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Summary. E x p o s u r e  of r a t s  to  a conf l ic t  s i t u a t i o n  (electric shocks  assoc ia ted  w i t h  w a t e r  supply)  increased  t h e  ac t iv i t i es  
of ox ida t i ve  enzymes  and  of heksok inase  in t h e  m y o c a r d i u m .  The  s t ress  also led to  s u b s e n s i t i v i t y  of a t r i a l  e -adreno-  
receptors .  

Inc reased  a c t i v i t y  of m a i n l y  ox ida t i ve  enzym es  in t h e  
m y o c a r d i u m  has  been  found  in r a t s  fol lowing p ro longed  
cold exposure  or  phys i ca l  t r a i n i n g  S . These  s t resses  also 
cause  subsens i t i z a t i on  of ca rd iac  e - ad reno recep to r s  wi th -  
o u t  c o n c o m i t a n t  changes  in t h e  s ens i t i v i t y  of fl-recep- 
to r s  a,4. The  a im  of t he  p r e s e n t  s t u d y  was to  e luc ida te  
w h e t h e r  a p ro longed  conf l ic t  s i tua t ion ,  i .e. a s t ress  of a 
more  psych ic  na tu r e ,  would  induce  changes  in m e t a b o l i c  
r eac t ions  a n d / o r  in  t h e  s ens i t i v i t y  of ad r eno r ecep to r s  of 
t h e  hea r t .  
Material and methods. A t o t a l  of 48 a d u l t  ma le  Sprague-  
D a w l e y  ra ts ,  150-300 g, were used in these  s tudies .  8 days  
before  be ing  sacrified,  t h e y  were t r a n s f e r r e d  to  cages 
composed  of two  c o m p a r t m e n t s .  T he  floor of t h e  f i rs t  
c o m p a r t m e n t  (49 • 40 cm) was covered  w i t h  p ine  chips  
whi le  t he  f loor of t h e  second one (19.3 • 15.8 cm) was 
composed  of wire  screen.  A d r i n k i n g  b o t t l e  w i t h  t a p  
w a t e r  was  a t t a c h e d  a t  t he  b a c k  wal l  of th i s  second com- 
p a r t m e n t .  A n  AC electr ic  c u r r e n t  of 60 V was c o n d u c t e d  
to  t h e  wire  screen,  so t h a t  t he  an i m a l s  h a d  to  t o l e r a t e  
electr ic  shocks  whi le  d r ink ing .  I n  t h e  course  of t h e  1-week 
conf l ic t  per iod,  t h e  vo l t age  was g r a d u a l l y  ra ised  to 90-95 V. 
Food  was a lways  freely avai lable .  R a t s  housed  in s imi la r  
cages w i t h o u t  electr ic  c u r r e n t  se rved  as controls .  
The  an ima l s  were ki l led a f t e r  7 days  of t h e  s t ress  sit-  
ua t ion .  The  t ips  ol t h e  ven t r i c l e s  were  hom ogen i zed  in 
Tris-HC1 buf fe r  (0.1 M, p H  7.6) to  a 2% h o m o g e n a t e ,  
a n d  cen t r i fuged  for  10 m i n  a t  1000 • g to  r e m o v e  un-  
b r o k e n  cells a n d  p a r t i c u l a t e  debris .  T he  s u p e r n a t a n t s  
were  used for  t h e  d e t e r m i n a t i o n  of succ ina te  d e h y d r o -  
genase  (SDH) 5, m a l a t e  d e h y d r o g e n a s e  (MDH) 6, c i t r a t e  
s y n t h a s e  (CS)~, h e x o k i n a s e  (HK)s ,  p h o s p h o f r u c t o k i n a s e  
( P F K ) "  a n d  l a c t a t e  d e h y d r o g e n a s e  (LDH,  b y  t h e  com-  
merc ia l  k i t s  of B i o c h e m i c a  Boehr inger )  ac t iv i t ies .  The  

p r o t e i n  c o n t e n t  of h o m o g e n a t e s  were e s t i m a t e d  b y  t he  
p h e n o l  m e t h o d  10. The  s t ressed  a n d  co r r e spond ing  con t ro l  
g roups  were a lways  a s sayed  toge the r .  
The  c u m u l a t i v e  c o n c e n t r a t i o n - r e s p o n s e  curves  for t h e  
pos i t ive  ch rono t rop i c  response  to  a n  e -adrenerg ic  drug,  
p h e n y l e p h r i n e  (PHE) ,  and  to  a f l -adrenergic  drug,  iso- 
p r ena l i ne  (ISO),  were d e t e r m i n e d  on  i so la ted  a t r i a  a t  
37 ~ in T y r o d e ' s  solut ion.  The  r a t e  of s p o n t a n e o u s  con-  
t r a c t i o n s  was recorded  on  a M i n g o g r a p h  24 B jeic recorder  
b y  m e a n s  of a suc t ion  e lec t rode  as descr ibed  ear l ier  3. 
Results. Afte r  t he  b e g i n n i n g  of t h e  s t ress  period,  in  which  
electr ic  shock  was c o m b i n e d  w i t h  w a t e r  supply ,  the  da i ly  
w a t e r  c o n s u m p t i o n  of t he  r a t s  in  t h i s  cage was r educed  
f rom the  con t ro l  level  of 20-33 m l / a n i m a l  (6 an ima l s /  
cage) to  7.0-8.3 m l / a n i m a l .  A t  t he  3rd day,  however ,  t h e  
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Log concentration-response curves 
for the ehronotropic responses to 
isoprenaline and phenylephrine in 
isolated atria of control rats (0) 
and of animals subjected to a con- 
flict situation for 7 days (O). The 
curves are the means -4- SE of 6-8 
rats. *, Significantly different 
from controls (p % 0.05). 
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Activities of enzymes and protein content in the myocardium from 
rats subjected to a conflict situation for 7 days 

