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P r o t e c t i o n  of Rats  f r o m  I s o p r o t e r e n o l  Induced  
M y o c a r d i a l  N e c r o s i s  by Tro ln i t ra te  P h o s p h a t e  

( M e t a m i n e  | 

E x p e r i m e n t a l  m y o c a r d i a l  n e c r o s i s  in  r a t s  f o l l o w i n g  i so ,  
p r o t e r e n o l  a d m i n i s t r a t i o n  w a s  f i r s t  o b s e r v e d  b y  RONA e t  
al. ~ a n d  CHAPPEL e t  al.  2 a n d  a d a p t e d  to  e v a l u a t i o n  of  
d r u g s  w i t h  a p o s s i b l e  p r o t e c t i v e  a c t i o n  i n  m y o c a r d i a l  i n -  
f a r c t i o n .  T h e  t e c h n i q u e  w a s  u s e d  for  e v a l u a t i o n  of a n t i -  
a n g i n a l  d r u g s  b y  ZBINDEN a n d  BAGDON 3, w h o  s u g g e s t e d  
t h a t  i s o p r o t e r e n o l - i n d u c e d  l e s i ons  m a y  be  d u e  to  h y p o x i a ,  
s i nce  i s o p r o t e r e n o l  is k n o w n  t o  c a u s e  m y o c a r d i a l  i s che -  
m i a  4 a n d  to  i n c r e a s e  o x y g e n  c o n s u m p t i o n  a n d  h e a r t  w o r k .  
T h i s  h y p o t h e s i s  w a s  s t r e n g t h e n e d  b y  t h e  o b s e r v a t i o n  t h a t  
i s o p r o t e r e n o l - i n d u c e d  m y o c a r d i a l  n e c r o s i s  is m o r e  s e v e r e  
in  a n i m a l s  p l a c e d  in  a n  o x y g e n - d e f i c i e n t  a t m o s p h e r e  5. 

H y p o x i a  m a y  n o t  be  t h e  o n l y  m e c h a n i s m  of  i sop ro -  
t e r e n o l - i n d u c e d  m y o c a r d i a l  nec ros i s .  RONA e t  a l . "  ob -  
s e r v e d  t h a t  a p o t a s s i u m  d e f i c i e n t  d i e t  i n c r e a s e s  t h e  
s e v e r i t y  of  l e s ions .  A c c o r d i n g  to  BAJUSZ T d e c r e a s e  in  
i n t r a c e l l u l a r  p o t a s s i u m  a n d  in  g l y c o g e n  d e p o s i t s  in  m y o -  
c a r d i a l  cel ls  fo l lows  a d m i n i s t r a t i o n  of s y m p a t h o m i m e t i c  
a m i n e s  a n d  p r e c e d e s  a n y  s t r u c t u r a l  c h a n g e s .  A n o t h e r  
p o s s i b l e  c o n t r i b u t i n g  f a c t o r  m a y  be  t h e  e f f ec t  of  iso-  
p r o t e r e n o l  o n  l ip id  m e t a b o l i s m .  L i p i d  m o b i l i z a t i o n  fo l lows  
t h e  a d m i n i s t r a t i o n  of  i s o p r o t e r e n o l ,  a n d  in  t h e  e a r l y  
s t a g e s  of  i s o p r o t e r e n o i - i l l d u c e d  m y o - c a r d i a l  n e c r o s i s  l ip id  
d r o p l e t s  a c c u m u l a t e  in  t h e  m y o c a r d i u m S .  

