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ABSTRACT

PHYSIOLOGICAL AND BIOCHEMICAL ADAPTATION DURING DEVELOPMENT 

AND REGRESSION OF ISOPROTERENOL INDUCED CARDIAC HYPERTROPHY

by

Q ia n  Tang

C a r d i a c  h y p e r t r o p h y  was in d u c e d  in  a d u l t  f e m a l e  W i s t a r  

r a t s  ( 1 9 0 - 2 1 0  g> f o l l o w i n g  d a i l y  s u b c u ta n e o u s  i n j e c t i o n s  o f  

i s o p r o t e r e n o l  ( I S O )  ( 0 . 3  m g /k g  body w t )  f o r  12 d a y s .  A 

s t a b l e  44% t i s s u e  g ro w th  was a c h i e v e d  a f t e r  8 da ys  w i t h  a 

h a l f - t i m e  o f  3 . 6  d a y s .  V e n t r i c u l a r  RNA c o n t e n t  was  

e l e v a t e d  85% w i t h  a h a l f - t i m e  r e s p o n s e  o f  a p p r o x i m a t e ! y 2 . 0  

d a y s .  T o t a l  h y d r o x y p r o l i n e  c o n t e n t  r e m a in e d  s t a b l e  d u r i n g  

th e  f i r s t  2 da y s  and i n c r e a s e d  46% a f t e r  4 d a y s  o f  t r e a t ­

m e n t .  V e n t r i c u l a r  DNA c o n t e n t  i n c r e a s e d  19% a f t e r  8 da ys  

o f  t h e r a p y .  F o l l o w i n g  20 da y s  o f  r e g r e s s i o n  f ro m  e s t a b ­

l i s h e d  h y p e r t r o p h y  ( 4 4 % ) ,  c a r d i a c  mass and t i s s u e  RNA 

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

The  h a l f - t i m e  r e s p o n s e  f o r  h e a r t  w e i g h t  and t i s s u e  RNA was  

3 . 8  and 3#4  d a y s  r e s p e c t i v e l y .  H o w e v e r ,  m y o c y te  RNA was  

s t i m u l a t e d  86% and c o m p l e t e l y  r e c o v e r e d  a f t e r  12 da ys  o f  

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

DNA c o n t e n t  d i d  n o t  change  d u r i n g  t h e  20 da y s  o f  r e c o v e r y .  

M u s c le  pump f u n c t i o n  ( d P / d t  max) was i n c r e a s e d  a f t e r  4 days  

o f  h y p e r t r o p h i c  g r o w t h .  F o l l o w i n g  r e g r e s s i o n ,  m u s c le  

c o n t r a c t ! 1 i t y  r e m a in e d  e l e v a t e d  d u r i n g  t h e  f i r s t  2 da y s  b u t  

r e t u r n e d  t o  c o n t r o l  l e v e l  f o l l o w i n g  4 da y s  o f  r e c o v e r y .
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N u c l e a r  f u n c t i o n  i n  i s o l a t e d  m y o c y te  and nonm yocyte  n u c l e i  

was s t i m u l a t e d  i n  a c o o r d i n a t e d  m a n n e r .  RNA p o ly m e r a s e  

a c t i v i t y ,  c h r o m a t i n  t e m p l a t e  c a p a c i t y  i n  b o th  m y o c y te  and  

no nm yocyte  n u c l e i  w e r e  a c t i v a t e d  in  t h e  e a r l y  s t a g e  ( 1 - 4  

da ys )  o f  h y p e r t r o p h y .  RNA p o ly m e r a s e  b i n d i n g  t o  c h r o m a t i n ,  

i n  b o th  m y o c y te  and n o nm yo cyte  f r a c t i o n s ,  was enhanced  

a f t e r  4 da y s  o f  in d u c e d  g r o w t h .  In  a d d i t i o n ,  RNA p o ly m e ­

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

c a p a c i t y  t o  RNA p o ly m e r a s e  in  m y o c y te  n u c l e i ,  w e r e  a l l  

h i g h e r  th an  t h e  no n m y o cy te  n u c l e i  i n d i c a t i n g  m y o c y te s  h a v e  

h i g h e r  t r a n s c r i t p t i o n a l  c a p a c i t y  th a n  t h e  non m yo cyte  c e l l s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



D E DICATIO N

T o  my h o m e la n d  -  CHINA

V i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGEMENTS

F i r s t  o f  a l l ,  I  w o u ld  l i k e  t o  th a n k  my w i f e  X i a n g  and  

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

g i v e n  t o  me w h i l e  I  was c o n d u c t i n g  t h i s  i n v e s t i g a t i o n .

I  w o u ld  a l s o  l i k e  t o  e x t e n d  my a p p r e c i a t i o n  t o  D r .  

Paul B. T a y l o r ,  a c ad e m ic  a d v i s e r  and f r i e n d ,  f o r  h i s  g u i d ­

a n c e ,  en co u ra g e m e n t  and s u p p o r t  t h r o u g h o u t  my t e n u r e  a t  th e  

U n i v e r s i t y  o f  W i n d s o r .  S i n c e r e  t h a n k s  a r e  g i v e n  t o  my 

d o c t o r a t e  c o m m i t t e e  mem bers.  D r .  D a v i d  C o t t e r ,  D r .  Hugh 

F a c k r e l 1 ,  D r .  K e i t h  T a y l o r  and t o  my e x t e r n a l  e x a m i n e r .  

D r .  B o r iv o J  K o r e c k y .  T h e i r  i n t e r e s t ,  i n v a l u a b l e  i n p u t  and  

f r i e n d s h i p  made my w ork  on t h i s  p r o j e c t  a r e a l  p l e a s u r e .  

To my good f r i e n d  and p a r t n e r ,  M r s .  Meg J a c o b s o n ,  who 

u n s e l f i s h l y  ga ve  h e r  a s s i s t a n c e  d u r i n g  t h i s  s t u d y ,  a 

s p e c i a l  th a n k s  i s  e x t e n d e d .

F i n a l l y ,  1 w o u ld  l i k e  t o  e x p r e s s  my s i n c e r e  g r a t i t u d e  

to  t h e  G overnm ent and t h e  Embassy o f  t h e  P e o p l e " s  R e p u b l i c  

o f  C h i n a .  W i t h o u t  t h e i r  s u p p o r t ,  my s t u d y  i n  Canada w o u ld  

n o t  h a v e  been p o s s i b l e .  -,

v i i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

ABSTRACT..........................................................................................................................  i v

DEDICATION..................................................................................................................... v i

ACKNOWLEDGEMENTS........................................................................................................ v i i

L I S T  OF TABLES.................................................................................    x

L I S T  OF FIGURES........................................................................................................ x i i

L I S T  OF ABBREVIATIONS.........................................................................................x i i i

INTRODUCTION...............................................................................................................  1

METHODS
An i mal s . . . . . . .   ..........................................     11
D e v e lo p m e n t  o f  c a r d i a c  h y p e r t r o p h y ...............    11
R e g r e s s io n  o f  c a r d i a c  h y p e r t r o p h y   ...............................   11
Hemodynamic m e a s u re m e n ts .   .......................     12
T i s s u e  RNA, DNA, p r o t e i n  and h y d r o x y p r o l i n e  a s s a y . . .  13
I s o l a t i o n  o f  m y o c y t e s ............................................................   14
E x t r a c t i o n  o f  m y o c y te  n u c l e i c  a c i d s .  .............  16
I s o l a t i o n  o f  m y o c y te  and no nm yo cyte  n u c l e i . . . . . . . . . .  16
P r e p a r a t i o n  o f  c h r o m a t i n ....................................     18
D e t e r m i n a t i o n  o f  RNA p o ly m e r a s e  a c t i v i t y .............................. 18
M e asu rem en t  o f  t o t a l  c h r o m a t i n  t e m p l a t e  a c t i v i t y . . . .  19 
C o n d i t i o n s  f o r  RNA p o ly m e r a s e  b i n d i n g  w i t h o u t

r e i n i t i a t i o n ....................................................................................   20
DNA f r a g m e n t a t i o n . . .   ...............       22
D a t a  a n a l y s i s .   ...............       23

CHAPTER 1. DEVELOPMENT OF ISOPROTERENOL-INDUCED 
CARDIAC HYPERTROPHY: BIOCHEMICAL 
STUDY

I n t r o d u c t i o n . . .......................      25
R e s u l t s

Body w e i g h t  and h e a r t  w e i g h t . . . . . ..................   26
M y o c a r d i a l  RNA and D N A . . . ..........................    26
M y o c y te  RNA.  ..................................    33
M y o c a r d i a l  p r o t e i n  and h y d r o x y p r o l  i n e .......................   33

D i s c u s s i o n . . . . . .   .......................    37

CHAPTER 2 .  REGRESSION OF ISOPROTERENOL-INDUCED 
CARDIAC HYPERTROPHY: BIOCHEMICAL 
STUDY

I n t r o d u c  t  i on . . . .   .............................................  44
R esu1 t s

Body w e i g h t  and h e a r t  w e i g h t .......................   46
M y o c a r d i a l  p r o t e i n  and h y d r o x y p r o l  i n e .............................  46
M y o c a r d i a l  RNA and DNA ..........................................  50
M y o c y te  RNA.............................  52

Di s c u s s i  o n ...............      56

v i i i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 3 .  DEVELOPMENT AND REGRESSION OF ISOPRO­
TERENOL-INDUCED CARDIAC HYPERTROPHY: 
HEMODYNAMICS AND CONTRACTILE FUNCTION

I n t r o d u c t i o n . . . . .................................................................................................  63
R e s u 1 t s

D ev e )  opmen t  o f  c a r d i a c  h y p e r t r o p h y ................    6 6
I n t r a v e n t r i c u l a r  p r e s s u r e  an d  c o r o n a r y

f l o w  i n  h y p e r t r o p h i e d  h e a r t s   ...................  6 6
C o n t r a c t i l e  c h a r a c t e r i s t i c s  i n  h y p e r ­

t r o p h i e d  h e a r t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 6
T i m e  p a r a m e t e r s  o f  c o n t r a c t i o n

i n  h y p e r t r o p h i e d  h e a r t s . . . .   ................    7 3
R e g r e s s i o n  o f  c a r d i a c  h y p e r t r o p h y ..........................................  75
I n t r a v e n t r i c u 1a r  p r e s s u r e  an d  c o r o n a r y  f l o w

i n  h e a r t s  r e c o v e r i n g  f r o m  h y p e r t r o p h y    75
C o n t r a c t i 1e  c h a r a c t e r i s t i c s  i n  h e a r t s

r e c o v e r i n g  f r o m  h y p e r t r o p h y .  .................  75
T i m e  p a r a m e t e r s  o f  c o n t r a c t i o n  i n  h e a r t s

r e c o v e r i n g  f r o m  h y p e r t r o p h y .  ..............  78
D i  s c u s s i  o n ................     8 2

CHAPTER 4 .  RNA POLYMERASE A C T I V I T Y  AND CHROMATIN
TEMPLATE FUNCTION DURING ISOPROTERENOL-  
INDUCED CARDIAC HYPERTROPHY

I  n t r o d u c  t  i  o n .   .............      91
R e s u 1 t s

H e a r t  w e i g h t  and  body  w e i g h t . . . . . ................     93
M y o c y t e  and  n o n m y o c y t e  RNA p o l y m e r a s e

ac t  i  v i  t y ...........................     9 3
M y o c y t e  and  n o n m y o c y te  c h r o m a t i n  t e m p l a t e

f u n c t i o n ................................................................................................   9 8
Enzyme s a t u r a t i o n  o f  i n  v i t r o  c h r o m a t i n ...........................  100
DNA f r a g m e n t a t i o n ...........................................................      100

D i s c u s s i  on  .................................................................................  104

OVERVIEW....................................................................................................................................  I l l

REFERENCES............................................................................................................................  117

V I T A  A U C TO R IS ...........................     130

I X

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L IS T  OF TABLES

TABLE PAGE

1 .1  Changes in  t i s s u e  p r o t e i n ,  h y d r o x y ­
p r o l  i n e  and w a t e r  c o n t e n t  d u r i n g
c a r d i a c  h y p e r t r o p h y .  ..........................   28

1 . 2  Changes in  n u c l e i c  a c i d s  d u r i n g
c a r d i a c  h y p e r t r o p h y ..........................................     31

1 . 3  Changes in  m y o c y te  n u c l e i c  a c i d s  in
h e a r t s  a f t e r  8 days  o f  ISO t r e a t m e n t    34

2 . 1  T i s s u e  p r o t e i n ,  h y d r o x y p r o l i ne and w a t e r
c o n t e n t  in  h e a r t s  d u r i n g  r e g r e s s i o n  
o f  c a r d i a c  h y p e r t r o p h y . . . . . . . . . . . . . . . . . . . .  49

2 . 2  N u c l e i c  a c i d s  in  h e a r t s  d u r i n g  r e g r e s s i o n
o f  c a r d i a c  h y p e r  t r o p h y . .  .............................................  51

2 . 3  M y o c y te  n u c l e i c  a c i d s  in  h e a r t s  d u r i n g
r e g r e s s i o n  o f  c a r d i a c  h y p e r  t r o p h y .  ...................  54

3 . 1  Body w e i g h t ,  h e a r t  w e i g h t ,  and h e a r t
w e i g h t  t o  body w e i g h t  r a t i o  d u r i n g  
d e v e lo p m e n t  o f  c a r d i a c  h y p e r t r o p h y . . . . . . . .  67

3 . 2  H e a r t  r a t e ,  peak i n t r a v e n t r i c u 1a r
p r e s s u r e  and c o r o n a r y  f l o w  in  
i s o l a t e d  p e r f u s e d  h e a r t s  d u r i n g
c a r d i a c  h y p e r t r o p h y   ..............................    68

3 . 3  P r e s s u r e - t i m e  in d e x  and p o s i t i v e  to
n e g a t i v e  d P / d t  r a t i o  in  h e a r t s
u n d e r g o in g  h y p e r t r o p h y .  ................  71

3 . 4  I n t r i n s i c  t im e  p a r a m e t e r s  o f  t h e  c o n t r a c ­
t i o n - r e l a x a t i o n  c y c l e  d u r i n g  d e v e lo p m e n t  
o f  c a r d i a c  h y p e r t r o p h y .  .   ........................................ 74

3 . 5  Body w e i g h t ,  h e a r t  w e i g h t ,  and h e a r t
w e i g h t  to  body w e i g h t  r a t i o  d u r i n g  
r e g r e s s i o n  o f  c a r d i a c  h y p e r t r o p h y . ..................  76

3 . 6  H e a r t  r a t e ,  peak i n t r a v e n t r i c u 1a r
p r e s s u r e  and c o r o n a r y  f l o w  in  
i s o l a t e d  p e r f u s e d  h e a r t s  d u r i n g
r e g r e s s i o n  o f  c a r d i a c  h y p e r t r o p h y .    ...........  77

3 . 7  P r e s s u r e - t i m e  in d e x  and p o s i t i v e  to
n e g a t i v e  d P / d t  r a t i o  in  h e a r t s
r e c o v e r i n g  f ro m  h y p e r t r o p h y .  ............   79

X

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE PAGE

3 . 8  I n t r i n s i c  t i m e  p a r a m e t e r s  o f  t h e  c o n t r a c -
t i o n - r e l a x a t i o n  c y c l e  d u r i n g  r e g r e s s i o n  
o f  c a r d i a c  h y p e r t r o p h y . ..........................    81

4 . 1  Body w e i g h t  and h e a r t  w e i g h t  d u r i n g
c a r d i a c  h y p e r t r o p h y . . . . . . . . . . . . . . . . . . . . . . .  94

4 . 2  M y o c y te  and n o n -m y o c y t e  RNA p o ly m e r a s e
a c t i v i t y  d u r i n g  c a r d i a c  h y p e r t r o p h y ...............   97

X I

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L I S T  OF FIGURES  

FIGURE PAGE

1 . 0  S c h e m a t i c  r e p r e s e n t a t i o n  o f  a s s a y  o f  RNA
p o l y m e r a s e  b i n d i n g  t o  c h r o m a t i n . . .......................... 21

1 . 1  Body w e i g h t  an d  h e a r t  w e i g h t  o f  I S O -
t r e a t e d  and  c o n t r o l  a n i m a l s . .    2 7

1 . 2  I n c r e a s e s  i n  h e a r t  w e i g h t ,  DNA c o n t e n t
a n d  RNA c o n t e n t ..................................................     29

1 . 3  R e l a t i o n s h i p  b e tw e e n  h e a r t  w e i g h t  and
v e n t r i c u l a r  RNA c o n t e n t  d u r i n g  1 t o
12 d a y s  o f  I S O - i n d u c e d  g r o w t h ..................................  3 2

2 . 1  C h a n g e s  i n  b o d y  w e i g h t ,  h e a r t  w e i g h t ,
an d  h e a r t  w e i g h t  t o  bo dy  w e i g h t  
r a t i o  d u r i n g  r e g r e s s i o n  f r o m  S
d a y s  o f  I S O - i n d u c e d  h y p e r t r o p h y ...............................  47

2 . 2  C h a n g e s  i n  h e a r t  w e i g h t ,  t i s s u e  p r o t e i n
an d  RNA c o n t e n t  d u r i n g  r e c o v e r y  f r o m  
h y p e r t r o p h y .   ..................................................    4 8

2 . 3  R e l a t i o n s h i p  b e t w e e n  h e a r t  w e i g h t  and
v e n t r i c u l a r  RNA c o n t e n t  d u r i n g  20
d a y s  o f  r e c o v e r y  f r o m  h y p e r  t r o p h y   ....................  5 3

3 . 1  S c h e m a t i c  r e p r e s e n t a t i o n  o f  an i n t r a ­
v e n  t r  i  cu 1 a r  p r e s s u r e  c u r v e . . . . . . . . . . . . . . . .  69

3 . 2  P o s i t i v e  an d  n e g a t i v e  d P / d t  max d u r i n g
d e v e l o p m e n t  o f  c a r d i a c  h y p e r t r o p h y . . . . . . . .  72

3 . 3  P o s i t i v e  and  n e g a t i v e  d P / d t  max d u r i n g
r e g r e s s i o n  o f  c a r d i a c  h y p e r t r o p h y .    ............... 80,

4 . 1  T i m e  c o u r s e  o f  RNA p o l y m e r a s e  a c t i v i t y
i n  i s o l a t e d  n u c l e i . . . . . . . . . . . . . . . . . . . . . . . .  95

4 . 2  R e l a t i o n  b e tw e e n  n u c l e a r  c o n c e n t r a t i o n
an d  enzym e a c t i v i t y  i n  m y o c y t e  and  
n o n m y o c y te  f r a c t i o n s .............................................................. 9 6

4 . 3  C h an ges  i n  m y o c y t e  and  n o n m y o c y te
c h r o m a t i n  t e m p l a t e  a c t i v i t y  d u r i n g  
I S O - i n d u c e d  c a r d i a c  h y p e r t r o p h y ...............................  99

4 . 4  Enzyme s a t u r a t i o n  i n  c h r o m a t i n  f r o m
I S O - t r e a t e d  and  c o n t r o l  h e a r t s    10 1

4 . 5  F r a g m e n t e d  DNA p r o f i l e  i n  c h r o m a t i n
f r o m  I S O - t r e a t e d  and  c o n t r o l  h e a r  t s . . . . . . .  103

x i i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L IS T  OF ABBREVIATIONS

ATP a d e n o s i  n t r i p h o s p h a t e

BSA b o v i n e  serum a lb u m in

CTP c y t  i d i  ne t r i  p h o s p h a te

DNA d e o x y r i b o n u c l e i c  a c i d

EDTA e t h y l e n e d i a m i n e t e t r a a c e t i c  a c i d

GTP g u a n o s i  ne t r i  p h o s p h a te

ISO i s o p r o t e r e n o l

PCA p e r c h l o r i c  a c i d

RNA r i b o n u c l e i c  a c i d

RT r e l a x a t i o n  t im e

TCA t r i c h l o r o a c e t i c  a c i d

TPD t i m e - t o - p e a k  d P / d t

TPP t i m e - t o - p e a k  p r e s s u r e

UMP u r i d i n e  m onphosphate

UTP u r i d i n e  t r i p h o s p h a t e

wt w e i g h t

x L ii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



INTRODUCTION

T h e  mammalian h e a r t  h as  a l a r g e  r e s e r v e  c a p a c i t y  t o  

a d a p t  t o  numerous p h y s i o l o g i c a l  and p a t h o l o g i c a l  

d i s t u r b a n c e s  i n  t h e  c a r d i o v a s c u l a r  s y s t e m .  T h e  m a j o r i t y  o f  

t h e s e  d i s o r d e r s  u s u a l l y  r e s u l t  i n  t h e  c o m p e n s a to ry  g ro w th  

o f  t h e  a d u l t  h e a r t  ( f o r  r e v i e w ,  s e e :  F a n b u rg  1 9 7 0 ,  WiKman— 

C o f f e l t  e t  a i .  1 9 7 9 ,  S o n n e n b i i c k  e t  a i .  1 9 8 3 ,  B u g a is k y  and  

Zak 1 9 8 6 ) .

H v o e r t r o o h v  ( c a r d i o m e o a l v )  v s .  h v p e r o l a s i a

T h e  mammalian h e a r t  i s  composed o f  m u s c le  c e l l s  (myo­

c y t e s )  and n o n - m u s c le  c e l l s  w h ic h  i n c l u d e  c o n n e c t i v e  

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

g ro w th  o f  t h e  h e a r t  can be a c c o m p l is h e d  by  e i t h e r  a)  

p r o l i f e r a t i o n  o f  h e a r t  c e l l s  ( c e l l u l a r  h y p e r p l a s i a ) ,  b> 

e n l a r g e m e n t  o f  e x i s t i n g  c e l l s  ( c e l l u l a r  h y p e r t r o p h y ) , o r  

b o th  p r o c e s s e s .  From a b i o l o g i c a l  p o i n t  o f  v i e w ,  c a r d i a c  

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

a b i l i t y  t o  p r o l i f e r a t e  ( G i l l e t t e  and Cl ay  comb 1974^- 

Claycomb 1 9 7 6 ,  K o r e c k y  and Rakusan 1 9 7 8 ) .  T h e r e f o r e ,  

d u r i n g  in d u c e d  g ro w th  in  t h e  a d u l t  h e a r t ,  t h e  r e s p o n s e  o f  

c a r d i a c  m u s c le  i s  t o  i n c r e a s e  t h e  s i z e  o f  p r e - e x i s t i n g  

c e l l s  ( h y p e r t r o p h y )  r a t h e r  th a n  i n c r e a s i n g  t h e i r  number  

( C a r n e y  and Brown 1 9 6 4 ,  K o r e c k y  and Rakusan 1 9 7 8 ,  J u l i a n  e t  

a l .  1 9 8 1 ,  A n v e r sa e t  a l .  1 9 8 3 ) .  C e l l u l a r  m i t o s i s  

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

e n d o t h e l i a l  c e l l s  o f  b l o o d  v e s s e l s  and o t h e r  "nonm uscle"
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c e l l  e l e m e n t s  ( M o r k i n  and A s h f o r d  1 9 6 8 ,  N a i r  e t  a i .  1 9 7 1 ,  

B is h o p  and  Mel sen 1 9 7 6 ) .  I n  n e o n a t a l  r a t  h e a r t ,  h o w e v e r , 

h y p e r p l a s i a  o f  c a r d i a c  m y o c y te s  ha s  been o b s e r v e d  d u r i n g  

p r e s s u r e —in d u c e d  g r o w th  (Dowel 1 and McManus 1 9 7 8 ,  Rakusan  

e t  a l .  1 9 8 3 ) .  I t  s h o u l d  be m e n t i o n e d  t h a t  c a r d i a c  h y p e r ­

t r o p h y  i s ,  a t  t h e  p r e s e n t  t i m e ,  t h e  most commonly u s e d  te rm  

t o  d e s c r i b e  v e n t r i c u l a r  g r o w th  even though i t s  p r e c i s e  

m e a n in g  r e f e r s  t o  an i n c r e a s e d  s i z e  o f  c e l l s  i n  t h e  a b s e n c e  

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

h e a r t  d u r i n g  i n d u c e d  g r o w t h ,  a m ore  g e n e r a l  t e r m ,  c a r d i o m e — 

g a l  y , has  been s u g g e s te d  (R ak u s a n  e t  a l .  - 1983)  t o  i n c l u d e  

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

I n  t h e  p r e s e n t  s t u d y ,  b o th  t e r m s :  h y p e r t r o p h y  and c a r d i o m e — 

g a l  y , a r e  us ed  t o  i n d i c a t e  g e n e r a l  c a r d i a c  g ro w th  u n l e s s  

t h e r e  i s  s p e c i f i c  comment.

E x p e r i m e n t a l  m o d e ls  o f  c a r d i a c  h v o e r  t r o o h v

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

v a r i e t y  o f  a n im a l  m o d e ls  h a v e  been used  t o  i n d u c e  c a r d i a c  

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

a r t e r y  t o  i n c r e a s e  w o r k l o a d ;  p r o d u c t i o n  o f  a n e m ia ;  c r e a t i o n  

o f  n u t r i t i o n a l  d e f i c i e n c y  s t a t e  ; e x p o s u r e  t o  h y p o x ic  c o n d i ­

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

m yocard iu m  damages; and e x p o s u r e  t o  s t r e s s f u l  c i r c u m s t a n c e s  

such as  e x e r c i s e .  In  a d d i t i o n ,  t h y r o i d  hormone and  

c a t e c h o l  am ine  t r e a t m e n t s  h a v e  been a l s o  us ed  t o  in d u c e  

c a r d i o m e g a l y .  A l l  t h e s e  s t i m u l i  can be l o o s e l y  g ro u p e d  

a s :  a)  i n c r e a s e d  f u n c t i o n a l  demand; b) l o s s  o f  m u s c le  m ass;
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and c ) d i r e c t  e f f e c t  on th e  m y o c a rd iu m .

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

T h e  e n l a r g e m e n t  o f  m y o c a rd iu m  must r e s u l t  f ro m  a n e t  

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

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

t h e  d e v e lo p m e n t  o f  c a r d i a c  g ro w th  i n  a n i m a l s  in d u c e d  by  

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

1 9 6 8 ,  1 9 7 5 ,  M a r t i n  e t  a l .  1 9 7 4 ) ,  v o lu m e  l o a d i n g  ( T o m i t a

1 9 6 6 ) ,  e x e r c i s e  ( H i c k s o n  e t  a l . 1 9 7 9 ) ,  i s o p r o t e r e n o l  i n j e c ­

t i o n s  (Z im m er  and G e r l a c h  1 9 7 7 ) ,  and t h y r o x i n  t r e a t m e n t  

(Cohen e t  a l . 1 9 6 6 ,  HJa l m arson e t  a l . 1 9 7 5 ,  Bonnin  e t  a l .

1 9 8 3 ) .  S i m u l t a n e o u s l y ,  p r o t e i n  d e g r a d a t i o n  was r e p o r t e d  to  

be c o n s t a n t  d u r i n g  i n  v i t r o  c a r d i a c  w o rk  in  r a t s  (M organ  e t  

a l .  1 9 8 0 ) ,  o r  d u r i n g  t h e  e a r l y  s t a g e  o f  c a r d i a c  h y p e r t r o p h y  

i n  t h e  dog ( E v e r e t t  e t  a l .  1 9 7 7 ) .  I n  a d d i t i o n ,  ly s o s o m a l  

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

p h i e d  h e a r t s  ( C u t i l l e t t a  e t  a l .  1 9 7 6 ,  S a n f o r d  e t  a l .  1 9 7 8 ) .  

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

g ro w th  i s  a c c o m p l is h e d  by  an en h a n ce d  p r o t e i n  s y n t h e s i s  

w i t h  l i t t l e  o r  no chang e  i n  p r o t e i n  d e g r a d a t i o n .

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

C a r d i a c  h y p e r t r o p h y  i s  c o n s i d e r e d  a c o m p e n s a to ry  

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

s y s te m .  The  p r e s e n t l y  a v a i l a b l e  d a t a  on t h e  change o f  

c o n t r a c t i l e  f u n c t i o n  in  h y p e r t r o p h i e d  h e a r t  a p p e a r  t o  be  

model —dependen t . P r e s s u r e  o v e r  1o a d —in d u c e d  h y p e r t r o p h y
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was a c c o m p a n ie d  by a r e d u c e d  m u s c le  c o n t r a c t ! 1 i t y  ( B i n g  e t  

a i .  1 9 7 1 ,  H a m r e l l  and AI p e r t  1 9 7 7 ,  Spann e t  a i .  1 9 6 7 ,

Hemwal1 e t  a l . 1 9 8 4 ,  Okada e t  a l . 1984)  and a d e p r e s s e d

m yos in  ATPase a c t i v i t y  ( Lompre e t  a l .  1 9 7 9 ,  S c h w a r t z  e t  a l .

1 9 8 0 ) .  I n  c o n t r a s t , t h y r o x i n e  (Spann e t  a l .  1 9 6 7 ,  S k e l t o n  

and S o n n e n b i i c k  1974)  and e x e r c i s e  ( S c h a i b l e  and S c h e u e r

1 9 7 9 ,  B a r n a r d  e t  a l .  1980)  s t i m u l a t e  m e c h a n i c a l  f u n c t i o n  o f  

t h e  h e a r t  and m yo s in  ATPase a c t i v i t y .  In  an e f f o r t  t o

e x p l a i n  t h e s e  c h a n g es  in  m u s c le  c o n t r a c t i l i t y ,  a t t e n t i o n

has  been f o c u s e d  on p o s s i b l e  c h a n g e s  i n  t h e  m y os in  m o l e c u l e  

b e c a u s e  o f  i t s  e s s e n t i a l  r o l e  in  c r o s s  b r i d g e  f o r m a t i o n

w i t h  t h e  a c t  i n  t h i n  f i l a m e n t  and i t s  e n z y m a t i c  a c t i v i t y

( A l p e r t  e t  a l .  1 9 6 7 ,  S c h w a r t z  e t  a l .  1 9 8 1 ,  P aga n !  and  

J u l i a n  1 9 8 4 ) .  R e c e n t  s t u d i e s  h a v e  d e m o n s t r a t e d  t h e

e x i s t e n c e  o f  t h r e e  i s o f o r m s  o f  m y o s in  (m y o s in  is o z y m e s )

(Hoh e t  a l .  1 9 7 8 ) .  Based on t h e i r  e l e c t r o p h o r e t i c  m o b i l i t y  

i n  n o n d e n a t u r i n g  p y r o p h o s p h a t e  g e l s ,  m y o s in  is o z y m e s  in  

mammalian h e a r t  v e n t r i c l e s  h a v e  been i d e n t i f i e d  as  V^ 

and V_  w i t h  d e c r e a s i n g  o r d e r  o f  ATPase a c t i v i t y .  Th e  

r e l a t i v e  p r o p o r t i o n s  o f  t h e s e  is o z y m e s  v a r y  u n d e r  th e  

i n f l u e n c e  o f  g ro w th  ( Lompre e t  a l .  1 9 8 1 ) ,  t h y r o i d  s t a t e  

(Hoh and E ger  ton  1 9 7 9 ) ,  and c h r o n i c  p r e s s u r e  o v e r l o a d

(L om pre  e t  a l . 1 9 7 9 ) .  T h e  m y o s in  w h ic h  p o s s e s s  t h e

h i g h e s t  ATPase a c t i v i t y  i s  n o r m a l l y  o n l y  a m in o r  component  

i n  t h e  a d u l t  r a b b i t  h e a r t .  D u r i n g  t h y r o x i n e —in d u c e d  h y p e r ­

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

i n c r e a s e  and m yos in  is o z y m e  d i s t r i b u t i o n  shows a  s h i f t

t o w a r d s  t h e  fo rm  (Hoh e t  a l .  1 9 7 8 ,  A l p e r t  e t  a l . 1 9 7 9 ,
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M a r t i n  e t  a l . 1 9 8 2 ,  E v e r e t t  e t  a l . 1 9 8 3 ) .  I n  t h e  r a t  h e a r t  

e n l a r g e d  by  sw im m ing ,  t h é  p r o p o r t i o n  o f  m y o s in  i n c r e a s e d  

w h i l e  t h e  and Vg fo rm s  d e c r e a s e d  (Rupp 1 9 8 1 ,  P a g a n i  and  

S o l a r o  1 9 8 3 ) .  On t h e  o t h e r  h a n d ,  t h e  o p p o s i t e  ch ange  has  

been n o t i c e d  d u r i n g  t h e  p r e s s u r e - i n d u c e d  h y p e r t r o p h y  in  

r a t s  w i t h  a s h i f t  to w a r d s  t h e  Vg fo rm  and a lo w e r  ATPase  

a c t i v i t y  (L o m p re  e t  a i .  1 9 7 9 ,  S c h w a r t z  e t  a l .  1 9 8 0 ,  Rupp 

1 9 81 ,  N is e n b a u g h  e t  a l .  1 9 8 3 ) .  T h e s e  o b s e r v a t i o n s  h a v e  

been used  t o  e x p l a i n ,  a t  l e a s t  i n  p a r t ,  t h e  a l t e r e d  

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

o f  h y p e r t r o p h y .

