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In connect ion with the introduction of open heart  operations into surgical pract ice,  employing deep hypothermia, 
the study of hormones regulating the metabol ic  processes, and in part icular  the catecholamines,  has acquired not only 
theoret ica l  interest, but also great prac t ica l  significance. 

TABLE 1. Mean Concentration of Catecholamines  in 
the Tissues of Different Organs (in Mil l igrams per 
Gram of Dry Tissue) and in the Blood (in Micrograms 
%) of Dogs in the Control Group, at 37 ~ 

Subject of investigation 

Adrenals . . . . .  
Heart . . . . . . .  
Brain . . . . . . . . .  
ske le ta l  muscle . . 
Blood . . . . . . . . .  

Total  concentration i 

of ca te -  dehydro CSP 
cholamine~ forms 

0,055 
0,004 
0,0002 

Not detected 
17,0 

0,01 2,6 
0,0004 0,5 
0,0003 I, 5 

6; i-;2 

Anesthetization was the same in a l l  experiments.  

A number of authors have studied the ca techola-  
mines exper imental ly ,  under conditions of deep hypother- 
mia, and obtained contradictory data [9,11,13]. 

We performed experiments on dogs that were sub- 
jec ted  to chi l l ing down to 10 ~ in the mediastinum, with 
subsequent warming to normal body temperature (37~ 

E X P E R I M E N T A L  M E T H O D  
In the experiment,  we used dogs weighing 17-22 kg. 

The control group consisted of animals in which, 
following administrat ion of narcotic,  the ca techolamines  

were investigated, at  normal body temperature (37~ in 
the blood and in the tissues of the adrenals, the cerebral  
cortex, and cardiac and skeletal  muscle. The concentra-  
tion of catecholamines  in the blood of these animals  was 
also determined immedia t e ly  before narcosis. 

Premedication was accomplished one hour before ini t iat ion 

of the exper iment  (morphine, 5 mg/kg  subcutaneously, and promedol,  5 mg/kg);  introductory anesthesia was carried 

out with a 1~ solution of hexenal.  Narcosis was induced with nitrous oxide and oxygen in the ratio of 3 : 2, and a 
smal l  amount of 3-4% ether; in this case, we used a semi-open system type of apparatus, with au tomat ica l ly  con- 

trolled respiration. Relaxants (listenone) were injected 1-2 times, in a dose of 1 mg/kg.  

Chil l ing to a temperature of 10 ~ in the mediastinum, and warming to 37 ~ were accomplished in the course of 

10-15 rain by the extracorporal  method, using an ar t i f ic ia l  c irculat ion apparatus. 

Before a t ta ining maximum chi l l ing (10 ~ in the mediastinum), the blood circulat ion was stopped for 15 rain, and 
then chi l led blood was reperfused and blood circulat ion was once again comple te ly  stopped. In the experiments,  the 
total  duration of its stoppage was 30 rain. After this, the animal  was warmed to normal body temperature.  

The catecholamines  (adrenal in- l ike  substances and their dehydro forms) in the blood and skeletal  muscle of the 

dogs was investigated at  5 stages: during maximum cooling, 15 rain after blood circulat ion was stopped, before and 
after reperfusion, and also 30 rain after blood circulat ion had been stopped. After warming the animal  to 3q ~ the in- 
dicated indices were determined,  plus their level  in the tissues of the adrenals, cardiac muscle, and cerebral  cortex. 
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Fig. 1. Change in the concentration of catecholamines within the 
blood of dogs during deep hypothermia (mean data). !) Before chill- 
ing; 2) maximum cooling; 3) 15 min after stopping the heart; 4) 
after reperfusion; 5) before warming; 6) after warming. 

tn determining the concentration of catecholamines in the blood and tissues, we used the adsorption-colorimetric 
nnethod, proposed by Whitehorn[18] and shaw [15], with certain modifications introduced by A. M. Utevskii [7] and 
N. A. Smazhnova [4]. 