V a r i o u s  d r u g s  h a v e  b e e n  e v a l u a t e d  for  t h e i r  a c t i v i t y  in  
p r e v e n t i n g  i s o p r o t e r e n o l - i n d u c e d  m y o c a r d i a l  nec ro s i s .  
ZBINDENS,9,10 d e s c r i b e d  t h e  a c t i v i t y  of  h y d r a z i n e  t y p e  
m o n o a m i n e  o x i d a s e  i n h i b i t o r s  in  r e d u c i n g  t h e  s e v e r i t y  of  

i s o p r o t e r e n o l - i n d u c e d  m y o c a r d i a l  nec ros i s .  H e  s u g g e s t e d  
t h a t  m o n o a m i n e  o x i d a s e  i n h i b i t o r s  m a y  p r e v e n t  m y o -  
c a r d i a l  n e c r o s i s  b y  d e c r e a s i n g  m y o c a r d i a l  o x y g e n  r e q u i r e -  
m e n t s .  T h e  p r o t e c t i v e  a c t i v i t y  of  n i a l a m i d e  ( N i a m i d |  
a g a i n s t  p l a s m o c i d -  o r  i s o p r o t e r e n o l - i n d u c e d  m y o c a r d i a l  
n e c r o s i s  i n  r a t s  w a s  r e p o r t e d  b y  BAJUSZ a n d  JASMIN h a n d  
w a s  o b s e r v e d  in  o u r  l a b o r a t o r i e s  b y  FINKELSTEIN a n d  
ST:EBBINS lg 

T h e r e  is n o  e v i d e n c e  in  t h e  l i t e r a t u r e  t h a t  n i t r o g l y c e r i n  
o r  n i t r i t e s  p r e v e n t  i s o p r o t e r e n o l - i n d u c e d  nec ros i s .  ZBIN- 
DEN 10 a d m i n i s t e r e d  s o d i u m  n i t r i t e  to  r a t s  in  t h e  d i e t  a t  
dose  l eve l s  f r o m  7 t o  178 m g / k g ] d a y  a n d  f o u n d  no  p r o t e c -  
t i o n  f r o m  m y o c a r d i a l  n e c r o s i s  i n d u c e d  b y  i s o p r o t e r e n o l  
a t  a h i g h  dose  l eve l  "(80 m g / k g  s.c.) .  D e s p i t e  t h i s  n e g a t i v e  
r e s u l t ,  we  d e c i d e d  to  e v a l u a t e  t r o l n i t r a t e  p h o s p h a t e  b y  a 
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Effect of trolnitrate phosphate on isoproterenol-induced myocardial necrosis in rats  

Exp. Treatment  Dose of Dose of No. of 
No. isoproterenol trolnitrate rats 

phosphate 

No. of Myocardial necrosis, average scores 4- S.E. 
deaths 
during Right Intra- Left 
t reatment  ventricle ventricular ventricle 

septum 

1 Isoproterenol + 1 h 2 mg/kg/day 20 mg/kg/day 10 1 
later trolnitrate i.p. for 5 days p.o for 5 days 
phosphate 

Isoproterenol + 1 h same none 10 0 
later H20 

2 Trolnitrate phosphate same 20 mg/kg/day 30 2 
+ 1 h p.o. for 5 days 
later isoproterenol 

H20 + 1 h later same none 30 0 
isoproterenol 

3 Trolnitrate phosphate same 5 mg/kg/day 10 0 
+ 1 h later p.o. for 5 days 
isoproterenol 

Lactose + 1 h later same none 10 0 
isoproterenol 

4 Trolnitrate phosphate 10 mg/kg i.p. 20 mg/kg/day 20 0 
+ 1 h later on the 4th day p.o. for 5 days 
isoproterenol only 

H20 + 1 h later same none 20 5 
isoproterenol 

0.8 4- 0.03 2.8 -4- 0.48 1.7 4- 0.48 ~ 

0.3 4- 0.11 3.8 q- 0.07 3.3 4- 0.11 

0.5 • 0.10 2.7 4- 0.16 ~ 2.1 -4- 0.13 ~ 

0.4 • 0.09 3.8 4- 0.08 3.4 -4- 0.13 

1.0 -4- 0.80 3.9 4- 0.10 3.3 4- 0.10 

0.8 4- 1.40 4.0 -4- 0 3.9 4- 0.10 

1.5 4- 0.30 2.7 4- 0.20 2.8 4- 0.20 

2.0 • 0.30 3.2 4- 0.20 3.1 4- 0.30 

a p < 0.01. 
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s imi la r  t echn ique ,  us ing  lower, b u t  r epea t ed  doses of 
isoproterenol .  