P h v s i o l o o i c a l  c o n t r o l  m echanism s o f  h v o e r  t r o o h v

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

b u t  s e l e c t i v e  s e r i e s  o f  e v e n t s  t h a t  r e s u l t s  i n  an en han ced  

p r o t e i n  s y n t h e s i s  and t h e  s u b s e q u e n t  d e v e lo p m e n t  o f  t i s s u e  

m as s .  An e a r l y  and s i g n i f i c a n t  i n c r e a s e  i n  RNA s y n t h e s i s  

was o b s e r v e d  i n  n e a r l y  a l l  t y p e s  o f  in d u c e d  c a r d i a c  

h y p e r t r o p h y  ( F a n b u r g  and P o s n e r  1 9 6 8 ,  N a i r  e t  a l . 1 9 6 8 ,

1 9 7 1 ,  S c h r e i b e r  e t  a l .  1 9 6 9 ,  Wood e t  a l .  1971)  w h ic h  l e d  

t o  an a c c u m u l a t i o n  o f  RNA i n  h y p e r t r o p h i e d  h e a r t  ( M o r k i n  

and A s h f o r d  1 9 6 8 ,  N a i r  e t  a l .  1 9 6 8 ,  F a n b u rg  e t  a l .  1 9 7 1 ,  

H ic k s o n  e t  a l .  1 9 7 9 ,  T a y l o r  and W h i t e  1 9 8 3 ) .  Based on 

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

t h e r e  a p p e a r s  t o  be no d e t e c t a b l e  d i f f e r e n c e  i n  t h e  t y p e  o f  

RNA s p e c i e s  fo rm e d  ( K o i d e  and R a b i n o w i t z  1 9 6 9 ) .  T h e  s u c ­

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

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

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

n a n t  DNA t e c h n o l o g y  t o  c a r d i o v a s c u l a r  r e s e a r c h  has  l e d  t o  

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

t e i n s ,  i n c l u d i n g  t h o s e  f o r  m y os in  h e a v y  c h a i n s  (M a h d a v i  e t  

a l . 1 9 8 2 ,  E v e r e t t  e t  a l . 1 9 8 3 ) .  I n v e s t i g a t i o n s  u s i n g  t h i s  

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

p r o t e i n s  a r e  s e l e c t i v e l y  e x p r e s s e d  d u r i n g  in d u c e d  m u s c le

g r o w t h .  For  i n s t a n c e ,  t h e  u s e  o f  m yos in  a -  and # - h e a v y

c h a i n  cDNA p r o b e s  h y b r i d i z e d  t o  RNA s u g g e s t e d  t h a t  accumu­

l a t i o n  o f  m yos in  h e a v y  c h a i n  p r o t e i n s  d u r i n g  t h y r o x i n e  

in d u c e d  v e n t r i c u l a r  g ro w th  was r e g u l a t e d  by t h e  amount o f  

t h e i r  mRNAs (Lom pre  e t  a l .  1 9 8 4 ) . '  '

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

t h e  r a t e  o f  t i s s u e  p r o t e i n  s y n t h e s i s  ( Z a k  and F ischm an

1971) and s u b s e q u e n t  m u s c le  g r o w th  ( N a i r  e t  a i .  1 9 6 8 ,  

H ic k s o n  e t  a l .  1 9 7 9 ) ,  t h e  c o n t r o l  o f  a d a p t i v e  v e n t r i c u l a r  

g ro w th  must be a t  t h e  n u c l e a r  l e v e l .  One o f  t h e  e a r l i e s t  

o b s e r v a t i o n s  t h a t  s i g n a l s  a t r a n s i t i o n  f r o m  a q u i e s c e n t  t o  

a h y p e r t r o p h i c  g ro w th  s t a t e  i s  an i n c r e a s e d  RNA p o ly m e r a s e  

a c t i v i t y  ( N a i r  e t  a l .  1 9 6 8 ,  S c h r e i b e r  e t  a l .  1 9 6 9 ,  

M o l l e n b e r g e r  and K l e i t k e  1 9 7 3 ,  L im a s  1 9 7 9 ) .  H o w e v e r , th e  

a c t i v a t i o n  o f  t h i s  enzyme was n o t  m a tc h e d  t o  an i n c r e a s e d  

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

a l .  1 9 6 8 ,  F a n b u rg  and P o s n e r  1 9 6 8 ,  K o id e  and R a b i n o w i t z  

1 9 6 9 ) .  T h i s  d i s c r e p a n c y  i n  t h e  l a c k  o f  RNA p o ly m e r a s e

a c t i v a t i o n  d u r i n g  a r a p i d  and l a r g e  i n c r e a s e  i n  RNA 

s y n t h e s i s  may be e x p l a i n e d  by  a p r e f e r e n t i a l  ch ang e  in
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c h r o m a t i n  f u n c t i o n .  F l o r i n i  and D an k b u rg  ( 1 9 7 1 )  r e p o r t e d  a 

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

f o l l o w i n g  1 da y  o f  w ork  o v e r l o a d .  I n  t h e  same s t u d y ,  RNA 

p o ly m e r a s e  a c t i v i t y  r e q u i r e d  a fe w  d a y s  t o  a c h i e v e  a 

m axim al r e s p o n s e .  M o re  r e c e n t l y ,  C u t i l l e t t a  ( 1 9 8 1 )  showed  

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

l a t e d  f ro m  m y o c y te  f r a c t i o n  d u r i n g  t h e  d e v e lo p m e n t  o f  

c a r d i a c  h y p e r t r o p h y  r e q u i r e d  3 d a y s  w h i l e  o v e r a l l  m y o c y te  

c h r o m a t i n  t e m p l a t e  c a p a c i t y  i n c r e a s e d  w i t h i n  1 d a y .  

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

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

may be  a p r e f e r e n t i a l  r e s p o n s e  t o  s u p p o r t  en han ced  RNA 

s y n t h e s i s .  B ecause  o f  t h e  l i m i t a t i o n  i n  a v a i l a b l e  

t e c h n i q u e s ,  t h e  e a r l y  s t u d i e s  c o u l d  n o t  d i s t i n g u i s h  be tw een  

m u s c le  and n o nm u s c le  c e l l  r e s p o n s e s .  I t  i s  n o t  a d e q u a t e  

t o  g e n e r a l i z e  t h e  f i n d i n g  o f  a d a p t a t i o n  i n  w h o le  h e a r t  t o  

t h e  p o s s i b l e  r e s p o n s e  o f  c a r d i a c  m u s c le  c e l l s .  O n ly

r e c e n t l y  ha v e  new t e c h n i q u e s  become a v a i l a b l e  t o  i n v e s t i ­

g a t e  t h e  ch a n g e s  in  c a r d i a c  m y o c y te s  i s o l a t e d  f ro m  t h e  

h y p e r t r o p h i e d  h e a r t s  ( C u t i l l e t t a  e t  a l .  1 9 7 8 ,  C u t i l l e t t a

1981) .

I s o p r o t e r e n o l  in d u c e d  c a r d i a c  h v o e r  t r o o h v

I n  t h e  l a t e  1 9 5 0 " s and e a r l y  1 9 6 0 " s ,  m a s s iv e  d o se s  o f  

t h e  ^ a d r e n e r g i c  a g o n i s t ,  i s o p r o t e r e n o l  ( I S O ) ,  w e r e  us e d  t o  

s t u d y  m y o c a r d i a l  i n f a r c t i o n  (R o n a  e t  a l . 1 9 5 9 a ,  1 9 59b ,

Z b in d e n  and Bagdon 1 9 6 3 ) .  S e v e r e  m y o c a r d i a l  l e s i o n s  and  

c e l l u l a r  n e c r o s i s  w e r e  n o t e d  (J u d d  and W e x l e r  1 9 6 9 ) .
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H o w e v e r , r e p e a t e d  i n j e c t i o n s  o f  a r e l a t i v e l y  low dose o f  

ISO can in d u c e  a l a r g e  d e g r e e  o f  c a r d i a c  g ro w th  w i t h o u t  

o b v i o u s  t i s s u e  damage (R a k u s an  e t  a l .  1 9 6 5 ,  T u r e k  e t  a l .  

1 9 6 8 ,  S t a n t o n  e t  a l .  1 9 6 9 ,  Wood e t  a l .  1 9 7 1 ,  Wasserman e t  

a l .  1 9 7 4 ,  D e s h a i e s  e t  a l .  1 9 8 1 ) .  I t  was p o s t u l a t e d  t h a t  

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

d e v e lo p m e n t  o f  c a r d i a c  h y p e r t r o p h y  (R ak usan  e t  a l .  1 9 6 5 ,  

S t a n t o n  e t  a l . 1 9 6 9 ) .

T h e  m e c h a n is m (s )  o f  c a r d i a c  g ro w th  in d u c e d  by  ISO i s  

n o t  c l e a r l y  u n d e r s t o o d .  H o w e v e r ,  i t  i s  b e l i e v e d  t h a t  c a t e ­

c h o l a m i n e s  e x e r t  b o th  a d i r e c t  P—e f f e c t  on t h e  h e a r t  as  

w e l l  a s  a v a s c u l a r  r e s p o n s e .  B oth  g e n e r a l  r e s p o n s e s  r e s u l t  

in  an i n c r e a s e d  c a r d i a c  w o r k l o a d .  T h e  e l e c t r o p h y s i o l o g i c a l  

d a t a  c l e a r l y  i n d i c a t e  t h a t  c a t e c h o l  am in e s  s i g n i f i c a n t l y  

p r o l o n g  membrane a c t i o n  p o t e n t i a l .  T h i s  p r o l o n g a t i o n  

a p p e a r s  t o  be m e d i a t e d  th ro u g h  an e x t e n d e d  p l a t e a u  ph ase  

w h ic h  p h y s i o l o g i c a l l y  r e f l e c t s  c a l c i u m  i n f l u x  th ro u g h  t h e  

v o l t a g e - d e p e n d e n t  c a l c i u m  s lo w  c h a n n e l s  ( R e u t e r  and S c h o lz  

1 9 7 7 ) .  D i r e c t  e v i d e n c e  f r o m  a c q u o r i n e  f l u o r e s c e n c e  i n  

p a p i l l a r y  m u s c le  i n d i c a t e s  t h a t  c a t e c h o l  am in e s  i n c r e a s e  

i n t r a c e l l u l a r  f r e e  C a^*  ( A l l e n  and B l i n k  1 9 7 8 ) .  Because  

c a l c i u m  r e g u l a t e s  t h e  f o r c e  o f  m u s c le  c o n t r a c t i o n ,  i t  

seems r e a s o n a b l e  t o  s u g g e s t  t h a t  c a t e c h o l  am in e  t r e a t m e n t  

c o u l d  s t i m u l a t e  m u s c le  g ro w th  by i n c r e a s i n g  m u s c le  w ork  

th ro u g h  c a l c i u m  o v e r l o a d  ( K i r c h b e r g e r  e t  a l .  1 9 7 2 ,  N a th a n  

and B e e l e r  1 9 7 4 ) .  S y s t e m i c a l 1 y , c i r c u l a t i n g  c a t e c h o l  am ines  

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

a t r i a l  p r e s s u r e  ( Rona e t  a l .  1 9 5 9 b ) .  D e c r e a s e d  b l o o d  p r e s ­
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s u r e  a p p e a r s  t o  s t i m u l a t e  t h e  h e a r t  r a t e  and c o n t r a c t i 1 i t y  

( A v i a d o  e t  a i .  1958)  v i a  t h e  a r t e r i a l  p r e s s u r e  r e c e p t o r s  

r e f l e x  s y s te m  ( H e i s t a d  e t  a l .  1972)  and c a r o t i d  b o d i e s  

(W inn e t  a l .  1 9 7 9 ) .  In  a d d i t i o n ,  t h e  d e c r e a s e d  b l o o d  

p r e s s u r e  a n d / o r  c o n s t r i c t i o n  o f  c o r o n a r y  a r t e r i e s  can  

in d u c e  p a r t i a l  i s c h e m i a  (R o na  e t  a l .  1 9 6 3 ,  W e x le r  and Judd  

1 9 7 0 ,  Noda e t  a l .  1 9 7 0 ) ,  h y p o x i a  (Wasserman 1974)  and  

d e c r e a s e d  ATP s t o r e s  ( T a k e n a k a  and H i g u c h i  1974) i n  t h e  

h e a r t .  One o r  a c o m b i n a t i o n  o f  t h e s e  r e s p o n s e s  can i n i ­

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

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

A 1th ou gh  t h e r e  h a v e  been many s t u d i e s  on t h e  g e n e r a l  

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

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

The  p r e s e n t  s t u d y  w as u n d e r t a k e n  t o  i n v e s t i g a t e  b o th  

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

lo pm ent  ( 1 - 1 2  d a y s )  o f  c a r d i a c  h y p e r t r o p h y  in d u c e d  by  ISO  

and i t s  r e g r e s s i o n  ( 1 - 2 0  d a y s ) .  T h e  o b j e c t i v e s  o f  t h i s  

s t u d y  a r e :

1) To d e v e l o p  and c h a r a c t e r i z e  a low dose  ISO 
in d u c e d  c a r d i a c  h y p e r t r o p h y  m o d e l .

2 )  To  c h a r a c t e r i z e  t i s s u e  r e s p o n s e  o f  RNA, DNA, 
p r o t e i n ,  and h y d r o x y p r o l i n e  d u r i n g  d e v e lo p m e n t  
and r e g r e s s i o n  o f  c a r d i a c  h y p e r t r o p h y .

3 )  T o  d e t e r m i n e  i f  t h e r e  i s  a m y o c y t e - s p e c i f i c  
r e s p o n s e  i n  RNA d u r i n g  d e v e lo p m e n t  and r e g r e s s i o n  
o f  c a r d i a c  h y p e r t r o p h y .

4 )  To e v a l u a t e  c a r d i a c  c o n t r a c t i l e  f u n c t i o n  d u r i n g  
d e v e lo p m e n t  and r e g r e s s i o n  o f  c a r d i a c  h y p e r t r o p h y .
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5)  T o  m e a s u re  RNA p o ly m e r a s e  a c t i v i t y  and c h r o m a t i n  
t e m p l a t e  - f u n c t io n  and RNA p o ly m e r a s e  b i n d i n g  t o  
c h r o m a t i n  i n  m y o c y te  and n o nm yo cyte  n u c l e i .

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

I t  was a n t i c i p a t e d  t h a t  t h i s  i n v e s t i g a t i o n  w o u ld  o f f e r  

some i n s i g h t s  i n t o  t h e  te m p o r a l  r e l a t i o n  among t h e s e  

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

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

t r o p h i c  p r o c e s s .
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METHODS

An i m a l s

A d u l t  ( 6 0 - 7 0  day o l d )  - female Wi s t a r  r a t s  h a v i n g  i n i ­

t i a l  body w e i g h t s  o f  1 9 0 -2 1 0  g w e r e  used  in  t h i s  i n v e s t i g a ­

t i o n .  Th ey  w e r e  housed i n d i v i d u a l l y  and w e r e  p r o v i d e d  

P u r i n a  r a t  chow and w a t e r  ad l i b i t u m .  A l l  a n i m a l s  w e r e  

m a i n t a i n e d  in  a c o n t r o l l e d  e n v i r o n m e n t  w i t h  a t e m p e r a t u r e  

o f  2 1°C and a 12 h r  l i g h t / d a r k  c y c l e .

D e ve lop m ent  o f  c a r d i a c  h v o e r t r o o h v

T h e  e x p e r i m e n t a l  and c o n t r o l  a n i m a l s  w e r e  i n i t i a l l y  

m a tc h e d  by age and body w e i g h t  t o  e l i m i n a t e  any p o s s i b l e  

g ro w th  d i f f e r e n c e s .  C a r d i a c  h y p e r t r o p h y  was in d u c e d  by  

d a i l y  s u b c u ta n e o u s  i n j e c t i o n s  o f  i s o p r o t e r e n o l - H C l  ( 0 . 3  m g /  

kg body w e i g h t )  su spended  i n  o l i v e  o i l .  C o n t r o l  g ro u p s  o f  

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

i n j e c t i o n s  o f  o l i v e  o i l  o n l y .  To s t u d y  t h e  d e v e lo p m e n t  o f  

h y p e r t r o p h y ,  a n i m a l s  w e r e  a n e s t h e t i z e d  w i t h  e t h e r  a f t e r  1, 

2 ,  4 ,  8 ,  and 12 d a ys  o f  ISO t h e r a p y  and t h e  h e a r t s  w e re

removed and used i m m e d i a t e l y  o r  q u i c k l y  f r o z e n  in  l i q u i d  

n i t r o g e n  and s t o r e d  a t  - 2 0 ° C .

R e p r e s s io n  o f  c a r d i a c  h v p e r t r o p h y

In  t h e  s t u d y  o f  r e g r e s s i o n  f ro m  h y p e r t r o p h y ,  c a r d i a c  

e n l a r g e m e n t  was in d u c e d  d u r i n g  8 days  o f  d a i l y  i n j e c t i o n s  

o f  ISO .  A f t e r  t h e  l a s t  ISO i n j e c t i o n ,  t h e  r a t s  w e re  

a l l o w e d  to  r e c o v e r  f o r  3 h r  ( w h ic h  was used to  r e p r e s e n t

11
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day 0)  o r  f o r  1, 2 ,  4 ,  8 ,  12 ,  and 20 d a y s .  A n i m a l s  f ro m  

b o th  e x p e r i m e n t a l  and c o n t r o l  g r o u p s  w e r e  a n e s t h e t i z e d  w i t h  

e t h e r .  The  h e a r t s  w e r e  rem oved and used i m m e d i a t e l y  or  

f r o z e n  in  l i q u i d  n i t r o g e n  and s t o r e d  a t  - 2 0 ° C .

Hemodynamic m e a s u rem e n ts

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

by N e e l y  and R o v e t t o  ( 1 9 7 5 )  was used  in  t h i s  s t u d y  t o  

m ea s ure  th e  hemodynamic c a p a c i t y  o f  t h e  e x p e r i m e n t a l  and  

c o n t r o l  h e a r t s .  T h e  a n i m a l s  w e r e  a n e s t h e t i z e d  w i t h  e t h e r  

and t h e  abdom ina l  c a v i t y  opened by m a k in g  a m i d l i n e  i n c i ­

s io n  w i t h  s c i s s o r s .  Two h u n d re d  u n i t s  o f  h e p a r i n  w e r e  

i n j e c t e d  i n t o  t h e  i n f e r i o r  v e n a  c a v a  and a l l o w e d  t o  c i r c u ­

l a t e  f o r  30 s e c o n d s .  The  h e a r t s  w e r e  th en  q u i c k l y  removed  

and p l a c e d  i n t o  i c e - c o l d  s a l i n e  t o  a r r e s t  t h e  c o n t r a c t i o n s .  

W it h  f i n e - t i p p e d  f o r c e p s ,  t h e  h e a r t s  w e r e  rem oved f ro m  t h e  

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

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

(M orgen  e t  a l .  1961) and s e c u r e d  w i t h  a s i l k  l i g a t u r e .  The  

a o r t a  was c a n n u 1a t e d  above  t h e  a o r t i c  v a l v e s  and th e  c o r o - '  

n a r y  c i r c u l a t i o n  was p e r f u s e d  w i t h  an a f t e r l o a d  o f  60 mmHg 

p r e s s u r e  m a i n t a i n e d  by a p e r i s t a l t i c  pump. The  L a n g e n d o r f f  

p e r f u s e d  h e a r t  r e p r e s e n t s  a low w ork  p r e p a r a t i o n  s i n c e  

v e n t r i c u l a r  o u t p u t  i s  m i n i m a l .  H o w e ve r ,  t h e  h e a r t  can  

d e v e l o p  i n t r a v e n t r i c u l a r  p r e s s u r e s  1 0 - 1 5  mmHg g r e a t e r  than  

t h e  p e r f u s i o n  p r e s s u r e .  T h e  p e r f u s i o n  medium was a K r e b s -  

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

in  m i l l i m o l e s  p e r  l i t e r :  N a C l , 118;  K C l , 4 . 7 ;  C a C lg ,  2 . 5 ;
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MgSO^, 1 . 2 ;  KH^PO^, 1 . 2 ;  NaHCO^, 2 . 5 ;  Na^EDTA, 0 . 5 ;  and  

g l u c o s e ,  5 . 5 .  T h e  p e r f u s a t e  was m a i n t a i n e d  a t  3 7 °C  and  

o x y g e n a te d  w i t h  95% 0 2-5% C 02 .

A f t e r  10 min o f  p r e l i m i n a r y  w as h o u t  p e r f u s i o n  to  

s t a b l i z e  th e  h e a r t ,  l e f t  v e n t r i c u l a r  p r e s s u r e  was m e as u re d  

th ro u g h  a 2 0 - g a u g e  n e e d l e  i n s e r t e d  th ro u g h  t h e  apex o f  th e  

h e a r t .  Th e  n e e d l e  was a t t a c h e d  t o  a S ta th a m  P23Db p r e s s u r e  

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

w i t h  a 1 2 - b i t  A -D  c o n v e r t e r  a t  a s a m p l in g  r a t e  o f  511  

m ic r o s e c o n d s  p e r  d i g i t a l  p o i n t .  A t  t h i s  s a m p l in g  r a t e  

a p p r o x i m a t e l y  3 5 0 - 4 0 0  d a t a  p o i n t s  w e r e  c o l l e c t e d  f o r  each  

v e n t r i c u l a r  f u n c t i o n  c u r v e .  Th e  r a w ,  u n f i l t e r e d  d a t a  w e r e  

s t o r e d  on f l o p p y  d i s c s .  On a v e r a g e ,  1 5 -2 0  c o n s e c u t i v e  

v e n t r i c u l a r  p r e s s u r e  c u r v e s  < 5 , 6 0 0 - 7 , 5 0 0  d a t a  p o i n t s )  w e r e  

c o l l e c t e d  f o r  each h e a r t  and a n a l y s e d  by a SANYO MBC-1250  

m i c r o c o m p u t e r . C o n t r a c t i l e  p e r f o r m a n c e  was m ea s u red  f ro m  

v e n t r i c u l a r  peak s y s t o l i c  p r e s s u r e ,  maximum r a t e  o f  

p r e s s u r e  d e v e lo p m e n t  ( d P / d t  max) and r e l a x a t i o n  ( - d P / d t  

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

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

t h e  c o m p u t e r .  A l l  d a t a  w e r e  e v a l u a t e d  w i t h  t h e  a i d  o f  a 

c o m p u te r  p rog ra m  ( u n p u b l i s h e d )  d e v e l o p e d  by D r .  R. H e l b i n g ,  

D e p a r tm e n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  W i n d s o r .  C o r o n a r y  

f l o w  was e s t i m a t e d  by t a k i n g  t im e d  v o l u m e t r i c  c o l l e c t i o n s  

o f  t h e  e f f l u e n t  f ro m  t h e  p u lm o n a ry  a r t e r y .

T i s s u e  RNA. DNA. p r o t e i n  and h v d r o x v o r o l i ne a s s a y

F ro z e n  h e a r t s  w e r e  thaw ed ( 0 - 4 ° C )  in  0 . 1 4  M s a l i n e
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s o l u t i o n .  The  l a r g e  v e s s e l  s , a t r i a ,  and e x c e s s  c o n n e c t i v e  

t i s s u e  w e r e  re m o v e d ,  and t h e  v e n t r i c l e s  b l o t t e d  d r y  and

w e i g h e d .  The  t i s s u e  ( a p p r o x i m a t e l  y 0 . 6 - 0 . 9  g) was f i n e l y  

m in c e d  w i t h  s c i s s o r s  and ho m o g e n ized  in  5 ml o f  w a t e r  as  

d e s c r i b e d  by Cu t  i 11 e t  t a  e t  a l .  ( 1 9 7 5 ) .  A 1 ml sa m ple  o f  

t h e  homogenate  was t r a n s f e r r e d  t o  a c o n i c a l  c e n t r i f u g e  tu b e  

c o n t a i n i n g  4 ml o f  0 . 5  M p e r c h l o r i c  a c i d  (PCA) and a l l o w e d  

to  s t a n d  on i c e  o v e r n i g h t .  A l l  s a m p le s  w e r e  p r e p a r e d  in  

t r i p l i c a t e  t o  r e d u c e  p o s s i b l e  t i s s u e  v a r i a b i l i t y .  The

p r e c i p i t a t e  was rem oved by c e n t r i f u g a t i o n  a t  2 , 0 0 0  g f o r  10 

m in .  The  r e s u l t i n g  p e l l e t  was washed onqe w i t h  0 . 5  M PCA, 

t w i c e  w i t h  95% e t h a n o l  and once  w i t h  e t h e r .  The n u c l e i c  

a c i d s  w e r e  e x t r a c t e d  f ro m  t h e  washed p e l l e t  t w i c e  w i t h  3  ml 

each o f  0 . 5  M PCA f o r  30 min a t  8 0 ° C . The  two e x t r a c t s  

w e r e  com bined  and RNA was d e t e r m i n e d  by t h e  o r c i n o l  method  

( O i s c h e ,  1953) u s i n g  y e a s t  RNA (S ig m a )  as  a s t a n d a r d .  The  

DNA c o n t e n t  was d e t e r m i n e d  by t h e  d i  p h e n y l  ami ne r e a c t i o n  

( B u r t o n  e t  a l .  1956) u s i n g  c a l f  thymus DNA (S ig m a )  as  a

s t a n d a r d .  The  pe l  l e t  l e f t  a f t e r  two a c i d  e x t r a c t i o n s  was

s o l u b l i z e d  in  0 . 1  M NaOH. T h e  p r o t e i n  c o n t e n t  was d e t e r - '  

m in ed  by th e  m ethod o f  Lowry e t  a l .  ( 1 9 5 1 ) .  On a s e p a r a t e  

p o r t i o n  o f  t h e  t i s s u e  h o m o g e n a te ,  h y d r o x y p r o l i n e  was  

e x t r a c t e d  and q u a n t i f i e d  by t h e  m ethod o f  W oessner  ( 1 9 6 1 ) .

I s o l a t i o n  o f  m v o c v te s

M y o c y te s  w e r e  i s o l a t e d  u s i n g  t h e  e n z y m a t i c  p e r f u s i o n  

method d e s c r i b e d  by B u s ta m a n te  e t  a l . ( 1 9 8 1 ) .  A n im a ls  w e re  

a n e s t h e t i z e d  w i t h  sodium p e n t o b a r b i t o i  ( N e m b u t a l , 50 U /Kg
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body w e i g h t ,  i . p . ) .  The  ab do mina l  c a v i t y  was op e n e d ,  200  U 

o f  h e p a r i n  was i n j e c t e d  i n t o  t h e  i n f e r i o r  v e n a  c a v a  and  

a l l o w e d  t o  c i r c u l a t e  f o r  30 s e c .  Th e  h e a r t  was r a p i d l y  

removed and p l a c e d  i n t o  i c e - c o l d  C a - f r e e  K r e b s  s o l u t i o n  

c o n t a i n i n g  t h e  f o l l o w i n g  ( i n  mi 1 1 i m o l a r )  : N a C l ,  1 1 3 . 1 ;

K C l ,  4 . 6 ;  M g C lg ,  1 . 2 ;  NaH^PO^,  3 . 5 ;  NaHCO^, 2 1 . 9 ;  and  

g l u c o s e ,  5 . 5 .  The  b u f f e r  was ga sse d  w i t h  95%02~5%C02 a t  

3 7 °C  and m a i n t a i n e d  a t  pH 7 . 4 .  Th e  h e a r t  was c a n n u 1a t e d  

v i a  t h e  a o r t a  on a m o d i f i e d  L a n g e n d o r f f  p e r f u s i o n  a p p a r a t u s  

(Morgan e t  a l . 1961 ;  T a y l o r  and C e r n y  1976)  and p e r f u s e d

f r o m  a r e s e r v o i r  75  cm above t h e  h e a r t .  . F o l l o w i n g  a 3 - m in  

p r e l i m i n a r y  w a s h - o u t  p e r f u s i o n  w i t h  C a - f r e e  K re b s  b u f f e r  t o  

remove r e s i d u a l  c o r o n a r y  b l o o d ,  t h e  h e a r t  was t r a n s f e r r e d  

t o  a r e c i r c u l a t i n g  chamber  and p e r f u s e d  w i t h  25  ml o f  C a -  

f r e e  K re b s  s o l u t i o n  c o n t a i n i n g  c o l l a g e n a s e  (S ig ma )  ( 2 5 0  

U/ml p e r f u s a t e )  f o r  10 min a t  a p e r f u s i o n  p r e s s u r e  o f  6 0 - 7 0  

mmHg (1  mmHg =  1 3 3 . 3 2 2  P a ) .  Th e  enzyme s o l u t i o n  was then  

washed o u t  w i t h  a 2 - m i n  p e r f u s i o n  o f  C a - f r e e  b u f f e r .  The  

v e n t r i c l e s  w e r e  re m o v e d ,  p l a c e d  i n  a p l a s t i c  b e a k e r , g e n t l y  

c u t  i n t o  sm a l l  f r a g m e n t s  w i t h  s c i s s o r s ,  and suspended i n  25  

ml o f  C a - f r e e  K re bs  s o l u t i o n .  T i s s u e  d i s a g g r e g a t i o n  was  

p r om ot ed  by s l o w  m a g n e t i c  s t i r r i n g  o f  t h e  s o l u t i o n  f o r  1 

min a t  room t e m p e r a t u r e .  The  s u s p e n s i o n  was f i l t e r e d  by  

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

t u b e s .  The m y o c y t e s  w e r e  a l l o w e d  t o  s e t t l e  t o  t h e  bo t t o m  

o f  t h e  tu b e  f o r  10 mirj  and t h e  s u p e r n a t a n t  was removed by  

g e n t l e  a s p i r a t i o n . Th e  c e l l s  w e r e  washed t w i c e  in  1 5 - 2 0  ml 

o f  C a - f r e e  b u f f e r  and a l l o w e d  t o  s e t t l e  t o  t h e  b o t t o m  o f
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t h e  t u b e .  For  each p r e p a r a t i o n ,  m y o c y t e s  w e r e  ch eck ed  by  

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

i s o l a t e d  m y o c y t e s  w e r e  then su spend ed  i n  5 ml o f  b u f f e r  and  

s t o r e d  a t  - 2 0 ° C  f o r  s u b s e q u e n t  b i o c h e m i c a l  a n a l y s i s .

E x t r a c t i o n  o f  m v o c v t e  n u c l e i c  a c i d s

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

u s i n g  s t a n d a r d  g l a s s  h o m o g e n i z a t i o n  p r o c e d u r e s .  Fo r  t h e s e  

e x p e r i m e n t s  f r o z e n  m y o c y t e s  w e r e  a l l o w e d  t o  thaw t o  0 - 4 ° C  

and w e r e  homo ge n iz ed  w i t h  a P o l y t r o n  s o n i c a t o r  f o r  s i x  1 0 -  

sec b l a s t s .  Th e  t o t a l  samp le  was p r e c i p i t a t e d  w i t h  10 ml 

o f  0 . 5  M PCA and a l l o w e d  t o  s t a n d  a t  0 ° C  f o r  30 m i n .  The

p r e c i p i t a t e  was c e n t r i f u g e d  a t  3 , 0 0 0  rpm f o r  10 min and t h e

s u p e r n a t a n t  was removed by a s p i r a t i o n .  The  p e l l e t  was  

washed t w i c e  w i t h  0 . 5  M PCA, t w i c e  w i t h  95% e t h a n o l ,  and  

once w i t h  e t h e r .  Th e  n u c l e i c  a c i d s  w e r e  then  e x t r a c t e d  and  

d e t e r m i n e d  as  d e s c r i b e d  a b o v e .  T h e  r e m a i n i n g  p e l l e t  was  

s o l u b i l i z e d  w i t h  0 . 1  M NaOH and t h e  p r o t e i n  was d e t e r m i n e d

by t h e  method  o f  Lowry  e t  a l  . < 1951)  .

I s o l a t i o n  o f  m v o c v t e  and nonm vo cv t e  n u c l e i

E n r i c h e d  p o p u l a t i o n s  o f  m y o c y t e  and nonmyocy te  n u c l e i  

w e r e  p r e p a r e d  by t h e  method  o f  J a c k o w s k i  and L i e w  ( 1 9 8 0 ) .  

A l 1 p r o c e d u r e s  w e r e  p e r f o r m e d  a t  0 - 4 ° C .  F r o z e n  h e a r t s  w e r e  

thawed in  i c e - c o l d  s o l u t i o n  A C10 mM t r i s ( h y d r o x y m e t h y 1) 

ami nomethane h y d r o c h l o r i d e  ( T r i s - H C l )  (pH 7 . 4 ) ,  250  mM

s u c r o s e ,  and 3 mM M g C l ^ l .  A p p r o x i m a t e l y  1 . 5 - 2 . 0  g w e t  w t  

o f  t i s s u e  was t r i m m e d f r o m  l a r g e  v e s s e l s  and a t r i a ,  and t h e
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v e n t r i c l e s  w e r e  f i n e l y  m in c e d  w i t h  s c i s s o r s .  The mi nc e d  

t i s s u e  was ho mo gen ized  i n  15 ml o f  s o l u t i o n  A and c e n t r i ­

f u g e d  a t  1 , 0 0 0  g f o r  10 m i n .  The  s u p e r n a t a n t  was d i s c a r d ­

e d .  Th e  p e l l e t  was l i g h t l y  homo ge n iz ed  i n  20 ml o f  s o l u ­

t i o n  A ,  vacuum f i l t e r e d  th r o u g h  two l a y e r s  o f  f i n e  n y l o n  

s u p p o r t e d  by a m e t a l  s i e v e ,  and then  c e n t r i f u g e d  a t  1 , 0 0 0  g 

f o r  10 m i n .  The  pe l  l e t  was ho m og en ize d  i n  s o l u t i o n  B 

CIO mM T r i s - H C l  <pH 7 . 4 ) ,  250  mM s u c r o s e ,  3 mM M g C l ^ , and

0 .1%  ( v o l / v o l ) T r i t o n  X - 1 0 0 ]  and c e n t r i f u g e d  a t  1 ,0 0 0  g f o r  

10 min a g a i n .  The  c r u d e  n u c l e a r  p e l l e t  was a l l o w e d  to  

d r a i n  on i c e  by i n v e r s i o n  f o r  10 min and then  suspended by 

l i g h t  h o m o g e n i z a t i o n  in  20 ml o f  s o l u t i o n  C C 2 . 2  M s u c r o s e ,  

10 mM T r i s - H C l  <pH 7 . 4 ) ,  and 1 mM M g C l . The  homogenate  

was c a r e f u l l y  1a y e r e d  o v e r  a d i s c o n t i n u o u s  g r a d i e n t  c o n s i s ­

t i n g  o f  5 ml each o f  s u c r o s e  C67 and 61% w t / w t  in  10 mM 

T r i s - H C l  ( pH 7 . 4 )  and ImM M g C l^3 and c e n t r i f u g e d  a t  9 0 , 0 0 0  

g f o r  120 m i n .  N u c l e i  b a n d i n g  a t  t h e  61 -6 7 %  i n t e r f a c e  w e r e  

removed and used  t o  r e p r e s e n t  t h e  m y o c y t e  f r a c t i o n .  N u c l e i  

t h a t  p e l l e t e d  t h r o u g h  t h e  67% s u c r o s e  g r a d i e n t  w e r e  used  

f o r  nonmyocyte  s t u d i e s .  I s o l a t e d  n u c l e i  w e r e  washed t w i c e  

i n  30 ml o f  s o l u t i o n  A and c e n t r i f u g e d  a t  1 2 , 0 0 0  g f o r  10 

m i n .  N u c l e a r  f r a c t i o n s  c o l l e c t e d  w e r e  suspended i n  1 . 5  ml 

o f  s o l u t i o n  A f o r  f u r t h e r  a s s a y .  Samples  f r o m  each f r a c ­

t i o n  w e r e  ch ec k ed  by p h a s e - c o n t r a s t  m i c r o s c o p y  f o r  c o n t a m i ­

n a t i o n  by c e l l u l a r  d e b r i s .  To d e t e r m i n e  DNA c o n c e n t r a t i o n  

a 2 0 0 - m  samp le  o f  n u c l e a r  s u s p e n s i o n  was p r e c i p i t a t e d  w i t h  

1 ml o f  0 . 5  M PCA f o r  30 m i n .  Th e  p r e c i p i t a t e  was c o l l e c t ­

ed by means o f  c e n t r i f u g a t i o n  a t  1 , 0 0 0  g f o r  10 m i n .  DNA
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was e x t r a c t e d  f o r  30 min t w i c e  w i t h  I  ml each o f  0 . 5  M PCA 

a t  8 0 ° C .  Th e  e x t r a c t s  w e r e  combined  and t h e  DNA was  

d e t e r m i n e d  by t h e  method  o f  B u r t o n  < 1 9 5 6 ) .