The level of catcholamines was measured after alkaline and acid treatment of the adsorbent. Acidification 
made it possible to demonstrate the total concentration of catecholamines (adrenalin, noradrenalin, and other, un- 
identified adrenalin-like substances), while, in the absence of ascorbic acid, we also measured the concentration of 
their dehydro forms. 

In order to show the quantitative relationship for adrenalin, we calculated the coefficient of specificity (CSP), 
introduced in 1938 by shaw and representing the ratio of the figures obtained after alkaline and acid treatment of 
the adsorbent. On the basis of the investigations of a number of authors [2,6,10,15J, it is accepted fact that when 
the CSP is equal to or greater than 2, there is a quantitative predominance of adrenalin and an absence of noradren- 
alin. In those cases where the CSP is between 1 and 2, it may be assumed that both adrenalin and noradrenalin are 
present in the sample being tested. If the CSP is equal to, or less than 1, then basically one may speak of the presence 
of noradrenalin and the absence of adrenalin. 

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

At normal body temperature, a varying total concentration of catecholamines was observed in the blood and 
tissues of the dogs. 

Table 1 shows that the highest level of catecholamines was found in the tissues of the adrenals, where there 
was basically a predominance of adrenalin [3,15,16]. In the tissues of the brain and heart, their concentration was 
considerably lower; in this case, a predominance of noradrenalin was seen in the cardiac muscle [1,3,12], while in 

TABLE 2. Total Concentration of Catecholamines (in #g-%) in the Blood of Dogs 
during Deep Hypothermia 

Stage of the experiment 

Before narcosis . . . . . .  
.After narcosis . . . . . . .  
Maximum cooling 
15 rain after blood 

circulation stopped . . 
.After reperfusion . . . .  
Before warming . . . .  
After warming . . . . .  

Catecholamines, 

range mean } 
b data 

Dehydro form_s l 

I l l e a n  / 
range data / 

30--00 
4,0--12,0 
9,0--21,0 

13,0--20,5 17,0 
17,0--26,0 20,25 
11,0--21,0 16,0 

6,0--20,0 12,25 
12,0--15,0 15,66 
15,0--21,0 18,33 
21,0--26,0 24,25! 

6,0--20,0 
6,0--15,0 
3,0--15,0 
2,0--14,0 

6,0 
6,66 

14,33 

11,0 
11,33 t 
7,661 
7,25 

CSP 

range 

1,0--1,0 
0,4--0,82 

0,54--0,99 

0,6--2,0 
0,5--0,72 
0,4--0,86 

0,73--0,95 

mean 
data 

1,2 
0,66 
0,86 

1,1 
0,56 
0,68 
0,82 
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Fig. 2. Change in the concentrat ion of ca techolamines  in the adrenals of dogs associated with deep hypothermia 
(mean data).  1) Before chil l ing;  2) with wan-ning after the deep hypothermia.  The remaining designations are the 
same as in Fig. 1. 

Fig. 3. Change in the concentrat ion of catecholamines  in the cardiac  muscle of dogs associated with deep hy- 

pothermia (mean data).  Designations the same as in Fig. 2. 

the brain tissue there was both adrenal in and noradrenalin. The ex t remely  low concentrat ion of ca techolamines  in 
the brain tissue may be related, in some degree, to the fact that it  was determined in the cor t ical  areas of the brain, 

where, according to the data in the l i terature [6,10,17], ca techolamines  are contained in ex t remely  small  amounts. 
We were unable to determine a ca techolamine  concentration in the skeletal  muscle, ei ther under normal temperature 
or under hypothermic conditions. Apparently, the method we used is not sufficiently sensitive to demonstrate such 
m in ima l  amounts of ca techolamines  as are present in skeletal  muscle [3]. 

As a l ready indicated,  the level  of catecholamines  in the blood under conditions of deep hypothermia was de-  
termined at  a l l  stages of the experiments.  

Table  2 and Fig. 1 show that the inject ion of narcotic agents and anesthetics and the influence of the operation 
trauma al l  lead to an increase in the total  concentration of ca techolamines  in the blood. The level  of these substances 
after appl ica t ion  of narcosis reached 20.25 pg% (versus a normal level  of 17 pg%). The decrease in the CSP, observed 
in this case, down to 0.60, indicates that the increase in the total  amount of ca techolamines  is bas ica l ly  a result of an 
increase in noradrenalin, with a simultaneous decrease in adrenalin.  

