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An adaptive defensive stress reaction may turn into 
an "adaptive disease", as Selye noted, ff the re- 
sponse of the organism is excessive or the dura- 
tion of stress is prohibitively long [7]. The im- 
pact of low temperatures on the homoiothermic 
organism is considered a pathological manifestation 
of the stress reaction and must be corrected. The 
different reactions found in cooling are similar to 
those in other types of stress [2]. However, the 
mechanism of low-temperature action on the car- 
diovascular system and, particularly, on the cardiac 
muscle is far from established. Natural adaptogens, 
such as Rhodiola rosea (RR), have been shown to 
boost the general resistance of the organism under 
extreme conditions [6], and may therefore be use- 
ful in pathogenic treatment of the cardiovascular 
disorders induced by low temperatures. 

The aim of the present investigation was to 
study the changes in cardiac contractility at differ- 
ent times after acute cooling of the organism and 
to assess the efficacy of RR extract for the cor- 
rection of alterations of inotropic function. 

MATERIALSAND METHODS 

Isolated hearts of Wistar rats weighing 200-250 g 
were used in 6 experimental series. The frost se- 
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ries was the control, and experiments were carried 
out on intact animals. The rats of the 2nd and 
3rd series were exposed to low temperature (-10~ 
during 4 h before the tests. The rats of the 2nd 
series were examined immediately after cooling, 
while the animals of the 3rd series were kept at 
room temperature for 18 h and only then were 
taken for further experiment (delayed action of 
cooling stress). RR extract was administered per os 
in a dose of 1 ml/kg/day to the animals of the 
4th-6th series during 8 days prior to the tests. The 
rats of the 4th series were tested 24 h after the 
last treatment, while in the 5th and 6th groups 
they were subjected to cooling and then examined 
immediately or 18 h later, respectively. 

The procedure of isolation and perfusion (60 
rain) of the spontaneously beating heart was de- 
scribed previously [5]. In the testing the cardiac 
contractility and coronary flow (CF) were recorded, 
and the amplitude of contraction was estimated, 
along with the tension of the cardiac muscle and 
duration of the cardiac cycle. The results were 
processed statistically using the Student t test. 

RESULTS 

The impact of cooling markedly altered the con- 
tractility of the isolated heart as well as its dynam- 
ics during perfusion. The amplitude of contraction 
immediately after acute cooling (the 2nd series) 
was initially lower (by 42%) than in the control 
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Fig. 1. Ampl i tude  of contract ion in isolated hearts of intact  
and  exper imenta l  rats. Here  and in Figs. 2 and  3: 1) in tac t  
a n i m a l s  in  1st h a f t e r  coo l ing ;  2) 18 h af te r  c o o l i n g ;  3) 
adap togene  alone; 4) adap t ed  animals in  1st h after cooling; 
5) 18 h a f t e r  coo l ing .  Absc i s sa :  t ime  of p e r f u s i o n  (rain); 
ordinate: ampli tude of contract ion (in percent  of control series; 
the control value  at every time of perfusion is taken as 100%). 

(p<0.05) and remained virtually unchanged to the 
end of  the experiment (Fig. 1). This parameter 
was in the control range 18 h after cooling at the 
onset of  perfusion, but in the course�9 perfus ion 
the amplitude of contractions rapidly dropped and 
by 60 rain was significantly lower (p<0.05) than 
the analogous values in the 2nd series. 

The stability noted  for the parameters of  con- 
traction amplitude was a characteristic feature of the 
CF magnitude immediately after cooling (Fig. 2), 
a rather high level of  CF (up to 80% of the con- 
trol level) corresponding to an initially low con- 
tractility. These fmdings are consistent with the 
data reported on the absence of a reliable decrease 
of the CF  in the rat heart under  conditions of 
cooling [8,10]. 

The initial CF was significantly lower in ani- 
mals of the 3nd group compared to that in the 1st 
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Fig. 2. C o r o n a r y  f low in  i so l a t ed  h e a r t s  in  i n t a c t  and  
e x p e r i m e n t a l  an imals .  Absc i s sa :  t ime  of p e r f u s i o n  (rain); 
ordinate:  CF (in percen t  of control  series; the control  value  
at  every t ime of perfus ion is taken as 100%). 

and 2nd series. Its decrease during perfusion was 
also reliably more pronounced  in the 3rd series. 
The fall of the CF in this series might  be due to 
an increase of resistance in the coronary vessels. 
This conclusion stems from the observation that .a 
low CF in rats 18 h after cooling was found in 
the very fn'st minutes of perfusion and was not 
accompanied by inhibition of the inotropic func- 
tion of the heart. A similar effect has been ob- 
served in people exposed to cold [9]. 