P r e o a r a t i o n  o f  c h r o m a t i n

To o b t a i n  c h r o m a t i n ,  t h e  washed  n u c l e i  w e r e  s w o l l e n  in  

15 ml o f  i c e - c o l d  d o u b l e - d i s t i l l e d  w a t e r  f o r  15 m i n .  The  

c h r o m a t i n  f i b e r s  w e r e  r e c o v e r e d  by c e n t r i f u g a t i o n  a t  5 , 0 0 0  

g f o r  10 m i n .  DNA was e x t r a c t e d  and d e t e r m i n e d  as d e s c r i b ­

ed a b o v e .

D e t e r m i n a t i o n  o f  RNA o o l v m e r a s e  a c t i v i t y

RNA p o l y m e r a s e  a c t i v i t y  was d e t e r m i n e d  i n  i s o l a t e d  

i n t a c t  n u c l e i  ( N a i r  e t  a l  . 1 9 6 8 ) .  N u c l e a r  f r a c t i o n s  w e r e

suspended  in  0 . 5  ml o f  s o l u t i o n  A C10 mM T r i s - H C l  ( pH 7 . 4 ) ,  

250 mM s u c r o s e , and 3 mM M g C l g ] « Samples  o f  100 FI  ( c o n ­

t a i n i n g  3 0 - 4 0  Fg DNA) w e r e  added t o  500 P 1 o f  i n c u b a t i o n  

medium c o n t a i n i n g  5 mM p h o s p h o ( e n o l ) p y r u v a t e  ; 10 Fg p y r u ­

v a t e  k i n a s e ;  0 . 4  mM each o f  ATP,  CTP,  GTP; 1 FCi  C^HIUTP  

( 4 3  C i .mmol S ;  50 mM T r i s - H C l  (pH 7 . 5 ) ;  2 . 0  mM Mn Clg ;  and  

300 mM (NH ^)^SO^.  Th e  a s s a y  medium was i n c u b a t e d  a t  37 °C  

f o r  15 m i n .  Th e  r e a c t i o n  was t e r m i n a t e d  by p r e c i p i t a t i o n  

w i t h  i c e - c o l d  10% t r i c h l o r o a c e t i c  a c i d  (TCA) i n  0 . 1  M 

sodium p y r o p h o s p h a t e  and p l a c e d  on i c e  f o r  15 m i n .  The  

p r e c i p i t a t e  was c e n t r i f u g e d  f o r  10 min a t  1 , 0 0 0  g and t h e  

s u p e r n a t a n t  removed by a s p i r a t i o n .  To remove n o n s p e c i f i c a -  

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

l i z e d  i n  200 m  o f  0 . 2  M NaOH, p r e c i p i t a t e d  w i t h  2 ml o f
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10% TCA in  0 . 1  M sodium p y r o p h o s p h a t e ,  and c o l l e c t e d  o n t o  a 

g l a s s  f i b e r  f i l t e r  ( Reeve  Angel  93 4 -A H )  by means o f  vacuum  

f i l t r a t i o n .  The  f i l t e r s  w e r e  washed w i t h  2 0 - 2 5  ml o f  10% 

T C A - 0 .1  M sodium p y r o p h o s p h a t e  f o l l o w e d  by 5 ml o f  5 % TC A -  

40% e t h a n o l  s o l u t i o n .  Th e  d r i e d  f i l t e r s  w e r e  suspended  in  

10 ml o f  t o l u e n e - b a s e d  s c i n t i l l a t i o n  s o l u t i o n  [ 4  mg 2 . 5 -  

d i p h e n y l o x a z a l e  ( P R O ) ; 50 mg p - b i s  [ 2 - ( 5 - p h e n y l o x a z o l y l ) ]

be n z e n e  (POPOP) p e r  l i t e r  o f  t o l u e n e ]  and c o u n t e d  i n  a 

Beckman LS 3100  s c i n t i l l a t i o n  s p e c t r o m e t e r .

Me asureme nt  o f  t o t a l  c h r o m a t i n  t e m p l a t e  a c t i v i t y

C h r o m a t i n  (1  Mg as  DNA) was i n c u b a t e d  f o r  30 min a t  

3 7 ° C  in  200 Ml o f  b u f f e r  c o n t a i n i n g  1 2 . 5  Mmod T r i s - H C l  ( pH 

7 . 9 ) ,  1 2 . 5  Mmol (NH^)  2 ^^^  ̂' 0 . 2 5  Mmol P - m e r c a p t o e t h a n o l  , and

5 Mg E s c h e r i c h i a  co l  i RNA p o l y m e r a s e  ( S c h w a r t z  e t  a l .

1 9 7 5 ) .  RNA s y n t h e s i s  was s t a r t e d  by t h e  a d d i t i o n  o f  a 50 Ml 

s o l u t i o n  c o n t a i n i n g  3 7 . 5  Mmol each o f  ATP,  CTP,  GTP, and  

C^HIUTP a t  1 MCi /ml  b u f f e r .  A f t e r  15 m i n ,  100 Mg b o v i n e  

serum a l b u m i n  (BSA) w e r e  a d d e d ,  and t h e  r e a c t i o n  was  

t e r m i n a t e d  by p r e c i p i t a t i o n  w i t h  i c e - c o l d  10% TCA i n  0 . 1  M 

sodium p y r o p h o s p h a t e . Th e  sa m p le s  w e r e  l e f t  on i c e  o v e r ­

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

a t  1 , 0 0 0  g f o r  10 m i n .  The  p e l l e t  was th en  d i s s o l v e d  in  

200 Ml o f  0 . 2  M NaOH and i m m e d i a t e l y  p r e c i p i t a t e d  w i t h  10% 

T C A - 0 .1  M sodium p y r o p h o s p h a t e  and c o l l e c t e d  on g l a s s  f i b e r  

f i l t e r s  by means o f  vacuum f i l t r a t i o n .  R a d i o a c t i v i t y  was  

d e t e r m i n e d  as d e s c r i b e d  a b o v e .  C o n t r o l  t u b e s  w i t h o u t  added  

E.  c o l i  RNA p o l y m e r a s e  w e r e  a l s o  run  s i m u l t a n e o u s l y  to
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d e t e c t  t h e  endogenous e n z y m a t i c  a c t i v i t y .  Under  t h e  as say  

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

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

T h es e  v a l u e s  w e r e  s u b t r a c t e d  f r o m  th o s e  fo u n d  in  th e  

p r e s e n c e  o f  exogenous RNA p o l y m e r a s e .

C o n d i t i o n s  f o r  RNA o o l v m e r a s e  b i n d i n g  w i t h o u t  r e i n i t i a t i o n  

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

measured  in  t h e  p r e s e n c e  o f  b o th  r i f a m p i c i n and h e p a r i n -  

so d ium,  f o l l o w i n g  t h e  g e n e r a l  p r o c e d u r e  o f  T s a i  e t  a l . 

< 1 9 7 5 ) ,  w i t h  m in o r  m o d i f i c a t i o n s .  S i n c e  . t h e  a b s o l u t e  num­

b e r  o f  b i n d i n g  s i t e s  was n o t  c a l c u l a t e d ,  a f i x e d  amount <5 

Mg) o f  RNA p o l y m e r a s e  was p r e i n c u b a t e d  w i t h  i n c r e a s i n g  

amounts o f  c h r o m a t i n  f o r  40 m i n .  Under  t h e s e  c o n d i t i o n s ,  a 

s t a b l e  complex be tween t h e  RNA p o l y m e r a s e  and c h r o m a t i n  was  

f o r m e d ,  y e t  RNA s y n t h e s i s  was r e s t r i c t e d  be cau se  o f  t h e  

absen ce  o f  t h e  n u c l e o t i d e  t r i p h o s p h a t e s  in  t h e  p r e i n c u b a ­

t i o n  medium.  RNA s y n t h e s i s  was then i n i t i a t e d  by t h e  

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

c i n  < 0 . 2  mg/m1) and h e p a r i n - s o d i u m  <4 m g / m l ) .  On ly  th os e  

enzymes t h a t  fo rme d  a s t a b l e  complex w i t h  c h r o m a t i n  c o u l d  

s u p p o r t  RNA s y n t h e s i s .  Exce ss  RNA p o l y m e r a s e  was i n h i b i t e d  

by t h e  r i f a m p i c i n .  R e i n i t i a t i o n  o f  f r e e  RNA p o l y m e r a s e  to  

t h e  c h r o m a t i n  was e l i m i n a t e d  when bo th  r i f a m p i c i n  and 

h e p a r i n - s o d i u m  w e r e  p r e s e n t  in  t h e  i n c u b a t i o n  b u f f e r .  T h i s  

r i f a m p i c i n - n u c l e o t i d e  t r i p h o s p h a t e  c h a l l e n g e  method was  

o u t l i n e d  in  F i g .  1 .0  ( T s a i  e t  a l . 1 9 7 5 ) .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



21

Measure
UMP

Incorporation
RNA Polymerase pr e i n c u b a tION 
DNA (Chromatin)

INCUBATION
Rifampicin

NON-SPECIFIC COMPLEX j- Rlfamolcln Inhibition

Rifamnlcin InhibitionPREINITIATION COMPLEX 
(closed)

PREINITIATION COMPLEX 
(open)

RNA Synthesis

F i g .  1 . 0 . T o p :  O u t l i n e  o f  t e c h n i q u e  f o r  a s s a y  o f  RNA c h a i n  

i n i t i a t i o n  s i t e s  i n  c h r o m a t i n .  B o t t o m :  S c h e m a t i c  

r e p r e s e n t a t i o n  o f  t h e  s t e p s  o f  RNA c h a i n  i n i  t a - _ 

t i o n  f r o m  open p r e i n i t i a t i o n  c o m p l e x e s .
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DNA f r a g m e n t a t i o n

T he  d i s t r i b u t i o n  o f  DNA f r a g m e n t s  was d e t e r m i n e d  by  

a l k a l i n e  s u c r o s e  g r a d i e n t  c e n t r i f u g a t i o n  ( J a ck o w sk i  and Kun 

1981)  u s i n g  c h r o m a t i n  p r e p a r e d  f r o m  t h e  e n r i c h e d  m y o c y te  

and nonmyocy te  n u c l e i .  Th e  l i n e a r  s u c r o s e  g r a d i e n t s  ( 5 - 2 0 %  

w t / v o l )  w e r e  p r e p a r e d  f r o m  15% ( w t / v o l ) s u c r o s e  s o l u t i o n

c o n t a i n i n g  0 . 4  M NaOH, 0 . 0 1  M e t h y l e n e d i a m i n e t e t r a a c e t i c

a c i d  ( E D T A ) ,  and 0 . 1  M N a C l .  Th e  s u c r o s e  s o l u t i o n  was

added t o  c e n t r i f u g a t i o n  t u b e s  ( 2 3  ml f o r  ea ch )  and f r o z e n  

o v e r n i g h t  a t  - 2 0 ° C .  P r i o r  t o  t h e  a s s a y  t h e  s u c r o s e  s o l u ­

t i o n ,  i n  c e n t r i f u g a t i o n  t u b e s ,  was a l l o w e d  t o  thaw a t  room 

t e m p e r a t u r e  ( a p p r o x i m a t e ! y 45  m i n ) . A 5 - 20%  l i n e a r  s u c r o s e  

g r a d i e n t  was f o r m e d  d u r i n g  t h e  p r o c e s s  o f  f r e e z e  and th aw .  

The  i s o l a t e d  c h r o m a t i n  ( ap p r o x  i m a t e l  y  50 l^g as  DNA)

suspended i n  500 H1 w a t e r  was added t o  500 M1 o f  l y s i s

s o l u t i o n  c o n t a i n i n g  0 . 5  M NaOH, 0 . 0 2  M EDTA, and 0 .1 %  

N o n i d e t  P - 4 0 . C h r o m a t i n  was a l l o w e d  t o  be d i g e s t e d  by t h e  

l y s i s  s o l u t i o n  f o r  15 min a t  0 - 4 ° C  and was then  l a y e r e d  on 

t h e  s u c r o s e  g r a d i e n t .  T h e  sa m p le  was c e n t r i f u g e d  a t  4 ° C  in  

a Beckman SW 2 5 . 1  r o t o r  a t  9 0 , 0 0 0  g f o r  18 h r .  F r a c t i o n s  

( 0 . 6  m l )  w e r e  c o l l e c t e d  f r o m  t h e  to p  o f  t h e  g r a d i e n t  by  

pumping a 60% s u c r o s e  s o l u t i o n  t h r o u g h  a n e e d l e  t h a t  

p u n c t u r e d  t h e  b o t t o m  o f  t h e  t u b e .  Each f r a c t i o n  was  

m o n i t o r e d  in  a Beckman DB spec t r o p h o t o m e t e r  a t  260 nm. Th e  

l i n e a r i t y  o f  t h e  g r a d i e n t  was c o n f i r m e d  by d e t e r m i n i n g  t h e  

r e f r a c t i v e  i n d e x  o f  each f r a c t i o n .
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D a t a  a n a l y s i s

T h e  h a l f - t i m e  f o r  c h a n g e s  i n  t i s s u e  m a s s ,  RNA and  DNA 

c o n t e n t  was  d e t e r m i n e d  u s i n g  semi  1og p l o t s  by  t h e  m e t h o d  o f  

S c h i m k e  < 1 9 7 0 ) .  A t w o - w a y  a n a l y s i s  o f  v a r i a n c e  was  p e r ­

f o r m e d  t o  d e t e r m i n e  o v e r a l l  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  

d i f f e r e n c e s  b e t w e e n  c o n t r o l  and  e x p e r i m e n t a l  g r o u p s  d u r i n g  

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

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

ea ch  t i m e  p e r i o d .  An o n e - w a y  a n a l y s i s  o f  v a r i a n c e  was u s e d  

t o  d e t e r m i n e  t h e  c h a n g e  w i t h i n  t h e  e x p e r i m e n t a l  o r  c o n t r o l  

g r o u p s  f o l l o w e d  b y  a S c h e f f e  p o s t  hoc t e s t .  Th e  r e s u l t s  

f o r  a l l  d a t a  a r e  p r e s e n t e d  as  means  ±  SE.  P v a l u e s  o f  l e s s  

t h a n  0 . 0 5  w e r e  c o n s i d e r e d  s i g n i f i c a n t .
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INTRODUCTION

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

a l l o w s  th e  h e a r t  t o  a d a p t  t o  numerous e n v i r o n m e n t a l  c o n d i ­

t i o n s .  In  t h e  a d u l t  h e a r t ,  t h i s  a d a p t a t i o n  i s  c h a r a c t e r ­

i z e d  by an i n c r e a s e d  t i s s u e  mass t h a t  r e s u l t s  f r o m  a 

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

o f  nonmyocy te  c e l l s  <Zak 1 9 7 3 ) .  S t u d i e s  w i t h  i s o p r o t e r e n o l  

( I SO) , a s y n t h e t i c  c a t e c h o l a m i n e ,  c l e a r l y  showed t h a t  t h e  

r a t e  o f  i n d u c e d  gr o w th  and t h e  m a g n i t u d e  o f  change  i n  h e a r t  

s i z e  was a d o s e - r e l a t e d  f u n c t i o n  ( D e s h a i e s  e t  a l  . 1 9 8 1 ) .

Th e  s p e c i f i c  mechanisms o f  ISO e f f e c t  on m u s c l e  g r o w th  a r e  

u n c l e a r ,  b u t  a r e  a p p a r e n t l y  m e d i a t e d  by an enhanced  RNA

s y n t h e s i s  ( S t a n t o n  e t  a l . 1 9 6 9 ) .  Th e  i n c r e a s e d  m y o c a r d i a l

RNA s u g g e s t s  t h a t  t h e  h e a r t  w o u l d  hav e  a g r e a t e r  p o t e n t i a l  

f o r  p r o t e i n  s y n t h e s i s  and s u b s e q u e n t  t i s s u e  g r o w t h .  To

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

l e a r  c o n t r o l  mechanisms  d u r i n g  t h e  i n d u c t i o n  o f  t h i s  fo rm  

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

be f u l l y  c h a r a c t e r i z e d .

I n  t h i s  s t u d y ,  a s y s t e m a t i c  i n v e s t i g a t i o n  o f  th e

e f f e c t  o f  ISO on c a r d i a c  h y p e r t r o p h y  was u n d e r t a k e n .  The  

i n f l u e n c e  o f  t h i s  s y n t h e t i c  c a t e c h o l a m i n e  on t h e  c o n t e n t  

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

h y d r o x y p r o l i n e  as  w e l l  as  m y o c y t e  RNA w e r e  m o n i t o r e d  d u r i n g  

c a r d i a c  e n l a r g e m e n t .  I n  a d d i t i o n ,  t h e  h a l f - t i m e  f o r  t h e  

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

r a n g e  o f  c a r d i a c  g r o w t h .
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RESULTS

Body w e i g h t  and h e a r t  w e i g h t

Th e  dose o f  i s o p r o t e r e n o l  ( I S O )  used  i n  t h i s  s t u d y  

d i d  n o t  d i s t u r b  normal  body g r o w t h  r a t e s .  Both c o n t r o l  and  

ISO t r e a t e d  a n i m a l s  w e r e  a b l e  t o  m a i n t a i n  t h e i r  body w e i g h t  

d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d  ( F i g .  1 . 1 a ) .  S i n c e  body  

mass i n  t h e  ISO t r e a t e d  a n i m a l s  was unchanged compared t o  

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

d e g r e e  o f  h y p e r t r o p h y  c o r r e c t e d  f o r  body s i z e .  V e n t r i c u l a r  

mass was s i g n i f i c a n t ! y i n c r e a s e d  ( P < 0 . 0  1) a f t e r  two da ys  o f  

ISO t r e a t m e n t  ( F i g .  1 .1 b )  and c o n t i n u e d  t o  i n c r e a s e  t o  a 

maximal  l e v e l  o f  44% above  c o n t r o l  h e a r t s  a f t e r  8  days  o f  

t h e r a p y .  The  r a p i d  i n c r e a s e  i n  t i s s u e  w e i g h t  was no t  

a s s o c i a t e d  w i t h  edema s i n c e  t h e  p e r c e n t  w a t e r  r e m a i n e d  

s t a b l e  ( T a b l e  1 . 1 ) .  F o l l o w i n g  12 da ys  o f  ISO t r e a t m e n t  

t h e r e  was no f u r t h e r  s t i m u l a t i o n  i n  t i s s u e  g r o w t h .  Th ese  

d a t a  i n d i c a t e  t h a t  a f t e r  8 d a y s , a new s t e a d y  s t a t e  g r ow th  

was a t t a i n e d .  U s i n g  t h e  s l o p e  o f  t h e  r e g r e s s i o n  l i n e  ( F i g .  

1 . 2 ) ,  t h e  t i m e  r e q u i r e d  t o  a c h i e v e  one h a l f  t h e  maximal  

g r o w th  r e s p o n s e  was c a l c u l a t e d .  Under  t h e s e  e x p e r i m e n t a l  

c o n d i t i o n s  50% o f  t h e  m y o c a r d i a l  g r o w t h  r e q u i r e d  3 . 6  d a y s .

M y o c a r d i a l  RNA and DNA

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

c o n t r o l  and ISO t r e a t e d  a n i m a l s  i s  shown i n  T a b l e  1 . 2 .  

Th e  c o n c e n t r a t i o n  ( m i l l i g r a m  p e r  gram o f  t i s s u e )  o f  1^4A 

s i g n i f i c a n t l y  i n c r e a s e d  a f t e r  1 day  o f  t r e a t m e n t  and

26
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F i g .  1 . 2 .
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I n c r e a s e s  i n  h e a r t  w e i g h t , DNA c o n t e n t  and  RNA 

c o n t e n t .  T h e  l i n e s  w e r e  c a l c u l a t e d  b y  l i n e a r  

r e g r e s s i o n  u s i n g  t h e  d a t a  o f  1,  2 ,  4 ,  8 and 12 

d a y s .  Each p o i n t  r e p r e s e n t s  an a v e r a g e  o f  5 - 6  

a n i m a l s .  Wss' ’ - W t  i s  w e i g h t  a t  s t e a d y - s t a t e  

m i n u s  w e i g h t  a t  a c e r t a i n  t i m e  i n t e r v a l .
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r e a c h e d  a new s t e a d y  s t a t e  l e v e l  a f t e r  4 d a y s  o f  t h e r a p y .  

H o w e v e r ,  s i n c e  t i s s u e  mass wa s  r a p i d l y  i n c r e a s i n g  d u r i n g  

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

c h a n g e  may be  t h e  t i s s u e  c o n t e n t  (m i  1 1 i g r a m s  p e r  h e a r t ) . 

T o t a l  v e n t r i c u l a r  RNA i n c r e a s e d  26% < p < 0 . 0  1) a f t e r  1 d a y  o f  

a s i n g l e  ISO i n j e c t i o n  w i t h  t h e  maximum i n c r e a s e  o f  87% 

< p < 0 . 0  1> f o l l o w i n g  8 d a y s  o f  t r e a t m e n t . T h e  h a l f  t i m e  

c a l c u l a t i o n  f o r  RNA a c c u m u l a t i o n  f r o m  r e g r e s s i o n  a n a l y s i s  

was  2 . 0  d a y s  ( F i g .  1 . 2 ) .  N e v e r t h e l e s s ,  d u r i n g  t h e  12 d a y s  

o f  ISO t r e a t m e n t ,  t h e  i n c r e a s e d  RNA c o n t e n t  p a r a l l e l e d  t h e  

i n c r e a s e d  c a r d i a c  mass ( F i g .  1 . 3 ) .  H e a r t s  w i t h  t h e  

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

v e n t r i c u l a r  RNA.

T h e  DNA c o n c e n t r a t i o n  ( m i l l i g r a m s  p e r  gram o f  t i s s u e )  

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

f o l l o w i n g  2 d a y s  o f  t r e a t m e n t  ( T a b l e  1 . 2 ) .  H o w e v e r , t h e  

t o t a l  DNA c o n t e n t  ( m i l l i g r a m  p e r  h e a r t )  r e m a i n e d  s t a b l e  

d u r i n g  t h e  f i r s t  4  d a y s  o f  g r o w t h  b u t  s i  g i  f i  c a n t  1 y  i n c r e a s ­

ed  ( P < 0 . 0  1) a p p r o x i m a t e l y  19% a f t e r  8 t o  12 d a y s  o f  t r e a t ­

m e n t .  T h e  c a l c u l a t i o n  o f  t h e  DNA h a l f - t i m e  ( F i g .  1 . 2 7  

s u g g e s t s  t h a t  50% o f  DNA s y n t h e s i s  was  a c c o m p l i s h e d  by  7 

d a y s  o f  i n d u c e d  g r o w t h .  H o w e v e r ,  s i n c e  t h e  R N A - t o - D N A  

r a t i o  ( T a b l e  1 . 2 )  i n  t h e  ISO t r e a t e d  h e a r t s  was s i g n i f i ­

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

t h r o u g h o u t  t h e  t r e a t m e n t  i n t e r v a l ,  t h e  s y n t h e s i s  o f  RNA 

r e l a t i v e  t o  t h e  DNA was  m o r e  r e s p o n s i v e  d u r i n g  b o t h  t h e  

e a r l y  and  l a t e  p h a s e s  o f  i n d u c e d  c a r d i a c  g r o w t h .
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F i g .  1 . 3 . R e l a t i o n s h i p  b e t w e e n  h e a r t  w e i g h t  and v e n t r i c u ­

l a r  RNA c o n t e n t  d u r i n g  1 t o  12 d a y s  o f  ISO  

i n d u c e d  g r o w t h .  T h e  d a t a  was  d e r i v e d  f r o m  

e x p e r i m e n t s  r e p o r t e d  i n  T a b l e  1 . 2  and F i g .  1 . 1 b .  

Each p o i n t  r e p r e s e n t s  a v a l u e  f o r  an i n d i v i d u a l  

h e a r t .  A r e g r e s s i o n  l i n e  f i t t e d  by  t h e  l e a s t  

s q u a r e s  m e t h o d  i s  d e s c r i b e d  b y :

Y =  3 . 4 8 0  X -  0 . 3 8 0  w i t h  r  »  0 . 8 7 7 .
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M v o c v t e  RNA

To d e t e r m i n e  i f  t h e  a c c u m u l a t i o n  i n  t i s s u e  RNA was  

a s s o c i a t e d  w i t h  t h e  c a r d i a c  m u s c le  c e l l ,  m yo c y t e s  w e r e  

i s o l a t e d  f rom t h e  h e a r t s  u n d e r g o i n g  8 days  o f  h y p e r t r o p h y .  

For  each p r e p a r a t i o n ,  m yo c y te s  w e r e  checked  by p h a s e -  

con t r a s t  m i c r o s c o p y .  W i t h  t h i s  i s o l a t i o n  p r o c e d u r e ,  th e  

m yo cy te s  w e r e  f r e e  f r o m  c o n t a m i n a t i o n  by o t h e r  c e l l  t y p e s  

and 60 -65% o f  t h e  m us c le  c e l l s  m a i n t a i n e d  t h e i r  t y p i c a l  r o d  

sh ap e .  These  o b s e r v a t i o n s  a g r e e  w i t h  p r e v i o u s  r e s u l t s  

( B u s t aman t e  e t  a l .  1 9 8 1 ) .  Even though th e  h y p e r t r o p h i e d  

h e a r t s  c o n t a i n e d  more c o l l a g e n  ( T a b l e  1 . 1 )  no a d j u s t m e n t  

was made in  t h e  c o n c e n t r a t i o n  o f  t h e  col  1egena se  enzyme in  

t h e  p e r f u s a t e .  C o n s e q u e n t l y ,  f e w e r  m yo cy te s  we re  r e l e a s e d  

f rom t h e  h y p e r t r o p h i e d  h e a r t s .  S i n c e  DNA c o n t e n t  i s  known 

to  be c o n s t a n t  in  t h e  a d u l t  m y o c y t e ,  changes i n  myo cy te  RNA 

w e r e  e x p r e s s e d  r e l a t i v e  t o  t h e  DNA. In  t h e  h y p e r t r o p h i e d  

h e a r t s  my oc y te  RNA was s t i m u l a t e d  86% ( p < 0 . 0 5 ,  T a b l e  1 . 3 )  

s u g g e s t i n g  ISO in d u c e d  a l a r g e  a c c u m u l a t i o n  o f  RNA in  

muse 1e ce l  1 s .

M v o c a r d i a l  o r o t e i n  and h v d r o x v o r o l i n e

A f t e r  n u c l e i c  a c i d s  w e r e  e x t r a c t e d  f rom th e  t i s s u e  

homogenate ,  t h e  r e m a i n i n g  p r e c i p i t a t e  was used t o  d e t e r m i n e  

th e  p r o t e i n  c o n t e n t .  I t  s h o u l d  be n o t e d  t h a t  because o f  

r e p e a t e d  w as h in g  d u r i n g  t h e  n u c l e i c  a c i d  e x t r a c t i n g  

p r o c e d u r e ,  a p p r o x i m a t e l y  50% o f  t o t a l  t i s s u e  p r o t e i n  was  

l o s t .  By co m p ar in g  th e  v a l u e  o b t a i n e d  w i t h  t h e  p r o t e i n  

c o n c e n t r a t i o n  d e t e r m i n e d  f rom t h e  t i s s u e  homogenate b e f o r e
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Changes  i n  m y o c y t e  
a f t e r  8 d a y s  o f  ISO

n u c l e i c  a c i d s  
t r e a t m e n  t

i n  h e a r t s

An i m a l s R N A / P r o t e i n  
( l i g /m g )

D N A / P r o t e i  n 
( P g / m g )

RNA/DNA 
r a t i o

Con t r o l ( 5 ) 2 1 . 5 0 ± 1 . 7 0 6 . 5 2 ± 0 . 8 4 3 . 3 9 ± 0 . 2 4

IS0<3> 2 2 . 2 8 ± 2 . 5 5 3 . 4 5 ± 0 . 0 9 X X 6 . 4 4 ± 0 . 6 4 X X

V a l u e s  a r e  means ±  SE,

Numbers  i n  p a r e n t h e s e s  a r e  number  o f  a n i m a l s  p e r  g r o u p  

S i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  c o n t r o l :  X*  p < 0 . 0 1 .
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t h e  n u c l e i c  a c i d s  e x t r a c t i o n ,  a r a t i o  o f  1 : 1 . 9  was w o rk e d  

o u t .  The  d a t a  a c h i e v e d  w e r e  t h e n  m u l t i p l i e d  by t h e  f a c t o r

o f  1 . 9  to  make t h e  r e s u l t s  be a b l e  t o  compare w i t h  t h e

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

l e a s t ,  as  an i n d i c a t i o n  o f  t h e  r e l a t i v e  change  i n  t i s s u e  

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

shown in  T a b l e  1 . 1 ,  t h e  p r o t e i n  c o n t e n t  i n  t h e  h y p e r t r o p h i ­

ed h e a r t  r e m a i n e d  uncha ng ed  u n t i l  t h e  4 t h  day  o f  ISO i n j e c ­

t i o n  when a s l i g h t  i n c r e a s e  (1 2% ,  p < 0 . 0 5 )  was n o t i c e d .  A t

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

t h e  r a p i d  t i s s u e  g r o w t h .  A f t e r  8 and 12 days  o f  t h e r a p y ,  

t h e  p r o t e i n  c o n t e n t  was e l e v a t e d  23% < p < 0 . 0 1 )  and 39%

< p < 0 . 0 1 )  r e s p e c t i v e l y .  A f t e r  12 d a y s ,  p r o t e i n  co n ce n ­

t r a t i o n  i n  h y p e r t r o p h i e d  h e a r t s  was no l o n g e r  s i g n i f i c a n t l y  

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

p r o t e i n  p e r  h e a r t  was m a r k e d l y  h i g h e r .  T h i s  s u g g e s t s  t h a t

p r o t e i n  s y n t h e s i s  was m a tc h e d  w i t h  t i s s u e  g r ow th  r a t e .

S i n c e  c o l l a g e n  r e p r e s e n t s  an i m p o r t a n t  n o n - m u s c u l a r  

component  o f  t h e  h e a r t ,  t h e  h y d r o x y p r o l i n e  c o n t e n t  and  

c o n c e n t r a t i o n  w e r e  m ea s u r ed  and used  as  a m a r k e r  t o  e v a ­

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

( T a b l e  1 . 1 ) .  A f t e r  t h e  f i r s t  two da ys  o f  c a r d i a c  e n l a r g e ­

ment  t h e  h y d r o x y p r o l i n e  c o n c e n t r a t i o n  and c o n t e n t  i n  t h e  

I S O - t r e a t e d  h e a r t s  r e m a i n e d  c o n s t a n t  w h i l e  t h e  h e a r t  s i z e  

had i n c r e a s e d  a p p r o x i m a t e l y  12% and t h e  RNA c o n t e n t  was  

e l e v a t e d  4 5 - 5 0 % .  F o l l o w i n g  4 d a y s  o f  t r e a t m e n t  t h e  c o l l a ­

genous component  o f  t h e  v e n t r i c l e s  i n c r e a s e d  40% w h i l e  t h e  

h e a r t  had a c h i e v e d  a p p r o x i m a t e l y  55% o f  i t s  maximal  g r o w th
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r e s p o n s e .  The  l a r g e  i n c r e a s e  i n  h y d r o x y p r o l i ne c o n t e n t

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

con ten t .
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I s o p r o t e r e n o l  has been used by numerous i n v e s t i g a t o r s  

t o  s t u d y  c a r d i o m e g a l y . I n  h i g h  c o n c e n t r a t i o n s  ( 2 5  mg/kg  

body w e i g h t )  ISO w i l l  i n d u c e  c a r d i a c  h y p e r t r o p h y  w i t h

m a s s i v e  t i s s u e  l e s i o n s  and v e n t r i c u l a r  f a i l u r e  (Rona e t  a l .  

19 59 a ,  Zb in d en  and Bagdon 19 63 ,  S t a n t o n  1966,  W e x l e r  1 9 7 0 ) .  