Enzyme Control Stressed p 

SDH 42.1 • 2.64 52.1 4- 2.00 < 0.02 
MDH 616 • 10.5 844 • 26.5 < 0.001 
CS 159 /_ 3.28 181 ~: 3.52 < 0.001 
HK 6.38 4- 0.12 6.97 4- 0.14 < 0.01 
PFK 39.3 ~_ 1.12 41.6 =~ 1.13 NS 
LDH 916 • 32.2 876 i 16.9 NS 
Protein 92.6 ~ 0.80 95.8 • 0.75 NS 

Enzyme activities are expressed as bmoles of substrate utilized per 
min per g wet weight, and protein content as mg protein in cell-free 
homogenate from 1 g ol muscle. Values are the means 4- SE of 10 
animals. 

da i ly  w a t e r  c o n s u m p t i o n  of s t ressed  r a t s  a t t a i n e d  t he  
level  of con t ro l  an imals .  The  t o t a l  w a t e r  c o n s u m p t i o n  
d u r i n g  t he  7-day  o b s e r v a t i o n  per iod  r a n g e d  f rom 122 to  
154 m l / a n i m a l  in  t he  ' s t ress  g roup '  in  compar i son  w i t h  
198-216 m l / a n i m a l  in  t he  con t ro l  group.  
The  re la t ive  we igh t  of t he  ad rena l s  increased  b y  15% in 
response  to t i le  conf l ic t  s i tua t ion ,  be ing  18.3 • 0.30 rag/  
100 g of b o d y  we igh t  in  t he  cont ro l s  a n d  21.1 • 0.70 mg /  
100 g ill t h e  s t ressed  an ima l s  (p < 0.005). T he  re l a t ive  
we igh t  of t h e  h e a r t s  was  n o t  c h a n g e d  (269 4- 7.7 mg/100  gr) 
as c o m p a r e d  to  t h e  cont ro l s  (267 ~= 8.4 mg/100  g). 
The  resu l t s  p r e sen t ed  in  t he  t ab l e  show t h a t  exposure  of 
r a t s  to  a conf l ic t  s i t u a t i o n  for  7 days  s ign i f i can t ly  in-  
c reased  t he  ac t iv i t i e s  of aerobic  enzym es  (SDH,  MDH,  
CS) in  t he  m y o c a r d i u m .  Of t he  anae rob ic  e n z y m e s  s tud-  
ied, on ly  H K  showed  s ign i f ican t  a c t i v a t i o n  in response  
to  t he  stress.  The  p r o t e i n  c o n c e n t r a t i o n  in t h e  cell-free 
h o m o g e n a t e  f rom s t ressed  an i m a l s  was  n o t  s ign i f i can t ly  
d i f f e ren t  f rom t h a t  of t he  controls ,  an  i n d i c a t i o n  of in-  
c reased  a c t i v i t y  r a t h e r  t h a n  increased  c o n t e n t  of t h e  
enzymes .  
The  g r a p h s  in t he  f igure  show t h a t  t h e  s t ress  s i t u a t i o n  
d id  n o t  cause  a n y  s ign i f i can t  changes  in a t r i a l  r esponse  
to  ISO,  whi le  i t  lowered t h e  s ens i t i v i t y  to  P H E .  Th i s  can  
be  seen in t he  sh i f t ing  to  t h e  r i g h t  of t he  c o n c e n t r a t i o n -  
response  curves.  Because  th i s  t r e a t m e n t  r educed  t he  m a x i -  
m u m  response,  t he  ECs0-values, however ,  d id  n o t  d i f fer  

