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Disturbance of the microcirculat ion by injection of high-molecular-weight dextran and vaso- 
pressin leads within a few minutes to intensification of glycolysis in the myocardium. This 
is shown by a lowering of the glycogen concentration, an increase in phosphorylase activity, 
and elevation of the pyruvate level. The concentration of high-energy phosphates still r e -  
mains unchanged. Activation of glycolysis can be regarded as the initial metabolic response 
to hypoxia resulting from disturbance of the microcirculation.  
KEY WOBDS: heart; disturbance of microcirculation; glycolysis; high-energy phosphorus 
compounds. 

Disturbance of the microcirculat ion as a result  of changes in the rheological propert ies  of the blood are  
found in many forms of pathology and, in part icular ,  in acute myocardial infarction [2, 11]~ However, the role 
of disturbance of the microcirculat ion in metabolic changes in the organs and tissues in different forms of path- 
ology has not yet been clarified. Investigations have shown [7, 9] that a long time after experimental d is tur-  
bance of the coronary circulation (by intravenous injection of high-molecular-weight dextran, which causes ag- 
gregation of red cells ,  combined with vasopressin,  which constricts the coronary ar ter ies)  energy processes  
in the hear t  a re  modified. Investigation of the hear t  in the early stages of disturbance of the microcirculat ion 
must be of essential importance. 

This paper describes the study of the concentration of high-energy phosphorus compounds and indices of 
glycolytic metabolism in the myocardium after shor t - te rm disturbance of the microcirculation.  

EXPEEIMENTAL METHOD 

Experiments were carr ied out on chinchilla rabbits weighing 2.5-3 kg by the method described previously 
[6]. The ECG and respiration were recorded in all animals before and after injection of the drugs. The heart  
was removed 5 min after injection of vasopressin,  at the time of maximal change of the ECG, and placed in a 
vessel containing liquid nitrogen. The frozen heart  tissue was ground to powder under liquid nitrogen. Con- 
centrations of ATP [8], ADP, AMP [1], creat ine phosphate (CP) [3], inorganic phosphate (IP) [14], glycogen [15], 
lactic [13] and pyruvic acids [12], and phosphorylase activity [10] were determined, The results  were sub- 
jected to statistical analysis [4]. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The amplitude of the T wave on the ECG was increased 2-3 rain after injection of vasopressin,  after  p r e -  
l iminary administration of high-molecular-weight dextran, and it became negative after  4-5 min. Marked bra -  
dycardia and extrasystoles developed. 

The concentration of high-energy phosphorus compounds was unchanged in heart  t issue taken 5 rain after  
injection of vasopressin (Table 1). However, the glycogen concentration fell by 19.4%, the pyruvic acid concen- 
tration rose by 36.9%, but the lactic acid level showed only a tendency to r ise.  Phosphorylase A activity was 
increased by 25.5% and activity of activated forms of phosphorylase, demonstrated by addition of AMP, was in- 
creased by 25.6% (Table 2). 
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TABLE 1. 
H igh-Energy  Phosphorus  Compounds ( p m o l e s / g  t i ssue ;  M ~=m 

Effect  of  Shor t -Teran  Dis turbance  of Microc i rcu la t ion  on Concentrat ion of 

Experimental con- ATP ADP AMP IP CP 
ditio ns 

7,1320,22 
7,88-- 0,15 

0,95-----0,09 
1,08-+ 0,03 

0,32---+0,05 
0,20-+0,02 

9,8m 0,45 
11,9+0,7 

Control (n= lO) 
Dextran+ vasopressin (n = 10) 

3,22m0,11 
3,32-----0,27 

TABLE 2. Effect  of S h o r t - T e r m  Dis turbance  
of  Microc i rcu la t ion  on Indices of Glycolys is  
(M ~m) 

Dextran+ ] Experimental Control vasopressin e 
conditions 

<0,02 Glycogen, mg % 11 I7,2 ~- 24,9 
Lactic acid, ~moles / 

g tissue 4,34-----0,38 

Pyruvic acid, 
pmoles/g tissue 0,062• 

Phosphorylase A, 
~moles P/g 
tissue/rnin I 2,27--0,03 

Phosphorylases A+ B ] 
(activation by AMP) 9,76-+0,009 

899,3-+26,2 

4,70--+0,51 

0,086-- + 0,011 

2,85• 

3.46--~ 0,012 

<0,01 

<0,02 

<0,02 

The r e su l t s  a r e  in a g r e e m e n t  with data showing inc reased  excre t ion  of adrenal in  during the f i r s t  minu tes  
of  hypoxia [5, 16]. Adrenal in ,  through adenylate  c y c l a s e ,  ac t iva tes  phosphory lase  [17] and thus is r e spons ib l e  
for  the initial s tage  of  g lyeo lys i s .  

Under the p r e s en t  expe r imen ta l  conditions the combined aggrega t ing  effect  of dext ran  and v a s o c o n s t r i c t o r  
effect  of  v a s o p r e s s i n  led to d i s tu rbance  of the m i c r o c i r c u l a t i o n  [6] and to some  d e g r e e  of hypoxia,  as  a r e su l t  
of which no d e c r e a s e  in the concent ra t ion  of h igh -ene rgy  phosphorus  compounds was found, for this occu r s  only 
in s e v e r e  hypoxia or  anoxia.  Neve r t he l e s s ,  during the f i r s t  minu tes  of  d is turbance  of the mic roc i r cu l a t i o n  a c -  
t ivat ion of g lyco lys i s  was obse rved  in the m y o c a r d i u m ,  as  shown by a fall in the glycogen leve l ,  an i nc rea se  
in phosphory lase  ac t iv i ty ,  and an i n c r e a s e  in the pyruva te  concentra t ion .  Pyruva te ,  as the subs t r a t e  of ox i -  
dat ive phosphoryla t ion  in mi tochondr ia ,  p rov ides  for the i r  m o r e  intensive function when the load on the hea r t  
is inc reased  as the r e su l t  of  hypoxia.  