H o w e v e r , low doses o f  t h i s  s y n t h e t i c  c a t e c h o l a m i n e  can  

s t i m u l a t e  c a r d i a c  g r ow th  w i t h  no v i s i b l e  e v i d e n c e  o f  

n e c r o s i s  (RaKusan e t  a l .  19 65 ,  A lde rman  and H a r r i s o n  1971,

L i n  1973,  T a y l o r  e t  a l .  19 77 ,  D e s h a i e s . e t  a l .  1 9 8 1 ) .  I n

t h e  p r e s e n t  s t u d y ,  r e p e a t e d  i n j e c t i o n s  o f  low doses  ( 0 . 3  

mg/kg  body w e i g h t )  o f  ISO s t i m u l a t e d  a r a p i d  and l a r g e  

i n c r e a s e  i n  t i s s u e  mass .  A l t h o u g h  t h e  r a t e  o f  c a r d i a c  

h y p e r t r o p h y  under  our  e x p e r i m e n t a l  c o n d i t i o n s  was h i g h e r  

than p r e v i o u s  d a t a  ( L i n  19 73 ,  A l d e r  and Sandr  i  t  t e r  1980 ,  

D e s h a i e s  e t  a l .  1 9 8 1 ) ,  t h e  a b s o l u t e  g r ow th  r e s p o n s e

( a p p r o x i m a t e l y  40 -45%)  was s i m i l a r .  The re a s o n  f o r  t h i s  

d i f f e r e n c e  i s  u n c l e a r ,  b u t  may be r e l a t e d  t o  a number o f  

f a c t o r s  employed i n  t h i s  s t u d y  t o  m a x i m i z e  t h e  g ro w th  

r e s p o n s e .  F i r s t ,  f e m a l e  r a t s  w e r e  used wh ich  w e r e  f o u n d ,  

i n  t h i s  l a b o r a t o r y ,  t o  be more r e s p o n s i v e  t o  ISO s t i m u l a ­

t i o n  than m a l e  r a t s .  P r e v i o u s  s t u d i e s  u s i n g  e x e r c i s e d  

a n i m a l s  ( O s c a i  e t  a l .  1971)  a l s o  showed t h a t  f e m a l e  r a t s ,  

s u b j e c t e d  t o  t h e  same work  l o a d  as  m a le  a n i m a l s ,  a c h i e v e d  a 

g r e a t e r  d e g r e e  o f  h y p e r t r o p h y .  S e c o n d l y ,  a n i m a l s  used in  

t h i s  s t u d y  w e r e  young a d u l t s  ( 5 0 - 6 0  days o l d  and 200 g body  

w e i g h t )  w h i l e  p r e v i o u s  s t u d i e s  ( L i n  1973 ,  D e s h a i e s  e t  a l .
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1981 )  u s e d  c o n s i d e r a b l y  o l d e r  a n i m a l s .  P o s s i b l y ,  y o u n g e r  

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

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

t a n e o u s  a d m i n i s t r a t i o n  o f  I  SO i n  t h e  p r e s e n t  s t u d y  u s ed  

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

l o n g  t h e  u p t a k e  o f  ISO and  t o  m i n i m i z e  an y  p o s s i b l e  t o x i c  

e f f e c t s  o f  o x i d i z e d  p r o d u c t s  ( Y a t e s  and  D h a l l a  1 9 7 5 ) .

T h e  r a p i d  g r o w t h  o f  t h e  h e a r t  m u s t  u l t i m a t e l y  

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

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

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

h y p e r t r o p h y  w as  du e  t o  t h e  e n h a n c e m e n t  o f  p r o t e i n  s y n t h e s i s  

r a t h e r  t h a n  d e p r e s s i o n  o f  p r o t e i n  d e g r a d a t i o n  ( S a n f o r d  e t  

a l . 1 9 7 8 ,  M o rg a n  e t  a l . 1 9 8 0 ) .  T h e r e  h a v e  been  r e p o r t s  o f

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

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

1 9 6 6 ,  1 9 6 8 ) ,  t h y r o x i n  (Z i m m e r  and  G e r l a c h  19 77 )  o r  ISO

( C l a r k  and  Ward 1 9 8 3 ) .  I n  t h e  p r e s e n t  s t u d y  h o w e v e r ,  t h e  

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

n o t i c e d  u n t i l  t h e  4 t h  d a y  o f  ISO a d m i n i s t r a t i o n .  I t  i s  n o t

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

p r o t e i n  c o n t e n t  was u n c h a n g e d  e v e n  th o u g h  t h e  h e a r t  w e i g h t  

was i n c r e a s e d .

I n  t h e  a d u l t  h e a r t ,  c a r d i a c  e n l a r g e m e n t  a p p e a r s  t o  be  

a s s o c i a t e d  w i t h  two m a j o r  e v e n t s :  1) i n c r e a s e d  RNA s y n t h e ­

s i s  ( h y p e r  t r o p h y )  an d  2)  e n h a n c e d  DNA and  RNA s y n t h e s i s  

( h y p e r p l a s i a ) .  I n  t h e  p r e s e n t  s t u d y ,  i n c r e a s e d  RNA s y n t h e ­

s i s  o c c u r r e d  i n  t h e  e a r l y  p h a s e  o f  h y p e r t r o p h y  w h i l e  h y p e r —
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p l a s i a  w a s  n o t  o b s e r v e d  u n t i l  a f t e r  8  d a y s  o f  ISO t r e a t m e n t  

when DNA s y n t h e s i s  wa s  s t i m u l a t e d .  D u r i n g  t h e  i n i t i a l  

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

and  r e a c h e d  a  new s t e a d y - s t a t e  l e v e l  87% a b o v e  t h e  c o n t r o l .  

An i n c r e a s e d  l e v e l  o f  t i s s u e  RNA s h o u l d  r e f l e c t  an e n h a n c e d  

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

Mi  11w a r d  e t  a l .  ( 1 9 7 3 )  showed t h a t  d e c r e a s e d  RNA c o n t e n t  i n  

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

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

1978 )  l e a d  t o  a r e t u r n  t o  n o rm a l  r a t e s  o f  a m in o  a c i d  i n c o r ­

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

p r e r e q u i s i t e  f o r  p r o t e i n  s y n t h e s i s  s i n c e  a c t i n o m y c i n  D,  

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

h y p e r t r o p h y  C M o rk i n  e t  a l . 1 9 6 8 ) .  B e c a u s e  t h e  r a t e  o f  RNA

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

t h e  r a t e  c h a n g e  i n  h e a r t  w e i g h t ,  c o u p l e d  w i t h  a h i g h  c o r r e ­

l a t i o n  b e t w e e n  RNA c o n t e n t  an d  t h e  l e v e l  o f  h y p e r t r o p h y ,  

t h e s e  d a t a  p r o v i d e  a d d i t i o n a l  e v i d e n c e  t h a t  e n h a n c e d  RNA 

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

c a r d i a c  h y p e r t r o p h y .  H o w e v e r ,  t h e  i n c r e a s e d  RNA c o n t e n t  in"  

w h o l e  h e a r t  may n o t  r e p r e s e n t  c h a n g e s  a s s o c i a t e d  w i t h  t h e  

m y o c y t e s .  T h e  p o s s i b i l i t y  e x i s t s  t h a t  n o n m u s c l e  c e l l s  may  

c o n t r i b u t e  t o  t h e  a c c u m u l a t i o n  o f  RNA. T o  a d d r e s s  t h i s  

q u e s t i o n ,  m y o c y t e s  w e r e  i s o l a t e d  f r o m  t h e  h e a r t  a f t e r  8  

d a y s  o f  i n d u c e d  h y p e r t r o p h y .  I n  t h e s e  h e a r t s ,  m y o c y t e  RNA 

c o n t e n t  was  86% h i g h e r  t h a n  c o n t r o l  h e a r t s  w h i c h  s u g g e s t s  

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

c a r d i a c  h y p e r t r o p h y .  P r e v i o u s  s t u d i e s  h a v e  shown t h a t  7 5 -
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80% o f  t o t a l  v e n t r i c u l a r  RNA i s  r i b o s o m a l  ( K o i d e  and  

R a b i n o w i  t z , 196 9 )  and  d u r i n g  h y p e r t r o p h y  t h e r e  a p p e a r s  t o

be  a u n i f o r m  i n c r e a s e  i n  a l l  m a j o r  RNA s p e c i e s .  I n  a d d i ­

t i o n ,  m o r e  r e c e n t  d a t a  u s i n g  t h y r o x i n e  i n d u c e d  h y p e r t r o p h y  

p r o v i d e  e i t h e r  no c l e a r  e v i d e n c e  o f  s e l e c t i v e  mRNA s y n t h e ­

s i s  ( Z a h r i n g e r  and  K l a u b e r t  19 82 )  o r  a s l i g h t  i n c r e a s e  i n  

a  f e w  a b u n d a n t  mRNA s p e c i e s  < D i l i m a n  e t  a l .  1 9 8 3 ) .  C o l l e c ­

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

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

T h e  i n c r e a s e d  DNA c o n t e n t  i n  t h e  s e c o n d  s t a g e  < 8 - 1 2  

d a y s )  o f  h y p e r t r o p h y  s u g g e s t s  t h a t  t h e r e  wa s  a c h a n g e  i n  

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

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

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

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

m y o c y t e  ( C l a y c o m b  1 9 7 5 ) .  N e v e r t h e l e s s ,  an i n c r e a s e d  DNA 

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

( G r o v e  e t  a l .  1 9 6 9 a ,  Cu t  i 11 e t  t a  e t  a l .  1 9 7 5 ) .  A u t o r a d i o ­

g r a p h i c  s t u d i e s  h a v e  i n d i c a t e d  t h a t  DNA s y n t h e s i s  wa s  

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

t i s s u e  o f  t h e  h e a r t  ( G r o v e  e t  a l .  1 9 6 9 b ,  B i s h o p  and  Mel  sen  

19 76 )  w i t h  m i n i m a l  e v i d e n c e  o f  p o l y p l o i d y  i n  m u s c l e  c e l l  

n u c l e i  ( G r o v e  e t  a l .  1 9 6 9 a ) .  U n d e r  some e x p e r i m e n t a l  c o n ­

d i t i o n s  ( F a n b u r g  and  P o s n e r  1 9 6 8 ,  M o r k i n  and  A s h f o r d  1 9 6 8 ) ,  

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

c o n s e q u e n t l y ,  t h e  DNA c o n c e n t r a t i o n  i n  t h e  h e a r t  i s  

u n c h a n g e d .  I n  c o n t r a s t ,  t h e  DNA c o n c e n t r a t i o n  i n  t h e  

p r e s e n t  s t u d y  w as  r e d u c e d  v e r y  e a r l y  d u r i n g  t h e  d e v e l o p m e n t
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o f  h y p e r t r o p h y .  S i n c e  t h e  g r o w th  r e s p o n s e  f o r  t i s s u e  mass  

was a p p r o x i m a t e l y t w o - f o l d  g r e a t e r  than  t h e  r a t e  change  i n  

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

r e s u l t e d  f r o m  a r a p i d  i n c r e a s e  i n  t i s s u e  mass .  T h e  19%

i n c r e a s e  in  t o t a l  v e n t r i c u l a r  DNA c o u p l e d  w i t h  a 44% change  

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

between changes  i n  t i s s u e  mass and DNA u n de r  t h e s e  e x p e r i ­

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

To m o n i t o r  ch anges  in  t h e  nonmuscu1a r  comp on ent ,  

h y d r o x y p r o l i n e  was m ea s ur ed  w h ic h  r e m a i n e d  r e l a t i v e l y  

s t a b l e  d u r i n g  t h e  f i r s t  f e w  da ys  o f  g r o w t h . The  l a r g e

i n c r e a s e  (40%) i n  t h i s  c o l l a g e n  component  a f t e r  4 days  o f  

t r e a t m e n t  p r e c e d e d  any cha ng e  i n  t i s s u e  DNA. T h e s e  d a t a  

s u g g e s t  t h a t  c o l l a g e n  s y n t h e s i s  was p r e f e r e n t i a l  1 y

s t i m u l a t e d  f o l l o w e d  by a complex  c o o r d i n a t i o n  i n  c e l l u l a r  

h y p e r  1a s i a  (DNA) and a d d i t i o n a l  h y d r o x y p r o l i n e  s y n t h e s i s .  

The  mechanism f o r  t h e  enhanced  c o l l a g e n  d e p o s i t i o n  i s

u n c l e a r ,  y e t ,  one p o s s i b l e  e x p l a n a t i o n  may be a r e l a t i o n ­

s h i p  t o  m u s c l e  s i z e .  I n  t h e  p r e s e n t  s t u d y  h y d r o x y p r o l i n e  

c o n t e n t  d i d  n o t  i n c r e a s e  u n t i l  v e n t r i c u l a r  mass was  

enhanced  a p p r o x i m a t e l y 20 p e r c e n t .  The  p o s s i b i l i t y  e x i s t s  

t h a t  a l i m i t e d  mass change may be n e c e s s a r y  b e f o r e  

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

C a r d i a c  h y p e r t r o p h y  i n d u c e d  by ISO r e s u l t s  in  a 

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

h y p e r t e n s i o n  ( N a i r  e t  a l .  1 9 68 ,  K o i d e  and R a b i n o w i t z  1 9 6 9 ) .  

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

r e s p o n s e  i n  t o t a l  t i s s u e  RNA s y n t h e s i s  a p p e a r  s i m i l a r ,  t h e
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changes  in  DNA and h y d r o x y p r o l i n e  a r e  c o n s i d e r a b l y  s m a l l e r .  

One p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e  may be r e l a t e d  

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

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

p r e s s u r e  t h a t  p e r s i s t s  t h r o u g h o u t  t h e  s t u d y .  On t h e  o t h e r  

hand ,  ISO a c k n i n i s t r a t i o n  p r o v i d e s  an t r a n s i e n t  c h a l l e n g e  

t o  t h e  h e a r t  f o l l o w e d  by an i n t e r v a l  o f  r e d u c e d  hemodynamic  

o v e r l o a d .  N e v e r t h e l e s s ,  t h i s  a d a p t i v e  r e s p o n s e  t o  ISO 

shows an e a r l y  h y p e r t r o p h i c  phase  ( 1 - 4  days)  c h a r a c t e r i z e d  

by a s u b s t a n t i a l  i n c r e a s e  in  RNA c o n t e n t  and c a r d i a c  mass  

i n  t h e  absence  o f  changes  i n  DNA. However ,  p r o l o n g e d  

s t i m u l a t i o n  ( 8 - 1 2  days )  a p p e a r s  t o  r e p r e s e n t  a complex  

i n t e g r a t i o n  o f  bo th  h y p e r t r o p h y  and h y p e r p l a s i a  w i t h i n  th e  

h e a r t .
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INTRODUCTION

Th e  h y p e r t r o p h i e  g ro w th  o f  t h e  mammalian h e a r t  can be 

s t i m u l a t e d  by numerous p h y s i o l o g i c a l  s t r e s s e s  ( F o r  r e v i e w  

se e  N i k m a n - C o f f e l  t  e t  a l .  1 9 7 9 ) .  M y o c a r d i a l  mass e n l a r g e ­

ment in d u c e d  by a o r t i c  c o n s t r i c t i o n  (BeznaK e t  a l .  19 69 ,  

C u t i l l e t t a  e t  a l .  1 9 7 5 ,  Sung e t  a l .  1 9 8 2 ,  Rakusan and

K o re c k y  1 9 8 5 ) ,  t h y r o x i n  (B e z n a k  e t  a l .  1 9 69 ,  Edgren e t  a l .

1 9 7 6 ) ,  e x e r c i s e  ( H i c k s o n  e t  a l . 1979)  and ISO (Sung e t  a l .

1982) a p p e a r s  t o  r e c o v e r  a f t e r  t h e  rem ova l  o f  t h e  s t i m u l u s .  

T h e s e  o b s e r v a t i o n s  s t r o n g l y  s u g g e s t  t h a t  th e  g ro w th  

r e s p o n s e  i s  an a d a p t i v e  o r  c o m p e n s a to ry  m ech an ism .  

N e v e r t h e l e s s ,  t h e  r a t e  o f  m u s c le  mass r e g r e s s i o n  and th e

c o m p le te n e s s  o f  r e c o v e r y  a p p e a r  t o  be r e l a t e d  t o  t h e

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

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

m y o c a r d i a l  t i s s u e  mass i m p l i e s  some u n c o u p l i n g  be tw een

p r o t e i n  s y n t h e s i s  and d e g r a d a t i o n  i n  t h e  h e a r t .  R e c e n t  

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

p r o t e i n  can be a c c o u n t e d  f o r  by a d e c r e a s e  in  p r o t e i n ,  

s y n t h e s i s  w i t h  no o r  l i t t l e  i n c r e a s e  in  p r o t e i n  d e g r a d a t i o n  

( S a n f o r d  e t  a l .  1 9 7 8 ) .  RNA c o n t e n t  in  c a r d i a c  t i s s u e  

d e c r e a s e d  d u r i n g  t h e  r e g r e s s i o n  o f  h y p e r t r o p h y  (B e z n a k  e t  

a l .  19 69 ,  C u t i l l e t t a  e t  a l .  1 9 75 ,  H ic k s o n  e t  a l .  1 9 7 9 ) .  

C o l l e c t i v e l y ,  th e s e  d a t a  c o u l d  l e a d  t o  th e  s u g g e s t i o n  t h a t  

t h e  c o n t r o l  m echanism s o f  t h e  r e g r e s s i o n  o f  c a r d i a c  

h y p e r t r o p h y  may be a t  t h e  n u c l e a r  l e v e l .  I n  s u p p o r t  o f  

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

phase ( C u t i l l e t t a  1 9 8 0 ) .

R e p e a te d  i n j e c t i o n s  o f  low doses  o f  ISO in  t h e  r a t  can 

in d u c e  c a r d i a c  g r o w t h .  The  q u a n t i t a t i v e  changes  in  

m y o c a r d ia l  RNA, DNA, p r o t e i n ,  h y d r o x y p r o l i n e  and m yoc y te  

RNA d u r i n g  d e v e lo p m e n t  o f  e x p e r i m e n t a l  c a r d i  cwnegal y have  

been c h a r a c t e r i z e d  in  C h a p te r  1.  To i n v e s t i g a t e  t h e  r e v e r ­

s i b i l i t y  o f  IS O - i n d u c e d  g r o w t h ,  h y p e r t r o p h y  was in d u c e d  

a f t e r  8 days o f  ISO i n j e c t i o n s  and th e  a n i m a l s  w e re  a l l o w e d  

to  r e c o v e r  f ro m  1 to  20 d a y s .  The changes  in  c a r d i a c  

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

and m yoc yte  RNA c o n t e n t  d u r i n g  t h e  r e c o v e r y  phase w e re  

s t u d i  e d .
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RESULTS

Body w e i g h t  and h e a r t  w e i g h t

D a i l y  i n j e c t i o n s  o f  low d o ses  o f  ISO s t i m u l a t e d  a 40% 

i n c r e a s e  ( P < 0 . 0 1 )  in  c a r d i a c  mass w i t h i n  8 d a y s  ( F i g .  2 . 1 ) .  

T h i s  d e g r e e  o f  h y p e r t r o p h y  was s i m i l a r  t o  p r e v i o u s  

i n v e s t i g a t i o n s  u s i n g  t h e  same model ( S t a n t o n  e t  a l . 1 9 6 9 ,

D e s h a ie s  e t  a l . 1 9 8 1 ) .  A f t e r  ISO w i t h d r a w a l , h e a r t  w e i g h t

d e c r e a s e d  r a p i d l y  d u r i n g  t h e  f i r s t  8 da y s  f o l l o w e d  by a 

more g r a d u a l  r e d u c t i o n  f ro m  12 t o  20 d a y s .  T h e  h a l f - t i m e  

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

r e g r e s s i o n  l i n e  (S c h im k e  1970)  was 3 . 8  da y s  ( F i g .  2 . 2 ) .  

A f t e r  20 da y s  o f  r e c o v e r y  c a r d i a c  mass s t i l l  r e m a in e d  8% 

( P < 0 . 0 5 )  above th e  c o n t r o l s .  To  r e d u c e  p o s s i b l e  w h o le  body  

g ro w th  e f f e c t s  t h e  h e a r t  w e i g h t  t o  body w e i g h t  r a t i o  was  

c a l c u l a t e d  ( F i g .  2 . 1 )  w h ic h  d e c r e a s e d  r a p i d l y  d u r i n g  t h e  

f i r s t  8 d a y s .  A f t e r  20 da ys  o f  r e c o v e r y  t h e  h e a r t  w e i g h t  

t o  body w e i g h t  r a t i o  in  t h e  ISO t r e a t e d  a n i m a l s  was s t i l l  

13% above  t h e  c o n t r o l s  ( P < 0 . 0 1 ) .  T h e s e  d a t a  i n d i c a t e  t h a t  

I SO s t i m u l a t e s  a l a r g e  a d a p t i v e  g ro w th  o f  t h e  h e a r t ,  t h a t  

i s  p a r t i a l l y  r e v e r s i b l e  w i t h i n  20 d a y s .

M y o c a r d i a l  p r o t e i n  and h v d r o x v o r o l i n e

A f t e r  8 d a y s  o f  in d u c e d  g r o w t h ,  t i s s u e  w a t e r  c o n t e n t  

was fo u n d  t o  be 76 -7 8 %  w i t h  no s i g n i f i c a n t  d i f f e r e n c e  

betw een  th e  ISO and c o n t r o l  g r o u p ( s )  d u r i n g  th e  r e c o v e r y  

phase e x c e p t  a t  day  0 i n t e r v a l  ( T a b l e  2 . 1 ) .  A t  t h i s  p o i n t

( 3  h r  a f t e r  t h e  l a s t  ISO i n j e c t i o n )  t h e  w a t e r  c o n t e n t  in
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F i g .  2 . 1 . C h a n g e s  i n  b o d y  w e i g h t , h e a r t  w e i g h t ,  and  h e a r t  

w e i g h t - t o - b o d y  w e i g h t  r a t i o  d u r i n g  r e g r e s s i o n  

f r o m  8 d a y s  o f  I S O - i n d u c e d  h y p e r t r o p h y .  V a l u e s  

r e p r e s e n t  t h e  m eans  ±  SE o f  5 - 7  a n i m a l s  a t  ea ch  

t i m e  p o i n t .
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F i g .  2 . 2 .  Changes in  h e a r t  w e i g h t ,  t i s s u e  p r o t e i n ,  and

RNA c o n t e n t  d u r i n g  r e c o v e r y  f rom  h y p e r t r o p h y .  

The l i n e s  w e re  c a l c u l a t e d  by l i n e a r  r e g r e s s i o n  

u s i n g  d a t a  f ro m  0 ,  1, 2 ,  4 ,  and 8 days o f  

r e c o v e r y .  Each p o i n t  r e p r e s e n t s  5 - 7  a n i m a l s .  

Nss" -  Wt i s  w e i g h t  ( c o n t e n t )  a t  s t e a d y - s t a t e  

m inus w e i g h t  ( c o n t e n t )  a t  each t im e  i n t e r v a l .
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T a b le  2 . 1 .  T iss u e  p r o t e i n ,  h y d r o x y p r o l i ne and w a te r  c o n te n t  in  
h e a r t  d u r in g  re g re s s io n  of  c a r d ia c  h y p e r t ro p h y

Days of  
r e g r e s s io n

P r o t e in

Concen. 
(mg/g)

Con ten t 
(m g /h e a r t )

H y d ro x y p ro l in e

Concen. 
(mg/g)

Content
(m g /h e a r t )

Water
co n te n t

(%)

Day 0 
Con t r o l  
Exp.

Day 1 
Contro l  
Exp.

Day 2 
Contro l  
Exp.

Day 4 
Contro l  
Exp.

Day 8 
Contro l  
Exp.

Day 12 
Contro l  
Exp.

Day 20 
Con t r o l  
Exp.

2 0 4 . 6 ± 6 . 3  
1 9 5 .1 + 5 .4

1 2 0 .5 + 2 .9
1 6 0 . 7 ± 1 . 9 * *

1 8 9 .5 ± 3 .5  1 1 8 .2 + 2 .4
1 6 4 .6 + 4 .3X* 1 4 5 . 4 + 3 . 4 * *

1 9 4 .5 ± 5 . 1 
1 8 6 .3 + 5 .1

1 1 5 .0 ± 1 .7  
1 4 2 . 1 ± 1 . 9 * *

2 0 7 .8 ± 4 .0  1 1 9 .4 ± 1 .4
1 9 1 . 6 + 3 . 2 * *  1 3 9 . 4 ± 3 . 9 * *

1 8 6 .7 + 2 .4
1 7 7 .4 + 2 .5 *

1 8 1 .9 + 6 .5
1 7 2 .6 1 8 .4

1 9 5 .6 + 3 .9
1 9 4 .6 1 8 .5

1 1 8 .1 1 4 .8  
1 3 3 .1 1 5 .1 *

1 0 5 .0 1 2 .2
1 1 2 .5 1 5 .3

1 1 8 .3 1 2 .1
1 2 6 .4 1 4 .2

0 . 6 7 1 0 . 1 1  0 . 4 0 1 0 . 0 8  7 6 . 8 1 0 . 4
0 . 8 6 1 0 . 1 0  0 . 7 1 1 0 . 0 7 *  7 8 . 5 1 0 . 4 *

0 . 5 5 1 0 . 0 4  0 . 3 2 1 0 . 0 3  7 7 .6 + 0 .1
0 . 7 9 1 0 . 1 4  0 . 6 5 1 0 . 1 1 *  7 8 . 4 1 0 . 3

0 . 8 0 1 0 . 0 5  0 . 4 4 1 0 . 0 2  7 7 . 6 1 0 . 2
0 . 9 9 1 0 . 0 6 *  0 . 7 6 1 0 . 0 4 * *  7 6 . 9 1 0 . 3

0 . 4 8 1 0 . 0 4  0 . 2 8 1 0 . 0 3  7 7 . 7 1 0 . 4
0 . 6 5 1 0 . 0 8  0 . 4 7 1 0 . 0 5 *  7 7 . 3 1 0 . 5

0 . 7 6 1 0 . 1 2  0 . 4 4 1 0 . 0 6  7 7 . 2 1 0 . 4
1 . 2 0 + 0 .0 3 *  0 . 8 2 1 0 . 0 4 * *  7 7 . 6 1 0 . 6

0 . 6 4 1 0 . 0 7  0 . 3 7 1 0 . 0 4  7 7 . 3 1 0 . 4
0 . 9 8 1 0 . 0 8 *  0 . 6 4 1 0 . 0 5 * *  7 7 . 6 1 0 . 2

0 . 4 5 1 0 . 0 3  0 . 2 7 1 0 . 0 2  7 7 . 4 1 0 . 2
0 . 6 6 1 0 . 0 7 *  0 . 4 4 1 0 . 0 5 *  7 7 . 2 1 0 . 2

V a lu es  a re  means 1  SE o f  5 -11  h e a r t s  in  each group.  

S i g n i f i c a n t l y  d i f f e r e n t  from the  c o n t r o l i  *  P C 0 .05 ,  * *  PCO.Ol.
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h y p e r t r o p h i e d  h e a r t  was s l i g h t l y  h i g h e r  ( P < 0 . 0 5 )  th a n  

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

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

p r o t e i n  d e p o s i t i o n .  I n  T a b l e  2 . 1  t h e  p r o t e i n  c o n t e n t  d e ­

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

c h a n g e  i n  h e a r t  w e i g h t .  A f t e r  12 d a y s  o f  r e c o v e r y , b o t h  

p r o t e i n  c o n c e n t r a t i o n  and  c o n t e n t  i n  I S O - t r e a t e d  h e a r t s  

w e r e  no l o n g e r  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  c o n t r o l s .  T h e  

c a l c u l a t i o n  o f  t h e  h a l f - t i m e  f r o m  r e g r e s s i o n  a n a l y s i s  was  

3 . 6  d a y s  ( F i g .  2 . 2 )  .

S i n c e  h y d r o x y p r o l i n e  i s  p r e s e n t  a l m o s t  e x c l u s i v e l y  in  

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

was m e a s u r e d  and  u s e d  a s  a m a r k e r  t o  e v a l u a t e  n o n - m u s c l e  

c e l l  r e s p o n s e  d u r i n g  r e g r e s s i o n  ( T a b l e  2 . 1 ) .  T h e  h y d r o x y ­

p r o l  i n e  c o n t e n t  was e l e v a t e d  76% ( P < 0 . 0 5 )  a f t e r  8  d a y s  o f  

ISO t h e r a p y  and o n l y  showed a s l i g h t  r e g r e s s i o n  d u r i n g  t h e  

r e c o v e r y  p e r i o d .  A f t e r  20  d a y s ,  h y d r o x y p r o l i n e  c o n t e n t  was  

s t i l l  e l e v a t e d  59% ( P < 0 . 0 5 )  e v e n  th o u g h  t h e  h e a r t  w e i g h t  

had  d e c r e a s e d  d r a s t i c a l l y  an d  was c l o s e  t o  t h e  c o n t r o l  

v a l u e .

M y o c a r d i a l  RNA and DNA

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

r e g r e s s i o n  o f  h y p e r t r o p h y  a r e  s u m m a r iz e d  i n  T a b l e  2 . 2 .  

B oth  RNA c o n c e n t r a t i o n  ( m g /g )  and c o n t e n t  ( m g / h e a r t )  w e r e  

e l e v a t e d  s i g n i f i c a n t l y  a f t e r  8 d a y s  o f  ISO t r e a t m e n t .  

H o w e v e r , s i n c e  c a r d i a c  t i s s u e  mass r a p i d l y  d e c r e a s e d  

f o l l o w i n g  ISO w i t h d r a w a l ,  t h e  t o t a l  v e n t r i c u l a r  c o n t e n t  may
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T a b l e  2 . 2 .  N u c le ic  a c i d *  in  h e a r t  d u r in g  r e g r e s s io n  o f  c a r d ia c  
h y p e r t ro p h y

Rhk̂  DNA
Days o f  — --------------------------------------  -------------------------------------------  RNA/DNA

r e g r e s s i o n  Concen. Content  Concen. Content  r a t i o
(mg/g) (m g /h e a r t )  (m g/g)  (m g /h e a r t )

Day 0
C o n t ro l  2 . 6 3 + 0 . 1 3  1 .6 3 + 0 .1 1  1 .4 6 + 0 . 0 5  0 . 8 6 ± 0 . 0 3  1 . 8 5 ± 0 . 1 3
Exp. 3 .46±0 .09X X  2 . 8 4 ± 0 . 0  1 * *  1 . 2 9 + 0 . 0 5 *  1 . 0 6 + 0 . 0 3 * *  2 . 7 4 ± 0 . 0 8 * *

Day 1
C o n t ro l  2 .6 3 ± 0 .1 1  1 . 6 1 ± 0 .0 5  1 . 5 8 ± 0 . 0 4  0 . 8 9 ± 0 . 0 4  1 . 6 6 ± 0 . 0 6
Exp. 2 .9 7 + 0 .1 4  2 . 6 2 + 0 . 1 1 * *  1 . 3 1 + 0 . 0 4 * *  1 . 0 6 + 0 . 0 3 * *  2 . 2 7 + 0 . 0 5 * *

Day 2
C o n t ro l  2 .6 2 ± 0 . 1 2  1 . 5 5 + 0 .0 4  1 . 5 5 + 0 . 0 3  0 . 8 6 ± 0 . 0 4  1 .6 9 + 0 . 0 7
Exp. 3 .0 2 + 0 .1 1  2 . 3 1 ± 0 . 1 4 * *  1 . 3 8 + 0 . 0 3 * *  1 . 0 6 + 0 . 0 4 * *  2 . 0 7 + 0 . 0 8 * *

Day 4
C o n t ro l  2 . 6 8 ± 0 . 0 5  1 .5 5 + 0 .0 5  1 . 5 8 ± 0 . 0 4  0 . 9 1 ± 0 . 0 4  1 . 6 9 + 0 . 0 4
Exp. 3 . 0 2 1 0 . 1 1 *  2 . 2 0 1 0 . 1 0 * *  1 . 4 3 1 0 . 0 7  1 . 0 4 + 0 . 0 4 *  2 . 1 2 1 0 . 0 8 * *

Day 8
Contro l .  3 .0 6 + 0 .1 4  1 ,7 0 1 0 .0 9  1 . 6 0 1 0 . 0 8  0 . 8 9 1 0 . 0 4  1 . 9 2 1 0 . 0 7
Exp. 3 .1 1 1 0 . 0 9  2 . 1 5 1 0 . 1 2 *  1 . 5 7 1 0 . 0 4  1 . 0 8 1 0 . 0 3 * *  1 . 9 8 1 0 . 0 7

Day 12
C o n t ro l  2 . 3 5 1 0 . 1 2  1 .3 6 1 0 . 0 6  1 . 4 6 1 0 . 0 4  0 . 8 8 1 0 . 0 5  1 . 6 1 1 0 . 0 7
Exp. 2 . 8 3 1 0 . 1 5 *  1 . 8 8 1 0 . 1 3 * *  1 . 5 3 1 0 . 0 6  1 . 1 0 1 0 . 0 3 * *  1 . 6 9 1 0 . 0 6

Day 20
C o n t ro l  2 .2 4 1 0 . 0 8  1 . 3 5 1 0 .0 3  1 . 4 9 1 0 . 0 5  0 . 9 0 1 0 . 0 3  1 . 5 1 1 0 . 0 7
Exp. 2 . 7 3 1 0 . 1 6 *  1 . 7 7 1 0 . 0 9 * *  1 .6 7 1 0 .1 1  1 .0 7 1 0 . 0 6 *  1 . 6 4 1 0 . 0 6

D a ta  a r e  e x p r e s s e d  as means 1 SE o f  4 - 6  h e a r t s  in  each g r o u p .  

S i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  c o n t r o l i  *  P ( 0 . 0 5 ,  * *  P < 0 .0 1 .
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be a more r e a l i s t i c  and s t r a i  gh t f o r w a r d  m e as u re  o f  n u c l e i c  

a c i d  c h a n g e . T o t a l  t i s s u e  RNA was s t i m u l a t e d  74% < P < 0 .0 1 )  

by t h e  ISO t r e a t m e n t  and r a p i d l y  d e c r e a s e d  d u r i n g  t h e  f i r s t  

8 da y s  o f  r e c o v e r y .  H o w e v e r , t h e  augm ented  t o t a l  t i s s u e  RNA 

d i d  n o t  c o m p l e t e l y  r e c o v e r  and was s t i l l  31% above t h e  

c o n t r o l  ( P < 0 . 0 1 )  a f t e r  20 d a y s  o f  r e g r e s s i o n .  T h e  h a l f -  

t im e  c a l c u l a t i o n  d u r i n g  t h e  f i r s t  8 da y s  o f  r a p i d  r e c o v e r y  

was 3 . 4  da ys  ( F i g .  2 . 2 ) .  N e v e r t h e l e s s ,  d u r i n g  t h e  20 d ays  

o f  r e g r e s s i o n  f o l l o w i n g  ISO w i t h d r a w a l ,  t h e  d e c r e a s e d  RNA 

c o n t e n t  p a r a l l e l e d  t h e  d e c r e a s e d  c a r d i a c  mass ( F i g .  2 . 3 ) .  

H e a r t s  w i t h  t h e  g r e a t e s t  r e d u c t i o n  in  c a r d i a c  mass had t h e  

l o w e s t  c o n t e n t  o f  t i s s u e  RNA. In  t h i s  s t u d y ,  v e n t r i c u l a r  

DNA c o n t e n t  was s t i m u l a t e d  23% ( P < 0 . 0 1 )  a f t e r  8 da y s  o f  ISO 

t h e r a p y  and d i d  n o t  show any ch an g e  a f t e r  20 da y s  o f  r e g r e ­

s s i o n  ( T a b l e  2 . 2 ) .  T h e  RNA-DNA r a t i o  can be used  as  an 

i n d i c a t o r  o f  t h e  h y p e r t r o p h i c  p r o c e s s .  T h i s  r a t i o  was  

e l e v a t e d  d u r i n g  t h e  d e v e lo p m e n t  o f  c a r d i a c  g ro w th  and was  

m a i n t a i n e d  h i g h e r  th an  t h e  c o n t r o l  v a l u e s  u n t i l  8 days  

a f t e r  ISO w i t h d r a w a l  ( T a b l e  2 . 2 ) .