I t  h a s  been  p rev ious ly  obse rved  in our  l a b o r a t o r y  t h a t  
t r o l n i t r a t e  p h o s p h a t e  r educed  left  v e n t r i c u l a r  work  a n d  
m y o c a r d i a l  oxygen  c o n s u m p t i o n  in dogs la. I t  was reason-  
able to  assume t h a t  u n d e r  the  cond i t ion  of reduced  myo-  
card ia l  work  and  reduced  oxygen  r equ i r emen t ,  i soprotere-  
nol m i g h t  be less l ikely to p roduce  m y o c a r d i a l  necrosis  if 
h y p o x i a  were a c o n t r i b u t i n g  fac to r  to  th i s  condi t ion .  This  
r epor t  summar i ze s  our  e x p e r i m e n t s  on t he  p r o t e c t i v e  ef- 
fect  of t r o l n i t r a t e  p h o s p h a t e  on i sopro te reno l - induced  
myoca rd i a l  necrosis in rats .  

CH~CH2-ONO 2 
N~---CH2CH20NO 2 

CH2CH2-ONO 2 2 H3PO 4 

Trolnitrate phosphate - Metamine| 

Male W i s t a r  r a t s  of 200 to 300 g b o d y  we igh t  were used 
in all expe r imen t s .  Unless  o therwise  specified the  an ima l s  
were k e p t  on R o c k l a n d  pel lets  a n d  water ,  b o t h  ad  l ib i tum.  
I sop ro te reno l  was g iven  in m o s t  of our  e x p e r i m e n t s  a t  

2 m g / k g  i.p., a lower dose t h a n  t h a t  used b y  o the r  inves t i -  
gators .  The  i sopro te reno l  in jec t ions  were r epea t ed  da i ly  
for 5 days.  In  one e x p e r i m e n t  (No. 4) i sopro te reno l  was  
g iven  a t  10 m g / k g  i.p., b u t  on ly  on the  4 th  d a y  of t r e a t -  
men t .  T ro ln i t r a t e  p h o s p h a t e  was g iven  e i the r  a t  5.0 or a t  
20.0 m g / k g  b y  ga rage ,  da i ly  for 5 days.  

Microscopic sect ions  were p r epa red  f rom th ree  d i f fe ren t  
myoca rd i a l  regions:  r i gh t  ventr ic le ,  i n t r a v e n t r i c u l a r  sep- 
t um,  an d  left  ven t r i c l e ;  t h e y  were e x a m i n e d  microscopi-  
cal ly for the  presence  of lesions. The  scores 0 -4  were 
g iven  to  each sec t ion :  0, no lesions;  1, j u s t  d e t e c t a b l e  
lesions;  2, modera t e ,  b u t  isola ted lesions;  3, severe,  s t i l l  
i so la ted lesions;  4, mass ive  diffuse areas  of necrosis.  T he  
s ta t i s t i ca l  s ignif icance of t h e  difference in scores for myo-  
card ia l  necrosis  in an ima l s  t r e a t ed  w i t h  t r o l n i t r a t e  phos-  
p h a t e  an d  for t h e  con t ro l  groups  was e v a l u a t e d  w i t h  t he  
S t u d e n t  't' test .  

