o n s i d e r a b l e  

d i f f e r e n c e s  i n  t h e  t r a i n i n g  m e t h o d s  h a v e  been  r e p o r t e d .  A f t e r  

t r e a d m i l l  r u n n i n g ,  swimming h a s  b e e n  t h e  n e x t  most  commonly u s e d  

t r a i n i n g  method ( C r i t z  and L i p s e y ,  1976 ;  P f e f f e r  and o t h e r s ,  

1978;  Evenwel and S t r u y k e r - B o u d i e r ,  1 9 7 9 ) .  Ad l i b i t u m  a c t i v i t y  

wheel  r u n n i n g  h a s  a l s o  b e e n  r e p o r t e d  (Dunne and o t h e r s ,  1974;  

Rock and o t h e r s ,  1 9 7 6 ) .  Swimming e x e r c i s e  h a s  been  c r i t i c i z e d  as  

b e i n g  a  f o r e i g n  means o f  l o c o m o t i o n  f o r  t h e  r a t  t h e r e f o r e  a 

stress t h a t  may l e a d  t o  a  s u s t a i n e d  i n c r e a s e  i n  b lood  p r e s s u r e  

( C r i t z  and L i p s e y ,  1 9 7 6 ) .  Weiss ( 1 9 7 8 )  s u g g e s t e d  t h a t  t r e a d m i l l  

t r a i n i n g  i s  a l s o  a  stress. The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  

s u g g e s t e d  t h a t  even  i f  t r a i n i n g  w a s  a s t r e s s f u l  e v e n t  b l o o d  

p r e s s u r e  r e d u c t i o n s  may s t i l l  r e s u l t .  

S e p a r a t i n g  t h e  e f f e c t  o f  g r o w t h  o n  b lood  p r e s s u r e  i n  t h e  

a b s e n c e  o f  a n y  s a l t  o r  e x e r c i s e  e f f e c t s  i s  n o t  p o s s i b l e  w i t h  t h e  

r e s u l t s  o f  t h e  p r e s e n t  e x p e r i m e n t .  P r e v i o u s l y  r e p o r t e d  r e s u l t s  

( T o b i a n  and o t h e r s ,  1 9 7 9 ) ,  would s u g g e s t  t h a t  t h e  s y s t o l i c  b l o o d  

p r e s s u r e  o f  male DS r a t s  on  a  l o w  s a l t  d i e t  g r a d u a l l y  i n c r e a s e d  

w i t h  a g e .  I n  t h e  p r e s e n t  e x p e r i m e n t  s y s t o l i c  and d i a s t o l i c  b l o o d  

p r e s s u r e s  o f  t h e  NCN g r o u p  i n c r e a s e d  q u a l i t a t i v e l y  s imi lar  t o  

t h e  r e s u l t s  o f  Tobian  and o t h e r s  ( 1 9 7 9 ) .  The b l o o d  p r e s s u r e  

! r e s p o n s e  o f  t h e  NCT g r o u p  was however  q u a l i t a t i v e l y  more s imi la r  
T. 

t o  DR r a t s  o n  a low s a l t  d i e t .  



I The b l o o d  p r e s s u r e  measurement  me thods  h a v e  a l s o  d i f f e r e d .  

The most commonly used  method r e p o r t e d  i n  t h e  l i t e r a t u r e  h a s  

b e e n  t h e  i n d i r e c t  t a i l - c u f f  method (Dunne and o t h e r s ,  1974;  

T h a r p ,  1976;  B u r g e s s  a n d ' o t h e r s ,  1976;  C r i t z  and L i p s e y ,  1976;  

Rock and  o t h e r s ,  1976;  T i p t o n  and o t h e r s ,  1977;  Weiss 1978;  

Edwards  and  D i a n a ,  1978;  Evenwel and S t r u y k e r - B o u d i e r ,  1979;  

S h e p h e r d  and o t h e r s ,  1 9 8 0 ) .  Direct c a r o t i d  measurement  h a s  been  

used  i n  some s t u d i e s  a s  a  t e r m i n a l  measurement  o n l y  ( T i p t o n  and 

o t h e r s ,  1973;  T i p t o n  and o t h e r s ,  1975;  T i p t o n  and o t h e r s ,  1977;  

P f e f f e r  and o t h e r s ,  1 0 7 8 ) .  A n e s t h e t i c s  u t i l i z e d  d u r i n g  t h e  

d i r e c t  p r o c e d u r e  have  i n c l u d e d  e t h e r  ( P f e f f e r  a.nd o t h e r s ,  lW"i'),  

p e n t o b a r b i t o l  sodium ( T i p t o n  and o t h e r s ,  1 9 7 7 ) ,  and  i n  some 

cases t h e  a n e s t h e t i c  a g e n t  was n o t  s t a t e d  ( T i p t o n  and o t h e r s ,  

1973;  T i p t o n  and o t h e r s ,  1 9 7 5 ) .  

A s  a  r e s u l t  o f  t h e  d i f f e r e n c e s  be tween  measurement  me thods ,  

c o m p a r i s o n  o f  t h e  r e s u l t s  o f  d i f f e r e n t  e x p e r i m e n t e r s  h a s  been  

d i f f i c u l t .  Comparison o f  t h e  a b s o l u t e  b l o o d  p r e s s u r e  

measu remen t s  be tween  t h e  p r e s e n t  s t u d y  and  p r e v i o u s  s t u d i e s  w a s  

n o t  pe r fo rmed  a s  t h e  d i f f e r e n c e s  i n  t e c h n i q u e  o r  a n e s t h e t i c  

would s t r o n g l y  i n f l u e n c e  t h e  a b s o l u t e  p r e s s u r e  o b t a i n e d .  Only 

t h e  d i f f e r e n c e s  between t r a i n e d  and n o n t r a i n e d  g r o u p s  and t h e  

s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e s e  d i f f e r e n c e s  were compared 

a c r o s s  e x p e r i m e n t e r s .  