M v o c v te  RNA

I t  was shown in  C h a p t e r  1 t h a t  th e  s t i m u l a t i o n  o f  

t o t a l  t i s s u e  RNA d u r i n g  t h e  d e v e lo p m e n t  o f  ISO —in d u c e d  

h y p e r t r o p h y  was a s s o c i a t e d  w i t h  en h a n c e d  RNA c o n t e n t  i n  th e  

m y o c y te  c e l l u l a r  f r a c t i o n ' .  To  d e t e r m i n e  i f  t h e  a c c u m u l a t e d  

RNA in  m y o c y te s  d e c l i n e s  in  p a r a l l e l  w i t h  t h e  r e d u c t i o n  o f  

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

m u s c le  c e l l s  w e r e  i s o l a t e d  by t h e  e n z y m a t i c  p e r f u s i o n
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F i g .  2 . 3 . R e l a t i o n s h i p  b e t w e e n  h e a r t  w e i g h t  and v e n t r i c u ­

l a r  RNA c o n t e n t  d u r i n g  20  d a y s  o f  r e c o v e r y  f r o m  

h y p e r t r o p h y .  T h e  d a t a  w as  d e r i v e d  f r o m  e x p e r i ­

m e n t s  r e p o r t e d  i n  T a b l e  2 . 2  and  F i g .  2 . 1 .  Each  

p o i n t  r e p r e s e n t s  a v a l u e  f o r  an i n d i v i d u a l  

h e a r t .  A r e g r e s s i o n  l i n e  w as  f i t t e d  b y  l e a s t  

s q u a r e s  m e th o d  a s  d i s c r i b e d  by  Y = 2 . 9 8 6 X f 0 . 0 2 4 4  

w i t h  r = 0 . 6 8 3 .
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T a b i e  2 . 3 . M y o c y t e  n u c l e i c  a c i d s  i n  h e a r t  d u r i n g  
r e g r e s s i o n  o f  c a r d i a c  h y p e r t r o p h y

D ay s  o f  
r e g r e s s i  on

R N A / p r o t e i  n 
< Jig/mg)

D N A / p r o t e i  n 
( l i g /m g )

RNA/DNA
r a t i o

Day 1
Con t r o l < 5) 2 1 . 5 0 ± 1 . 7 0 6 . 5 2 ± 0 . 8 4 3 . 3 9 ± 0 . 2 4
E x p . ( 3 ) 2 2 . 2 8 ± 2 . 5 5 3 . 4 5 ± 0 . 0 9 * X 6 . 4 4 ± 0 . 6 4 X X

Day 12
Con t r o l < 4) 1 7 . 5 4 ± 3 . 18 5 . 1 2 ± 0 . 6 8 3 . 4 1 ± 0 .3 1
E x p .< 4 ) 1 5 . 7 7 ± 0 . 3 4 4 . 4 2 ± 0 . 1 0 3 . 5 9 ± 0 . 1 3

D a t a  a r e  e x p r e s s e d  a s  m eans ±  S E .  N u m b e rs  i n  p a r e n t h e s e s  
a r e  num b ers  o f  a n i m a l s  p e r  g r o u p .

S i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  c o n t r o l  : P < 0 . 0 1 .
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m ethod f ro m  t h e  h e a r t s  a f t e r  1 and 12 da y s  o f  r e c o v e r y .  

For  each p r e p a r a t i o n ,  m y o c y te s  w e r e  c h e c k e d  by p h ase  co n ­

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

f ro m  c o n t a m i n a t i o n  by o t h e r  c e l l  t y p e s  and 6 0 -6 5 %  o f  t h e  

m u s c le  c e l l s  m a i n t a i n e d  t h e i r  t y p i c a l  r o d  s h a p e .  As men­

t i o n e d  in  C h a p t e r  1, even though t h e  h y p e r t r o p h i e d  h e a r t s  

c o n t a i n e d  more c o l l a g e n  ( T a b l e  2 . 1 ) ,  no a d j u s t m e n t  was made 

in  t h e  c o n c e n t r a t i o n  o f  t h e  c o l  1a g e n a s e  enzyme in  t h e  

p e r f u s a t e . C o n s e q u e n t l y ,  f e w e r  m y o c y te s  w e r e  r e l e a s e d  f ro m  

t h e  h y p e r t r o p h i e d  h e a r t s .  T h e r e f o r e  t h e  ch ang es  in  m y o c y te  

RNA w e r e  e x p r e s s e d  r e l a t i v e  t o  t h e  DNA s i n c e  DNA c o n t e n t  i s  

known t o  be c o n s t a n t  in  t h e  a d u l t  c a r d i a c  m y o c y t e .  A f t e r  8 

da y s  o f  ISO i n j e c t i o n s  <40% h y p e r t r o p h y )  m y o c y te  RNA was  

s t i m u l a t e d  86% ( p < 0 . 0 1 )  in  t h e  e n l a r g e d  h e a r t .  H o w e ver ,  

f o l l o w i n g  12 da y s  o f  r e c o v e r y ,  RNA c o n t e n t  in  t h e  m y o c y te  

f r a c t i o n  r e t u r n e d  t o  c o n t r o l  l e v e l s  ( T a b l e  2 . 3 ) .  T h e s e  

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

RNA in  t h e  m y o c y te  w h ic h  c o m p l e t e l y  r e g r e s s e d  w i t h i n  12 

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

r e s u l t  f ro m  an im b a l a n c e  be tw ee n  p r o t e i n  d e g r a d a t i o n , 

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

S i n c e  c a r d i a c  mass i s  r a p i d l y  d e c r e a s i n g  w i t h  a 

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

t o  s p e c u l a t e  t h a t  t h e  r e d u c t i o n  in  m u s c le  mass r e s u l t s  fo rm  

an enhanced  r a t e  o f  p r o t e i n  d e g r a d a t i o n .  H o w e v e r ,  s t u d i e s  

w i t h  i s o l a t e d  p e r f u s e d  h e a r t s  ( H j a l m a r s o n  e t  a l .  1 9 75 ,  

S a n f o r d  e t  a l .  1978) c l e a r l y  showed t h a t  p r o t e i n  d e g r a d a ­

t i o n  was unchanged w h i l e  th e  l a r g e  r e d u c t i o n  in  t i s s u e  mass  

was a c co m p a n ie d  by a m arked  d e c r e a s e  in  p r o t e i n  s y n t h e s i s .  

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

mal p r o t e i n a s e s  d u r i n g  t h e  r e c o v e r y  f ro m  t h y r o x i n e  in d u c e d  

h y p e r t r o p h y  ( S a n f o r d  e t  a l .  1 9 7 8 ) ,  hy po p h y se c to m y  in d u c e d  

a t r o p h y  ( H j a l m a r s o n  e t  a l . 1975)  o r  r e g r e s s i o n  f ro m

p r e s s u r e  o v e r l o a d  h y p e r t r o p h y  ( C u t i l l e t t a  e t  a l .  1976)  

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

l a c k  o f  c o r r e l a t i o n  be tw ee n  p r o t e i n  breakdown and  

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

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

d u r i n g  th e  r e c o v e r y  f ro m  m y o c a r d i a l  h y p e r t r o p h y .

In  th e  p r e s e n t  s t u d y ,  t h e  40% s t i m u l a t i o n  i n  c a r d i a c  

mass a g r e e s  w i t h  r e s u l t s  in  C h a p t e r  1 and i s  s i m i l a r  to  

p r e v i o u s  o b s e r v a t i o n s  u s i n g  t h e  same e x p e r i m e n t a l  model 

( S t a n t o n  e t  a l .  1 9 69 ,  D e s h a i e s  e t  a l .  1 9 8 1 ) .  D u r i n g  th e
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r e c o v e r y  p e r i o d ,  c a r d i a c  mass and  t i s s u e  p r o t e i n  c o n t e n t  

d e c r e a s e d  r a p i d l y  w i t h i n  t h e  f i r s t  8 d a y s .  H o w e v e r , t h e  

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

r e c o v e r  and  w as  a p p r o x i m a t e l y  1 2 -13 %  a b o v e  t h e  c o n t r o l s  

< P < 0 .0 1 >  a f t e r  20  d a y s  o f  r e g r e s s i o n .  C a l c u l a t i o n  o f  t h e  

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

i n d i c a t e s  t h a t  b o t h  p a r a m e t e r s  d e c r e a s e d  a t  a s i m i l a r  r a t e  

( F i g .  2 . 2 ) .  I n  m o s t  m o d e l s  o f  h y p e r t r o p h y ,  c a r d i a c  r e g r e ­

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

re m o v e d  ( B e z n a k  e t  a l . 1 9 6 9 ,  S i z e m o r e  e t  a l . 1 9 7 3 ,  H i c k s o n

e t  a l .  1 9 7 9 ) .  A t  t h e  p r e s e n t  t i m e  i t  i s  u n c l e a r  why v e n ­

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

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

t r o p h y  may be  a c r i t i c a l  f a c t o r  i n  d e t e r m i n i n g  c o m p l e t e  o r  

p a r t i a l  r e g r e s s i o n .  I n  s u p p o r t  o f  t h i s  n o t i o n ,  C u t i l l e t t a  

e t  a l .  ( 1 9 7 5 )  r e p o r t e d  c o m p l e t e  r e g r e s s i o n  i n  a n i m a l s  w i t h  

3 0 - 3 5 %  h y p e r t r o p h y  i n d u c e d  by  s y s t e m i c  p r e s s u r e  o v e r l o a d .  

H o w e v e r , w i t h  p r o l o n g e d  s t i m u l a t i o n  i n  w h i c h  t h e r e  w as  a 

4 5 - 4 7 %  g r o w t h ,  t h e  h e a r t  w e i g h t  t o  b o d y  w e i g h t  r a t i o  

r e m a i n e d  e l e v a t e d  a f t e r  2 8  d a y s  o f  r e g r e s s i o n .  I n  t h e  

p r e s e n t  s t u d y ,  v e n t r i c u l a r  mass i n c r e a s e d  4 0 - 4 2 %  w i t h i n  8  

d a y s  o f  ISO s t i m u l a t i o n .  A l t h o u g h  u n s u b s t a n t i a t e d ,  i t  

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

h y p e r t r o p h y  c o m p l e t e  r e g r e s s i o n  i s  p o s s i b l e  w h i l e  w i t h  m ore  

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

c o m p l e t e .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  h a l f - t i m e  

r e g r e s s i o n  r a t e  ( 3 . 8  d a y s )  w a s  v e r y  c l o s e  t o  t h e  h a l f - t i m e  

i n d u c t i o n  r a t e  ( 3 . 6  d a y s )  i n  h e a r t  m ass ( C h a p t e r  1 ) .  T h i s
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s u g g e s t s  t h a t  b o th  t h e  o v e r a l l  d e v e lo p m e n t  and r e g r e s s i o n  

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

T h e  DNA and h y d r o x y p r o l i n e  c o n t e n t  in  t h e  ISO t r e a t e d  

h e a r t s  w e r e  s i g n i f i c a n t l y  e l e v a t e d  a f t e r  8 da y s  o f  

t r e a t m e n t .  Th e  i n c r e a s e d  DNA c o n t e n t  in  t h e  a d u l t  h e a r t  i s  

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

and i n t e r s t i t i a l  c e l l s  ( M o r k i n  and A s h f o r d  1 9 68 ,  B is h o p  and  

Mel sen 1976) w h i l e  t h e  h y d r o x y p r o l i n e  c o n t e n t  i n d i c a t e s  

c o n n e c t i v e  t i s s u e  r e s p o n s e . A t  t h e  p r e s e n t  t i m e ,  t h e r e  i s  

no d i r e c t  e v i d e n c e  f o r  s u b s t a n t i a l  m i t o t i c  a c t i v i t y  w i t h i n  

f u l l y  d i f f e r e n t i a t e d  m y o c y t e s .  Even though some m y o c y te  

n u c l e i  have  d e m o n s t r a t e d  p o l y p l o i d y  ( G r o v e  e t  a l .  1 9 6 9 a ) ,  

t h e  f r e q u e n c y  was e x t r e m e l y  low and c e r t a i n l y  c o u l d  n o t  

a c c o u n t  f o r  t h e  l a r g e  i n c r e a s e  in  v e n t r i c u l a r  DNA 

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

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

n o n -m u s c le  c e l l s  t h a t  w e r e  in d u c e d  a f t e r  8 days  o f  ISO  

t r e a t m e n t  r e m a in e d  d u r i n g  t h e  r e g r e s s i o n  p h a s e .  S i m i l a r l y ,  

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

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

i m p l i e s  t h a t  once t h i s  m a t r i x  i s  fo rm e d  and e x t r u d e d  i n t o  

t h e  i n t e r s t i t i a l  s p a c e ,  i t  i s  n o t  a c c e s s i b l e  to  rem ova l  as  

a r e  t h e  c e l l u l a r  com ponents  ( Cu t e l  1 e t  t a  e t  a l .  1 9 7 5 ) .

A s t i m u l a t i o n  in  RNA c o n t e n t  i s  one o f  th e  e a r l i e s t  

s i g n a l s  t o  mark a h y p e r t r o p h i c  g ro w th  r e s p o n s e .  D u r i n g  

some fo rm s  o f  t i s s u e  g r o w t h ,  RNA c o n t e n t  i n c r e a s e s  in  

p a r a l l e l  w i t h  t i s s u e  mass ( N a i r  e t  a l .  1 9 68 ,  F a n b u rg  e t  a l .  

1 9 7 1 ,  H ic k s o n  e t  a l .  1 9 7 9 ,  T a y l o r  and Whi t e  1 9 8 3 ) .  In  t h i s
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s t u d y ,  t o t a l  v e n t r i c u l a r  RNA was i n c r e a s e d  76V, a f t e r  8 days  

o f  ISO t r e a t m e n t .  T h i s  d e g r e e  o f  RNA a c c u m u l a t i o n  was  

s i m i l a r  t o  p r e s s u r e  o v e r l o a d  in d u c e d  h y p e r t r o p h y  

( C u t i l l e t t a  e t  a l .  1975) and v e r i f i e s  t h e  p r e v i o u s  r e s u l t s  

f o r  ISO—in d u c e d  e n l a r g e m e n t  ( C h a p t e r  1 ) .  H o w e v e r ,  f o l l o w ­

in g  ISO w i t h d r a w a l ,  t h e  RNA c o n t e n t  r a p i d l y  d e c l i n e d  d u r i n g  

t h e  f i r s t  8 da ys  b u t  r e m a in e d  a t  a p l a t e a u  30% above th e  

c o n t r o l s  be tw een  1 2 -2 0  da y s  o f  r e g r e s s i o n .  I t  i s  u n c l e a r  

why t h e r e  i s  a p e r s i s t e n t  i n c r e a s e d  RNA c o n t e n t  when v e n ­

t r i c u l a r  mass was a lm o s t  c o m p l e t e l y  r e c o v e r e d .  One p o s s i ­

b i l i t y  may be th e  i n c r e a s e d  c o l l a g e n  m a t r i x  e x e r t s  an 

a d d i t i o n a l  w o r k l o a d  on t h e  h e a r t  so t h a t  t h e  m y o c y te s  

m a i n t a i n  a h ig h  l e v e l  o f  RNA s y n t h e s i s  t h a t  r e s u l t s  i n  an 

i n c r e a s e d  RNA c o n t e n t .  Because  low do ses  o f  ISO used  in  

t h e  p r e s e n t  s t u d y  can i n i t i a t e  some f o c a l  damage and i n f l a -  

m a t io n  (C h ap p e l  e t  a l .  1 9 5 9 ) ,  t h e  p o s s i b i l i t y  can n o t  be  

r u l e d  o u t  t h a t  e l e v a t e d  RNA may be p a r t i a l l y  a s s o c i a t e d  

w i t h  some t i s s u e  i n j u r y  and r e p a i r  p r o c e s s .  A l t e r n a t i v e l y ,  

th e  enhanced  RNA may s i m p l y  r e f l e c t  t h e  a c c u m u l a t i o n  o f  

r i b o n u c l e i c  a c i d s  by th e  p r o l i  f e r a t  i  on o f  no nm usc le  c e l l s .  

To a d d r e s s  t h i s  q u e s t i o n ,  m y o c y te s  w e re  i s o l a t e d  a f t e r  8 

days  o f  in d u c e d  g ro w th  and f o l l o w i n g  12 days  o f  r e c o v e r y .  

In  t h e  h y p e r  t r o p h i  ed h e a r t s ,  m y o c y te  RNA was s t i m u l a t e d  86)( 

and r e t u r n e d  t o  th e  c o n t r o l  l e v e l s  a f t e r  12 days  o f  

r e g r e s s i o n .  T h e s e  d a t a  i n d i c a t e  t h a t  t h e r e  i s  a m y o c y t e -  

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

p r o c e s s  i s  r e v e r s i b l e .  T h e r e f o r e , i t  seems r e a s o n a b l e  to  

s p e c u l a t e  t h a t  a t  t h e  t o t a l  t i s s u e  l e v e l ,  t h e  e l e v a t e d  RNA
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c o n t e n t  a f t e r  12 da ys  o f  r e c o v e r y  r e f l e c t s  no nm yocyte  r i b o ­

n u c l e i c  a c i d  a c c u m u l a t i o n .

T h e  mechanism  t h a t  c o n t r o l s  t h e  r e d u c t i o n  i n  RNA 

d u r i n g  r e g r e s s i o n  r e m a i n s  o b s c u r e .  Some e v i d e n c e  s u g g e s t  

t h a t  RNase a c t i v i t y  d u r i n g  r e g r e s s i o n  i s  unchanged  

( C u t i l l e t t a  e t  a l .  1 9 7 6 ) .  S i n c e  RNA p o ly m e r a s e  a c t i v i t y  

and RNA s y n t h e s i s  in  i s o l a t e d  n u c l e i  d e c r e a s e d  d u r i n g  

r e g r e s s i o n  ( C u t i l l e t t a  1 9 8 0 ) ,  t h i s  has  been i n t e r p r e t e d  as  

r e g u l a t i o n  th ro u g h  d e c r e a s e d  RNA s y n t h e s i s  i n  t h e  ab s e n c e  

o f  an y  s i g n i f i c a n t  change  in  d e g r a d a t i o n .  A l t h o u g h  enzyme  

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

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

o n l y  I ' i m i t e d  i n f o r m a t i o n .  In  a com plex  s y s te m ,  such as  

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

p o ly m e r a s e  a c t i v i t y  may m a r k e d l y o v e r e s t i m a t e  i t s  r e a l

c o n t r i b u t i o n  t o  t h e  n e t  l e v e l  o f  c e l l u l a r  o r  t i s s u e  RNA.

The  f i n a l  RNA p r o d u c t  r e q u i r e s  a v e r y  t i g h t  and c o o p e r a t i v e  

a s s o c i a t i o n  b e tw ee n  RNA p o l y m e r a s e  and c h r o m a t i n  t h a t

i n c l u d e s  th e  f o l l o w i n g :  ( i )  RNA p o ly m e r a s e  b i n d i n g  ; ( i i )

n u c l e o t i d e  p o l y m e r i z a t i o n ;  ( i i i )  enzyme d i s s o c i a t i o n ;  and  

( i v )  t h e  r e i n i t i a t i o n  p r o c e s s .  C l e a r l y ,  enzyme a c t i v a t i o n  

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

o n l y  a p a r t i a l  u n d e r s t a n d i n g .  C o n s e q u e n t l y ,  a s y s t e m ( s )  

t h a t  c o n t r o l s  e i t h e r  t h e  Rf>JA p o l y m e r a s e  enzym e,  c h r o m a t i n  

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

a d d i t i o n a l  i n f o r m a t i o n  on t h e  r a p i d l y  c h a n g in g  RNA c o n t e n t  

d u r i n g  d e v e lo p m e n t  and r e g r e s s i o n  o f  c a r d i a c  g r o w t h . The  

n u c l e a r  f u n c t i o n  in  h y p e r t r o p h i e d  h e a r t  i s  t h e  f o c u s  o f
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C h a p t e r  4 in  t h i s  i n v e s t i g a t i o n .

N e v e r t h e l e s s ,  though t h e  d a t a  a c h i e v e d  f ro m  th e  

p r e s e n t  s t u d y  c a n n o t  i n d i c a t e  a n u c l e a r  m echan ism , t h e y  do 

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

v e n t r i c u l a r  RNA d e c r e a s e s  a p p ro x  i m a t e l y in  p a r a l l e l  w i t h  

t i s s u e  mass a n d ,  t h e r e  i s  a m y o c y te  RNA s p e c i f i c  r e s p o n s e  

t h a t  c o m p l e t e l y  r e c o v e r s  w i t h i n  12 da ys  o f  r e g r e s s i o n .
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INTRODUCTION

Th e  m e c h a n i c a l  p e r f o r m a n c e  o f  t h e  h y p e r t r o p h i e d  h e a r t  

ha s  lo n g  been o f  i n t e r e s t  t o  many i n v e s t i g a t o r s .  C a r d i a c  

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

pump f u n c t i o n  in  t h e  i n t a c t  a n im a l  ( R a n d a l l  1 9 7 4 ,  Ross  

1 9 7 4 ,  B a r n a r d  e t  a l .  1 9 8 0 ,  C u t i l l e t t a  1 9 8 2 ) .  A l t e r n a t i v e — 

1 y , i s o l a t e d  p a p i l l a r y  o r  t r a b e c u l a r  m u s c le  p r e p a r a t i o n s  

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

c h a r a c t e r i s t i c s  by means o f  1e n g t h - t e n s i o n  a n d / o r  f o r c e -  

v e l o c i t y  r e l a t i o n s h i p s  (S pann  e t  a l .  1 9 6 7 ,  H a m r e l 1 and  

A l p e r t  1 9 7 7 ,  N is e n b a u g h  e t  a l .  1 9 8 4 ) .  I n  a d d i t i o n ,  th e  

i s o l a t e d  p e r f u s e d  h e a r t  p r e p a r a t i o n  can be  e m p lo y e d  to  

d e t e r m i n e  t h e  c o n t r a c t i l e  p e r f o r m a n c e  by m o n i t o r i n g  i n t r a -  

v e n t r i c u l a r  p r e s s u r e  c h a n g e s  ( N e e l y  e t  a l .  1 9 7 3 ,  T a y l o r  and  

C e r n y  1 9 7 6 ,  OKada e t  a l . 1 9 8 4 ) .  I n  t h e  p r e s e n t  s t u d y ,  t h e  

l a s t  m eth od  was u s e d  t o  d e t e r m i n e  t h e  c o n t r a c t i l e  f u n c t i o n  

o f  h e a r t s  d u r i n g  t h e  d e v e lo p m e n t  o f  I S O - i n d u c e d  h y p e r t r o p h y  

and i t s  s u b s e q u e n t  r e g r e s s i o n .

S e v e r a l  e x p e r i m e n t a l  m o d e ls  h a v e  been u t i l i z e d  t o  

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

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

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

i n c i t i n g  s t i m u l u s .

C o n s t r i c t i o n  o f  t h e  a b d o m in a l  o r  a s c e n d in g  a o r t a  in  

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

o v e r l o a d  ( a f t e r l o a d ) .  G e n e r a l l y  t h i s  t y p e  o f  s t i m u l u s  w i l l  

l e a d  t o  a r e d u c e d  m u s c le  c o n t r a c t i l i t y  w i t h  d e p r e s s e d
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m yos in  ATPase a c t i v i t y  ( S o n n e n b l i c K  e t  a i .  1 9 8 3 ) .  R e s u l t s  

■from s t u d i e s  w i t h  p a p i l l a r y  m u s c le  o r  t r a b e c u l a e  i s o l a t e d  

f ro m  r a t  o r  c a t  d e m o n s t r a t e d  t h a t  i n  t h e  h y p e r t r o p h i e d  

h e a r t ,  i s o m e t r i c  f o r c e  d e v e lo p m e n t  was r e d u c e d  (Spann e t  

a l .  1 9 6 7 ,  B in g  e t  a l .  1 9 7 1 ,  S k e l t o n  and S o n n e n b l ic K  19 74 ,  

N is e n b a u g h  e t  a l .  1 9 8 4 ) ,  maximum v e l o c i t y  o f  i s o t o n i c  s h o r ­

t e n i n g  d e c r e a s e d  ( B i n g  e t  a l .  1 9 7 1 ,  S k e l t o n  and S o n n e n b l ic K  

1 9 7 4 ,  N is e n b a u g h  e t  a i .  1984)  w i t h  a r e d u c e d  r a t e  o f  f o r c e  

d e v e lo p m e n t  ( S o n n e n b l i c K ,  1 9 8 3 ) .  I n  c o n t r a s t  t o  p r e s s u r e  

o v e r l o a d ,  v o lu m e  o v e r l o a d  ( p r e l o a d ) ,  a t  l e a s t  i n  e a r l y  

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

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

(R o s s  1 9 7 4 ,  S o n n e n b l ic K  e t  a l .  1 9 8 3 ) .  H o w e v e r ,  h y p e r t h y ­

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

t h e  r a t e  o f  f o r c e  d e v e lo p m e n t  and maximum v e l o c i t y  o f

i s o t o n i c  s h o r t e n i n g  ( Spann e t  a l . 1 9 6 7 ,  S k e l t o n  and

S o n n e n b l ic K  1 9 7 4 ,  S o n n e n b l ic K  e t  a l . 1 9 8 3 ) .  In  a d d i t i o n ,

t h i s  was a s s o c i a t e d  w i t h  an en h a n c e d  m yo s in  ATPase a c t i v i t y  

( A l p e r t  e t  a l . 1 9 7 9 ,  B a n e r j e e  1 9 8 3 ) .  I n  an e x e r c i s e  in d u c ­

ed model o f  c a r d i a c  h y p e r t r o p h y  t h e  pump p e r f o r m a n c e ,  peak  

d P / d t  and peak —d P / d t  w e r e  a l s o  enhan ced  ( S c h a i b l e  and  

S c h e u e r  1 9 7 9 ,  B a r n a r d  e t  a l . 1 9 8 0 ) .  F o r  t h e  e x p e r i m e n t a l

model o f  I S O - i n d u c e d  h y p e r t r o p h y ,  t h e  d a t a  a v a i l a b l e  a r e  

i n c c x n p le t e .  C l a r k  and 01 son ( 1 9 7 3 )  r e p o r t e d  an e l e v a t e d  

maximum d e v e l o p e d  t e n s i o n  i n  p a p i 11a r y  m u s c le  f r o m  I S O -  

in d u c e d  e n l a r g e d  h e a r t .  L i n  ( 1 9 7 3 )  c o n d u c t e d  an in  v i v o  

hemodynamic s t u d y  in  m a le  and f e m a l e  r a t s  t r e a t e d  w i t h  ISO  

f o r  10 d a y s  and o b s e r v e d  a d e c r e a s e d  h e a r t  r a t e  and
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e n h a n c e d  s t r o k e  v o l u m e .  H o w e v e r , B a l d w i n  e t  a l , ( 1 9 8 2 )

showed t h a t  d a i l y  i n j e c t i o n s  o f  ISO <28  d a y s )  d i d  n o t  a l t e r  

c a r d i a c  f u n c t i o n  m e a s u r e d  i n  s i t u  an d  m y o s in  A T P a s e  a c t i v i ­

t y  a l s o  r e m a i n e d  u n c h a n g e d .  N e v e r t h e l e s s ,  t h e r e  a r e  some 

r e p o r t s  i n d i c a t i n g  d e c r e a s e d  a c t o m y o s i n  A T P a s e  a c t i v i t y  

d u r i n g  I S O - i n d u c e d  h y p e r t r o p h y  (G o r d o n  e t  a l . 1 9 7 2 ,  P aga no

an d  I n c h i o s a  1 9 7 9 ) ,  h o w e v e r , w i t h  no s u p p o r t i n g  f u n c t i o n a l  

d a t a .

S i n c e  t h e  i n f o r m a t i o n  on t h e  t i m e  c o u r s e  o f  a l t e r a ­

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

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

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

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

c a p a c i t y  o f  c a r d i a c  m u s c l e  d u r i n g  t h e  d e v e l o p m e n t  ( 1 - 8  d a y s  

o f  ISO a d m i n i s t r a t i o n )  o f  h y p e r t r o p h y  and i t s  s u b s e q u e n t  

r e c o v e r y  ( 1 —20 d a y s  a f t e r  ISO w i t h d r a w l ) .  I n  c o m b i n a t i o n  

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

t i m e  p e r i o d  o f  c a r d i a c  e n l a r g e m e n t ,  some new i n s i g h t s  on 

t h e  m e c h a n ism  o f  t h i s  a d a p t i v e  p r o c e s s  can  be  o f f e r e d .
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RESULTS

D eve lopm ent  o f  c a r d i a c  h y p e r t r o p h y

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

h y p e r t r o p h i e d  h e a r t ,  c a r d i o m e g a l y  was in d u c e d  f o l l o w i n g  8 

days o f  ISO t r e a t m e n t  u s i n g  t h e  same dosage o u t l i n e d  in  th e

b i o c h e m ic a l  s t u d y  ( C h a p t e r s  1 and 2 ) .  In  t h e  p r e s e n t  s t u d y

a s i m i l a r  t im e  c o u r s e  o f  h y p e r t r o p h y  was o b s e r v e d  ( T a b l e  

3 . 1 ) .  H ow ever ,  th e  m a g n i tu d e  o f  e n la r g e m e n t  a f t e r  8 days  

o f  ISO t h e r a p y  was 30% w h ic h  was 10-14% lo w e r  than  t h a t  

a c h i e v e d  in  th e  p r e v i o u s  b i o c h e m ic a l  s t u d y .

I n t r a v e n t r i c u l a r  p r e s s u r e s  and c o r o n a r y  f l o w  in  

h v p e r t r o o h i e d  h e a r t s

The  a b i l i t y  o f  t h e  h e a r t  t o  d e v e l o p  i  n t r a v e n  t r  i  c u 1a r  

p r e s s u r e  un der  a f i x e d  p e r f u s i o n  lo a d  ( 6 0  mmHg) was

m eas ured  i n  an i s o l a t e d  h e a r t  p r e p a r a t i o n .  D u r i n g  th e

d e v e lo p m e n t  o f  c a r d i a c  h y p e r t r o p h y  ( 1 - 8  days )  peak i n t r a — 

v e n t r i c u l a r  s y s t o l i c  p r e s s u r e  and c o n t r a c t i o n  r a t e  w e r e  th e

same as th e  c o n t r o l s  ( T a b l e  3 . 2 ) .  S i m i l a r l y ,  c o r o n a r y  f l o w

r a t e  r e m a in e d  unchanged d u r i n g  t h e  p e r i o d  o f  c a r d i o m e g a l y .

C o n t r a c t i l e  c h a r a c t e r i s t i c s  in  h y p e r t r o p h i e d  h e a r t s

V e n t r i c u l a r  p r e s s u r e  c u r v e s  w e r e  a n a l y z e d  to  d e t e r m i n e

t h e  c o n t r a c t i l e  c a p a c i t y  o f  t h e  i s o l a t e d  h e a r t .  F i g .  3 . 1

shows an i d e a l i z e d  v e n t r i c u l a r  p r e s s u r e  c o n t r a c t i o n  c u r v e  

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

The  a r e a  under  each c o n t r a c t i o n  c u r v e  ( F i g .  3 . 1 )  was
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T a b l e  3 . 1 . Body w e i g h t ,  h e a r t  w e i g h t  
bo dy  w e i g h t  r a t i o  d u r i n g  
c a r d i a c  h y p e r t r o p h y

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

t o

D ay s  o f  
t r e a t m e n  t

Body w e i g h t  
<g)

H e a r t  w e i g h t  
(mg)

H e a r t  w t / b o d y  w t  
r a t i o  ( m g / g )

%

Day 0 
Con t r o l 2 0 5 + 7 1 2 5 . 4 ± 5 . 0 0 . 6 1 3 ± 0 . 0 1 2

Day 1
Con t r o l  
ISO

1 9 7 ± 2  
2 0 0  ± 3

1 2 4 . 8 ± 2 . 0
1 4 4 . 6 ± 3 . 2 X *

0 . 6 3 5 + 0 . 0 1 3  
0 . 7 2 2 ± 0 . 0  14XX 14

Day 2 
Con t r o l  
ISO

1 9 5 ± 3
1 8 8 ± 6

1 2 2 . 1 ± 1 . 8  
1 4 0 . 8 ± 4 . 2 X X

0 . 6 2 6 ± 0 . 0 1 0  
0 . 7 5 0 ± 0 . 0  16*X 20

Day 4 
Con t r o l  
ISO

2 1 2 ± 1 0
1 9 8 ± 6

1 3 1 . 0 ± 7 . 0  
1 4 6 . 0 ± 3 . 0 * X

0 . 6 1 7 ± 0 . 0 1 2  
0 . 7 3 9 + 0 .0 2 0 X X 20

D ay 8  
Con t r o l  
ISO

2 1 1±12  
2 0 6 ± 5

1 2 4 . 0 ± 8 . 0
1 5 7 . 0 ± 5 . 0 X *

0 . 5 8 9 ± 0 . 0 1 6  
0 . 7 6 4 ± 0 . 0 2 4 X * 30

V a l u e s  a r e  means ±  SE o f  5 - 1 2  h e a r t s  i n  e a c h  g r o u p .  

H e a r t  w e i g h t  i s  d r y  t i s s u e  w e i g h t .

