
metabol ism of an organ subjected to prolonged ischemta;  however,  the duration of inhalation, o ther  methods 
of creat ing hypoxemia and, in par t icu lar ,  the search  for  ways of inducing local hypoxemia, r equ i r e  fu r ther  in- 
ve sttgatio n. 
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COMPARISON OF THE PROTECTIVE EFFECT OF ADAPTATION 

TO SHORT-TERM STRESS AGAINST INJURY TO THE HEART 

AND PORTAL VEIN BY LONG-TERM STRESS 
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and F. Z. Meerson 612.14.49-06:613.863 
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Long - t e r m  s t r e s s  causes  marked  dis turbances  of contrac t i l i ty  of the hear t  and capacit ive vesse l s  [2]. 
S t ress  injury to the myocard ium has been shown to be preventable  by p re l imina ry  adaptation of animals  to 
daily short  exposures  to s t r e s s  [3]. The protect ive  effect  of intensive adaptation of this kind is incomplete 
and it has i ts  "p r i ce , "  i.e.,  adaptation i tself  causes  the significant depress ion  of myocardial  contract i l i ty .  

In the p resen t  investigation, bes ides  the protec t ive  effect  of daily (intensive) adaptation, the effect  of 
gentle adaptation, inwhieh short  exposures  to s t r e s s  were  given on a l ternate  days, also was studied. Since 
vascular  injury in long- te rm s t r e s s  has  been shown to be more  severe  than the dis turbance of myocard ia l  
function af te r  exposure  to the same kind of s t r e s s  [4] the main aim of this investigation was to compare  the 
protec t ive  effect  of p re l imina ry  adaptation on dis turbance of contract i le  function of the right a t r ia l  myocard i -  
um and the smooth muscle  of the portal  vein ar is ing during long- te rm s t ress .  

EXPERIMENTAL METHOD 

Experiments were carried out on male Wister rats weighing 200-280 g in two stages. In the first stage 

the effect  of p re l imina ry  intensive adaptation of the animals  to s t r e s s  on dis turbance of contract i le  function of 
the myocard ium and vascular  smooth muscle  ar is ing during long- te rm s t r e s s  was studied. Intensive adaptation 
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T A B L E  1. E f fec t  of P r e l i m i n a r y  I n t e n s i v e  
Adap t a t i on  on D i s t u r b a n c e  of C o n t r a c t i l e  F u n c -  
t ion of A t r i u m  and P o r t a l  Vein Due to L o n g -  
T e r m  S t r e s s  (M:~m) 

Series of ex- 
periments 

I. Control 
(n=8) 

II. Stress (n = 9) 
III. Adaptation 
IV. -Adaptation + 

stress (n = 9) 
PI-II 
PI-III 
PI-IV 
PII-IV 
PIII-IV 

Right atrium 
Developed Frequency 

of contrac- force, mg 
force tions per 

minute 

Porffll vein 

DeveTopedi Frequency 
force" moi of contrae- 
force' e ' tions per 

minute 

2794-+_25 2564-t-8,0 
1524-__12 2334-t-6,0 
1994-__23 2354-6,1 

281 4-19 2054-6,2 
<o,oi <0,05 
<0,05 n.s. 

n.s. <0,01 
<0,01 <0,01 
<0,05 <o,1 

33___24 5,34-0,6 
744-6,6 4,9+0,4 
314-I=17 6,24-0,3 

494-20 5,0_0,4 
<0,01 n.s. 
<0,01 : n.s. 
<0,02 : n.s. 
<0,01 n.s. 

n.s. <0,05 

Legend .  H e r e  and in Tab le  2: n) n u m b e r  of 
a n i m a l s  in s e r i e s ;  n . s . )  d i f f e r e n c e s  not s i g n i f i -  
cant .  

w a s  u n d e r t a k e n  by  i m m o b i l i z i n g  the r a t s  d a i l y  in the  supine  pos i t i on :  f o r  !5  ra in  the  f i r s t  t i m e ,  fo r  30 m[n the 
s econd  t i m e ,  and f o r  1 h on the  next  ten d a y s .  