. The p r e s e n t  s t u d y  d e m o n s t r a t e d  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  i n  s y s t o l i c  and d i a s t o l i c  b l o o d  p r e s s u r e  a s  a r e s u l t  

o f  p h y s i c a l  t r a i n i n g .  T h i s  c o n t r a d i c t s  s e v e r a l  p r e v i o u s  

r e s e a r c h e r s  (Dunne and o t h e r s ,  1974;  T i p t o n  and o t h e r s ,  19?5;  



T h a r p ,  1976; Rock and  o t h e r s ,  1976;  C r i t z  and  L i p s e y ,  1976;  

W e i s s ,  1978 ;  P f e f f e r  and o t h e r s ,  1 9 7 8 ) ,  who found no s i g n i f i c a n t  

e f f e c t  o f  t r a i n i n g  on b l o o d  p r e s s u r e  of v a r i o u s  r a t  mode l s .  T h i s  

p r e s e n t  e x p e r i m e n t  c o n f i r m s  f i n d i n g s  of r e d u c t i o n s  o f  b lood  

p r e s s u r e  d u e  t o  t r a i n i n g  r e p o r t e d  i n  s e v e r a l  p r e v i o u s  s t u d i e s  

( T i p t o n  and o t h e r s ,  1973;  B u r g e s s  and o t h e r s ,  1976; T i p t o n  and 

o t h e r s ,  1977 ;  Edwards and  D i a n a ,  1978;  Evenwel and 

S t r u y k e r - B o u d i e r  , 1979;  Shepherd  and o t h e r s  1080 ) . 
I n  t h i s  s t u d y ,  t h e  normal  chow r e g i m e n  n o n t r a i n e d  g r o u p  

d e m o n s t r a t e d  a marked i n c r e a s e  i n  s y s t o l i c  and d i a s t o l i c  b lood  

p r e s s u r e  d u r i n g  t h e  12-week c o u r s e  of t h e  e x p e r i m e n t .  S i m i l a r  

r e s u l t s  w e r e  r e p o r t e d  by Dahl and o t h e r s  ( 1 9 6 8 )  on a  o n e  t o  two 

p e r c e n t  NaCl d i e t .  The t r a i n e d  NC g r o u p  d i d  n o t  e x p e r i e n c e  a 

s imi la r  rise i n  b l o o d  p r e s s u r e .  

The h i g h  s a l t  n o n t r a i n e d  g r o u p  e x p e r i e n c e d  a r ise i n  b lood  

p r e s s u r e  s imi lar  t o  t h a t  p r e v i o u s l y  r e p o r t e d  f o r  t h e  DS r a t s  

( D a h l  and o t h e r s ,  1 9 6 8 ) .  On t h e  11s r eg imen  a lso t h e r e  were 

marked d i f f e r e n c e s  be tween  n o n t r a i n e d  and t r a i n e d  g r o u p s  t h a t  

p e r s i s t e d  t h r o u g h o u t  t h e  e x p e r i m e n t  . 
The p r e s e n t  s t u d y  h a s  been f o r  t h e  most  p a r t  

p h e n o m e n o l o g i c a l  i n  n a t u r e .  T h a t  is ,  t h e  objective was t o  

d e t e r m i n e  t h e  effect  o f  p h y s i c a l  t r a i n i n g  on t h e  b lood  p r e s s u r e  

o f  DS r a t s .  F u r t h e r  i n v e s t i g a t i o n  i n t o  t h e  p o s s i b l e  mechanisms 

i n v o l v e d  i n  t h e  d i f f e r e n c e s  was n o t  p e r f o r m e d .  A s  s u c h  t h e  

p o s s i b l e  mechanism o r  mechanisms i n v o l v e d  remain  o b s c u r e .  The DS 

r a t s  d o ,  however ,  h a v e  s e v e r a l  documented f e a t u r e s  t h a t  may h a v e  

b e e n  i n v o l v e d .  



Tob ian  ( 1 9 7 8 ) ,  found  t h a t  t h e  i s o l a t e d  DS r a t  k i d n e y s  have  

s i g n i f i c a n t l y  d i f f e r e n t  p r e s s u r e  n a t r i u r e s i s  c u r v e s  t h a n  t h o s e  

o f  t h e  DR r a t s .  A t r a n s i e n t  i n c r e a s e  i n  b lood  p r e s s u r e  would 

t e n d  t o  e n h a n c e  n a t r i u r e s i s  ( T o b i a n ,  1 9 8 1 ) .  Normally  d u r i n g  

i n t e n s e  e x e r c i s e  t h e  k i d n e y  r e c e i v e s  a r e d u c e d  b lood  f l o w  and 

wdu ld ,  t h e r e f o r e ,  n o t  b e  a b l e  t o  e x c r e t e  e x c e s s  sodium d u r i n g  

t h a t  t i m e  p e r i o d .  The r educed  b lood  f l o w  t o  t h e  k i d n e y s  i n  

e x e r c i s e  m i g h t ,  however ,  b e  a l t e r e d  by s a l t  l o a d i n g ,  t h e  

i n t e n s i t y  o f  t h e  e x e r c i s e ,  o r  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  o f  DS 

ra t s .  

Another  f e a t u r e  o f  t h e  DS r a t  p o s s i b l y  i n v o l v e d  i n  t h e  

p r e s e n t  s t u d y  c o u l d  b e  t h e i r  s t r i k i n g l y  low u r i n a r y  k a l l i k r e i n  

l e v e l s  a s  compared to  DR r a t s  ( C a r r e t a r o  and S c i c l i ,  1 9 7 8 ) .  I t  

h a s  b e e n  s u g g e s t e d  from r e s e a r c h  o n  humam s u b j e c t s  (Khomaziuk 

a n d  o t h e r s ,  l 9 7 9 ) ,  t h a t  u r i n a r y  k a l l i k r e i n  l e v e l s  r i se  i n  

h y p e r t e n s i v e s  a s  a r e s u l t  o f  p h y s i c a l  t r a i n i n g  accompanying a 

r e d u c t i o n  i n  b l o o d  p r e s s u r e  l e v e l s .  