S i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  c o n t r o l ;  p < 0 . 0 1 .
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T a b l e  3 . 2 . H e a r t  r a t e ,  p e a k  i n t r a v e n t r i c u l a r  p r e s s u r e  and  
c o r o n a r y  f l o w  i n  i s o l a t e d  p e r f u s e d  h e a r t s  d u r i n g  
c a r d i a c  h y p e r t r o p h y

D ay s  o f H e a r t  r a t e p e a k  p r e s s u r e C o r o n a r y  f l o w

t r e a t m e n  t < b e a t / m i n ) (mmHg) ( m l / m i n / g  w t )

Day 0
Con t r o l ( 5 ) 2 9 0 ± 1 7 7 8 ± 2 1 2 7 . 4 ± 4 . 9

D ay 1
Con t r o l ( 5 )  
I S 0 ( 7 )

3 1 9 ± 2 8
3 1 5 ± 2 3

7 9 ± 3
8 4 ± 2

1 3 3 . 6 ± 1 . 9  
1 2 9 . 2 ± 4 . 5

Day 2
Con t r o l < 7)  
I S O ( 10)

3 0 1±33  
3 0 8 ± 1 0

7 9 ± 2
8 0 ± 1

1 3 5 . 7 ± 2 . 9
1 3 2 . 4 + 4 . 9

Day 4
Con t r o l < 6)  
I S 0 ( 6 )

2 7 7 ± 1 6
2 9 2 ± 2 3

7 9 ± 1
8 6 ± 3

1 0 3 . 4 ± 5 . 1 
1 1 0 . 3 ± 9 . 1

Day 8
Con t r o l < 5)  
I S 0 ( 6 )

3 1 3 ± 7
2 9 5 ± 9

8 4 ± 2
9 0 ± 2

1 2 2 . 9 ± 8 . 8
1 2 2 . 9 ± 3 . 4

V a l u e s  a r e  e x p r e s s e d  a s  m eans  ±  S E .

C o r o n a r y  f l o w  i s  e x p r e s s e d  a s  ml p e r f u s a t e  p e r  m in  p e r f u s i o n  
p e r  g d r y  h e a r t  w e i g h t .

N u m b e rs  i n  p a r e n t h e s i s  r e p r e s e n t  t h e  number o f  a n i m a l s  
p e r  g r o u p .
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F i g .  3 . 1

work per contraction

X
£
E

LÜtr
cn
cn
ÜJ
cn
Q.

peak pressure
+dP/dt max

-  dP/dt max

t tt t t

TIME (msec)

S c h e m a t i c  r e p r e s e n t a t i o n  o f  an i n t r a v e n t r i c u 1a r  

p r e s s u r e  c u r v e .  + d P / d t  max : maximum r a t e  o f  

d e v e l o p m e n t  o f  p r e s s u r e  ; - d P / d t  max : maximum  

r e l a x a t i o n  r a t e .  t ^ - t ^ :  t i m e  t o  + d P / d t  m ax;  

t g - t ^ : t i m e  t o  p e a k  p r e s s u r e  ; t ^ - t ^ : r e l a x a t i o n  

t i m e .
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d e t e r m i n e d  as  t h e  p r e s s u r e —t i m e  in d e x  w h ic h  was used  to  

r e p r e s e n t , i n d i r e c t l y ,  t h e  amount o f  i n t e r n a l  w o rk  th e

h e a r t  p e r f o r m e d  d u r i n g  each c o n t r a c t i o n .  A c c o r d i n g l y ,  th e

in d e x  d u r i n g  each  min o f  c o n t r a c t i o n  was a l s o  c a l c u l a t e d .

Th e  r e s u l t s  shown in  T a b l e  3 . 3  s u g g e s t  t h a t  u n d e r  t h i s

e x p e r i m e n t a l  p e r f u s i o n  c o n d i t i o n s  <60 mmHg) t h e  h y p e r ­

t r o p h i e d  h e a r t  p e r f o r m e d  t h e  same amount o f  w ork  as  t h e

c o n t r o l  h e a r t s  e i t h e r  p e r  c o n t r a c t i o n  o r  on a p e r  m in  

b a s i s .  H o w e v e r , s i n c e  t h e  c a r d i a c  mass o f  h y p e r t r o p h i e d  

h e a r t s  was a p p r o x i m a t e l y  30% 1a r g e r  th a n  t h e  c o n t r o l ,  th e

w ork  p e r  u n i t  m u s c le  mass was c o n s i d e r a b l y  r e d u c e d  in  t h e

e n l a r g e d  h e a r t s .

Even though t h e  amount o f  w o rk  p e r f o r m e d  in  t h e  h y p e r ­

t r o p h i e d  h e a r t  was unchanged on a w h o le  o rg a n  b a s i s ,  th e  

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

c o n t r a c t i o n  a n d / o r  t h e  r e l a x a t i o n  p h ase  o f  t h e  p r e s s u r e  

c u r v e  may be c h a n g e d .  Th e  r a t e  o f  p r e s s u r e  change  ( d P / d t ) 

i s  common 1 y used  t o  r e f l e c t  t h e  c o n t r a c t i l e  c a p a c i t y  o f  

v e n t r i c l e s .  D u r i n g  t h e  e a r l y  s t a g e  o f  h y p e r t r o p h y  <1 and 2 

da ys )  t h e  p o s i t i v e  d P / d t  r e m a in e d  s t a b l e .  H o w e v er ,  a f t e r  4 

and 8 d a y s  o f  ISO t r e a t m e n t  t h e  p o s i t i v e  d P / d t  was s i g n i f i ­

c a n t !  y  i n c r e a s e d  ( F i g .  3 . 2 ) .  T h e  maximum r a t e  o f  v e n t r i c u ­

l a r  r e l a x a t i o n  ( n e g a t i v e  d P / d t ) w a s  a l s o  m e asu red  and no  

d i f f e r e n c e s  w e r e  fo u n d  b e tw ee n  e x p e r i m e n t a l  and c o n t r o l  

h e a r t s  d u r i n g  t h e  i n d u c t i o n  o f  m u s c le  g ro w th  ( F i g .  3 . 2 ) .  

T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  augm ented c o n t r a c t i 1 i t y  

shown i n  t h e  h y p e r t r o p h i e d  h e a r t  was due t o  t h e  a l t e r a t i o n  

i n  t h e  c o n t r a c t i o n  phase  o f  t h e  c o n t r a c t i o n - r e l a x a t i o n
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T a b l e  3 . 3 . P r e s s u r e - t  ime  
d P / d t  r a t i o  in

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

t o  n e g a t i v e  
h y p e r  t r o p h y

Days o f  
t r e a t m e n  t

In d e x  p e r  c u r v e  
(mmHg.msec)

In d e x  p e r  m in _  + d P / d t  t o  - d P / d t  
(mmHg.msec.1 0  ) r a t i o

Day 0 
Con t r o l 5 , 4 2 5 + 2 4 6 1 , 5 7 0 ± 1 0 8 1 . 4 8 2 ± 0 . 0 4 5

Day 1
Con t r o l  
ISO

5 , 3 1 5 ± 1 2 7
5 , 4 5 5 ± 2 8 7

1 ,6 8 6 ± 1 2 8  
1 , 6 8 7 ± 6 1

1 . 3 1 8 ± 0 . 0 5 4  
1 . 4 4 0 ± 0 . 0 6 3

Day 2 
Con t r o l  
ISO

5 , 2 5 1 ± 1 8 8
5 , 3 7 6 ± 1 3 5

1 , 6 5 6 ± 9 5  
1 ,6 3 0 + 4 1

1 . 3 2 4 + 0 . 0 3 0  
1 . 4 3 7 ± 0 . 0 4 1

Day 4 
Con t r o l  
ISO

6 , 135±250  
5 , 4 0 2 ± 1 5 8

1 ,6 8 1 + 4 1
1 , 5 7 2 + 1 1 7

1 . 3 6 6 + 0 . 0 1 8  
1 . 5 1 1 ± 0 .04 7 X X

Day 8
Con t r o l  
ISO

5 , 6 5 5 + 1 7 7
5 , 5 8 8 ± 1 7 7

1 , 7 6 8 ± 5 5  
1 ,6 6 6 ± 3 8

1 . 2 9 9 ± 0 . 0 4 6  
1 . 5 6 9 ± 0 . 1 0 3 X

V a l u e s  a r e  means ±  SE o f  5 —11 h e a r t s  in  each g r o u p .

S i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  c o n t r o l :  X p < 0 . 0 5 ,  
XX p < 0 . 0 1 .
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F i g .  3 . 2 .  P o s i t i v e  and n e g a t i v e  d P / d t  max d u r i n g  d e v e l o p ­

m ent o f  c a r d i a c  h y p e r t r o p h y .  D a t a  a r e  e x p r e s s e d  

as means ±  SE o f  5 - 7  a n i m a l s  i n  each  g r o u p .
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c y c l e .  C o n s i s t e n t  w i t h  t h i s  s u g g e s t i o n , t h e  r a t i o  be tw ee n  

p o s i t i v e  and n e g a t i v e  d P / d t  v a l u e s  in  each  h e a r t  was  

e l e v a t e d  s i g n i f i c a n t ! y  a t  d a y  4 and d a y  8 d u r i n g  t h e  h y p e r ­

t r o p h i c  p r o c e s s  ( T a b l e  3 . 3 ) .

T im e  p a r a m e t e r s  o f  c o n t r a c t i o n  i n  h v o e r t r o o h i e d  h e a r t

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

c y c l e  was d e t e r m i n e d  by d i v i d i n g  t h e  v e n t r i c u l a r  p r e s s u r e  

c u r v e  i n t o  f o u r  segm ents  ( F i g .  3 . 1 ) .  T h e  f i v e  d a t a  p o i n t s ,  

tg  t o  t ^ ,  a r e  t h e  p r e c i s e  t i m e  i n t e r v a l s  o f  th e  p r e s s u r e  

c u r v e  t h a t  c o r r e s p o n d  t o :  a ) t h e  b e g i n n i n g  o f  c o n t r a c t i o n

( t g ) , b ) p e a k  p o s i t i v e  d P / d t  ( t  ^) , c ) p e a k  s y s t o l i c  p r e s s u r e

( t g ) , d ) p e a k  n e g a t i v e  d P / d t  ( t ^ ) , and e ) e n d  o f  t h e  c y c l e

( t ^ ) .  T h e s e  p o i n t s  w e r e  m ost  a c c u r a t e l y  e v a l u a t e d  f ro m

d i g i t i z e d  d a t a .  T i m e - t o - p e a k  p r e s s u r e  (T P P ,  t ^ - t g ) * t i m e -  

t o - p e a k  d P / d t  (T P D ,  t ^ - t  ^) and r e l a x a t i o n  t i m e  ( R T ,  t ^ - t ^ )  

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

c o n t r a c t i o n  o r  r e l a x a t i o n  o f  m u s c l e .  T a b l e  3 . 4  shows  

t h a t  TPP was un ch ang ed  d u r i n g  t h e  f i r s t  2 d a y s  o f  g ro w th  

and th e n  was s i g n i f i c a n t ! y r e d u c e d  a f t e r  4  and 8  d a y s  o f  

h y p e r t r o p h y .  T h i s  c o u l d  be  a c h i e v e d  by  a d e c r e a s e  in  

e i t h e r  o r  b o th  se g m en ts  ( t ^ - t ^  and t  o f  t h e  c o n t r a c ­

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

r e d u c t i o n  in  t h e  segm ent f ro m  peak  d P / d t  t o  peak p r e s s u r e

( t j - t 2 > a c c o u n t e d  f o r  t h e  d e c r e a s e  i n  t h e  t i m e  t o  a c h i e v e  

maximum p r e s s u r e  d e v e l o p m e n t .  T h e  l e n g t h  o f  TPD and RT was  

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

t i v e l y  s u g g e s t ,  t h a t  t h e  a l t e r a t i o n  i n  t h e  h y p e r t r o p h i e d
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h e a r t  was i n  t h e  c o n t r a c t i o n  p h as e  w h i l e  t h e  r e l a x a t i o n  

p o r t i o n  r e m a in e d  u n c h a n g e d .

R e p r e s s io n  o f  c a r d i a c  h y p e r t r o p h y

To s t u d y  t h e  r e v e r s i b i l i t y  o f  e n han ce d  c o n t r a c t ! 1 i t y  

i n  h y p e r t r o p h i e d  c a r d i a c  m u s c l e ,  a n i m a l s  a f t e r  8 d a y s  o f  

ISO i n j e c t i o n s  w e r e  a l l o w e d  t o  r e c o v e r .  T h e  h e a r t  w e i g h t  

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

c o n t r o l  l e v e l s  a f t e r  20 d a y s  o f  ISO w i t h d r a w a l  ( T a b l e  3 . 5 ) .  

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

e x p e r i m e n t  was s l i g h t l y  d i f f e r e n t  f ro m  t h e  r e s u l t s  o f  t h e  

i n i t i a l  b i o c h e m i c a l  s t u d y  ( C h a p t e r  2 )  in  w h ic h  a r e s i d u a l  

h y p e r t r o p h y  o f  13% ( p < 0 . Q 5 )  r e m a in e d  a f t e r  t h e  same

r e c o v e r y  t i m e .

I n t r a v e n t r i c u l a r  p r e s s u r e s  and c o r o n a r y  f l o w  i n  h e a r t s  

r e c o v e r i n g  f ro m  h y p e r t r o p h y

The  h e a r t  r a t e ,  peak i n t r a v e n t r i c u 1a r  p r e s s u r e ,  and  

c o r o n a r y  f l o w  w e r e  m e as u red  t o  c h a r a c t e r i z e  t h e  o v e r a l l  

hemodynamic p e r f o r m a n c e  o f  t h e  h e a r t  r e c o v e r i n g  f ro m  h y p e ­

r t r o p h y .  T h e  r e s u l t s  in  T a b l e  3 . 6  show 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  frcxn c o n t r o l s  w e r e  d e t e c t e d  in  h e a r t  r a t e  o r  

i n t r a v e n t r i c u 1a r  p r e s s u r e  d u r i n g  r e g r e s s i o n .  H o w e v e r ,  

c o r o n a r y  f l o w  was s t a b l e  e x c e p t  a t  2 and 8 da y s  o f  r e c o v e r y  

when h y p e r t r o p h i e d  h e a r t  showed a h i g h e r  f l o w  r a t e .
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T a b l e  3 . 5 .  Body w e i g h t ,  h e a r t  w e i g h t ,  and h e a r t  w e i g h t  to  
body w e i g h t  r a t i o  d u r i n g  r e g r e s s i o n  o f  c a r d i a c  
h y p e r t r o p h y

Days o f  
r e g r e s s i  on

Body w e i g h t
(g)

H e a r t  w e i g h t  
(mg)

H e a r t  w t / b o d y  wt  
r a t i o  (m g /g )

%

Day 1 
Con t r o l  
ISO

2 1 1 + 1 2
2 0 6 ± 5

1 2 4 . 0 ± 8 . 0
1 5 7 . 0 ± 5 . 0 X X

0 . 5 8 9 ± 0 . 0 1 6  
0 . 7 6 4 + 0 . 024XX 30

Day 2 
Con t r o l  
ISO

2 0 2 + 3
2 08+1

1 2 8 . 0 + 5 . 1  
1 6 2 . 2 ± 4 . 6 X X

0 . 6 3 2 + 0 . 0 1 6  
0 . 7 7 9 + 0 . 020XX 23

Day 4 
Con t r o l  
ISO

2 1 0 ± 7
2 1 3 ± 8

1 3 3 . 0 + 7 . 0
1 6 7 . 0 + 7 . 4 X X

0 . 6 3 2 ± 0 . 0 2 8  
0 . 7 8 5 + 0 . 025XX 24

Day 8 
Con t r o l  
ISO

2 1 7 ± 7
2 1 3 ± 6

1 3 9 . 5 + 5 . 3
1 5 9 . 4 ± 6 . 3 X

0 . 6 4 3 + 0 . 0 1 2  
0 . 7 4 7 ± 0 . 0  14XX 16

Day 20 
Con t r o l  
ISO

2 3 5 ± 1 2
2 4 4 ± 5

1 4 9 . 5 ± 3 . 7
1 5 8 . 4 ± 2 . 2 X

0 . 6 4 0 + 0 . 0 1 2  
0 . 6 5 0 ± 0 . 0 1 2 2

V a l u e s  a r e means +  SE o f 5 - 1 1  h e a r t s  in each g r o u p .

H e a r t  w e i g h t  i s  d r y  t i s s u e  w e i g h t .

S i g n i f i c a n t ! y d i f f e r e n t  f r o m  t h e  c o n t r o l :  *  p < 0 . 0 5 ,  
XX p < 0 . 0 1 .
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T a b l e  3 . 6 .  H e a r t  r a t e , pe ak  i n t r a v e n t r i c u l a r  p r e s s u r e  and
c o r o n a r y  f l o w  i n  i s o l a t e d  p e r f u s e d  h e a r t s  d u r i n g  
r e g r e s s i o n  o f  c a r d i a c  h y p e r t r o p h y

Days o f H e a r t  r a t e Peak p r e s s u r e C o r o n a r y  f l o w

R e g r e s s i  on ( b e a t / m i n ) (mmHg) ( m l / m i n / g w t )

Day I
Con t r o l < 5)  
I S 0 ( 6 )

3 1 3 ± 7
2 9 5 ± 9

8 4 ± 2
9 0 ± 2

1 2 2 . 9 + 8 . 8
1 2 2 . 9 ± 3 . 4

Day 2
C o n t r o l < 5 >  
IS 0 C 6 )

2 9 0 + 1 3
3 0 0 ± 1 2

9 1 ± 2
9 7 ± 5

1 1 9 . 9 ± 8 . 3  
1 4 3 . 1 + 7 . IX

Day 4
Con t r o l < 5)  
I S 0 ( 6 )

3 0 2 ± 2 2
3 0 7 ± 1 7

9 2 ± 6
9 2 ± 2

1 3 6 . 7 + 4 . 3
1 4 4 . 9 ± 3 . 3

Day 8
Con t r o l < 5)  
I S 0 ( 5 )

2 8 7 ± 1 5
2 9 8 ± 2 6

8 6 ± 2
9 1 + 6

1 1 6 . 3 ± 3 . 4  
1 3 8 . 8 + 6 . 7X

Day 20
C o n t r o l ( 6 )  
I S 0 ( 6 )

2 7 8 + 6  ... 
2 8 3 + 1 4

7 9 ± 1
8 1 + 2

1 1 1 . 4 + 4 . 7  
1 2 3 . 2 + 6 . 1

V a l u e s  a r e  e x p r e s s e d  a s  means ±  SE.

C o r o n a r y  f l o w  i s  e x p r e s s e d  a s  ml p e r f u s a t e  p e r  m in  p e r f u s i o n  
p e r  g d r y  h e a r t  w e i g h t .

N um bers  i n  p a r e n t h e s i s  r e p r e s e n t  t h e  number o f  a n i m a l s  
p e r  g r o u p .

S i g n i f i c a n t ! y  d i f f e r e n t  f r o m  t h e  c o n t r o l :  X p < 0 . 0 5 .
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C o n t r a c t i l e  c h a r a c t e r i s t i c s  in  h e a r t s  r e c o v e r i n g  f ro m  

h v o e r  t r o o h v

D u r in g  th e  r e g r e s s i o n  p e r i o d  <20 days)  no d i f f e r e n c e s  

w e re  o b s e rv e d  between e x p e r i m e n t a l  and c o n t r o l  h e a r t s  in  

t h e  v a l u e s  o f  p r e s s u r e —t im e  in d e x  ( T a b l e  3 . 7 ) .  T h es e  

r e s u l t s  and th o s e  a c h i e v e d  f ro m  t h e  h y p e r t r o p h i c  s t a g e  

s u g g e s t  t h a t  t h e  amount o f  w ork  th e  h e a r t  p e r f o r m e d  under  

t h e  normal a f t e r - l o a d  (6 0  mmHg) was no t  a f f e c t e d  by e i t h e r  

h y p e r t r o p h i c  o r  r e g r e s s i v e  changes o f  c a r d i a c  m u s c le .

The  e l e v a t e d  s t a t e  o f  c o n t r a c t i l i t y  (p e a k  p o s i t i v e  

d P / d t )  in  I S O - in d u c e d  h y p e r t r o p h i e d  h e a r t  was p r e s e r v e d  

u n t i l  4 days  a f t e r  ISO w i t h d r a w a l  when t h i s  v a l u e  r e t u r n e d  

t o  th e  c o n t r o l  1e v e l  ( F i g .  3 . 3 )  s u g g e s t i n g  t h a t  t h e  enhan c­

ed c o n t r a c t i l i t y  i s  r e v e r s i b l e .  Th e  maximum r a t e  o f  r e l a x a ­

t i o n  (p e a k  n e g a t i v e  d P / d t ) , on t h e  o t h e r  h a n d , d i d  n o t  show 

any s i g n i f i c a n t  change d u r i n g  th e  same p e r i o d  ( F i g .  3 . 3 ) .

T im e  p a r a m e t e r s  o f  c o n t r a c t i o n  in  h e a r t s  r e c o v e r i n o  f rom  

h v o e r t r o o h v

The  d a t a  in  T a b l e  3 . 8  d e m o n s t r a t e  t h a t  t h e  d e c r e a s e  in  

TPP ( ^ 0 * 2 ^  was m a i n t a i n e d  a t  1, 2 ,  and 4 days  a f t e r  ISO

w i t h d r a w a l .  H o w e v e r , t h e s e  v a l u e s  r e t u r n e d  t o  c o n t r o l  

l e v e l  a f t e r  8 days  o f  r e g r e s s i o n  because  o f  an i n c r e a s e  in  

th e  segment o f  change in  th e  v a l u e  o f  TPD ( t g -

t j )  o r  RT ( t g - t ^ )  was f o u n d .

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

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

phy a r e  a s s o c i a t e d  w i t h  th e  c o n t r a c t i o n  phase  o f  t h e  v e n -
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t r i c u l a r  p r e s s u r e  c u r v e  and r e t u r n e d  t o  normal a f t e r  8 days  

o f  ISO w i t h d r a w a l .
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T a b le  3 . 7 . P r e s s u r e - t i m e  in d e x  and p o s i t i v e  t o  n e g a t i v e  
d P / d t  r a t i o  in  h e a r t s  r c o v e r i n g  f ro m  c a r d i a c  
h y p e r  t r o p h y

Days o f  
r e g r e s s i  on

In d e x  p e r  c u r v e  
(mmHg.msec)

In d e x  p e r  m in_  
(mmHg.msec.1 0  )

+ d P / d t  t o  —d P / d t  
r a t i o

Day 1 
C o n t r o l  
ISO

5 , 6 5 5 ± 1 7 7
5 , 6 8 8 ± 1 7 7

1 ,7 6 8 + 5 5  
1 ,6 6 6 + 3 8

1 . 2 9 9 ± 0 . 0 4 6  
1 . 5 6 9 ± 0 . 103X

Day 2 
Con t r o l  
ISO

5 , 9 8 9 ± 5 1 1 
6 , 8 2 2 ± 4 5 9

1 , 7 2 0 ± 1 1 7
2 , 0 5 0 ± 1 6 0

1 . 3 9 3 + 0 . 0 4 8
1 . 6 3 0 ± 0 . 0 7 7 X

Day 4 
Con t r o l  
ISO

6 , 7 1 7 ± 6 6 5
6 , 6 7 7 ± 1 6 3

1 ,9 8 3 ± 5 4  
2 , 0 3 0 + 8 0

1 . 2 2 6 + 0 . 0 1 9  
1 .4 4 1 ± 0 .0 5 3 X X

Day 8 
Con t r o l  
ISO

6 , 107±167  
6 , 5 9 4 ± 4 3 8

1 ,7 4 3 + 5 1  
1 ,9 4 7 + 1 3 8

1 . 3 9 3 + 0 . 0 3 1  
1 . 4 4 7 ± 0 .0 8 8

Day 20 
Con t r o l  
ISO

5 , 6 3 3 + 1 9 5
5 , 8 7 9 ± 3 3 6

1 ,5 6 7 ± 6 4  
1 ,6 4 9 ± 6 3

1 . 2 7 2 ± 0 . 0 2 7  
1 . 3 6 4 ± 0 .0 5 0

V a l u e s  a r e means ±  SE o f  5 - 9 h e a r t s  in  each g r o u p .

S i g n i f i c a n t l y  d i f f e r e n t  f ro m  th e  c o n t r o l :  X p < 0 . 0 5 ,  
XX p C O .O l .
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1 2 4 8 20
DAYS OF REGRESSION 

0  ISO 
□  CONTROL

F i g .  3 . 3 .  P o s i t i v e  and n e g a t i v e  d P / d t  max d u r i n g  r e g r e ­

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

e x p r e s s e d  as  means ±  SE o f  5 —7 a n i m a l s  i n  each

g r o u p .
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DISCUSSION

A 30% g ro w th  o f  c a r d i a c  mass was in d u c e d  in  r a t s  a f t e r  

8 d a y s  o f  ISO t h e r a p y .  T h i s  d e g r e e  o f  h y p e r t r o p h y  was  

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

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

d u r i n g  d e v e lo p m e n t  o f  h y p e r t r o p h y  and t h e  s u b s e q u e n t  

r e g r e s s i o n  w e r e  d e t e r m i n e d  by m e a s u r in g  i n t r a v e n t r i c u l a r  

p r e s s u r e  d e v e lo p m e n t  i n  an i s o l a t e d  L a n g e n d o r f f  p e r f u s e d  

h e a r t .  T h i s  p r e p a r a t i o n  has  t h e  f o l l o w i n g  a d v a n t a g e s :  a)  

t h e  h e a r t  w o rk s  as  an i n t a c t  o r g a n ;  b) t h e  s t a b i l i t y  o f  

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

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

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

a fe w  h o u r s .

Th e  h e a r t  r a t e ,  peak i n t r a v e n t r i c u l a r  p r e s s u r e  and  

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

c o m p a r a b le  t o  t h e  c o n t r o l s ,  s u g g e s t i n g  t h a t  t h e  hemodynamic  

f u n c t i o n  o f  t h e  e n l a r g e d  h e a r t  was m a i n t a i n e d .  By c a l c u l a ­

t i n g  t h e  a r e a  u n d e r  each p r e s s u r e  c u r v e  ( F i g .  3 . 1 )  t h e  

p r e s s u r e —t i m e  in d e x  o f  t h e  h e a r t  d u r i n g  each c o n t r a c t i o n  — 

r e l a x a t i o n  c y c l e  was d e t e r m i n e d .  H o w e v e r ,  I t  s h o u ld  be  

n o t e d  t h a t  t h i s  p a r a m e t e r  does  n o t  d i r e c t l y  r e p r e s e n t  t h e  

e x t e r n a l  w o rk  ( s t r o k e  w o rk )  o f  t h e  h e a r t .  I n s t e a d ,  i t  was  

us ed  as  an in d e x  o f  i n t e r n a l  w ork  d u r i n g  c o n t r a c t i o n  and  

r e l a x a t i o n .  On a w h o le  o rg a n  b a s i s ,  t h e  w ork  p e r f o r m e d  by  

e n l a r g e d  h e a r t  a t  any  s t a g e  o f  d e v e l o p e d  g ro w th  d i d  n o t  

show any d i f f e r e n c e  f r o m  t h e  c o n t r o l  a n i m a l s .  H o w e v e r ,

b e c a u s e  c a r d i a c  mass i n c r e a s e d  30%, t h e  amount o f  w ork

32
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p e r f o r m e d  p e r  u n i t  m u s c le  mass was a c t u a l l y  l e s s  in  t h e  

h y p e r t r o p h i e d  h e a r t s .  I f  t h i s  i s  e x t r a p o l a t e d  t o  t h e  

s a rc o m e re  l e v e l ,  i t  w o u ld  s u g g e s t  t h a t  i n d i v i d u a l  c o n t r a c ­

t i l e  u n i t s  do l e s s  w ork  in  t h e  e n l a r g e d  h e a r t s  u n d e r  f i x e d  

a f t e r - l o a d  c o n d i t i o n s  <60 mmHg). C o n s i s t e n t  w i t h  t h i s  

s p e c u l a t i o n  i s  th e  o b s e r v e d  i n c r e a s e d  number o f  s a rc o m e r e s  

in  h y p e r t r o p h i e d  h e a r t  ( H a m r e l 1 and A l p e r t  1 9 7 7 ) .  The  

s h o r t e n i n g  p e r  s a rc o m e re  in  t h e  h y p e r t r o p h i e d  m y o c y te s  was  

l e s s  than  normal ( H a m r e l 1 e t  a l . 1 9 8 3 ,  H u l t g r e n  and H a m r e l 1

1985) and t h e r e f o r e  l e s s  w o rk  was p e r f o r m e d  by each s a r c o ­

m ere  d u r i n g  th e  c o n t r a c t i o n  o f  h y p e r  t r o p h  i ed c a r d i a c  

m u s c l e .  T h i s  means t h a t  i n  h y p e r t r o p h i e d  h e a r t  each s a r c o ­

mere i s  r e q u i r e d  t o  do l e s s  s h o r t e n i n g  t o  p ro d u c e  a g i v e n  

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

l a r  f u n c t i o n  ( H a m r e l 1 and A l p e r t  1 9 8 6 ) .

Th e  r a t e  o f  p r e s s u r e  d e v e lo p m e n t  ( p o s i t i v e  d P / d t )  in  

h y p e r t r o p h i e d  h e a r t  was m easured  and u t i l i z e d  as  an in d e x  

o f  l e f t  v e n t r i c u l a r  c o n t r a c t i l e  f u n c t i o n .  T h i s  v a l u e  was  

g r e a t e r  th an  th e  c o n t r o l  a n i m a l s  a f t e r  4 and 8 days  o f  ISO 

t r e a t m e n t .  A t  t h e  e a r l y  s t a g e  ( a f t e r  2 days  o f  ISO  

t h e r a p y )  c a r d i a c  mass i n c r e a s e d  a p p r o x i m a t e l y  20%, y e t  th e  

m u s c le  c o n t r a c t i l i t y  was n o t  a l t e r e d .  T h e s e  f i n d i n g s  

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

th an  th e  im m e d ia te  e f f e c t s  o f  ISO w e r e  r e s p o n s i b l e  f o r  th e  

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

c e r t a i n  d e g r e e  o f  c a r d i a c  e n la r g e m e n t  must be a c h i e v e d  

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

h a n d ,  th e  v a l u e  o f  n e g a t i v e  d P / d t  was fo u n d  unchanged
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i n d i c a t i n g  t h e  r e l a x a t i o n  o f  m u s c le  was n o t  a f f e c t e d  by t h e  

h y p e r t r o p h i c  p r o c e s s .

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

h y p e r t r o p h y  o b s e r v e d  in  t h i s  s t u d y  g e n e r a l l y  in  a g re e m e n t  

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

C l a r k  and 01 son < 1973) d e m o n s t r a t e d  an i n c r e a s e d  maximum

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

p a p i l l a r y  m u s c le  i s o l a t e d  f r o m  t h e  I S O - i n d u c e d  e n l a r g e d  

h e a r t s .  L i n  ( 1 9 7 3 )  showed an en han ced  s t r o k e  v o lu m e  i n  t h e  

r a t s  c h r o n i c a l l y  t r e a t e d  by ISO w h ic h  s u g g e s t e d  an 

i n c r e a s e d  m u s c le  c o n t r a c t i l i t y .  B a l d w i n  e t  a l . ( 1 9 8 2 )

h o w e v e r ,  fo u n d  no change  in  c o n t r a c t i l e  f u n c t i o n  a f t e r  4 

w eeks  o f  ISO in d u c e d  g r o w t h .  By m e a s u r in g  t h e  maximum

c a p a c i t y  t o  u t i l i z e  oxygen o f  t h e  I S O - t r e a t e d  r a t s ,  t h e  

same g ro u p  c o n c l u d e d  t h a t  t h e  low  d o sag e  ( 0 . 2 - 0 . 4  mg p e r  kg  

body w e i g h t )  ISO in d u c e d  e n l a r g e d  h e a r t  m a i n t a i n e d  normal  

m e t a b o l i c  and f u n c t i o n a l  c a p a c i t y .  In  c o m p a r is o n  w i t h

c a r d i a c  h y p e r t r o p h y  in d u c e d  by o t h e r  e x p e r i m e n t a l  s t i m u l i ,  

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

seemed t o  be c o m p a r a b l e  t o  t h e  r e s p o n s e  o f  c a r d i a c  m u s c le  

t o  t h y r o x i n e -  (Spann e t  a l . 1 9 6 7 ,  S k e l t o n  and S o n n e n b I i c k

1974) o r  e x e r c i s e - i n d u c e d  h y p e r t r o p h y  ( S c h a i b l e  and S c h e u e r  

1 9 7 9 ) .  In  t h o s e  m o d e l s ,  g r e a t e r  c o n t r a c t i l i t y  w i t h  a 

s t i m u l a t e d  m yos in  ATPase a c t i v i t y  w e r e  c l e a r l y  e v i d e n t .  

H o w e v e r , c a r d i a c  h y p e r t r o p h y  i n d u c e d  by p r e s s u r e - o v e r 1oad  

showed an o p p o s i t e  r e s p o n s e  w h ic h  d e p r e s s e d  d P / d t  and  

d e c r e a s e d  m yos in  ATPase a c t i v i t y  w e r e  o b s e r v e d  ( B i n g  e t  a l .  

1 9 7 1 ,  H a m r e l 1 and A l p e r t  1 9 7 7 ,  N is e n b a u g h  e t  a l . 1 9 8 4 ,
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Hemwal1 e t  a l .  1 9 8 3 ) .  The  d e p r e s s e d  c o n t r a c t i l e  f u n c t i o n  

and d e c r e a s e d  m yo s in  ATPase a c t i v i t y  w e r e  a l s o  o b s e r v e d  in  

l o n g - t e r m  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  ( B i n g  e t  a l .  

1 9 8 3 ) .  A c c o r d i n g  t o  t h e i r  m u s c le  c o n t r a c t i l e  c a p a c i t y ,  

t h e s e  e x p e r i m e n t a l  1 y  in d u c e d  h y p e r t r o p h i e s  c o u l d  be c o n s i ­

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

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

h y p e r t r o p h y  as  an e x a m p le ,  i s  d e f i n e d  as  one w i t h  a normal  

o r  augm ented c o n t r a c t i l e  s t a t e  and i s  g e n e r a l l y  a c co m p a n ie d  

w i t h  an i n c r e a s e d  m yos in  o r  a c to m y o s in  ATPase a c t i v i t y  

( H i k m a n - C o f f e l t  e t  a l .  1 9 7 9 ) .  By t h i s  c r i t e r i o n , i t  i s  

s t r o n g l y  i m p l i e d  t h a t  t h i s  low do se  ISO in d u c e d  h y p e r t r o p h y  

model can be c 1 a s s i ' f i ' e d  a s  a p h y s i o l o g i c a l  a d a p t a t i o n  based  

on t h e  c o n t r a c t i l e  r e s p o n s e .