In the s econd  s t age  the  p r o t e c t i v e  e f fec t  of gen t l e  adap ta t i on  by  i m m o b i l i z i n g  the a n i m a l s  on a l t e r -  
na t e  d a y s  w a s  s tud ied :  fo r  15 rain the f i r s t  t i m e ,  fo r  45 ra in  the  second  t i m e ,  fo r  1 h on each  of  the  next  fou r  
t i m e s .  At  e a c h  s t a g e  of  the  i n v e s t i g a t i o n  fou r  s e r i e s  of e x p e r i m e n t s  w e r e  c a r r i e d  out:  It c o n t r o l ,  i n t ac t  an i -  
m a l s ;  1-[) s t r e s s -  the  a n i m a l s  w e r e  s u b j e c t e d  to p r o l o n g e d  i m m o b i l i z a t i o n  s t r e s s  fo r  6 h ; I I I )  a d a p t a t i o n -  the 
a n i m a l s  w e r e  adap t ed  to s h o r t - t e r m  s t r e s s ;  IV) a da p t a t i on  + s t r e s s -  a f t e r  a c o u r s e  of  a d a p t a t i o n  the a n [ m a t s  
w e r e  s u b j e c t e d  to l o n g - t e r m  i m m o b i l i z a t i o n  s t r e s s .  The r a t s  w e r e  d e c a p i t a t e d  2 h a f t e r  the  end of a 6-h  e x -  
p o s u r e  to s t r e s s .  The adap ted  a n i m a l s  w e r e  u sed  in the  e x p e r i m e n t s  24 h a f t e r  the  end of the  c o u r s e  of a d a p t -  
a t ion.  The i s o l a t e d  r i g h t  a t r i u m  w a s  used  to s tudy the c o n t r a c t i l e  funct ion  of  the  m y o c a r d t u m .  The i s o l a t e d  
a t r i u m  w a s  p l a c e d  in a c o n s t a n t - t e m p e r a t u r e  ba th  c on t a in ing  oxyge na t e d  K r e b s - H e n s e l e i t  so lu t ion  (95% 02 + 
5% CO 2, pH 7.4, 34~ the b a s e  of  the  a t r i u m  w a s  f ixed  i m m o v a b l y ,  whi le  the  apex of the  a u r i c l e  w a s  con -  
nec t ed  to the  F - 5 0  m y o g r a p h  of  a D M P - 4 B  p h y s i o g r a p h  (Na rco  B i o - S y s t e m s ,  USA). The a t r i u m  c o n t r a c t e d  
s p o n t a n e o u s l y  f o r  40-50  rain,  a f t e r  which  i t  w a s  g r a d u a l l y  s t r e t c h e d  to the  length  at  which  i t  d e v e l o p e d  m a x i -  
m a l  t e n s i o n  u n d e r  i s o m e t r i c  cond i t i ons .  Spon taneous  c o n t r a c t i l e  a c t i v i t y  of  the  i s o l a t e d  p o r t a l  ve in  was  r e -  
c o r d e d  u n d e r  c o n d i t i o n s  of i s o m e t r i c  c o n t r a c t i o n  by  m e a n s  of a t w o - c h a n n e l  s y s t e m  (Ugo B a s i l e ,  I ta ly) .  I m -  
m e d i a t e l y  a f t e r  d e c a p i t a t i o n  of the  a n i m a l s  the  p o r t a l  ve in  w a s  r e m o v e d  and p l a c e d  in a c o n s t a n t - t e m p e r a t u r e  
c h a m b e r  wi th  o x y g e n a t e d  K r e b s '  so lu t ion  (95% 0 2 + 5% CO2, pH 7.4, 32~ and s t r e t c h e d  by a we igh t  of  400 rag. 
The p o r t a l  ve in  w a s  k e p t  u n d e r  t h e s e  c o n d i t i o n s  fo r  1 h b e f o r e  the  beg inn ing  of  the  e x p e r i m e n t  in o r d e r  to s t a -  
b i l i z e  s p o n t a n e o u s  c o n t r a c t i o n s .  P a r a m e t e r s  of c o n t r a c t i l i t y  of the  a t r i u m  and p o r t a l  ve in  w e r e  c a l c u l a t e d :  
the  d e v e l o p e d  f o r c e  and spon t aneous  c o n t r a c t i o n  r a t e .  

The r e s u l t s  w e r e  s u b j e c t e d  to s t a t i s t i c a l  a n a l y s i s  by  S t u d e n t ' s  t e s t .  