O t h e r  hormonal  c h a n g e s  a s  a  r e s u l t  o f  t r a i n i n g  may h a v e  

a l s o  p l a y e d  i m p o r t a n t  r o l e s  i n  t h e  t r a i n i n g  e f f e c t  o n  b lood  

p r e s s u r e .  P o s s i b i l i t i e s  among t h e s e  a r e  p r o s t a g l a n d i n s  

( Z a m b r a s k i  and  Dunn, l 9 8 O ) ,  r e n i n ,  a n g i o t e n s i n ,  and a l d o s t e r o n e :  

R a t s  (Meneely and o t h e r s ,  1957)  and p a r t i c u l a r l y  DS ra ts  

(Dah l  and o t h e r s ,  1 9 7 2 ) ,  exposed  t o  a h i g h  s a l t  d i e t  were 

p a r t i a l l y  p r o t e c t e d  from t h e  h y p e r t e n s i o n  i n d u c i n g  e f f e c t  o f  

sod ium when p o t a s s i u m  was a l s o  i n c r e a s e d  i n  t h e  d i e t .  R e c e n t l y ,  

Goto, T o b i a n ,  and  I w a i  ( 1981)  found  t h a t  i n c r e a s i n g  t h e  

p o t a s s i u m  i n t a k e  ( e i t h e r  KC1 or K - c i t r a t e )  of DS male r a t s  



r e d u c e d  t h e  pressor r e s p o n s e  t o  i n t r a c e r e b r o v e n t r i c u l a r  

h y p e r t o n i c  sodium and a n g i o t e n s i n  11. P o t a s s i u m  h a s  a l s o  b e e n  

found  t o  " l e a k "  f rom m u s c l e  c e l l s  i n t o  t h e  e x t r a c e l l u l a r  f l u i d  

a s  a r e s u l t  o f  p r o l o n g e d  a e r o b i c  a c t i v i t y  i n  man (McKechnie and 

o t h e r s ,  1 9 6 7 ) .  Another  p o s s i b i l i t y  would b e  t h a t  t h e  i n c r e a s e  i n  

e x t r a c e l l u l a r  p o t a s s i u m  a s  a r e s u l t  of e x e r c i s e  a l s o  a c t s  i n  

some way s imi la r  t o  d i e t a r y  p o t a s s i u m  t o  a i d  i n  t h e  m a i n t a i n a n c e  

of  l o w e r  b lood  p r e s s u r e .  

Many o t h e r  f a c t o r s  c o u l d  p l a y  major o r  minor  r o l e s  i n  t h e  

e f f e c t  o f  p h y s i c a l  t r a i n i n g .  Shepherd  ( 1 9 8 1 ) ,  s t a t e d  t h a t  t h e  

i n t e n s i t y  o f  t h e  e x e r c i s e  w a s  a  v e r y  i m p o r t a n t  f a c t o r  i n  f e m a l e  

DS r a t s .  Based on p r e l i m i n a r y  d a t a ,  h e  p o s t u l a t e d  t h a t  a n  

optimum t r a i n i n g  i n t e n s i t y  e x i s t e d  beyond which t r a i n i n g  was no  

l o n g e r  as  e f f e c t i v e  a t  m o d i f y i n g  b lood  p r e s s u r e .  

Based on t h e  r e s u l t s  of t h i s  e x p e r i m e n t ,  t h e  deve lopmen t  o f  

s a l  t - i n d u c e d  h y p e r t e n s i o n  w a s  d e c r e a s e d  or  s lowed by  t h e  

p h y s i c a l  t r a i n i n g  program imposed .  Whether t h e  e f f e c t  o n  t h e  

b l o o d  p r e s s u r e  would b e  p r o l o n g e d  beyond t h e  1 2  week p e r i o d  was 

n o t  i n v e s t i g a t e d .  The e f f e c t  o n  l o n g e v i t y  o f  t h e  a n i m a l s  was 

a l s o  n o t  d e t e r m i n e d .  

The first f o u r  weeks p r i o r  to  t h e  f irst  measurement  would , 

seem t o  b e  of p a r t i c u l a r  i m p o r t a n c e .  The s e p a r a t i o n  be tween  t h e  

b l o o d  p r e s s u r e s  of t h e  t r a i n e d  and n o n t r a i n e d  g r o u p s  was a l r e a d y  

a p p a r e n t  b y  t h e  4 t h  week measurement .  The e v e n t s  of t h i s  t i m e  

p e r i o d  m i g h t  y i e l d  c l u e s  a s  t o  t h e  fac tors  i n i t i a t i n g  t h e  

d e v e l o p m e n t  of t h e  sal  t - i n d u c e d  h y p e r t e n s i o n  and what pa r t  

p h y s i c a l  t r a i n i n g  p l a y e d  i n  a.mel i o r a t i n g  t h a t  d e v e l o p m e n t .  



Organ  Weight -- 

Wet w e i g h t s  a p p e a r  on T a b l e  4-7. The o r g a n  w e i g h t s  a l s o  

a p p e a r  a s  a p e r c e n t  o f  body w e i g h t .  A n a l y s i s  o f  t h e s e  r e s u l t s  

i n d i c a t e d  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  ( p  g r e a t e r  

t h a n  0 . 1 )  between t h e  h e a r t  w e i g h t s  o f  t h e  t r a i n e d  and 

n o n t r a i n e d  g r o u p s  o n  t h e  two d i e t  r e g i m e n s .  ( F i g u r e  4-8; 4-9; 

4-10; 4-11) .  When e x p r e s s e d  a.s a p e r c e n t  o f  body w e i g h t ,  

however ,  i n  b o t h  r e g i m e n s  t h e  t r a i n e d  h e a r t  w e i g h t s  were 

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  n o n t r a . i n e d  ( p  less  t h a n  0 . 0 1  NS, 

p  l e s s  t h a n  0 .0001  NC). 