With maximum cooling, we observed a decrease in the catecholamines  within the blood. A sti l l  greater reduc- 
tion in their level  was noted after stopping the blood circulat ion for 15 minutes. This decrease was evident ly  at  the 
expense of noradrenalin, as indicated by the increase in the CSP to 1.1. It is interesting to note that, simultaneously 
with the reduction in the amount of ca techolamines  within the blood, the concentration of their dehydro forms, at  
max imum cooling, increased by almost  two times, which is apparently caused by a defense reaction of the organism, 
preserving the reserve forms of the hormones necessary for non-hal metabol ic  processes. 

After reperfusion with the chi l led blood, we observed a certain increase in the catecholamines .  Subsequent 
heating of the organism to 37 ~ caused an even greater rise in the ca techolamines  within the blood, the level  exceed-  

ing the original  by 4~o. 

TABLE 3. Mean Concentration of Catecholamines  (in 
rag/g)  in the Tissues of Different Organs of Dogs 
Associated with Warming the Animals to 37 ~ after 

Deep Hypothermia 

investigaci~ i, Care- i I~e- i/ Subject of the , ciaol- ~ E)/dro CSP 
L amines forms 

l I 
Adrenals . . . . . . . .  0,083 10,03 ! 1,65 

. . . . . . .  0,0008 0,0003 1,1 
Cardiac muscle 0,0003 0,0001 1,23 
Brain . . . . . . . . . . . .  

Concerning the dehydro forms of the adrenal in- l ike  
substances, after stopping the blood circulat ion for 15 rain 
we al ready noted a certain decrease in their level,  which 
then continued on into the subsequent stages. 

Thus, we demonstrated a definite correlat ion between 

the rise in catecholamines  and the decrease in their dehydro 
forms within the blood in the final stages of the operation, 
In explaining this fact, we join in the opinion of the authors 
who bel ieve  that the increase in ca techolamines  with 
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simultaneous decrease in their dehydro forms character izes  a marked st imulat ion in the sympatho-adrenal  system 
[4,10,14]. 

As a l ready indicated,  the level  of ca techolamines  in the tissues of the adrenals, cardiac  muscle, and cerebral  
cortex was investigated onty at  the final s t a g e - a f t e r  warming. 

Analysis of the obtained data (Table 3) showed that warming the organism to 37 ~ performed after deep chi l l ing 
and 30-rain stoppage of the blood circulation,  causes an increase in the total  concentrat ion of ca techolamines  within 
the tissues of the adrenals by more than 1.5 times, as compared with the level  of these substances in the unchil led 
animals (Fig. 2). The associated decrease in the CSP figure to an average of 1.6, i .e. ,  by more than 43~ as com-  
pared with the norm, indicates that the total  amount of ca techolamines  under these conditions is e levated  chief ly by 
an increase in noradrenalin. 

A different pattern was noted in relat ion to the changes in these substances within the cardiac  muscle (Fig. 3). 
We observed a marked decrease in the level  of ca techolamines  in the cardiac  muscle following w a rming -dow n  to 
0.0008 mE, over 2.a t imes less than the original level, while against the setting of a decrease in noradrenaltn, it was 
possible to observe a cer tain accumulat ion  of adrenalin.  

We were unable to establish significant changes in the ca techolamine  concentrat ion within the brain tissue fol- 
lowing the warming. The total  concentrat ion of dehydro forms of the adrena l in- l ike  substances in the tissues of these 
organs also failed to undergo essential  changes. 

Thus, investigation of the ca techolamines  in the blood and tissues of dogs, under conditions of deep hypothermia,  
showed that there is a definite pat tern to the changes in their  concentration.  