E X P E R I M E N T A L  R E S U L T S  

The r e s u l t s  ob t a ined  in the  f i r s t  s t age  of  the i n v e s t i g a t i o n  (Table  1) showed tha t  l o n g - t e r m  i m m o b i l i z a -  
t ion  s t r e s s  d e p r e s s e d  m y o c a r d i a l  c o n t r a c t i l i t y  by  1.8 t i m e s ,  and c o n t r a c t i l i t y  of the  p o ~ a l  ve in  m o r e  than 
t h r e e f o l d .  Th i s  r e s u l t  a g r e e s  with t h o s e  of p r e v i o u s  i n v e s t i g a t i o n s  u s ing  a d i f f e r e n t  m o d e l  of  s t r e s s  [4] and i s  
e v i d e n c e  tha t  the  v a s c u l a r  smoo th  m u s c l e  i s  l e s s  r e s i s t a n t  than the m y o c a r d i u m  to the  ac t i on  of s t r e s s .  In-  
t e n s i v e  adap t a t i on  had i t s  " p r i c e , "  i . e . ,  i t  l ed  by  i t s e l f  to m a r k e d  d e p r e s s i o n  of  the  c o n t r a c t i l e  funct ion  of  the  
m u s c l e s .  I n c i d e n t a l l y ,  the  " p r i c e "  of adap ta t i on  r e l a t i v e  to d e v e l o p e d  f o r c e  of c o n t r a c t i o n s  was  44% f o r  the 
ve in  and 24% f o r  the  a t r i u m ,  i . e . ,  it  w a s  a l m o s t  tw ice  a s  much  fo r  the  vein.  Th i s  i s  f u r t h e r  e v i d e n c e  of  the  
g r e a t e r  v u l n e r a b i l i t y  of the  p o r t a l  ve in  c o m p a r e d  with  the  m y o c a r d i u m .  S t r e s s  a l so  d id  not c a u s e  any s i g n i f i -  
c an t  d e p r e s s i o n  of func t ion  of the  o r g a n s  of a n i m a l s  adap ted  to s h o r t - t e r m  s t r e s s ,  and p r e l i m i n a r y  a dap t a t i on  
had  a s i g n i f i c a n t  p r o t e c t i v e  ac t ion  (Tab le  1). 
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TABLE 2. Effect of P re l imina ry  Gentle Adapt- 
ation on Disturbance of Contractile Function of 
atr ium and Por ta l  Vein Due to Long-Term Stress  
(M=~m) 

Series of I Right atrium I Portal vein 

experiments I Developed I grequency I Developed I Frequeney 
force, mg ' of contrac-I force, mg ~ or contrac- 
force tions per I force lions per 

, minute tminute 

I. Control 
(n= 10) 

II. Stress (n.= 9) 
III, Adaptation 

~n=8) 
IV. Adaptation + 

stress (n = 8) 
Pi-ii 
PI-III 
Pi-iv 
Pii-iv 
PIII-IV 

343-+15 
181 -+20 

420-+21 

311-+32 
<0,01 
<0,05 

Yl.S. 
<O,Ol 
<0,05 

258-+__8,0 
251 _+8,0 

240-1-4,9 

249__+8,0 
!nos~ 
n~ 
!n,$. 
i"1.$. 
II,$~ 

139___10 
59-4-9, I 

136+11 

109-+12 
<o,01 

n , s ,  
n,s~ 

<O,Ol 
n.s .  

7,8-4-1,7 
8,9_1,5 

10,0+0,7 

9,5___12 
I1o$o 
I1,~. 
1.1,8, 
n,s~ 
n.$. 

Long- t e rm adaptation to widely different factors ,  including to s t ress ,  is known to be based on a memory  
effect and, in par t icu lar ,  brain m e m o r y  [1], which may often be more  effective if infrequent exposures  are 
given at longer  intervals  than when exposures  are too frequent [5]. Taking this into consideration, in the next 
stage of the investigation an attempt was made to make the conditions of adaptation more  gentle, by reducing 
by half the number of exposures  to s t r e s s  and by lengthening the intervals  between them. 

The resu l t s  obtained at this stage (Table 2) indicate that gentle adaptation did not depress  the contract i le  
function e i ther  of the hear t  or  of the portal  vein, i.e., it had no perceptible "pr ice."  The contract i le  function 
of the myocard ium and portal  vein of animals  exposed to s t r e s s  for  6 h after  p re l iminary  gentle adaptation did 
not differ significantly f rom that in the control.  Protect ion was vir tually complete. The fact will be noted that 
long- te rm s t ress ,  after  adaptation under these conditions, even in the portal  vein, which is highly susceptible 
to its injurious action, caused only a small decrease ,  which was not significant, in the p a r a m e t e r s  of con- 
tracti l i ty.  

According to existing views, the protect ion action of p re l imina ry  adaptation is based on an increase  in 
the power of the central  and cel lular  sys tems  of the body that l imit  the s t r e ss  reaction, i,e., on increased ef- 
f ic iency of the enzymes  responsible  for  the formation of GABA, endorphins, and enkephalins in the brain, and 
also of natural antioxidants, prostaglandins,  and adenosine in the effector organ [1]. If such adaptation takes 
place under r igorous  conditions, its s t ructural  "pr ice"  will be high. In the present  experiments  this was shown 
by depress ion of the contract i le  function of the organs  studied in animals adapted under intensive conditions. 
The use of a gentle adaptation schedule enabled the undesirable "pr ice"  of adaptation to be avoided, and thus 
made protect ion maximal ly  effective. St ress- induced dis turbances  of function both of the atr ium and of the 
more  vulnerable portal  vein could be prevented vir tual ly completely in this way. 
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