The w e t  w e i g h t s  o f  t h e  k i d n e y s  were s i g n i f i c a n t l y  g r e a t e r  

( p  less  t h a n  0 . 0 0 0 1 )  i n  b o t h  t h e  n o n t r a i n e d  g r o u p s  a s  compared 

t o  t h e i r  t r a i n e d  c o u n t e r p a r t s .  When e x p r e s s e d  a s  a p e r c e n t  o f  

body  w e i g h t ,  however ,  t h i s  d i f f e r e n c e  d i s a p p e a r e d  ( p  g r e a t e r  

t h a n  0 . 1 ) .  

O t h e r  i n v e s t i g a t o r s  have  shown h e a r t  w e i g h t s  t o  i n c r e a s e  

b o t h  a s  a r e s u l t  o f  t r a i n i n g  and h y p e r t e n s i o n  ( C r i t z  and  L i p s e y ,  

1976 ;  P f e f f e r  and o t h e r s ,  1978;  Evenwel and S t r u y k e r - B o u d i e r ,  

1 9 7 9 ) .  Changes i n  h e a r t  w e i g h t s  h a v e  n o t  a l w z y s  been  d e t e c t e d  a s  

a  r e s u l t  o f  t r a i n i n g  ( T i p t o n  and o t h e r s ,  1 9 7 7 ) .  Kidney  w e i g h t s  

h a v e  b e e n  u n a f f e c t e d  by p r e v i o u s  r e p o r t e d  t r a i n i n g  s t u d i e s  

( T i p t o n  and o t h e r s ,  1977; P f e f f e r  and o t h e r s ,  1978;  Evenwel and 

S t r u y k e r - B o u d i e r ,  1 9 7 9 ) .  

The f i n d i n g s  o f  t h e  p r e s e n t  e x p e r i m e n t  s u p p o r t  p r e v i o u s l y  

r e p o r t e d  r e s u l t s  o f  s i m i l a r  e x p e r i m e n t s .  The h e a r t  w e i g h t  o f  t h e  

t r a i n e d  g r o u p s  were r e l a t i v e l y  l a r g e r  2 0 . 8  p e r c e n t  o n  t h e  normal  

chow r e g i m e n ,  and  1 5 . 4  p e r c e n t  l a r g e r  o n  t h e  h i g h  s a l t  r e g i m e n .  



TABLE 4-7 ORGAN WEIGHT 

Mean Organ Weights  (grams) and 
R e l a t i v e  Organ Weights ( p e r c e n t )  +/- SEM ( n )  

Normal Chow 

H e a r t  Weight ** 

R e l a t i v e  H e a r t  * 
Weight 

Kidney Weight * 

R e l a t i v e  Kidney** 
Weight 

High S a l t  -- - 

H e a r t  Weight **  

R e l a t i v e  H e a r t  * 
Weight 

Kidney Weight * 

R e l a t i v e  Kidney** 
Weight 

Group 
NCN NC T 

1 . 4 6  +/- 0 .03  g ( 2 0 )  1 . 4 6  +/- 0.02 g ( l 9 )  

* p l e s s t h a n 0 . 0 1 ,  ** p g r e a t e r  t h a n O . l  



NCN HSN HST 

FIGURE 4 - 8  

HEART WEIGHTS (WET)(+STANDARD ERROR) OF 
DS RATS 

NCN = NORMAL CHOW NONTRAINED 
NCT = NORMAL CHOW TRAINED 
HSN = HlGH SALT NONTRAINED 
HST = HlGH SALT TRAINED 



+ 

NCN NCT HSN 

3- 

HST 
FIGURE 4 - 9  

RELATIVE HEART WEIGHT(+ STANDARD ERROR) OF 
DS RATS EXPRESSED AS PERCENT OF BODY WEIGHT. 

NCN = NORMAL CHOW NONTRAINED 
NCT = NORMAL CHOW TRAINED 
HSN = HIGH SALT NONTRAINED 
HST = HIGH SALT TRAINED 



NCN NCT 
- -- 

HSN 
FIGURE 4 - 10 

HST 

WEIGHTS OF LEFT KIDNEY (WET)(+STANDARD ERROR) OF 
DS RATS 
NCN = NORMAL CHOW NONTRAINED 
NCT = NORMAL CHOW TRAINED 
HSN = HlGH SALT NONTRAINED 
HST = HIGH SALT TRAINED 
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I n  ag reemen t  w i t h  p r e v i o u s  s t u d i e s ,  t h e  r e l a t i v e  k i d n e y  w e i g h t s  

were v e r y  s i m i l a r  be tween  t r a i n e d  and n o n t r a i n e d  g r o u p s  o n  b o t h  

d i e t  r e g i m e n s .  

Heart Rate 
-- - 

The h e a r t  and  b lood  p r e s s u r e  mea s u r e m e n t s  were o b t a i n e d  

s i m u l t a n e o u s l y  b y  d i r e c t  a r t e r i a l  ce  t h e t e r i z a t i o n  w h i l e  u n d e r  

a n e s t h e s i a  ( T a b l e  4 - 8 ) .  D i f f e r e n c e s  be tween  t h e  h e a r t  ra tes  of 

t r a i n e d  and n o n t r a i n e d  g r o u p s  were s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  

l e s s  t h a n  0 .0001  f o r  NC, and  p  less t h a n  0 . 0 5  f o r  H S )  ( F i g u r e  

4-12 and 4-13) .  