Thus, acute cooling resulted in a decrease of 
cardiac contractility, but the tonus o f  the coronary 
vessels was not affected immediately after stress, 
whereas 18 h later vascular disorders developed (a 
drop of the CF). The rise in the ampli tude of 
contraction to the control  level in the 3rd series 
is not to be considered the result of the total re- 
covery of contractile activity. The changes noted 
can be regarded as a negative consequence of the 
organism's having used up its internal reserves af- 
ter normalization of the temperature conditions. 

The differences in the dynamics of cardiac 
muscle tension for perfusion that developed during 
18 h postcooling attested to the incomplete recov- 
ery of the amplitude of  contraction.  Thus, the 
animals in the 3rd group exhibited a more  rapid 
rise (p<0.05) in tension in comparison with the 
changes of  this parameter  in rats of  the 2rid se- 
ries (Fig. 3). Such alterations in the process of 
diastolic relaxation testified to a decrease of myo- 
cardial efficiency [1] and may be related to the 
deve lopmen t  of  me tabo l i c  d is turbances  in rat 
cardiomyocytes after exposure to low temperatures. 

The duration of the cardiac cycle was not  af- 
fected in our experiments, contrary to the findings 
of other investigators, who noted an increase of 
the heart rate in cooling [2]. Such a discrepancy 
may be related to the use of the isolated heart mo- 
del in the absence of central regulation of hemody- 
namics, which has art undoubted effect on the expe- 
rimental results when the whole organism is studied. 

The baseline amplitude of contraction was 40% 
higher (Fig. 1) and the  CF was relatively low 
(Fig. 2) in the isolated hearts of animals treated 
with RR (the 4th series) in comparison to intact 
rats. Acute cooling did not  affect the initial param- 
eters of heart contraction in these animals imme- 
diately after its termination. 

Myocardial contractility in perfusion was simi- 
lar to the intact value 18 h after acute cooling 
with (6th series) or without (3rd series) RR ad- 
ministered, and was significantly lower than the 
levels obtained in the 4th and 5th series. A low 
CF was observed in all tests with adaptogen pre- 
treatment. 
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Fig. 3. Dy-namics of tension of isolated rat heart during 60 
rain of per[usion. 0) intact animals; abscissa: time of perfusion 
(rain); ordinate: tension (in percent; baseIine value ol parameter 
in every series is taken as 100%), 

The stimulating effect of R R  [4] may account  
for the higher baseline amplitude of contraction in 
the  4th a n d  5th g r o u p s  in c o m p a r i s o n  wi th  
nonadapted rats. This is also indicated by the high 
level and stability in the parameters of  contraction 
during the peffusion of  rat hearts pretreated with 
adaptogen (5th series) and tested immediately after 
cooling, while measurements  18 h later did not  
demonstrate  a similar stability (Fig. 1). 

The perfusion procedure  itseff resulted in a 
slow decline of  the amplitude of  contraction, which 
dropped to 60% of the baseline level toward the 
end of the experiment in the 6th series. The dy- 
namics of  this parameter  behaved in much  the 
same way  as it did 18 h after cooling in non-  
adapted animals, but the level of the amplitude was 
higher. Changes in the  C F  in the 4th group also 
replicated the dynamics noted  in the 3rd series, 
but  were less p ronounced  and the CF  itseff was 
higher (Fig. 2). 

It may  be assumed that the course of  admin-  
istration of  R R  to intact animals was accompanied 
by  an enhanced cardiac contracti l i ty due to the 
activation of  the same natural protective mecha-  

nisms which  are involved 18 h after cooling in 
myocardium recovery without R R  (3rd group). Our 
findings suggested that RR is more  likely to be a 
mobilizing agent than a drug expanding the bio- 
chemical  and functional  reserves of  an organism, 
as was bel ieved previously [3]. 

Thus, the data obtained demonstrate that acute 
cooling decreases myocardial contractility, which is 
restored over the subsequent  18 h. However ,  this 
recovery is not  total, as it does  not  provide for 
stable contractility of  the isolated heart during per- 
fusion. Preventive adaptat ion by  a course of ad- 
ministration of  R R  extract prevents the amplitude 
o f  contract ion in the isolated heart  f rom dropping 
immedia te ly  after acute  cooling and provides for 
stable con t rac t ion  during 60 min  of  perfusion.  
However ,  R R  does no t  abolish disorders in dias- 
tolic funct ion and results in a decrease of  the C F  
under  all experimental  condit ions.  It may  be as- 
sumed that the effect of  R R  on the myocard ium 
may  fol low the same p a t h  as the restoration pro-  
cess noted  in cardiac muscle after cooling. 
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