f r o m  each  o the r  in  con t ro l  a n d  e x p e r i m e n t a l  groups.  The  
basic  c o n t r a c t i o n  f r equency  of i so la ted  a t r i a  in  t h e  
s t ressed  r a t s  (254 ~ 13 b e a t s / m i n )  was n o t  s ign i f i can t ly  
d i f fe ren t  f rom t h a t  of t he  cont ro l s  (226 • 15 bea t s /min ) .  
Discussion. Our  p r e s e n t  resu l t s  show t h a t  exposure  of 
r a t s  to  a conf l ic t  s i t u a t i o n  decreases  t he  s ens i t i v i t y  of 
i so la ted  a t r i a  to  PILE,  whi le  i t  does n o t  change  t he  sensi-  
t i v i t y  to  ISO.  Our  p rev ious  s tud ies  h a v e  shown  t h a t  
s imi la r  changes  can  be  induced  also b y  phys i ca l  stresses,  
such  as cold exposure  or  phys ica l  t r a i n i n g  3, 4. F u r t h e r -  
more,  subsens i t i z a t i on  of a - ad reno recep to r s  c an  be  pro-  
duced  b y  r epea t ed  in jec t ions  of e- or  f l -adrenergic  a m i n e s  
or of ad renoco r t i co t rop i c  h o r m o n e  4,41. T h u s  t he  conclu-  
s ion was  d r a w n  t h a t  p ro longed  s t i m u l a t i o n  of t i le h e a r t  
b y  ca techo lamines ,  as re leased in t he  o rgan i sm in s t ress  
s i t ua t i ons  or as p roduced  b y  r epea t ed  in jec t ions  of exoge-  
nous  drugs,  or a sens i t i za t ion  of adrenerg ic  ac t ions  b y  
cor t icos te ro ids  (released b y  ACTH)12, are respons ib le  for 
subsens i t i z a t i on  of ~ -adrenorecep to r s  8, 4,11. I n  these  s i tu-  
a t ions ,  however ,  t he  s ens i t i v i t y  of /9-receptors r e m a i n s  
u n c h a n g e d ,  wh ich  m e a n s  a sh i f t  f rom e- to  fl-receptors.  
T h e  ' oxygen  was t i ng  effect '  of card iac  s t i m u l a t i o n  t h r o u g h  
/%receptors has  been  sugges ted  18,14. T h u s  t he  increased  
re la t ive  s ens i t i v i t y  of /%receptors in  s t ress  s i t ua t i ons  in-  
creases t he  oxygen  d e m a n d  of t he  m y o c a r d i u m .  Th i s  c an  
be  c o m p e n s a t e d  for b y  increas ing  t he  c a p a c i t y  of ox ida t ive  
m e t a b o l i s m  a n d  t h e r e b y  t he  enzymes  involved .  L a t e r  t h i s  
s i t u a t i o n  can  re su l t  in  c o m p e n s a t o r y  card iac  en l a rgemen t ,  
as obse rved  ear l ier  in  co ld-acc l imat ized  and  t r a i n e d  r a t s  3. 
Th i s  was  n o t  seen in t he  p r e s e n t  s t u d y  of p sych ica l ly  
s t ressed  animals ,  due  to  t he  re la t ive  s h o r t  d u r a t i o n  of t he  
s t ress  period.  The  response  of I l K  to a single s h o r t  pe r iod  
of exercise has  been  s h o w n  3,1~. Thus ,  t he  c h a n g e d  ac t iv -  
i t y  of t h i s  e n z y m e  is more  an  i nd i ca t i on  of t he  acu te  
n a t u r e  of the  s t ress  s i t u a t i o n  t h a n  of p ro longed  a l t e r a t i ons  
of m e t a b o l i c  p a t h w a y s .  
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Summary. Dif f rac t ion  m e a s u r e m e n t  of m y o f i l a m e n t  ove r l ap  can  be  m a d e  w i t h  g rea te r  reso lu t ion  or e x t e n d e d  to t h i c k e r  
h e a r t  musc le  p r e p a r a t i o n s  b y  us ing  l igh t  of a nea r  I R  wave l eng th .  

L i g h t  d i f f r ac t ion  m e t h o d s  h a v e  been  wide ly  used  to  
obse rve  sa rcomere  l e n g t h  changes  in s t r ips  of i so la ted  
s t r i a t ed  muscle  3-5. R e c e n t l y  these  t e c h n i q u e s  h a v e  been  
appl ied  to  s t u d y  sa rcomere  m o t i o n  and  t h u s  t h e  role of 
m y o f i l a m e n t  s l id ing  in ca rd iac  c o n t r a c t i o n  6, 7, b u t  recog- 
n izab le  d i f f rac t ion  p a t t e r n s  h a v e  been  o b t a i n a b l e  on ly  
f rom v e r y  t h i n  specimens .  T h i n  (i.e., less t h a n  200 ~m), 
s u i t a b l y  s h a p e d  m a m m a l i a n  h e a r t  muscles  are scarce, so 
t h a t  such  s tud ies  h a v e  been  l imi ted  to t r a b e c u l a r  a n d  
r i g h t  v e n t r i c u l a r  p a p i l l a r y  muscles  f rom rats .  D i f f r ac t ion  
spec t r a  f rom th i cke r  t r a b e c u l a e  of o t h e r  species8 t e n d  to  
obscure  u p o n  con t r ac t i on .  I n  v iew of t he  ab i l i t y  of I R  
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