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P re l imina ry  adaptation of animals to repeated shor t - t e rm s t ress ,  in the form of immobilization for  1 h 
daily for  12-15 days, largely prevents  depress ion of myocardia l  contract i l i ty during long- term s t ress  [2, 3]. 
It has been suggested that the protect ive effect of such adaptation is based on increased power of the central  
and cel lular  sys tems  of the body which limit the s t r e s s  reaction, i.e., ult imately on increased efficiency of 
enzymes  forming GABA, endorphins, and enkephalins in the brain, as well as of natural antioxidants, p ros ta -  
glandins, and adenosine in the effector  organs  [1]. The protect ive effect of adaptation to s t r e s s  in the form 
which has hitherto been used is incomplete, and this adaptation has its "pr ice ,"  i.e., by itself it depresses  the 
main p a r a m e t e r s  of myocardia l  function by 15-20%. 

In the present  investigation an attempt was made to eliminate the "price" of adaptation by reducing the 
number of short exposures  to s t ress .  The idea was that long- term adaptation to fac tors  of different kinds, in- 
cluding to s t r e s s  factors ,  is based on a m e m o r y  effect and, in part icular ,  brain m e m o r y  [1], which can often 
be more  effectivelY real ized by repeated exposures  at considerable time intervals than by too frequent ex- 
posures  [4]. Accordingly short  exposures  to s t r e s s  were given on alternate days ra ther  than daily, and only 
six t imes  instead of 12 t imes.  

E X P E R I M E N T A L  M E T H O D  

Male Wistar  ra t s  weighing 200-290 g were used. There were four ser ies  of experiments:  I) control, 
II) animals exposed to long- te rm immobilization s t r e s s  by fixation in the supine position for  6 h, III) animals 
adap~d to s h o r t - t e r m  s t r e s s  b y  repeated fixation in the supine position for 15 rain the f i rs t  time. 
45 m[n the second time, and 60 rain on each of the next four t imes;  the ra t s  were exposed to s t r e ss  of this 
kind on alternate days; IV) after  a course  of sho r t - t e rm adaptation the ra t s  were subjected to long- term im- 
mobilization s t ress .  Myocardial  contract i l i ty  was studied on the isolated right a tr ium. The a t r ium was re-  
moved and placed in a cons tan t - tempera ture  bath containing oxygenated I~ rebs -Hense le i t  solution (95% 02 + 
5% CO 2, pH 7.4, 34~ so that the base of the a t r ium was fixed immovably and the apex of the auricle was at- 
bached to the F-50 myograph of the DMP-4B physiograph (Narco Bio-Systems,  USA). The atr ium contracted 
spontaneously for  40-50 min, after  which it was stretched by stepwise increasing external loads (100 mg) to 
length lma x, at which the atr ium developed maximal tension. During stretching at each step of the load the 
developed tension (Tp), hear t  rate per  minute (F), and extensibili ty of the atrium, i.e., the increase in its 
length to response to the applied external  load (A/) were recorded,  a Starling curve was plotted, and the in- 
tensi ty  of functioning of s t ruc tures  (IFS), the product  of developed tension and hear t  rate, expressed per  unit 
of mass ,  i.e., 

I F s  = T p -  F 
m 

where m is the m a s s  of the atrium, was determined at the plateau of the curve. The dimensionality of IFS is: 
g fo rce / rag  m a s s .  min. The resul t s  were subjected to statist ical  analysis  and the significance of differences 
was determined by Student 's test. 
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TABLE 1. Effect of Adaptation to Shor t -Term 
Stress  on Myocardial  Contract i l i ty during 
L o n g - T e r m  Stress  

Series of experiments 

[ _  Control (n= 16) 
II - -  Stress (I1 = 8) 

III - -  Adaptation (n = 8) 

I --Adaptation + stress (n = 9) 

g force 
IFS, 

mg mass. rain 

4,044-0,26 
1,544-0,39 

PH-I<0,001 
4,844-0,37 

PIII-I<0,05 
3,624-0,51 

PIV-III < 0,0l 
PIV-I<0,2 

Legend. n) Number of animals in ser ies .  

500~ b ~ T T5-00~- c 

9 Q| 
A 

7 

! l , 3 700 700 

i 200 ~00 600 800 200 z,'O0 600 800 70 80 90 /00 

Fig. 1. Effect of gentle adaptation to sho r t - t e rm s t ress  on extensibility and contract i l i ty  
of myocard ium during long- term s t ress ,  a: Abscissa,  rest ing load (T r) (in rag); ordinate, 
increase  in length of atr ium (AI) (in ram); b: abscissa,  rest ing load (Tr) (in rag); ordinate, 
developed tension (Tp) (in mg); c: abscissa,  length of atrium (in % of /max, taken as 100); 
ordinate, developed tension (Tp) (in rag). Filled c i r c l e s -  control, empty c i r c l e s -  s t ress ,  
filled t r i a n g l e s -  adaptation, empty t r i a n g l e s -  adaptation + s t ress .  