The e f f e c t  o f  t r a i n i n g  on t h e  h e a r t  r a t e  h a s  been  r e p o r t e d  

f r e q u e n t l y  i n  h y p e r t e n s i v e  and n o r m o t e n s i v e  rats .  S e v e r a l  

a u t h o r s  (Dunne and o t h e r s ,  1974;  Rock and o t h e r s ,  1976;  T i p t o n  

and o t h e r s ,  1977;  P f e f f e r  and o t h e r s ,  1978;  Evenwel and 

S t r u y k e r - B o u d i e r ,  1979)  h a v e  found s l o w e r  h e a r t  r a t e s  a s  a 

r e s u l t  o f  t r a i n i n g .  Dunne and  o t h e r s  (1974)  and Rock and  o t h e r s  

( 1 9 7 6 )  found t h e  d e c r e a s e  i n  r e s t i n g  h e a r t  ra te  t o  accompany a n  

i n c r e a s e  i n  s y s t o l i c  b lood  p r e s s u r e  a s  measured by t h e  t a i l - c u f f  

t e c h n i q u e .  The f i n d i n g  t h a t  t h e  h e a r t  r a t es  a l s o  d e c r e a s e d  i n  

t h e  n o n t r a i n e d  a n i m a l s ,  a l t h o u g h  t o  a lesser e x t e n t ,  w a s  a l s o  

r e p o r t e d  by P f e f f e r  and o t h e r s  (1978)  i n  n o r m o t e n s i v e  and 

h y p e r t e n s i v e  r a t s  o v e r  t h e  c o u r s e  o f  a 24-week s t u d y .  

The r e s u l t  of t h e  p r e s e n t  s t u d y  s u p p o r t s  t h e  f i n d i n g  o f  a 

d e c r e a s e  i n  r e s t i n g  or i n  t h i s  case a n e s t h e t i z e d  h e a r t  ra te  a s  a 

r e s u l t  o f  t r a i n i n g .  I n  t h i s  e x p e r i m e n t  t h e  r e d u c t i o n  i n  h e a r t  

r a t e  accompanied lower b l o o d  p r e s s u r e s .  



TABLE 4-8 HEART RATE 

Mean Hear t  R a t e s  ( b e a t s  pe r  minu te )  +/- SEM ( n )  

Normal Chow * -- - 
Group 

NCN 
Week 

High Salt ** -- 

Week 

4 

H S N  HS T 

409.0 +/- 8 . 2  (22)  384.0 +/- 5 .3  (18)  

* p less than  0.0001, ** p less than  0 .05 





HSN HST HSN HST HSN HST 
WEEK 4 WEEK 8 WEEK 12 

FIGURE 4 - 13 

HEART RATE(+ STANDARD ERROR) OF DS RATS ON HIGH SALT D'IET 
HSN = HlGH SALT NONTRAINED 
HST = HlGH SALT TRAINED 



D u r a t i o n  o f  S u r g i c a l  P r o c e d u r e  - 

The t i m e  r e q u i r e d  to  p e r f o r m  t h e  s u r g i c a l  p r o c e d u r e ,  c was 

r e c o r d e d  and a n a l y z e d  t o  d e t e r m i n e  i f  t h e r e  had been a n y  

s y s t e m a t i c  d i f f e r e n c e  be tween  g r o u p s  (Appendix C and D ) .  T h e r e  

were no  d i f f e r e n c e s  ( p  g r e a t e r  t h a n  0.1) between t h e  g r o u p s  i n  

t h e  d u r a t i o n  o f  a n y  o f  t h e  measurement  p r o c e d u r e s  p e r f o r m e d .  



E. CONCLUSIONS AND RECOMMENDATIONS 

Summary and C o n c l u s i o n s  

Male DS r a t s  were p l a c e d  on a "normal chow" or a  sodium 

c h l o r i d e  supplemented  " h i g h  s a l t "  d i e t  and  d i v i d e d  i n t o  t r a i n e d  

and n o n t r a i n e d  g r o u p s .  The t r a i n e d  g r o u p s  r a n  on  a  t r e a d m i l l  f o r  

i n c r e a s i n g  t i m e  p e r i o d s  o v e r  1 2  weeks.  Direct b l o o d  p r e s s u r e  and  

h e a r t  r a t e  measurements  were made on  t h e  4 t h ,  8 t h ,  and 1 2 t h  
f 

weeks of t h e  t r a i n i n g  p r o t o c o l .  A d d i t i o n a l  d a t a  were c o l l e c t e d  

a f t e r  t h e  1 2 t h  week measurement .  

A l l  e x p e r i m e n t a l  p r o c e d u r e s  i n  a l l  g r o u p s  were s t a n d a r d i z e d  

a s  f a r  a s  p o s s i b l e .  E m p i r i c a l  checks  o n  t h e  methodology  

i n c l u d e d :  t h e  a g e  o f  t h e  a n i m a l s  a t  t h e  i n i t i a t i o n  o f  t h e  

p r o t o c o l ,  g rowth  r a t e ,  food  i n t a k e ,  and  t h e  d u r a t i o n  o f  t h e  

measurement  p r o c e d u r e s .  

A t  t h e  i n i t i a t i o n  o f  t h e  s p e c i f i c  d i e t  and t r a i n i n g  

p r o g r a m s ,  t h e  r a n g e  o f  t h e  mean a g e  of a l l  g r o u p s  were be tween  

4 0 . 9  and 41 .9  d a y s  o f  a g e .  The m a g n i t u d e  o f  t h e  a g e  d i f f e r e n c e s  

i n  t h i s  s t u d y  were v e r y  s m a l l  i n  r e l a t i o n  t o  t h o s e  o f  Dahl and 

o t h e r s  ( 1 9 6 8 ) .  

The d u r a t i o n  of t h e  measurement  p r o c e d u r e s  were a l s o  

examined t o  e n s u r e  t h a t  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

d u r a t i o n s  o f  i n d u c t i o n ,  c a t h e t e r i z a t i o n ,  o r  measurement  times 

e x i s t e d .  A n a l y s i s  found  no d i f f e r e n c e s  i n  p r o c e d u r e  times 

be tween  g r o u p s  ( p  g r e a t e r  t h a n  0 . 1 ) ,  t h e r e f o r e ,  d i f f e r e n c e s  i n  

b l o o d  p r e s s u r e  and  h e a r t  ra te  be tween  g r o u p s  c o u l d  n o t  be 

a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  measurement  p r o c e d u r e s .  