The metabo l ic  changes obse rved  can be r ega rded  as  initial  compensa to ry  r e s p o n s e s  to s h o r t - t e r m  d i s -  
tu rbances  on the mic roc i r cu l a t i on .  
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Exper imen t s  on r a t s  showed that  t he rma l  radia t ion  causes  a much s h a r p e r  i n c r e a s e  in the sub -  
cutaneous t e m p e r a t u r e  in an a r e a  of  skin s epa ra t ed  f rom the underlying t i s sues  by a l aye r  of 
fel t  than in an a r ea  of skin s epa ra t ed  f rom surrounding and underlying t i s sues  and immed ia t e ly  
r e su tu red  in s i tu ,  o r  an a r e a  of  intact  skin.  In the a u t h o r s '  opinion the r e su l t s  indicate that  the 
blood flow does not p lay an essen t i a l  ro le  in the r e m o v a l  o f  heat  f rom the skin following i ts  e x -  
posure  to radiant  heat .  The abi l i ty  of the underlying t i s sues  to conduct and accumula te  hea t  is 
much  m o r e  impor tan t .  
KEY WORDS: skin; t e m p e r a t u r e  regulat ion;  t he rma l  injury.  

According to Moritz [7] the su r f ace  (critical) t e m p e r a t u r e ,  exposure  for  8 h to which leads  to total  n e -  
c r o s i s  of  the skin throughout its th ickness ,  is 44~ A Simi lar  f igure is given by F r a s e r  [3]. In the inves t iga -  
t ions of  ZIendelsohn and Ros i t t e r  [6] and a lso  of Henr iques  and Moritz  [5] the d i f fe rence  between the su r f ace  
and subcutaneous t e m p e r a t u r e s  was 6-18 ~ It is u n n e c e s s a r y  to p rove  that  this d i f fe rence  is due to ref lec t ion  
of  heat  by the skin s u r f ace ,  the cooling act ion of the externa l  envi ronment ,  and the absorp t ion  of heat  by the 
va r ious  l a y e r s  of  the skin. The l a t t e r  leads  to n e c r o s i s  o f  the ce l l s .  

Other conditions being equal,  the depth of burn damage  depends on the durat ion of  t he rma l  act ion and the 
m a g n i ~ d e  of i ts  deviat ion f rom the c r i t i ca l  value given above [1, 7]. The w r i t e r s '  p rev ious  invest igat ions  [9] 
show that in the case  of  radiant  hea t ,  bes ides  the above-ment ioned  fac tor ,  the in tensi ty  of  the inflow of hea t  
a lso  plays  an impor tan t  ro le .  

According to some  w o r k e r s  [2-4] the deg ree  of t he rma l  damage  to the skin depends to a defini te d eg ree  
on the s ta te  of the loca l  c i rcula t ion.  However ,  Stolwijk and Hardy  [10] showed that  even during the f i r s t  10-15 
sec ,  be fore  the c i rcu la t ion  in the skin had been dis turbed by the developing n e c r o s i s ,  no cooling action of the 
blood was mani fes ted .  

With the m o r e  penet ra t ing  study of this p rob lem the quest ion a r i s e s  of  the role  played by heat  t r a n s m i s -  
sion to o ther  p a r t s  of  the body and to t i s s ue s  lying under  the damaged  skin su r face  in the fo rmat ion  of  the skin 
t e m p e r a t u r e .  The impor tance  of the p rob l em ,  in the w r i t e r s '  opinion, and a lso  accord ing  to Moserova  et al .  
[8] is that the deg ree  of t h e r m a l  injury is affected by all f ac to r s  that  can reduce  the skin t e m p e r a t u r e .  

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

Exper iments  were  c a r r i e d  out on albino r a t s  weighing 170-220 g (50% fema le s  and 50% ma les ) .  Radiant  
heat  was genera ted  by a heating s tove with a hole m e a s u r i n g  4 • 4 cm in i ts  f ront  wall .  The t e m p e r a t u r e  in 
the heating s tove was 650~ The t e m p e r a t u r e  in the radia t ing a p e r t u r e  was moni to red  by a r ad iome t r i c  s y s -  
t em.  The power  of  i r rad ia t ion  was 1.0 W / c m  ~. 

The skin on the dorsa l  su r face  to be burned was depi la ted by means  of ha i r  c l ippe r s .  Before  fixation to 
the f r a m e  the an ima l s  were  anes the t ized  by in t raper i tonea l  inject ion of th ia lbarb i ta l .  The in te rva l  between the 
beginning  of  injection and i r rad ia t ion  in each  ca se  was 25 rain. A t h e r m i s t o r ,  fixed in the midl ine  (Fig. 1), was 
introduced beneath the skin of  the dorsa l  s u r f a ce ,  which was to be burned ,  f rom the caudal  side.  The readings  
of  the t h e r m i s t o r  were  r eco rded  eve ry  10 sec .  The scheme  of  the m e a s u r i n g  s y s t e m  was desc r ibed  p rev ious ly  

[9]. 
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