U s in g  h i g h  d e n s i t y  d i g i t i z e d  v e n t r i c u l a r  f u n c t i o n  

c u r v e s ,  t h e  i n t r i n s i c  t i m e  p a r a m e t e r s  o f  each c o n t r a c t i o n -  

r e l a x a t i o n  c y c l e  w e r e  r e c o r d e d  and p r e c i s e l y  d e f i n e d .  Th e  

t i m e - t o - p e a k  p r e s s u r e  (TPP)  was r e d u c e d  in  I S O - i n d u c e d  

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

T h i s  change  a c c o u n t s  f o r  t h e  en h an ce d  v a l u e  o f  d P / d t  max.  

H o w e v e r , t h e  r e l a x a t i o n  t i m e  in  e n l a r g e d  h e a r t s  was n o t  

c h a n g e d .  In  c o m b i n a t i o n  w i t h  t h e  unchanged n e g a t i v e  d P / d t  

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

m e c h a n ic a l  p r o p e r t i e s  was b a s i c a l l y  due t o  t h e  a l t e r a t i o n s  

i n  t h e  a c t i v e  s t a t e  o f  m u s c le  c o n t r a c t i o n .  A l t h o u g h  th e  

c o n t r a c t i l i t y  was e n han ce d  and TPP was s h o r t e n e d ,  t h e  t i m e  

t o  peak d P / d t  (TPD) was n o t  a l t e r e d  i n  t h e  h y p e r t r o p h i e d  

h e a r t .  O n ly  t h e  t i m e  p e r i o d  b e tw ee n  t h e  p o i n t  o f  peak
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d P / d t  and o f  peak p r e s s u r e  ( t  in  t h e  c u r v e ,  F i g .  3 . 1 )

was r e d u c e d . In  c o n t r a s t  to  t h e  s h o r t e n e d  TPP o b s e rv e d  in  

t h i s  s t u d y ,  th e  same t im e  p a r a m e t e r  in  p r e s s u r e - i n d u c e d  

e n l a r g e d  h e a r t s  a n d / o r  th e  a g i n g  m yocard ium  was fo u n d  p r o ­

lo n g e d  ( B i n g  e t  a i .  1 9 7 1 ,  H e l l e r  and w h i t e h o r n  19 72 ,

W e i s f e l d t  19 75 ,  Capasso e t  a i .  1 9 8 2 ) .  T h i s  d i f f e r e n c e  in  

t h e  a d a p t i v e  change  in  t h e  i n t r i n s i c  t im e  p a r a m e t e r s

f u r t h e r  s u p p o r t s  t h e  n o t i o n  t h a t  d i f f e r e n t  mechanisms a r e  

i n v o l v e d  in  th e  h y p e r  t r o p h i c  p r o c e s s .

The  c e l l u l a r  mechanism r e s p o n s i b l e  f o r  th e  enhanced  

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

u n d e r s t o o d .  Hcxuever, i t  may be r e l a t e d  t o  a l t e r a t i o n s  in  

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

c o r r e l a t i o n  between th e  v e l o c i t y  o f  c a r d i a c  m u s c le

s h o r t e n i n g  and m y o c a r d i a l  V ^ /V g  iso en zym e r a t i o  and th e  

l e v e l  o f  m yosin  ATPase a c t i v i t y  ( A l p e r t  e t  a l .  1967 ,  

S c h w a r tz  e t  a l .  19 81 ,  P aga n i  and J u l i a n  1 9 8 4 ) .  An i n c r e a s e  

in  V^ isoenzym e c o n c e n t r a t i o n  has been o b s e rv e d  in  r a b b i t  

o r  r a t  m yocard ium  e n l a r g e d  by t h y r o x i n  o r  e x e r c i s e  ( A l p e r t  

e t  a l .  1979 ,  Rupp 1 9 8 1 ,  M a r t i n  e t  a l .  1 9 8 2 ) .  H ow e ver ,  in  

p r e s s u r e - o v e r  1oad h y p e r t r o p h y ,  t h e  p r o p o r t i o n  o f  th e  Vg 

fo rm  was i n c r e a s e d  (Lom pre  e t  a l  . 19 79 ,  Wisenbaugh e t  a l  .

1983) . Al though no e f f o r t  was made in  t h e  p r e s e n t  s t u d y  to  

i n v e s t i g a t e  t h e  s t r u c t u r a l  change in  th e  myosin  m o l e c u l e ,  

t h e r e  i s  e v i d e n c e  a v a i l a b l e  w h ic h  i n d i c a t e s  t h a t  in  I S O -  

i n d u c e d  h y p e r t r o p h y ,  m yos in  ATPase a c t i v i t y  i s  enhanced

w h i l e  th e  p r o p o r t i o n  o f  and Vg fo rm s  o f  m yosin  iso en zym e  

i s  d e c r e a s e d  ( S r e t e r  e t  a l . 1 9 8 2 ) .  N e v e r t h e l e s s ,  th e  e l e —
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v a t e d  d P / d t  and r e d u c e d  TPP o b s e r v e d  in  t h i s  s t u d y  s t r o n g l y  

i n d i c a t e  t h a t  t h e  c a r d i a c  e n l a r g e m e n t  in d u c e d  by t h e  1ow -  

dosage o f  ISO in  t h e  p r e s e n t  s t u d y  i s  a n o n - f a i l i n g  a d a p a ­

t i o n  w h ic h  shows a normal c a r d i a c  pump f u n c t i o n  and an 

augm ented m u s c le  c o n t r a c t i l e  c a p a c i t y .

T h e  30% h y p e r t r o p h y  in d u c e d  a f t e r  8 da ys  o f  ISO 

a d m i n i s t r a t i o n  was c o m p l e t e l y  r e c o v e r e d  i n  20 da ys  o f  ISO 

w i t h d r a w a l .  S i m i l a r  t o  t h e  phenomenon i n  t h e  d e v e lo p m e n ta l  

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

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

d u r i n g  t h e  r e c o v e r i n g  p h a s e .  In  a d d i t i o n ,  th e  amount o f  

i n t e r n a l  w ork  p e r f o r m e d  e i t h e r  p e r  b e a t  o r  p e r  m in o f  

c o n t r a c t i o n  was i d e n t i c a l  t o  t h e  c o n t r o l s .  T h e s e  d a t a  

i n d i c a t e  t h a t  t h e  rem o v a l  o f  ISO s t i m u l a t i o n  d i d  n o t  

a f f e c t  t h e  f r e q u e n c y  o f  c o n t r a c t i o n ,  b lo o d  f l o w  t o  t h e  

m u s c le  o r  t h e  amount o f  w ork  on a p e r  b e a t  b a s i s  even though  

d u r i n g  t h e  same t im e  p e r i o d ,  b o th  th e  m u s c le  mass and  

p r o t e i n  c o n t e n t  in  t h e  h e a r t  w e r e  d e c l i n i n g  ( C h a p t e r  2 ) .  

A l t h o u g h  t h e  amount o f  w ork  p e r f o r m e d  by t h e  I S O - t r e a t e d  

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

r e s e r v e d  w o r k i n g  c a p a c i t y  can n o t  be t o t a l l y  r u l e d  o u t  

s i n c e  t h i s  change m ig h t  n o t  be d e t e c t a b l e  u n d e r  t h e  f i x e d ,  

m o d e r a t e  a f t e r  l o a d  p e r f u s i o n  c o n d i t i o n  ( 6 0  mmHg). F u r t h e r  

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

The  enhanced  peak p o s i t i v e  d P / d t  a f t e r  th e  8 da y s  o f  

ISO i n j e c t i o n s  was m a i n t a i n e d  f o r  2 da ys  d u r i n g  th e  r e c o v e r  

phase  and th an  d e c l i n e d  t o  t h e  c o n t r o l  l e v e l  a f t e r  4 days  

o f  ISO w i t h d r a w a l .  The  r e d u c e d  v a l u e  o f  t im e  t o  peak
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p r e s s u r e  ( T P P ) , a n o t h e r  m a r k e r  o f  m u s c le  c o n t r a c t i l e  

c a p a c i t y ,  was m a i n t a i n e d  f o r  4 d a y s  and th en  r e t u r n e d  t o  

t h e  c o n t r o l  l e v e l s  a f t e r  8 d a y s  o f  ISO r e m o v a l .  A t  t h i s  

i n t e r v a l  ( 8  da y s  o f  r e g r e s s i o n ) , b o th  o f  t h e  c o n t r a c t i l e  

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

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

m u s c le  con t r a c t i 1 i t y  p r e c e d e s  t h e  r e c o v e r y  o f  c a r d i a c  mass  

and t h e  b i o c h e m i c a l  p a r a m e t e r s  in  t h i s  I S O - i n d u c e d  h y p e r ­

t r o p h y  m o d e l .

A l a r g e  q u a n t i t y  o f  h y d r o x y p r o l i n e  a c c u m u la t e d  d u r i n g  

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

rem oved d u r i n g  t h e  r e c o v e r y  p e r i o d  ( C h a p t e r s  1 and 2 ) .  T h e  

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

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

m u s c le  ( N a t a r a j  an e t  a l  . 1 9 7 9 ,  Capasso e t  a l  . 1 9 8 2 ,  Sen

1 9 8 3 ) .  I t  i s  n o t  c l e a r  why t h e  h e a r t ,  e n l a r g e d  by IS O ,  can  

m a i n t a i n  normal o r  augm ented  c o n t r a c t i l e  f u n c t i o n  w h i l e  

h a v i n g  m ore  c o n n e c t i v e  t i s s u e .  H o w e v e r ,  u s i n g  1a t h y r o g e n  

b e t a - a m i n o  p r o p r i o n i t r i 1e , w h ic h  i n h i b i t s  t h e  c r o s s - 1  i n k i n g  

o f  c o l l a g e n  and e l a s t i n ,  B in g  e t  a l . ( 1 9 7 8 )  s u g g e s t e d  t h a t  

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

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

in  c o n t r a c t i 1 i t y  c o u l d  be due t o  some i n t r i n s i c  f a c t o r ( s )  

w i t h i n  t h e  m u s c le  c e l l s  r a t h e r  th a n  t h e  e f f e c t  o f  c o n n e c ­

t i v e  t i s s u e .

In  summary, t h e  p r e s e n t  s t u d y  shows t h a t  8 d a ys  o f  ISO 

i n j e c t i o n s  i n  t h e  dosage  o f  0 . 3  mg p e r  kg body w e i g h t  

in d u c e d  a 30% c a r d i a c  h y p e r t r o p h y  w h ic h  was c o m p l e t e l y
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r e v e r s i b l e .  T h e  c o n t r a c t i l e  c a p a c i t y  o f  m u s c le  was  

s t i m u l a t e d  d u r i n g  h y p e r t r o p h y  and f u l l y  r e c o v e r e d  i n  8 days  

a f t e r  ISO w i t h d r a w l .  Because  t h e  a l t e r a t i o n s  in  con t r a c  t  i -  

1 i t y  w h ic h  o c c u r  in  h y p e r t r o p h i e d  m yo c ard iu m  a r e  d e p e n d e n t  

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

o f  one fo rm  o f  c a r d i a c  h y p e r t r o p h y  a r e  n o t  n e c e s s a r i l y  

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

s t i m u l u s .  N e v e r t h e l e s s ,  i t  seemed r e a s o n a b l e  t o  c o n c l u d e  

t h a t  t h e  e x p e r i m e n t a l 1 y in d u c e d  c a r d i a c  g ro w th  in  t h e  p r e ­

s e n t  s t u d y  does  n o t  r e s u l t  in  i r r e v e r s i b l e  m y o c a r d i a l  

damage. T h e  g ro w th  i s  an a d a p t i v e ,  p h y s i o l o g i c a l  p r o c e s s  

and can be used as  a c o n v e n i e n t  e x p e r i m e n t a l  model to  

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

Th e  e x p e r i m e n t s  r e p o r t e d  in  t h e  p r e v i o u s  t h r e e  c h a p t e r s  

ha v e  d e m o n s t r a t e d  t h a t  r e p e a t e d  i n j e c t i o n s  o f  low  d o s e s  o f  

ISO m a r k e d l y  s t i m u l a t e  c a r d i a c  g r o w t h .  A l t h o u g h  p r o t e i n  

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

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

m a g n i tu d e  s u g g e s t i n g  an e a r l y  and s p e c i f i c  e f f e c t  a t  t h e

n u c l e a r  l e v e l .  S t a n t o n  e t  a l . ( 1 9 6 9 )  r e p o r t e d  s i m i l a r

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

r e n o l .  In  t h e  same s t u d y ,  t i s s u e  o r  n u c l e a r  RNA ch a ng es  

m a r k e d l y  p r e c e d e d  t h e  i n c r e a s e  in  c a r d i a c  mass and t h e  

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

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

i n i t i a l  d e v e lo p m e n t  o f  c a r d i a c  g r o w t h .  H o w e v e r ,  t h e s e

s t u d i e s  com pared c h an g e s  i n  t o t a l  t i s s u e  RNA a c c u m u l a t i o n  

o r  RNA s y n t h e s i s  i n  n u c l e a r / c y t o p l a s m i c  f r a c t i o n s  w h ic h  a r e  

n o t  s u f f i c i e n t  t o  s p e c u l a t e  on n u c l e a r  c o n t r o l  m echanism s  

o f  in d u c e d  c a r d i a c  h y p e r t r o p h y .  Th e  p r o d u c t i o n  o f  t h e  

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

a s s o c i a t i o n  b e tw e e n  RNA p o l y m e r a s e  and c h r o m a t i n  t h a t  

i n c l u d e s i  a )  RNA p o l y m e r a s e  b i n d i n g ;  b) n u c l e o t i d e  p o l y ­

m e r i z a t i o n ;  c )  enzyme d i s s o c i a t i o n  ; and d) t h e  r e i n i t i a t i o n  

p r o c e s s .  T h e r e f o r e ,  t h e  IS O —i n d u c e d  chang e  i n  RNA p o l y ­

m e ra s e  a c t i v a t i o n ,  c h r o m a t i n  t e m p l a t e  f u n c t i o n  o r  RNA p o l y ­

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

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

RNA. S t u d i e s  w i t h  a o r t i c  c o n s t r i c t i o n  in d u c e d  c a r d i a c  h y -
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p e r  t r o p h y  ( F I  o r  i n i  and D a n k b e rg  1 9 7 1 ,  C u t i  11e t t a  e t  a l . 

1978) p r o v i d e d  e v i d e n c e  o f  a l a c k  o f  c o o r d i n a t i o n  i n  RNA 

p o ly m e r a s e  a c t i v a t i o n  and c h r o m a t i n  t e m p l a t e  c a p a c i t y  

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

r e p o r t  ( C u t i  11e t t a  1981)  s u g g e s t e d  t h a t  c h r o m a t i n  t e m p l a t e  

c a p a c i t y  was m ore  r e s p o n s i v e  th a n  RNA p o ly m e r a s e  a c t i v a t i o n  

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

in d u c e d  p r e s s u r e  o v e r l o a d .  But u n d e r  c h r o n i c  o v e r l o a d  co n­

d i t i o n s ,  RNA p o ly m e r a s e  a c t i v i t y  was fo u n d  t o  be s t i m u l a t e d  

t o  m atch  t h e  i n c r e a s e d  RNA l e v e l s  ( C u t i  11e t t a  e t  a l . 1 9 7 8 ) .

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

p o l y m e r a s e ,  c h r o m a t i n  t e m p l a t e  c a p a c i t y  and RNA p o ly m e r a s e  

b i n d i n g  t o  c h r o m a t i n  h a v e  been d e t e r m i n e d  d u r i n g  t h e  e a r l y  

( 1 - 4  d a y s )  and l a t e  ( 4 - 8  d a y s )  p h as e  o f  I S O - i n d u c e d  c a r d i a c  

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

n u c l e a r  chang e  i n  m y o c y te  and nonm yo cyte  c e l l s  h a s  been  

m e as u re d  by d e t e r m i n i n g  t h e  n u c l e a r  f u n c t i o n  in  b o th  i s o ­

l a t e d  m u s c le  and n o nm us c le  c e l l  n u c l e i .
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RESULTS

H e a r t  w e i g h t  and body w e i g h t

In  a s e p a r a t e  s e r i e s  o f  e x p e r i m e n t s ,  c a r d i a c  h y p e r t r o ­

phy was in d u c e d  f o l l o w i n g  8 d a y s  o f  ISO i n j e c t i o n s  u s i n g  

t h e  same d o sag e  d e s c r i b e d  i n  C h a p t e r  1. A 39% g r o w th  was  

s t i m u l a t e d  ( T a b l e  4 . 1 )  w i t h  a s i m i l a r  t i m e  c o u r s e  o f  

ch ang es  as  o b s e r v e d  in  C h a p t e r  1 ( F i g .  1 . 1 ) .

M v o c v te  and no nm vo cvte  RNA o o l v m e r a s e  a c t i v i t y

T o  o p t i m i z e  t h e  RNA p o ly m e r a s e  a s s a y  s y s te m ,  i s o l a t e d  

i n t a c t  n u c l e i  w e r e  i n c u b a t e d  f r o m  5 t o  30 m in  w i t h  n u c l e o ­

t i d e s  a t  3 7 ° C .  As shown in  F i g .  4 . 1 ,  C^HIUMP i n c o r p o r a t i o n  

i n c r e a s e d  in  b o th  f r a c t i o n s  and r e a c h e d  m axim al  l e v e l s

a f t e r  15 m in  w i t h  no f u r t h e r  c h a n g e  f o l l o w i n g  30 m in  o f

i n c u b a t i o n .  I n  a s e p a r a t e  s e t  o f  e x p e r i m e n t s ,  i n c o r p o r a ­

t i o n  o f  l a b e l e d  n u c l e o t i d e  in  b o th  f r a c t i o n s  i n c r e a s e d  

l i n e a r l y  w i t h i n  t h e  r a n g e  o f  5 - 4 0  ^g n u c l e a r  DNA ( F i g .  

4 . 2 )  . T h e r e f o r e ,  15 min o f  i n c u b a t i o n  t i m e  and a 3 0 - 4 0  l»g 

n u c l e a r  DNA w e r e  us ed  f o r  t h e  enzyme a s s a y  i n  t h i s  s t u d y .

Under  o p t i m i z e d  c o n d i t i o n s  ( T a b l e  4 . 2 ) ,  t h e  enzyme  

a c t i v i t y  in  m y o c y te  n u c l e i  was t w o - f o l d  g r e a t e r  th a n  non­

m y o c y te  n u c l e i  w h ic h  s u g g e s t e d  t h a t  m y o c y te s  may h a v e  a

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

h y p e r t r o p h y ,  RNA p o ly m e r a s e  a c t i v i t y  was s t i m u l a t e d  b o th  in  

m y o c y te  and n o nm yo cyte  f r a c t i o n s  24  h o u r s  a f t e r  a s i n g l e  

ISO i n j e c t i o n  ( T a b l e  4 . 2 ) .  M y o c y te  RNA p o ly m e r a s e  a c t i v i t y  

c o n t i n u e d  t o  i n c r e a s e  up t o  4 d a ys  o f  g ro w th  and then
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T a b i e 4 . 1 . Body w e i g h t  and h e a r t  w e i g h t  d u r i n g  c a r d i a c  
h y p e r  t r o p h y .

Days o f  
t r e a t m e n t

Body w e i  

Con t r o l

g h t  <g) 

ISO

H e a r t  w e i g h t ( m g )  H y p e r t r o p h y  

C o n t r o l  ISO (%)

0 2 1 0 ± 7 6 0 3 ± 1 2

1 2 2 5 ± 4 2 2 8 ± 4 6 2 6 + 1 4 6 8 0 ± 2 4 * 9

2 2 1 3 ± 6 220 ±8 6 0 2 + 1 0 7 1 4 ± 1 2 * * 19

4 2 2 7 ± 4 2 2 8 ± 2 6 1 7 ± 1 9 8 0 9 ± 2 4 * * 31

8 2 3 8 ± 4 2 4 4 ± 2 6 6 3 ± 1 4 9 1 9 ± 2 4 X * 39

V a l u e s  a r e  e x p r e s s e d  as  means ±  SE o f  6 - 8  h e a r t s  i n  each  
g r o u p .

S i g n i f i c a n t ! y  d i f f e r e n t  f r o m  t h e  c o n t r o l  : *  P < 0 . 0 5 ,
* *  P < 0 . 0 1 .
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F i  g . 4 . 1 . T i m e  c o u r s e  o f  RNA p o l y m e r a s e  a c t i v i t y  i n  

i s o l a t e d  n u c l e i .  P l a t e a u  w a s  r e a c h e d  a f t e r  15 

m in  o f  i n c u b a t i o n  i n  b o t h  m y o c y t e  and n o n m y o c y te  

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

and  e x p e r i m e n t  w a s  r e p e a t e d  t h r e e  t i m e s .
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F i g .  4 . 2 . R e l a t i o n  b e t w e e n  n u c l e a r  c o n c e n t r a t i o n  ( a s  i n d i ­

c a t e d  by  am ount  o f  DNA) an d  en zym e a c t i v i t y  i n  

m y o c y t e  and  n o n m y o c y t e  f r a c t i o n s .  I n c u b a t i o n  

w as  f o r  15 m in  a t  3 7 ° C .  Each p o i n t  w a s  a s s a y e d  

i n  d u p l i c a t e  a n d  t h e  a s s a y  r e p e a t e d  t h r e e  t i m e s
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T a b l e  4 . 2 . M y o c y t e  and n o n -m y o c y t e  RNA p o l y m e r a s e  a c t i v i t y  
d u r i n g  c a r d i a c  h y p e r t r o p h y .

Days o f  
t r e a t m e n  t

RNA p o l y m e r a s e  a c t i v i t y  
( p m o l e  IM P /m g  D N A / 15 m in )

C o n t r o l  ISO

I n c r e a s e
(%)

M v o c v t e  f r a c t i o n

0 1 , 0 3 5 + 6 1 ( 6 )

1 1 , 0 7 6 ± 6 5 < 8 ) l , 3 8 4 ± 3 l ( 6 ) X X 29

2 1 , 1 7 7 ± 3 8 < 6 ) 1 , 5 4 9 ± 9 2 ( 8 )  XX 32

4 1 , 1 5 5 ± 6 0 ( 6 ) 1 , 6 8 6 ± 8 5 ( 6 ) X X 46

8 1 , 1 8 5 ± 4 3 ( 5 ) 1 , 3 2 5 ± 7 5 ( 8 ) 12

N o n -m v o c v t e f r a c t i o n

0 5 1 1 + 3 0 ( 6 )

1 4 5 8 ± 3 1 ( 6 ) 5 6 2 ± 2 9 ( 6 )  X 23

2 6 8 2 ± 8 6 ( 5 ) 8 2 7 ± 5 2 ( 7 ) X 21

4 6 4 1 + 5 2 ( 6 ) 7 2 7 ± 2 1 ( 8 ) X 13

8 6 0 9 ± 5 7 ( 5 ) 6 4 0 ± 5 1 ( 8 ) 5

V a l ues  a r e  e x p r e s s e d  as  means ±  SE.

Num bers  i n  p a r e n t h e s e s  r e p r e s e n t  t h e  number o f  s a m p le s  p e r  
g r o u p .

S i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  c o n t r o l :  X P < 0 . 0 5 ,
XX P < O . O i .
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r e t u r n e d  t o  c o n t r o l  l e v e l s  a f t e r  8 days  o f  t r e a t m e n t . In  

th e  nonm yocyte  f r a c t i o n ,  no f u r t h e r  e l e v a t i o n  in  th e  enzyme  

a c t i v i t y  was o b s e r v e d  a f t e r  1 day o f  g r o w t h .  Th e  s t i m u ­

l a t e d  enzyme a c t i v i t y  g r a d u a l l y  r e t u r n e d  t o  c o n t r o l  v a l u e  

a f t e r  8 days  o f  ISO t h e r a p y .

M v o c v te  and nonm vocvte  c h r o m a t in  t e m p l a t e  f u n c t i o n

The m easurem ent o f  t o t a l  t e m p l a t e  a c t i v i t y  was
3

m o n i t o r e d  by f o l l o w i n g  t h e  i n c o r p o r a t i o n  o f  C H3UTP i n t o  

RNA under  t h e  c o n d i t i o n s  in  w h ic h  t h e  e x o g e n o u s ly  added RNA 

p o ly m e r a s e  was i n  e x c e s s .  Due t o  t h e  t rem endous c o m p l e x i t y  

o f  t h e  r e a c t i o n  b e i n g  m e a s u re d ,  e x a c t  q u a n t i t a t i o n  o f  

t e m p l a t e  a c t i v i t y  was v e r y  s e n s i t i v e  t o  sm a l l  changes  in  

r e a c t i o n  c o n d i t i o n s .  The  d a t a  w e r e  t h e r e f o r e  e x p r e s s e d  as  

a p e r c e n t  change be tw een  h y p e r t r o p h i e d  and c o n t r o l  h e a r t s .  

I n  a l l  c a s e s ,  c o m p a r is o n s  w e r e  made be tween p r e p a r a t i o n s  

i s o l a t e d  and as s a y e d  s t r i c t l y  i n  p a r a l l e l  on th e  same d a y .

F i g u r e  4 . 3  shows t h a t  in  I S O - t r e a t e d  h e a r t s ,  c h r o m a t in  

t e m p l a t e  a c t i v i t y  was enhanced  a f t e r  1 day o f  t h e r a p y  in  

b o th  m y o c y te  and nonm yocyte  f r a c t i o n s .  In  t h e  m yo cyte  

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

was e l e v a t e d  t h r o u g h o u t  t h e  8 days  o f  g r o w t h . In  t h e  n o n -  

m y o c y te  f r a c t i o n ,  t h e  peak s t i m u l a t i o n  was o b s e r v e d  a f t e r  2 

days  o f  t h e r a p y  and th en  g r a d u a l l y  r e t u r n e d  t o  c o n t r o l  

l e v e l s  a f t e r  8 da y s  o f  g r o w t h .  T h e s e  o b s e r v a t i o n s  i n d i c a t e  

a r a p i d  b u t  t r a n s i e n t  e l e v a t i o n  in  t h e  nonm yocyte  c h r o m a t in  

t e m p l a t e  c a p a c i t y  w h i l e  t h e  s t i m u l a t i o n  in  t h e  m y o c y te  

f r a c t i o n  was m a i n t a i n e d  d u r i n g  t h e  8 days  o f  g r o w t h .
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F i g ,  4 . 3 . Changes i n  m y o c y te  (o p e n  c i r c l e s )  and no nm yocyte  

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

d u r i n g  I S O - i n d u c e d  c a r d i a c  h y p e r t r o p h y .  The  

p e r c e n t  c h a n g e s  w e r e  c a l c u l a t e d  as  100 t im e s  

( h y p e r t r o p h i e d  m in u s  c o n t r o l ) / c o n t r o l  f o r  each  

q u a n t i t y }  co m par isons  w e r e  made b e tw een  p r e p a r a ­

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

on t h e  same d a y .  Each p o i n t  r e p r e s e n t s  c o m p a r i ­

son o f  6 - 1 0  p a i r s  o f  s a m p le s  f r o m  I S O - t r e a t e d  

and c o n t r o l  h e a r t s .
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Enzyme s a t u r a t i o n  o f  in  v i t r o  c h r o m a t in

T o  d e t e r m i n e  t h e  e f f e c t  o f  h y p e r t r o p h y  on RNA p o lym e­

r a s e  b i n d i n g  t o  c h r o m a t i n , i n c r e a s i n g  amounts o f  c h r o m a t in  

i s o l a t e d  f ro m  t h e  h e a r t s  e n l a r g e d  a f t e r  4 da ys  o f  ISO  

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

c o n c e n t r a t i o n  <5 Fg> o f  RNA p o l y m e r a s e .  C h ro m a t in  was  

p r e i n c u b a t e d  f o r  40 m in  t o  g i v e  s u f f i c i e n t  t im e  t o  fo rm  a 

s t a b l e  complex w i t h  RNA p o ly m e r a s e  ( T a y l o r  and T a n g  1 9 8 5 ) .  

RNA s y n t h e s i s  was i n i t i a t e d  by t h e  a d d i t i o n  o f  r i b o n u c l e o ­

t i d e s  and i n h i b i t o r  and c o n t i n u e d  f o r  15 m i n .  W i t h  i n c r e a ­

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

in c r e a s e d  u n t i l  a t r a n s i t i o n  p o i n t  was r e a c h e d  w h ic h  c o r r e ­

sponded t o  t h e  amount o f  c h r o m a t i n  ne ede d  t o  s a t u r a t e  t h e  

enzym e. In  t h e  m y o c y te  f r a c t i o n , 10 Fg o f  c h r o m a t in  f rom

c o n t r o l  h e a r t s  was r e q u i r e d  t o  s a t u r a t e  5 Fg o f  RNA p o lym e­

r a s e ,  w h i l e  o n l y  5 Pg c h r o m a t i n  f ro m  t h e  h y p e r t r o p h i e d

h e a r t s  was n e c e s s a r y  t o  s a t u r a t e  t h e  same amount o f  enzyme  

( F i g .  4 . 4 ) .  I n  t h e  no nm yocyte  f r a c t i o n  15 Fg c h r o m a t in

f ro m  c o n t r o l  h e a r t s  was r e q u i r e d  t o  s a t u r a t e  5 Fg enzyme

w h i l e  o n l y  10 Mg c h r o m a t i n  was neede d  f ro m  t h e  h y p e r ­

t r o p h i e d  h e a r t s  ( F i g .  4 . 4 ) .  T h e s e  o b s e r v a t i o n s  i n d i c a t e  

t h a t  a f t e r  4 da ys  o f  I S O - i n d u c e d  g r o w t h , c h r o m a t i n  can b i n d  

more RNA p o ly m e r a s e  p e r  u n i t  mass in  b o th  m y o c y te  and  

nonm yocyte  f r a c t i o n s .

DNA f r a g m e n t a t i o n

To e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  c h r o m a t in  f ro m  

h y p e r t r o p h i e d  h e a r t s  c o u l d  be p r e f e r e n t i a l l y  damaged d u r i n g
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F i g .  4 , 4 , Enzyme s a t u r a t i o n  in c h r o m a t i n  f r o m  I S O - t r e a t e d  

( open c i r c l e s )  an d  c o n t r o l  ( s o l  i d  c i r c l e s )  

h e a r t s .  Each  p o i n t  r e p r e s e n t s  mean ±  SE o f  3 - 5  

a n i m a l s  ( s e p a r a t e  e x p e r i m e n t ) .  E n d o g e n o u s  

p o l y m e r a s e  a c t i v i t y  o f  e a c h  s a m p le  w as  a l s o  

m e a s u r e d .  T h e  v a l u e s  w e r e  s u b t r a c t e d  f r o m  t h o s e  

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

m e r a s e .
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th e  i s o l a t i o n  p r o c e d u r e ,  c h r o m a t in  i s o l a t e d  f ro m  b o th  

c o n t r o l  and 4 day I S O - t r e a t e d  h e a r t s  was s u b j e c t e d  t o  DNA 

f r a g m e n t a t i o n  and s e p a r a t e d  by a l k a l i n e  s u c r o s e  d e n s i t y  

g r a d i e n t  c e n t r i f u g a t i o n .

Th e  p r o f i l e  o f  DNA i s  shown in  F i g .  4 . 5 .  In  th e  

m y oc y te  f r a c t i o n ,  t h e  c h r o m a t in  f ro m  c o n t r o l  h e a r t s  

a p p e a re d  t o  have  one d i s t i n c t  peak o f  s m a l l  f r a g m e n t s  

s e d i m e n t i n g  in  th e  5% s u c r o s e  r a n g e  n e a r  t h e  to p  o f  th e  

g r a d i e n t . M y o c y te  c h r o m a t in  f ro m  h y p e r t r o p h i e d  h e a r t  was  

b i m o d a l . T h e r e  was a f r a c t i o n  o f  s m a l l e r  DNA f r a g m e n t s  

s i m i l a r  in  s i z e  t o  th e  c o n t r o l  c h r o m a t in  and a p o p u l a t i o n  

o f  l a r g e r ,  l e s s  d i g e s t e d  f r a g m e n t s  t h a t  s e d im e n te d  in  t h e  

g r a d i e n t  a t  a s u c r o s e  c o n c e n t r a t i o n  o f  1 0 - 1 i%. In  th e  

nonm yocyte  n u c l e a r  s u b s e t , c h r o m a t in  f ro m  b o th  c o n t r o l  and 

h y p e r t r o p h i e d  h e a r t s  po ss e ss ed  s i n g l e  p e a k s .  H o w e v e r , i n  

t h e  e n l a r g e d  h e a r t s ,  t h e  c h r o m a t in  a p p e a re d  more r e s i s t a n t  

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

s u c r o s e  d e n s i t y .  T h e s e  d a t a  i n d i c a t e  t h a t  c h r o m a t in  f ro m  

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

than  c h r o m a t in  f ro m  c o n t r o l  h e a r t s .
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F i g .  4 . 5 F r a g m e n t e d  DNA p r o - f i l e  i n  c h r o m a t i n  i s o l a t e d  

■from I S O - t r e a t e d  (o p e n  c i r c l e s )  and  c o n t r o l  

( s o l i d  c i r c l e s )  h e a r t s .  D i s t r i b u t i o n  r e p r e s e n t s  

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

e x p e r i m e n t s .
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DISCUSSION

R e p e a t e d ,  s u b c u ta n e o u s  i n j e c t i o n s  o f  1ow doses  o f  ISO 

r e s u l t e d  in  a r a p i d  and m o d e r a t e l y  (39%) enhanced c a r d i a c  

mass.  T h i s  d e g r e e  o f  c a r d i o m e g a l y  c o n f i r m s  th e  r e s u l t s  in  

p r e v i o u s  c h a p t e r s  and s u p p o r t s  o t h e r  i n v e s t i g a t o r s  u s i n g  

t h e  same model ( S t a n t o n  e t  a l . 1 9 6 9 ,  D e s c h a ie s  e t  a l . 19 81 ,

B a ld w in  e t  a l  . 1 9 8 2 ) .

The  r a p i d  i n c r e a s e  i n  t i s s u e  w e i g h t  was n o t  a s s o c i a t e d  

w i t h  t i s s u e  edema ( C h a p t e r  1 ) .  T h i s  change  must r e p r e s e n t  

an im b a la n c e  be tw een  p r o t e i n  s y n t h e s i s  and d e g r a d a t i o n .  