Our  resul t s  i nd ica t ed  t h a t  t r o l n i t r a t e  p h o s p h a t e  pro-  
t ec t s  r a t s  f rom i sopro te reno l - induced  m y o c a r d i a l  necrosis .  
The  p ro tec t ive  a c t i v i t y  was d e m o n s t r a b l e  a t  20 m g / k g  
per  d a y  of t r o l n i t r a t e  p h o s p h a t e  b u t  n o t  a t  5 m g / k g  pe r  
day.  I f  i sopro te renol  was g iven  a t  10 m g / k g  i.p. on  t he  
4 th  d a y  of t h e r a p y  ins t ead  of da i ly  a d m i n i s t r a t i o n  a t  
2 m g / k g  i.p., t h e  p ro t ec t i ve  ac t i v i t y  of t r o l n i t r a t e  phos-  
p h a t e  was less p r o n o u n c e d  (Table).  The  typ ica l  lesions in 
an imal s  t r e a t e d  w i t h  i sopro te renol  on ly  a n d  w i t h  iso- 
p ro te reno l  an d  t r o l n i t r a t e  p h o s p h a t e  are shown  in t h e  
F igure  (a an d  b). 

T ro ln i t r a t e  p h o s p h a t e ,  like o the r  a n t i a n g i n a l  agen t s  14, 
reduces  left  v e n t r i c u l a r  work  la. U n d e r  cond i t ions  of re- 
duced work, i sopro te renol  m a y  p roduce  less h y p o x i c  
changes  in my o ca rd i u m,  an d  i schemia  was shown  to pre-  
cede t h e  d e v e l o p m e n t  of i sopro te reno l - induced  necrosis  
in h a m s t e r s  (HANDFORTH4). The  obse rved  p r o t e c t i v e  ef- 
fect  of t r o l n i t r a t e  p h o s p h a t e  m a y  be exp la ined  b y  reduc-  
t ion  in cardiac  work  induced  b y  t r o l n i t r a t e  p h o s p h a t e  
leading to an  unspecif ic  a n t a g o n i s m  of card iac  s t i m u l a n t  
ac t ions  of isoproterenol .  

O t h e r  e x p l a n a t i o n s  for the  p ro t ec t i ve  effect of t rol-  
n i t r a t e  p h o s p h a t e  are possible.  C o m p e n s a t o r y  mecha-  
n isms a c t i v a t e d  in response  to s t ress  which  could h a v e  
been  p roduced  b y  t h e  d rug  a t  th i s  r e l a t i ve ly  h i g h  dose 
level, m a y  acco u n t  for the  p ro tec t ion .  Also, a b s o r p t i o n  of 
in jec ted  i sopro te reno l  m a y  h a v e  been  de layed  b y  circula-  
t o ry  changes  induced  b y  t r o l n i t r a t e  p h o s p h a t e .  N e v e r t h e -  
less, t he  d e m o n s t r a t i o n  of p ro t ec t i ve  effect  of t r o l n i t r a t e  
p h o s p h a t e  suggests  the  possibi l i ty ,  t h a t  i sopro terenol -  
induced  m y o c a r d i a l  necrosis  m a y  be  a useful  exper i -  
m e n t a l  p rocedure  ill t he  e v a l u a t i o n  of p o t e n t i a l  an t i -  
ang ina l  agents .  

Zusammen/assung. I sopro te reno l  ( Isoprenal in) ,  2 m g / k g  
pro Tag  ftir 5 Tage i.p., ru f f  My o ca rd n ek ro s en  in R a t t e n  
hervor ,  die d u r c h  wiederho l te  Nach-  oder  V o r b e h a n d l u n g  
m i t  M e t a m i n |  (Tro ln i t ra t ,  T r i~ i thano l -amin t r in i t r a t ) ,  20 
m g / k g  pro  Tag  ftir 5 Tage p.o., abgeschw~tcht  werden  
k6nnen .  

A. SCRIABINE and R. B. STEBBINS 

a, Typical massive necrosis in the left ventricle of a rat heart. The 
animal received isoproterenol, 2.0 ing/kg/day i.p., for 5 days. 
b, Typical isolated area of myocardial necrosis in the left ventricle 
of a rat heart. The animal received trolnitrate phosphate, 20 
mg/kg/day orally for 5 days followed by isoproterenol at 2.0 
mg/kg/day i.p. for 5 days. The animals were sacrificed 2 h after the 
last treatment. Bouin fixation. Paraffin section. Hematoxylin and 

eosin, x 400. 
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