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

The curves  in Fig. 1 i l lustrate the dynamics of pa r ame te r s  of atrial  contract i l i ty during stretching. 
Adaptation to repeated s t ress ,  in the vers ion which we used, i.e., achieved by comparat ively  infrequent ex- 
posures  to s t r e s s  at long time intervals,  was found not to produce depress ion of any of the measured  pa r ame-  
t e r s  of myocardia l  contracti l i ty.  On the contrary ,  curves  of extensibility and developed tension and Starling 
curves  in adapted animals were a little above the control level. 

Jus t  as previously  [2, 3] s t r e s s  induced depression of extensibiltty and a cer ta in  Mnd of r igidity of the 
myocard ium (Fig. la) and also depression of developed tension (Fig. lb); finally, it induced marked depress ion 
of the Starling curve (Fig. lc). P re l imina ry  adaptation prevented the development of this combination of dis-  
turbances  of atr[al  contract i l i ty  (the shaded zone in Fig. 1). As a resul t  of this protection, extensibili ty and 
contract i l i ty  of the myocard ium on the plateau of the Starling curve in adapted animals after  s t r e ss  was much 
Mgher than tn unadapted animals.  The increase  for  extensibili ty of the myocardium was 20% and for  its de- 
veloped tension 84%. As a result ,  all these p a r a m e t e r s  on the plateau of the Starling curve,  for adapted ani- 
mals  after  s t ress ,  did not differ significantly f rom the control:  Pro tec t ion  was complete.  
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The question accordingly arises: What is the effect of gentle adaptation on an integral parameter of myo- 
cardial contract i l i ty  such as IFS. tt will be c lear  f rom Table 1 that s t r e ss  for  6 h induces a charac te r i s t i c  fall 
of IFS by 2.5 t imes.  By itself gentle adaptation does not depress  this parameter ,  but prevents  its depression 
ar is ing under the influence of long- term s t ress .  

Hence, by the use of a rational s t ra tegy of adaptation to s t ress ,  i.e., by reducing the number of exposures  
and lengthening the t ime intervals  between them, the negative effect of adaptation itself on myocardia l  cont rac-  
tility can be completely prevented and, at the same time, depress ion of the contract i le  function of hear t  muscle 
ar is ing during long- te rm s t r e s s  can be completely prevented. In other words, the "pr ice"  of adaptation to re-  
peated s t ress ,  measured  in depress ion of the contract i le  function of the heart,  is not inevitable, complete pro-  
tection of cardiac  contract i l i ty  against the effects of long- te rm s t ress  can be achieved through the use of a 
co r r ec t  s t ra tegy of adaptation without this undesirable effect. 
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Duodenal u lcer  iS a polyetiologic disease  whose pathogenesis  is based on an imbalance between protec-  
t i re  and injurious f ac to r s  in the stomach and duodenum. Because it is impossible to analyze the role of each 
fac tor  and their  dynamic interaction in the development of the disease completely under clinical conditions, 
experimental  approaches  have been used. By now many different methods of inducing duodenal u lcers  in ani- 
ma l s  of different species  have been developed [3-5, 7, 10]. 

In the present  investigation a cysteamine model of experimental  duodenal ulcer  [11] was used with some 
modifications. A study of the mechanism of action of cysteamine revealed a considerable and significant in- 
c r ease  in secret ion of hydrochlor ic  acid and pepsin and also an increase  in blood levels of gas t r in  and cor t ico-  
Sterone [9]. Dis turbances  of the microc i rcu la t ion  and edema of the mucosa  also develop under these c i rcum-  
stances in different pa r t s  of the gast rointes t inal  t rac t  [6]. Administration of cysteamine thus increases  the 
aggress iveness  of the acid-peptic fac tor  and also weakens the protect ive p roper t i es  of the duodenal mucosa,  
phenomena which cor respond  to a considerable degree to the pathogenesis of this disease.  

EXPERIMENTAL M E T H O D  

Exper iments  were ca r r i ed  out on 40 noninbred male albino ra ts  weighing 160-180 g. The ra t s  were de- 
I)rtved of food for  24 h before  receiving cysteamine and kept in special cages preventing coprophagy. Instead 
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