The d i r e c t  b lood  p r e s s u r e  measurement  t e c h n i q u e  employed i n  

t h i s  s t u d y  p r o v e d  e f f e c t i v e  a s  a means o f  o b t a j n i n g  a n e s t h e t i z e d  

s y s t o l i c  a,nd d i a s t o l i c  b l o o d  p r e s s u r e s  a s  w e l l  a,s h e a r t  r a tes  a t  

t h r e e  i n t e r v a l s  d u r i n g  t h e  t r a i n i n g  s c h e d u l e .  The a n i m a l s  

r e s p o n d e d  w e l l  t o  b o t h  t h e  measurement  p r o c e d u r e  and t h e  r e t u r n  

to  t r e a d m i l l  r u n n i n g  40 t o  48 h o u r s  f o l l o w i n g  t h e  f i r s t  t w o  

measu remen t s .  

I n  examin ing  t h e  body w e i g h t s  o f  t h e  a n i m a l s  i t  w a s  found  

t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  be tween  

t r a i n e d  and n o n t r a i n e d  g r o u p s  o n  b o t h  d i e t a r y  r e g i m e n s .  The 

p o s s i b i l i t y  t h a t  t h i s  d i f f e r e n c e  a l o n e  migh t  a f f e c t  b l o o d  

p r e s s u r e  h a s  n o t  been  t e s t e d  i n  t h e  DS r a t .  Body w e i g h t  

d i f f e r e n c e s  d u e  t o  p h y s i c a l  t r a i n i n g  programs h a v e  b e e n  r e p o r t e d  

p r e v i o u s l y  i n  o t h e r  r a t  s t r a i n s  ( P i t t s  and B u l l ,  1977;  P f e f f e r  

and o t h e r s ,  1 9 7 8 ) .  P f e f f e r  and o t h e r s  ( 1 9 7 8 ) ,  found  s w i m  

t r a i n i n g  t o  s i g n i f i c a n t l y  r e d u c e  t h e  body w e i g h t s  o f  f e m a l e  f r e e  

e a t i n g  SHR w i t h o u t  s i g n i f i c a n t  e f f e c t s  on  b lood  p r e s s u r e  l e v e l s .  

When body w e i g h t  was used  a s  a c o v a r i a t e  i n  t h e  a n a l y s i s  o f  

b l o o d  p r e s s u r e ,  t h e  d i f f e r e n c e s  be tween  t r a i n e d  and n o n t r a i n e d  

g r o u p s ,  a l t h o u g h  s l i g h t l y  r e d u c e d ,  remained  h i g h l y  s i g n i f i c a n t  

( p  less t h a n  . 0 1 ) .  

The a b s o l u t e  food i n t a k e  o f  t h e  NCN g r o u p  was s i g n i f i c a n t l y  

g r e a t e r  t h a n  t h e  NCT g r o u p .  When t h e  g rowth  r a te  w a s  u sed  a s  a 

c o v a r i a t e ,  however ,  t h e  s i g n i f i c a n t  d i f f e r e n c e s  d i s a p p e a r e d  ( p  

g r e a t e r  t h a n  0 . 1 ) .  The a b s o l u t e  food  i n t a k e  o f  t h e  HS g r o u p s  d i d  

n o t  d i f f e r  s i g n i f i c a n t l y  ( p  g r e a t e r  t h a n  0 . 1 ) .  Ehen a n a l y s i s  o f  

c o v a r i a n c e  w a s  per formed t h e  HST g r o u p  consumed r e l a t i v e l y  more 



f o o d  t h a n  d i d  t h e  n o n t r a i n e d  a n i m a l s  ( p  less t h a n  0 . 0 5 ) .  

The s a l t ,  a s  w e l l  as t h e  ca lor ic  i n t a k e  p a r a l l e l e d  t h e  food 

i n t a k e .  T h e r e f o r e ,  i n  t h e  NC g r o u p s  t h e  a b s o l u t e  s a l t  and  

ca lo r i c  i n t a k e s  o f  t h e  t r a i n e d  g r o u p  were d i f f e r e n t ,  w h e r e a s  t h e  

r e l a t i v e  i n t a k e  was n o t  d i f f e r e n t .  A b s o l u t e  s a l t  and  ca lor ic  

i n t a k e  on  t h e  HS r e g i m e n s  was n o t  d i f f e r e n t ,  w h e r e a s  t h e  

r e l a t i v e  i n t a k e s  o f  t h e  t r a i n e d  g r o u p  was g r e a t e r .  

The h y p o t h e s i s  o f  Dahl and o t h e r s  ( 1 9 5 8 ) ,  s u g g e s t e d  t h a t  

b l o o d  p r e s s u r e  c h a n g e s  a s  a r e s u l t  o f  we igh t  l o s s  were d u e  t o  

r e d u c t i o n s  i n  s a l t  c o n s u m p t i o n .  R e i s e n  and o t h e r s  ( 1 9 7 8 ) ,  

however ,  s u g g e s t e d  t h a t  r e d u c t i o n  o f  c a l o r i c  i n t a k e  n o t  s a l t  

i n t a k e ,  w a s  t h e  c r i t i c a l  f a c t o r .  I n  t h e  p r e s e n t  s t u d y ,  t h e  

t r a i n e d  g r o u p s ,  w i t h  s i m i l a r  (normal  chow) o r  g r e a t e r  ( h i g h  

s a l t )  r e l a t i v e  i n t a k e s  o f  s a l t  and calor ies ,  m a i n t a i n e d  lower  

b l o o d  p r e s s u r e s  t h a n  d i d  t h e i r  n o n t r a i n e d  c o u n t e r p a r t s .  

The r e l a t i v e  k i d n e y  w e i g h t s  were t h e  same be tween  t r a i n e d  

and  n o n t r a i n e d  a n i m a l s  w i t h i n  e a c h  d i e t a r y  r eg imen .  The w e t  

w e i g h t s  o f  t h e  l e f t  k i d n e y  seemed u n a f f e c t e d  by  t h e  t r a i n i n g  

p r o c e d u r e .  