The level  of ca techolamines  in the blood markedly  decreases with maximum cooling of the organism, and es- 
pec i a l ly  after a 15-min stoppage of blood circulat ion.  Following reperfusion with chi l led blood, carried out after 
the 15-rain c i rculatory arrest, we observe a negl igible  increase in the blood ca techolamines ,  Subsequent warming 
to normal  body temperature causes an increase in the level  of catecholamines ,  exceeding the original  figure by 4~0. 
It should be pointed out that this fact is apparent ly  connected with an increase in the intensity of ca techo lamine  se- 
cretion within the adrenals.  This is evidenced by the increase which we encountered in their concentrat ion within 
the gland, following warming, by more than 1.5 times, as compared with this concentrat ion in the unchil led animals.  

Thus, the observed changes in ca techolamine  concentrations are reversible in nature, as indicated by the e l e -  

vat ion in their level  after the animals  are warmed. 

Assuming that the ca techolamines  (especia l ly  adrenalin)  exert  a s t imulatory effect  on oxidat ive  processes, it is 
probable that the demonstrated decrease in their concentrat ion within the blood following deep hypothermia to some 
degree causes a reduction in the tissue oxygen requirement.  In connection with this, we woutd like to point out the 
work of g. P. Stepanyan, F. p. Geselevich, et al.  [g], who made pa ra l l e l  studies of tissue respiration and adenosine-  
triphosphatase ac t iv i ty  in these animals,  and observed a significant decrease in these indices within a l l  the tissues 

that were investigated.  

L I T E R A T U R E  C I T E D  

1. A . M .  Baru, Probl. 4ndokrinol., 3, 46 (1957). 
2. ~o Sh. Matlina,  in the book: Data from the First Conference on Current Questions in Cl in ica l  Biochemistry 

[in Russian], Riga (1962), p. 154. 
3. V . O .  Osinskaya, Biokhimiya, 3, 537 (1957). 

4. N . A .  Smazhnova, in the book: Col lect ion of the Scientif ic Works of Coworkers of the Second Moscow Medica l  
Institute and the Central  Scientif ic Research Laboratory [in Russian], 1, 66 (1988). 

5. E.P.  Stepanyan, E. P. Pospelova, E. L. Oeselevic h, et  al , ,  Theses from the Reports of the Sixth Scientif ic Session 
of the Institute of Cardio-Vascular  Surgery [in Russian], Akad. Med. Nauk SSSE Moscow (t962), p. 14. 

6. A . M .  Utevskii, in the book: Questions on the Biochemistry of the Nervous System [in Russian], Kiev (1957), p. 131. 
7. A . M .  Utevskii and M. L. Butorn, Biokhimiya, 12, 5, 383 (1947). 

8. H . K .  Beecher et  al . ,  J. Pharmacol.  exp., Ther., 98, 38 (1950). 
9. T . G .  Brown, It. and M. de V. Cotten, Fed. Proc., 15, 1, part  1, 405 (1956). 

985 



10. U.S.  Euler, Noradrenaline, Springfield (1956). 
11. E.R. Fisher, B. Fisher, and E. Y. Fedor, Proc. Soc. exp. Biol., 89, 140, NY (1955). 
12. M. Goodall, Acta physiol, scand., 24, suppl. 85 (1951). 
13. D.M. Hume and R. H. Egdahl, Ann. N.Y. Acad. Sci., 80, 2, 435 (1959). 
14. R.A. Millar and B. G. Benfey, Brit. j. Anaesth., 30, 158 (1958). 
15. F.H.  Shaw, Biochem, J., 32, 19 (1938). 
16. D.M. Shepherd and G. B, West, Brit. J. Pharmacol., 6, 665 (1951). 
17. M. Vogt, J. Physiol., 123, 451, London (1954). 
18. J .C .  Whitehorn, J. biol. Chem., 108, 633 (1935). 

Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b ib l iography  are l e t t er -by - l e t t er  t rans l i t er -  

a t i o n s  o f  the  a b b r e v i a t i o n s  as  g iven  in the or ig ina l  R u s s i a n  j o u r n a l .  Some or  all o f  th i s  peri-  

od i ca l  l i t e ra ture  may  wel l  be  ava i lab l e  in E n g l i s h  t rans la t ion.  A co mp le t e  l i s t  o f  the c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  of  th i s  i s s u e .  
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