The i n c r e a s e d  RNA s y n t h e s i s  has been o b s e r v e d  as one o f  th e  

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

p r e c e d e s  t h e  e l e v a t i o n  o f  p r o t e i n  s y n t h e s i s  (F a n g b u rg  and  

Posner  19 68 ,  M o r k in  e t  a l . 1 9 6 8 ,  N a i r  e t  a l . 1 9 68 ,  G rove  e t  

a l . 1 9 6 9 b ) .  The  f a c t  t h a t  a c t i n o m y c i n  D , w h ic h  i n h i b i t s

RNA s y n t h e s i s ,  p r e v e n t s  c a r d i a c  h y p e r t r o p h y  ( M o r k i n  and  

A s h f o r d  1968) s t r o n g l y  i n d i c a t e s  t h a t  i n c r e a s e d  n u c l e a r  

f u n c t i o n  was n e c e s s a r y  t o  m atch t h e  i n c r e a s e d  c a r d i a c  m ass .

The  a d u l t  mammalian m yocard iu m  i s  composed o f  d i f f e r ­

e n t i a t e d  m u s c le  c e l l s  and v a r i o u s  t y p e s  o f  nonm uscle  

c e l l s .  Th e  r e s p o n s e s  o f  th e s e  two p o p u l a t i o n s  o f  c e l l s  to  

h y p e r t r o p h y  may n o t  be i d e n t i c a l . E a r l y  s t u d i e s  f o c u s e d  on 

n u c l e a r  f u n c t i o n  in  m ix e d  p o p u l a t i o n s  o f  n u c l e i  d u r i n g  th e  

d e v e lo p m e n t  o f  c a r d i a c  g ro w th  ( N a i r  e t  a l . 1 9 68 ,  S c h r e i b e r

e t  a l . 1969 ,  W o l 1e n b e r g e r  and K l e i t k e  1 9 7 3 ) .  T h e y  w e r e

u n a b l e  t o  s e p a r a t e  m u s c le  and nonm usc le  c e l l  n u c l e i .  O n ly  

r e c e n t l y  ha ve  i s o l a t e d  c a r d i a c  m y o c y te s  been used i n

s t u d i e s  o f  RNA s y n t h e s i s  ( C u t i  11e t t a  e t  a l . 1 9 7 8 ,  L im as
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



105.

1 9 79 ,  C u t i  1 1 e t t a  1981)  . To  d i s t i n g u i s h  m u s c le  and n o n -

musc 1 e  c e l l  p o p u l a t i o n s ,  two a p p r o a c h e s  ha ve  e v o l v e d .  

M y o c y te s  may be i s o l a t e d  f ro m  t h e  w h o le  h e a r t  f o l l o w e d  by  

n u c l e a r  s e p a r a t i o n s  ( C u t i  11e t t a  e t  a l . 1 9 7 8 ,  L im a s  1 9 7 9 ) .

A l t e r n a t i v e l y ,  t o t a l  t i s s u e  n u c l e i  may be p a r t i t i o n e d  i n t o  

m y o c y t e -  and n o n m y o c y t e - e n r i c h e d  f r a c t i o n s  by  s u c r o s e  

d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  (JacK ow sK i and L ie w  1 9 8 0 ,  

L ie w  e t  a l . 1 9 8 3 ) .  I n  t h e  p r e s e n t  s t u d y ,  t h e  l a t t e r  m ethod  

was used  t o  i s o l a t e  m y o c y te  and n o nm yo cyte  n u c l e i .  S e p a r a ­

t i n g  m y o c y te s  by p e r f u s e d  e n z y m a t i c  d i g e s t i o n  o f  t h e  h e a r t  

f o l l o w e d  by i s o l a t i o n  o f  n u c l e i ,  C u t i  11e t t a  e t  a l . ( 1978)

showed t h a t  m y o c y te  n u c l e i  h a v e  a s i g n i f i c a n t ! y h i g h e r  RNA 

p o ly m e r a s e  a c t i v i t y .  S i m i l a r l y ,  r e s u l t 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  u s i n g  s u c r o s e  g r a d i e n t  c e n t r i f u g a t i o n  show 

t h a t  t h e  enzyme a c t i v i t y  i n  m y o c y te  n u c l e i  was a p p r o x i m a t e ­

l y  9 0 -1 0 0 %  g r e a t e r  th a n  t h a t  i n  t h e  no nm yo cyte  f r a c t i o n  

( T a b l e  4 . 2 ) .  T h i s  s u g g e s t s  t h a t  m y o c y te s  may h a v e  a 

g r e a t e r  t r a n s c r i p t i o n a l  p o t e n t i a l .

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

t h e  e a r l y  t r a n s i t i o n  p h a s e  i n d i c a t e  t h a t  RNA p o ly m e r a s e  

a c t i v a t i o n  shows e i t h e r  a r a p i d  ( N a i r  e t  a l . 1 9 6 8 ,  P o s n er

and F a n b u rg  1 9 6 8 ,  Kako e t  a l . 1972)  o r  a d e l a y e d  r e s p o n s e

( C u t i  11e t t a  e t  a l . 1 9 7 8 ,  C u t i  1 1 e t t a  1 9 8 1 ) .  T h e s e  e a r l i e r

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

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

p o l y m e r a s e .  I n  t h e  p r e s e n t  s t u d y ,  an i m p o r t a n t  f i n d i n g  was  

t h a t  b o th  m y o c y te  and nonm yocyt e  n u c l e i  showed a r a p i d  RNA 

p o ly m e r a s e  a c t i v a t i o n  ( T a b l e  4 . 2 ) .  T h i s  chang e  i n  enzyme
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a c t i v i t y  was t r a n s i e n t  s i n c e  t h e  a c t i v i t y  i n  b o th  n u c l e a r  

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

r e a c h e d  a new s t e a d y - s t a t e  m u s c le  mass ( 8  d a y s ) . E v e n -  

though enzyme a c t i v a t i o n  showed an e a r l y  t r a n s i e n t  

r e s p o n s e ,  t h e  m a g n i t u d e  o f  t h i s  change  was 2  f o l d  g r e a t e r  

i n  t h e  m y o c y te  n u c l e a r  s u b s e t .  From t h e s e  d a t a ,  i t  seems 

u n r e a s o n a b l e  t o  s p e c u l a t e  t h a t  t h e  e n han ce d  RNA p o ly m e r a s e  

a c t i v i t y  c o u l d  r e s u l t  f ro m  an i n c r e a s e d  number o f  enzyme  

m o l e c u l e s .  A m ore  p h y s i o l o g i c a l  mechanism  t o  a c c o u n t  f o r  

t h e  t r a n s i e n t  r e s p o n s e  may be a chang e  in  t h e  r a t i o  o f  th e  

engaged and f r e e  fo rm s  o f  RNA p o ly m e r a s e  i n  t h e  n u c l e o ­

p l a s m .  An i n c r e a s e d  e n g a g e d / f r e e  r a t i o  w o u ld  i n c r e a s e  RNA 

p o ly m e r a s e  a c t i v i t y  i n  t h e  a b s e n c e  o f  a change  i n  t h e  

a b s o l u t e  number o f  enzyme m o l e c u l e s .  E v i d e n c e  f o r  t h i s  

mechanism was p r e s e n t e d  by  L im as  ( 1 9 7 9 )  u s i n g  t h e  e x p e r i ­

m e n ta l  model o f  t h y r o x i n e - i n d u c e d  h y p e r t r o p h y .  T h i s  

i m p l i e s  t h a t  a t  l e a s t  two n u c l e a r  p o o l s  p a r t i c i p a t e  i n  t h e  

t r a n s c r i p t i o n  p r o c e s s  and a t  any  p o i n t  i n  t im e  t h e  enzyme  

i n  t h e  e n g a g e d - c h r o m a t i n  fo rm  w o u ld  s u p p o r t  RNA s y n t h e s i s .  

Th e  p r e s e n t  t r a n s i e n t  r e s p o n s e  i n  RNA p o ly m e r a s e  a c t i v a t i o n  

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

h y p o t h e s i s  o f  L im a s  ( 1 9 7 9 ) .  H o w e v e r , b e c a u s e  t h e  a s s a y  

s y s te m  e m plo ye d  i n  t h e  p r e s e n t  s t u d y  used  i s o l a t e d  n u c l e i  

w h ic h  w e r e  i n  a s o l u b l e  s t a t e  w i t h o u t  t h e  c o n s t r a i n t s  o f  

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

c o u l d  n o t  be i d e n t i f i e d .

To i n v e s t i g a t e  m ore  p r e c i s e l y  t h e  r e c y c l i n g  p r o c e s s ,  

i n  v i t r o  c h r o m a t i n  t e m p l a t e  c a p a c i t y  was m e a s u re d  w h ic h
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i n c l u d e s  1) b i n d i n g  o f  RNA p o ly m e r a s e  t o  c h r o m a t i n , 2)

n u c l e o t i d e  p o l y m e r i z a t i o n ,  3) enzyme d i s s o c i a t i o n , and 4)  

t h e  r e i n i t i a t i o n  p r o c e s s .  A f t e r  a s i n g l e  i n j e c t i o n  o f  ISO ,  

c h r o m a t in  t e m p l a t e  c a p a c i t y  was s t i m u l a t e d  in  b o th  m yo c y te  

and nonm yocyte  n u c l e a r  f r a c t i o n s  ( F i g .  4 . 3 ) .  I n  t h e  non­

m y o c y te  f r a c t i o n ,  t h i s  r e s p o n s e  was t r a n s i e n t  r e a c h i n g  a 

peak a f t e r  2 d a y s  and r e t u r n i n g  t o  c o n t r o l  v a l u e  f o l l o w i n g  

8 days  o f  in d u c e d  g r o w t h .  In  t h e  m u s c le  c e l l s ,  c h r o m a t in  

t e m p l a t e  c a p a c i t y  r e m a in e d  e l e v a t e d  d u r i n g  t h e  e a r l y  phase  

( 1 - 4  days )  and showed a f u r t h e r  s l i g h t  i n c r e a s e  d u r i n g  th e  

l a t e  phase  ( 4 - 8  da y s )  o f  in d u c e d  g r o w t h .  C o l l e c t i v e l y ,  th e  

RNA p o ly m e r a s e  d a t a  c o u p le d  w i t h  t h e  c h r o m a t in  t e m p l a t e  

c a p a c i t y  r e s u l t s ,  s u p p o r t  t h e  n o t i o n  t h a t  nonm yocyte  n u c l e i  

w e r e  a c t i v a t e d  d u r i n g  h y p e r t r o p h i c  g ro w th  and c o m p l e t e l y  

r e c o v e r e d  when th e  h e a r t  a c h i e v e d  a new s t e a d y - s t a t e  m u s c le  

m ass.  T h i s  r e s p o n s e  s u p p o r t s  t h e  e x p l a n a t i o n  o f  L im as  

( 1 9 7 9 )  o f  a dynam ic  c h a n g in g  s t a t e  be tw ee n  t h e  engaged and  

f r e e  fo rm s  o f  RNA p o ly m e r a s e  w i t h  c h r o m a t i n .  Th e  p e r s i s ­

t e n t  i n c r e a s e  in  m y o c y te  t e m p l a t e  c a p a c i t y  s u g g e s t s  t h a t  

t h e r e  was e i t h e r  a h i g h e r  t u r n o v e r  r a t e  o r  an i n c r e a s e d  

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

t h e  p r o p o s a l  t h a t  more o f  t h e  RNA p o ly m e r a s e  w o u ld  be in  

t h e  engaged -  c h r o m a t i n  com plex  f o r m .

To  d i r e c t l y  d e t e r m i n e  t h e  c a p a c i t y  o f  c h r o m a t in  t o  

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

t y  o f  c h r o m a t in  t o  fo rm  r i f a m p i c i n - r e s i s t a n t  s i t e s  was  

m e a s u re d .  In  t h e  p r e s e n t  s t u d y ,  b a c t e r i a l  RNA p o ly m e r a s e  

was used  f o r  in  v i t r o  ch rc xn a t in  b i n d i n g  and t r a n s c r i p t i o n .
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The a b i l i t y  o f  t h e  enzyme t o  a c c u r a t e l y  r e c o g n i z e  s p e c i f i c  

e u k a r y o t i c  i n i t i a t i o n  s i t e s  has been q u e s t i o n e d .  H o w e v e r , 

E .  c o l i  RNA p o ly m e r a s e  has  been shown t o  compete  w i t h  

homologous RNA p o ly m e r a s e  I I  f o r  t h e  same s i t e s  on a c t i v e  

e u k a r y o t i c  c h r o m a t in  ( T s a i  e t  a l . 1 9 7 6 ) .  N e v e r t h e l e s s ,

w i t h  i s o l a t e d  p u r i f i e d  DNA, t h e s e  enzymes b i n d  t o  d i f f e r e n t  

s i t e s  ( T s a i  e t  a t .  1 9 7 6 ) .  C o l l e c t i v e l y ,  t h e s e  d a t a  s u g g e s t  

t h a t  d u r i n g  in  v i t r o  c h r o m a t i n  t r a n s c r i p t i o n  th e  a c c u r a c y  

o f  t h e  b i n d i n g  s i t e s  was a s s o c i a t e d  w i t h  t h e  c o m p o s i t io n  

( s t r u c t u r e )  o f  t h e  c h r o m a t i n  r a t h e r  th an  t h e  s o u r c e  o f  t h e  

exogenous enzym e.  Even though RNA -p o ly m e r a s e  f ro m  

d i f f e r e n t  s o u r c e s  t r a n s c r i b e s  mammalian c h r o m a t in  a t  t h e  

same s i t e s  ( T s a i  e t  a l . 1 9 7 6 ) ,  i t  has  n o t  been v e r i f i e d  f o r  

c a r d i a c  c h r o m a t i n .  T h e r e f o r e ,  no e f f o r t  has  been made t o  

e x t e n d  t h e  r e s u l t s  f ro m  t h i s  s t u d y  t o  i n f e r  a q u a n t i t a t i v e  

r e l a t i o n s h i p  t o  t h e  number o f  " t r u e  i n i t i a t i o n ” s i t e s .

The  b i n d i n g  c a p a c i t y  o f  c h r o m a t i n  was e v a l u a t e d  by  

t i t r a t i n g  a g a i n s t  a f i x e d  amount o f  enzyme w i t h  i n c r e a s i n g  

amounts o f  c h r o m a t i n  ( T a y l o r  and Tang  1 9 8 5 ) .  In  b o th  t h e  

m y o c y te  and nonmyocyt e  f r a c t i o n s ,  an i n c r e a s e d  amount o f  

c h r o m a t in  r e s u l t e d  i n  an i n c r e a s e d  enzyme b i n d i n g  and RNA 

s y n t h e s i s .  H o w e v er ,  a t r a n s i t i o n  p o i n t  was r e a c h e d  w h e re  a 

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

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

t r a n s i t i o n  p o i n t  be tw ee n  t h e s e  two ph ases  was us ed  as a 

m ea s ure  f o r  t h e  c a p a c i t y  o f  c h r o m a t i n  t o  b i n d  RNA p o ly m e ­

r a s e .  A f t e r  4 d a y s  o f  in d u c e d  h y p e r t r o p h y ,  b o th  t h e  

m y o c y te  and nonm yocyte  n u c l e a r  f r a c t i o n s  r e q u i r e d  l e s s
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c h r o m a t in  t o  b i n d  t h e  same amount o f  enzyme ( 5  i n d i c a ­

t i n g  t h a t  c h r o m a t in  f ro m  h y p e r t r o p h i e d  h e a r t s  had a g r e a t e r  

b i n d i n g  c a p a c i t y  f o r  RNA p o l y m e r a s e .  T h i s  enhanced b i n d i n g  

a t  a s i n g l e  t im e  p o i n t  o f  in d u c e d  g ro w th  was o b s e r v e d  f o r  

bo th  n u c l e a r  f r a c t i o n s  ( F i g .  4 . 4 ) .

The  g r e a t e r  b i n d i n g  c a p a c i t y  o f  c h r o m a t in  f o r  RNA 

p o ly m e r a s e  f ro m  e n l a r g e d  h e a r t s  c o u l d  r e s u l t  f ro m  c h r o m a t in  

b e i n g  more s u s c e p t i b l e  to  damage o r  f r a g m e n t a t i o n  d u r i n g  

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

a v a i l a b l e  f o r  a d d i t i o n a l  enzyme b i n d i n g .  I f  t h i s  was t h e  

c a s e ,  then  c h r o m a t i n  f ro m  h y p e r t r o p h i e d  h e a r t s  s h o u ld  show 

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

g r a d i e n t s .  Th e  o b s e r v a t i o n s  f ro m  f r a g m e n t a t i o n  a n a l y s i s  

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

c h r o m a t in  f ro m  h y p e r t r o p h i e d  h e a r t s  may be more r e s i s t a n t  

t o  damage s i n c e  a f r a c t i o n  o f  c h r o m a t in  f ro m  m y o c y te  and  

nonm yocyte  n u c l e i  s e d im e n te d  a t  a h i g h e r  s u c r o s e  d e n s i t y  

( F i g .  4 . 5 ) .  S i m i l a r  ch an g es  i n  c h r o m a t in  f r a g m e n t s  w e re  

o b s e rv e d  in  e n l a r g e d  h e a r t s  f o l l o w i n g  p o s t n a t a l  d e v e lo p m e n t  

( J a c k o w s k i  and Kun 1 9 8 1 ) .

A number o f  e x p e r i m e n t a l  s t u d i e s  ( N a i r  e t  a l . 1968 ,

L im as 19 79 ,  19 83 ,  C u t i  11e t t a  1981) and t h e  p r e s e n t  o n e ,

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

c r i p t i o n a l  a c t i v i t i e s  a p p e a r  t o  be one o f  th e  e a r l i e s t  

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

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

a s s o c i a t e d  w i t h  1) t h e  n o n s e l e c t i v e  s t i m u l a t i o n  o f  o v e r a l l  

RNA s y n t h e s i s  a n d ,  2) t h e  s e l e c t i v e  r e a d o u t  o f  u n iq u e  DNA
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s e q u e n c e s .  Th e  m arked  b u t  t r a n s i e n t  s t i m u l a t i o n  in  RNA 

p o ly m e r a s e  a c t i v i t y ,  t e m p l a t e  - fu n c t io n  and e n z y m e -c h r o m a t in  

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

a c t i v a t e d  d u r i n g  th e  e a r l y  t r a n s i t i o n  phase  o f  c a r d i a c  

g ro w th  t h a t  r e s u l t s  in  " b u l k " ,  i n t r a n u c l e a r ,  h e t e r o g e n i o u s  

RNA. The  s e l e c t i v e  p r o c e s s  o f  i n t r a n u c l e a r  s p l i c i n g ,  RNA 

p o l y a d e n y l a t i o n , m é t h y l a t i o n  and t r a n s p o r t  t o  t h e  c y t o p la s m  

c o u l d  e x e r t  a more p r e c i s e  c o n t r o l  o v e r  t h e  t y p e  and quan­

t i t y  o f  mRNA s p e c i e s .  I t  seems r e a s o n a b l e  t o  s p e c u l a t e  

t h a t  t h e r e  i s  some c o o p e r a t i v e  c o n t r o l  be tw een  n o n s e l e c t i v e  

s t i m u l a t i o n  and i n t r a n u c l e a r  p r o c e s s i n g  o f  RNA d u r i n g  car?- 

d i a c  h y p e r t r o p h y .
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OVERVIEW

1. D e v e lo p m e n t  o f  c a r d i a c  h v o e r t r o p h y

Low d o s e s  < 0 . 3  m g /k g  body w t . )  o f  ISO in d u c e d  a r a p i d  

and m o d e r a t e  c a r d i o m e g a ! y  i n  t h e  p r e s e n t  s t u d y .  T h e  h a l f -  

t i m e  f o r  t h e  c a r d i a c  mass t o  a c h i e v e  a new s t e a d y - s t a t e  was  

-  3 . 6  d a y s .  T h i s  g r o w t h  r a t e  was f a s t e r  th a n  p r e v i o u s l y  

r e p o r t e d  d a t a  u s i n g  a s i m i l a r  ISO model ( L i n  1 9 7 3 ,  A l d e r  

and S a n d r i t t e r  1 9 8 0 ,  D e s h a i e s  e t  a l .  1 9 8 1 ) .

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

m y o c a r d i a l  RNA c o n t e n t  r a p i d l y  i n c r e a s e d  26% 24  h r  a f t e r  a 

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

m axim a l  a c c u m u l a t i o n  was 2 . 0  d a y s  w h ic h  p r e c e d e d  t h e  r a t e  

o f  c h a n g e  i n  h e a r t  w e i g h t  and a l l  o t h e r  b i o c h e m i c a l  and  

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

c l o s e  c o r r e l a t i o n ^  b e tw e e n  RNA c o n t e n t  and c a r d i a c  mass <r  =

0 . 8 7 7 )  p r o v i d e  a d d i t i o n a l  e v i d e n c e  f o r  t h e  e s s e n t i a l  r o l e  

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

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

showed an e a r l y  h y p e r t r o p h i c  p h a s e  < 1 - 4  d a y s  o f  in d u c e d  

g r o w t h )  c h a r a c t e r i z e d  by a s u b s t a n t i a l  i n c r e a s e  i n  RNA 

c o n t e n t  and c a r d i a c  mass i n  t h e  a b s e n c e  o f  c h a n g e s  in  

v e n t r i c u l a r  DNA c o n t e n t .  H a ^ ie v e r , p r o l o n g e d  s t i m u l a t i o n  

< 8 - 1 2  da y s  o f  g r o w t h )  in d u c e d  b o t h  RNA and DNA s y n t h e s i s  

w h ic h  i n d i c a t e d  a c o m p lex  i n t e g r a t i o n  o f  b o th  c e l l u l a r  

h y p e r t r o p h y  in  m u s c le  c e l l s  and h y p e r p l a s i a  i n  t h e  

n o n m u s c le  c e l l  f r a c t i o n  w i t h i n  t h e  h e a r t .

Ill
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2 .  R é p re s s io n  o f  c a r d i a c  h v o e r t r o o h v

A 30% c a r d i a c  g ro w th  in d u c e d  a f t e r  8 days  o f  ISO 

t r e a t m e n t  c o m p l e t e l y  r e c o v e r e d  a f t e r  20 days  o f  ISO w i t h ­

d r a w a l .  H o w e v e r , a 40 -44 %  e n la r g e m e n t  in d u c e d  by a s i m i l a r  

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

i n t e r v a l .  T h i s  i n d i c a t e s  t h a t  w i t h i n  t h e  same e x p e r i m e n t a l  

m o d e l ,  a p a r t  f ro m  a l l  o t h e r  f a c t o r s ,  th e  d e g r e e  o f  h y p e r ­

t r o p h y  may be a c r i t i c a l  f a c t o r  in  d e t e r m i n i n g  t h e  comp­

l e t e n e s s  o f  r e g r e s s i o n .

The  r e c o v e r y  p e r i o d  ( 2 0  da y s )  in  t h e  p r e s e n t  s t u d y  was  

s u f f i c i e n t  t o  a l l o w  t h e  i n c r e a s e d  c a r d i a c  mass and m y o c a r ­

d i a l  p r o t e i n  c o n t e n t  t o  f u l l y  r e g r e s s .  H ow e ver ,  t h e  h y -  

d r o x y p r o l i n e  c o n t e n t  d i d  n o t  change w h ic h  s u g g e s ts  t h a t  th e  

c o n n e c t i v e  t i s s u e ,  w h en e v er  i t  was f o r m e d ,  c o u ld  n o t  be 

removed in  h y p e r t r o p h i e d  h e a r t s .

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

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

r a p i d l y  a f t e r  ISO w i t h d r a w a l .  H ow e ver ,  a f t e r  20 days  o f  

r e c o v e r y ,  RNA c o n t e n t  was s t i l l  31% h i g h e r  th an  th e  c o n t r o l  

l e v e l .  Th e  h a l f - t i m e  r e s p o n s e  was 3 . 4  d a ys  w h ic h  was  

a p p r o x i m a t e l y  70% s lo w e r  when compared t o  t h e  r a t e  o f  RNA 

a c c u m u l a t io n  in  t h e  s t a g e  o f  h y p e r  t r o p h i c  g r o w t h .  RNA 

c o n t e n t  in  th e  i s o l a t e d  m y o c y te s  showed a s i g n i f i c a n t  e l e ­

v a t i o n  a f t e r  8 days  o f  h y p e r t r o p h y  and was c o m p l e t e l y  

r e c o v e r e d  a f t e r  12 da y s  o f  ISO w i t h d r a w a l .  T h i s  o b s e r v a ­

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

was a m u s c le  c e l  1- s p e c i f i c  RNA r e s p o n s e  w h ic h  was r e v e r ­

s i b l e .  I t  a l s o  i n d i c a t e s  t h a t  t h e  e l e v a t e d  t o t a l  t i s s u e
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RNA c o n t e n t  a f t e r  20 da y s  o f  r e c o v e r y ,  in  c o m b in a t io n  w i t h  

a s t i m u l a t e d  DNA and h y d r o x y p r o l i n e , r e s p r e s e n t s  a dynamic  

r e s p o n s e  f ro m  nonm uscle  c e l l  e le m e n t s  w i t h i n  t h e  h e a r t .

H ow ever ,  f u r t h e r  s t u d y  i s  r e q u i r e d  t o  c l a r i f y  t h i s  d a t a .

3 .  C o n t r a c t i l e  f u n c t i o n  o f  h y p e r t r o p h i e d  h e a r t  m u s c le

M u s c le  c o n t r a c t i l e  f u n c t i o n  was m easu red  d u r i n g  th e  

d e v e lo p m e n t  and r e g r e s s i o n  o f  I S O - i n d u c e d  h y p e r t r o p h y .  The  

r a t e  o f  p r e s s u r e  d e v e lo p m e n t  ( d P / d t  max) was enhanced  in  

h y p e r t r o p h i e d  h e a r t s  a f t e r  4 da ys  o f  in d u c e d  g r o w t h .  T h i s  

i n c r e a s e  in  d P / d t  max was a c c o u n t e d  f o r  by a s h o r t e n e d  

t i m e - t o - p e a k  p r e s s u r e  d u r i n g  c o n t r a c t i o n .  The  enhanced  

c o n t r a c t i l e  f u n c t i o n ,  w h ic h  was r e v e r s i b l e  d u r i n g  th e  

r e g r e s s i o n  p h a s e ,  i n d i c a t e s  t h a t  t h e  ISO in d u c e d  g ro w th  i s  

a p h y s i o l o g i c a l  a d a p t a t i o n .

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

s i g n i f i c a n t  a c c u m u l a t i o n  o f  t i s s u e  p r o t e i n  was o b s e r v e d  ( a t  

th e  4 t h  day o f  in d u c e d  g r o w th )  w h ic h  s u g g e s t s  t h a t  n e w ly

s y n t h e s i z e d  p r o t e i n  may be t h e  p r e r e q u i s t e  t o  s u p p o r t  

i n c r e a s e d  m u s c le  c o n t r a c t i l e  c a p a c i t y .  T h i s  seems t o  be  

c o n s i s t e n t  w i t h  th e  c o n c e p t  t h a t  a change in  c o n t r a c t i l e  

p r o t e i n s  p l a y  a c r i t i c a l  r o l e  i n  c a r d i a c  c o n t r a c t i 1 i t y .  I t  

has been s u g g e s te d  t h a t  a l t e r a t i o n s  in  m yos in  m o l e c u l e s  

m ig h t  be r e s p o n s i b l e  f o r  t h e  change  in  c a r d i a c  m e c h a n ic a l

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

c o n t r a c t i l i t y  w i t h  m yos in  ATPase a c t i v i t y  ( A l p e r t  e t  a l .  

1 9 6 7 ) .  The  s h i f t  f ro m  t o  fo rm  i s  a t e m p t i n g  s p e c u l a ­

t i o n  as a mechanism r e s p o n s i b l e  to  i n c r e a s e  m u s c le  c o n t r a c -
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t i l i t y .  H ow ever ,  t h e r e  a r e  two l i n e s  o f  e v i d e n c e  w h ich  

make i t  u n l i k e l y  t h a t  a l t e r e d  c o n t r a c t i l e  p r o t e i n s  can 

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

e a r l y  phase o f  ISO in d u c e d  h y p e r t r o p h y  ( 4  day o f  g r o w t h ) . 

1) P r e v i o u s  s t u d i e s  u s i n g  t h e  t h y r o x i n  model showed t h a t  a 

c o m p le t e  m yosin  isozym e s h i f t  r e q u i r e d  a t  l e a s t  7 days  

( M a r t i n  e t  a l .  1 9 8 2 ) .  2) In  a d u l t  r a t  v e n t r i c l e ,  th e

fo rm  o f  m yos in  r e p r e s e n t s  a b o u t  90% o f  t h e  m yosin  i s o t y p e  

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

"down r e g u l a t e "  t o  m yos in  w i t h  a lo w e r  ATPase a c t i v i t y  

and s lo w e r  speed o f  c o n t r a c t i o n  ( M o r k i n  1 9 8 3 ) .  An a l t e r n a ­

t i v e  e x p l a n a t i o n  may be r e l a t e d  t o  f a c t o r s  t h a t  a l t e r  

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

P r e v i o u s  s t u d i e s  ha ve  r e p o r t e d  t h a t  C a * *  r e l e a s e  s e n s i t v i -  

t y  can be p o t e n t i a t e d  th ro u g h  ISO o r  c a t e c h o l  amine s t i m u l a ­

t i o n  in  i s o l a t e d  m u s c le  (N a t h a n  and B e e l e r  1 9 7 4 ) .  I s o p r o ­

t e r e n o l  can a l s o  s t i m u l a t e  C a * *  r e l e a s e  o r  u p t a k e  th ro u g h  a 

change in  s a r c o p l a s m i c  r e t i c u l u m  ( K i r c h b e r g e r  e t  a l .  1 9 7 2 ) .  

T h e s e  d a t a  on c a l c i u m  l o a d i n g  c a p a c i t y  under  a c u t e  c a t e c h o ­

la m in e  s t i m u l a t i o n  s u p p o r t  th e  n o t i o n  t h a t  C a * *  a v a i l a b i l i ­

t y  in  h y p e r t r o p h i e d  m u s c le  may be r e s p o n s i b l e  f o r  th e  

i n c r e a s e d  c o n t r a c t i l e  f u n c t i o n  d u r i n g  th e  e a r l y  phase o f  

in d u c e d  g r o w t h .  F u r t h e r  s t u d i e s  on c a l c i u m  m e t a b o l i s m  

s h o u ld  o f f e r  more i n s i g h t s  on t h e  c o n t r o l  mechanism o f  

a l t e r e d  c o n t r a c t i l e  f u n c t i o n  in  ISO in d u c e d  h y p e r t r o p h y .

4 .  P h y s i o l o g i c a l  c o n t r o l  a t  t h e  n u c l e a r  l e v e l

The  n u c l e i  f ro m  c a r d i a c  m y o c y te  and nonm yocyte
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p o p u l a t i o n s  i n  h y p e r t r o p h i e d  h e a r t  w e r e  i s o l a t e d  and t h e  

n u c l e a r  - f u n c t io n  was d e t e r m i n e d .

I n  b o th  normal and h y p e r t r o p h i e d  r a t  h e a r t ,  RNA p o l y ­

m e ra s e  a c t i v i t y  in  m y o c y te  n u c l e i  was t w o - f o l d  g r e a t e r  than  

nonm yocyte  n u c l e i .  M y o c y te  c h r o m a t i n  t e m p l a t e  a c t i v i t y  was  

a l s o  h i g h e r  th a n  t h e  n o nm yo cyte  f r a c t i o n .  I n  a d d i t i o n ,  

e x p e r i m e n t s  on enzyme s a t u r a t i o n  o f  in  v i t r o  c h r o m a t i n  

showed t h a t  i n  t h e  no n m yocyte  f r a c t i o n ,  15 l^g o f  c h r o m a t i n  

was r e q u i r e d  t o  s a t u r a t e  5 ^g o f  RNA p o ly m e r a s e  enzyme  

w h i l e  o n l y  10 Fg c h r o m a t i n  f ro m  m y o c y te  f r a c t i o n  was needed  

to  s a t u r a t e  t h e  same amount o f  enzym e.  T h e s e  o b s e r v a t i o n s  

c o l l e c t i v e l y  s u g g e s t  t h a t  m y o c y te s  may ha ve  h i g h e r  t r a n ­

s c r i p t i o n a l  c a p a c i t y  when com pared t o  t h e  nonm yocyte  

n u c l e i .

In  c o n t r a s t  to  t h e  r e c e n t  f i n d i n g  w i t h  th e  p r e s s u r e -  

in d u c e d  h y p e r t r o p h y  model ( C u t i l l e t t a  1 9 8 1 ) ,  t h e r e  was no 

d e l a y  i n  RNA p o ly m e r a s e  a c t i v a t i o n  d u r i n g  t h e  e a r l y  s t a g e  

o f  h y p e r t r o p h y .  T h i s  enzyme was s t i m u l a t e d  i m m e d i a t e l y  <1 

day)  a f t e r  t h e  f i r s t  ISO i n j e c t i o n  i n  b o th  m y o c y te  and  

nonm yocyte  f r a c t i o n s .  I n  a d d i t i o n ,  c h r o m a t i n  t e m p l a t e  

c a p a c i t y  was s t i m u l a t e d  in  b o th  n u c l e a r  s u b s e t s .  T h e s e  

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

RNA s y n t h e s i s  i s  c o n t r o l l e d  by  t h e  a l t e r a t i o n  in  b o th  RNA 

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

m a n n e r .

The  i n i t i a l  s t i m u l a t i o n  in  RNA p o ly m e r a s e  a c t i v i t y  

and c h r o m a t i n  t e m p l a t e  f u n c t i o n  i n  t h e  g r o w in g  h e a r t  was  

a t r a n s i e n t  r e s p o n s e .  A f t e r  8 da y s  o f  ISO t r e a t m e n t ,
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t h e s e  a c t i v i t i e s  w e r e  s i m i l a r  t o  t h e  c o n t r o l  l e v e l  w h i l e  

t h e  t i s s u e  RNA c o n t e n t  and  c a r d i a c  m ass had  a c h i e v e d  a  new 

s t e a d y - s t a t e  l e v e l .

I n  an e f f o r t  t o  i d e n t i f y  t h e  c h r o m a t i n  t e m p l a t e  

f u n c t i o n ,  t h e  b i n d i n g  c a p a c i t y  o f  c h r o m a t i n  t o  RNA 

p o l y m e r a s e  w as  m e a s u r e d  an d  show ed a h i g h e r  p o t e n t i a l  i n  

h y p e r t r o p h i e d  h e a r t .  T h i s  i n d i c a t e s  t h a t  some i n t r i n s i c  

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

h e a r t s  w h i c h  can  s u p p o r t  a g r e a t e r  RNA p o l y m e r a s e .
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