R e l a t i v e  h e a r t  w e i g h t s  were a f f e c t e d  by t h e  t r a i n i n g  

p r o c e d u r e .  T r a i n i n g  r e s u l t e d  i n  s i g n i f i c a n t l y  g r e a t e r  h e a r t  

w e i g h t s  t h a n  t h e  n o n t r a i n e d  g r o u p s  o f  b o t h  r e g i m e n s  (NC p  Less 

t h a n  0 .001 ,  HS p less t h a n  0 . 0 1 ) .  Laxger  h e a r t  w e i g h t s  a s  a 

r e s u 1 . t  of p h y s i c a l  t r a i n i n g  h a v e  b e e n  p r e v i o u s l y  r e p o r t e d  i n  

h y p e r t e n s i v e  a n i m a l s  ( C r i t z  and L i p s e y ,  1976;  P f e f f e r  and 

o t h e r s ,  1978;  Evenwel and S t r u y k e r - B o u d i e r ,  l 9 7 9 ) ,  a 1  t h o u g h  t h i s  

h a s  n o t  a l w a y s  b e e n  found  ( T i p t o n  and o t h e r s ,  1 9 7 7 ) .  



The h e a r t  r a t e s  were s i g n i f i c a n t l y  s l o w e r  i n  t h e  t r a i n e d  

t h a n  t h e  n o n t r a i n e d  g r o u p s  on  e a c h  d i e t  r eg imen  (NC p  less t h a n  

0 . 0 0 1 ,  HS p  less t h a n  0 . 0 1 ) .  S e v e r a l  s t u d i e s  h a v e  r e p o r t e d  

s imilar  r e s u l t s  d u e  t o  t r a i n i n g  i n  h y p e r t e n s i v e  and n o r m o t e n s i v e  

a n i m a l s  (Dunne and  o t h e r s ,  1974;  Rock and o t h e r s ,  1976;  T i p t o n  

and o t h e r s ,  1977 ;  P f e f f e r  and o t h e r s ,  1978;  Evenwel and 

S t r u y k e r - B o u d i e r ,  1979)  . 
The s y s t o l i c ,  d i a s t o l i c  and mean a r t e r i a l  b l o o d  p r e s s u r e  

l e v e l s  o f  b o t h  t r a i n e d  g r o u p s  were s i g n i f i c a n t l y  l o w e r  a s  

compared t o  t h e i r  n o n t r a i n e d  c o u n t e r p a r t s ,  w i t h  t h e  d i f f e r e n c e s  

b e i n g  h i g h l y  s i g n i f i c a n t .  The d i f f e r e n c e s  r e p o r t e d  i n  t h e  

p r e s e n t  s t u d y  were g r e a t e r  t h a n  s e v e r a l  p r e v i o u s l y  r e p o r t e d  

s t u d i e s  (Dunne and o t h e r s ,  1974;  T i p t o n ,  C a l l a h a n ,  and M a t t h e s ,  

1975;  T h a r p ,  1976;  Rock and o t h e r s ,  1976;  C r i t z  and L i p s e y ,  

1976 ;  Weiss, 1978;  P f e f f e r  and o t h e r s ,  1978)  and s imilar  t o  t h e  

p r e l i m i n a r y  r e p o r t  o f  Shepherd  ( 1 9 8 1 )  on f e m a l e  DS r a t s .  

The normal  chow d i e t  i n  t h e  m a l e  DS r a t s  r e s u l t e d  i n  

c o n s i s t e n t  d i f f e r e n c e s  i n  b lood  p r e s s u r e  t h r o u g h  measu remen t s  a t  

t h e  4 t h ,  8 t h ,  and  1 2 t h  week, w i t h  t h e  mean a r t e r i a l  p r e s s u r e  o f  

t h e  n o n t r a i n e d  g r o u p  b e i n g  1 1 . 4  p e r c e n t ,  1 3 . 2  p e r c e n t ,  and  2 5 . 3  

p e r c e n t  h i g h e r  t h a n  t h e  t r a i n e d  g r o u p  on  t h e  4 t h ,  8 t h  and  1 2 t h  

week r e s p e c t i v e l y .  

The h i g h  s a l t  d i e t  c a u s e d  a r a p i d  i n c r e a s e  i n  s y s t o l i c ,  

d i a s t o l i c ,  and  mean b l o o d  p r e s s u r e  i n  b o t h  t r a i n e d  and f 
\ 
I /  

n o n t r a i n e d  g r o u p s  up t o  t h e  f i r s t  ( 4 t h  week) measurement .  The I '  
i\ 
\ 'i 
I 

mean b l o o d  p r e s s u r e s  o f  n o n t r z i n e d  g r o u p  were h i g h e r  o n  e a c h  

measurement  by  1 2 . 0  p e r c e n t ,  1 6 . 5  p e r c e n t ,  and 2 4 . 7  p e r c e n t  o n  



t h e  4 t h ,  8 t h ,  and 1 2 t h  weeks r e s p e c t i v e l y .  

O v e r a l l  t h e  a e r o b i c  t r a i n i n g  program had t h e  e f fec t  of 

a s s u a g i n g  t h e  i n c r e a s e  i n  b lood  p r e s s u r e  o n  b o t h  t h e  normal  chow 

and  h i g h  s a l t  d i e t s  i n  t h e  t r a i n e d  m a l e  DS r a t s .  The b l o o d  

p r e s s u r e  d i f f e r e n c e s  c o u l d  n o t  b e  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  

s a l t  consumpt ion  o r  measurement  p r o c e d u r e s .  S i g n i f i c a n t l y  

g r e a t e r  body w e i g h t s  o f  t h e  n o n t r a i n e d  g r o u p s  were n o t e d .  

However, when body w e i g h t  was used  a s  a  c o v a r i a t e  i n  t h e  

a n a l y s i s  o f  b l o o d  p r e s s u r e  d a t a ,  s i g n i f i c a n t  d i f f e r e n c e s  be tween  

t r a i n e d  and n o n t r a i n e d  g r o u p s  r e m a i n e d .  The t r a i n i n g  a l s o  

r e s u l - t e d  i n  l a r g e r  r e l a t i v e  h e a r t  w e i g h t s  a n d  s l o w e r  h e a r t  r a t e s  

i n  a n i m a l s  o n  b o t h  d i e t  r e g i m e n s .  

Recommendations 

F u r t h e r  r e s e a r c h  i s  needed  to  d e t e r m i n e  t h e  mechanisms 

i n v o l v e d  i n  t h e  o b s e r v e d  e f f e c t .  The f o l l o w i n g  are s t u d i e s  

recommended t o  g a i n  i n s i g h t  i n t o  t h e  t r a i n i n g  e f f e c t  o n  DS r a t s .  

F u r t h e r  s t u d y  t o  d e t e r m i n e  t h e  e f f e c t  o f  body w e i g h t  o n  t h e  

b l o o d  p r e s s u r e  o f  DS r a t s .  

F u r t h e r  i n v e s t i g a t i o n  i n t o  t h e  f u n c t i o n i n g  of  t h e  k i d n e y  o f  

t h e  DS m a l e  r a t  d u r i n g  a e r o b i c  e x e r c i s e  a t  s e v e r a l  

i n t e n s i t i e s .  

Measurement o f  t h e  u r i n a r y  k a l l i k r e i n  l e v e l s  d u r i n g  t h e  

c o u r s e  of a p h y s i c a l  t r a , i n i n g  s t u d y .  

The measurement  o f  se rum p o t a s s i u m  l e v e l s  i n  t h e  DS r a t  

d u r i n g  and a f t e r  e x e r c i s e  to  d e t e r m i n e  i f  t h e  p o t a s s i u m  

l e v e l s  a re  s i g n i f i c a n t l y  a l t e r e d  and t h e  d u r a t i o n  of a n y  

a l t e r a t i o n .  



5.  F u r t h e r  s t u d y  o f  me thods  and i n t e n s i t i e s  o f  t r a i n i n g  and t h e  

e f f e c t  o f  t r a i n i n g  a t  v a r i o u s  i n t e n s i t i e s  on  t h e  b l o o d  

p r e s s u r e .  

6. F u r t h e r  s t u d y  t o  d e t e r m i n e  t h e  e f f e c t s  o f  p h y s i c a l  t r a i n i n g  

beyond t h e  12-week p e r i o d  s t u d i e d  i n  t h e  p r e s e n t  e x p e r i m e n t  

and  t o  a l s o  d e t e r m i n e  t h e  e f f e c t s  o f  t r a i n i n g  on o f  t h e  

l o n g e v i t y  o f  t h e  DS r a t .  



F. APPENDICES 

A P P E N D I X  A SAMPLE S I Z E S  A T  MEASUREMENTS 

Number o f  S u c c e s s f u l  Measurements 

Group NCN NC T HS N H S T  

Week 4 

Veek 8 

Week 1 2  



A P P E N D I X  B AGE OF THE ANIMALS 

Group 

PJCN 

NC T 

HSN 

Alean Age a t  I n i t i a t i o n  +/-  S D  

40.9 Days + / -  1.86 

41.9 D a y s  +/- 2.35 

41.7 Days +/ -  2.34 

41.4  D a y s  +/-  1.76 



1 02 

APPENDIX C DURATIONS OF MEASUREMENT PROCEDURES- NORMAL CHOW 

Mean Time R e q u i r e d  ( m i n u t e s )  f o r  P r o c e d u r e s  +/-  SEM ( n )  

Normal Chow Group  
NCN NC T 

P r o c e d u r e  V?ee k 

I n d u c t i o n  4 2.64 +/- 0.06 (12) 2.56 +/- 0.09 (14) 
8 2.73 +/- 0.06 (20) 2.90 +/- 0.05 (20) 

12 2.81 +/- 0.12 (20) 2.67 +/- 0.12 (20) 

C a t h e t e r i z a t i o n  4 19.28 +/- 1.26 (12) 19.69 +/- 1.75 (14) 
8 17.61 +/- 0.89 (20) 19.16 +/- 1.86 (20) 

12 14.72 +/- 0.73 (20) 13.60 +/- 0.57 (20) 

Measurement  

T o t a l  Time 



APPENDIX D DURATIONS OF MEASUREMENT PROCEDURES- H I G H  SALT 

Mean Time Required ( m i n u t e s )  f o r  P r o c e d u r e s  +/- SEM ( n )  

High S a l t  - -- Group 
HSN HST 

P r o c e d u r e  Week 

I n d u c t i o n  4 2.72 +/- 0.14 (20) 3.57 +/- 0.08 (17) 
8 2.79 +/- 0.04 (20) 2.55 +/- 0.07 (18) 

12 2.42 +/- 0.42 (18) 2.42 +/- 0.08 (18) 

C a t h e t e r i z a t i o n  4 17.81 +/- 0.87 (20)  17.63 +/- 0.90 (17) 
8 17.31 +/- 0.68 (20) 18.22 +/- 1 .31 (18) 

12  13.23 +/- 0.37 (18) 13.15 +/- 0.38 (18) 

Measurement 4 2.31 +/- 0.65 (20)  2.32 +/- 1.09 (17) 
8 1.70 +/- 0.17 (20) 2.01 +/- 0.57 (18) 

12 3.16 +/- 0.28 (18) 2.64 +/- 0.28 (18)  

T o t a l  Time 4 28.19 +/- 1.17 (20) 27.44 +/- 0.95 (17) 
8 26.89 +/- 0.76 (20)  27.82 +/- 1.29 (18) 

12 21.75 +/- 0.47 (17)  21.67 +/- 0.54 (16) 
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