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Experiments on r a t s  showed that burn t rauma is accompanied by disturbances of the mic ro-  
circulation, hemoconcentration, and increased viscosity of the blood, which a re  especially 
marked in vessels  with low pressure .  Changes in the mesenter ic  microcirculation coincided 
with changes in the dynamic viscosity and composition of the blood determined in vitro. These 
disturbances were more  marked after  extensive and deep burns, accompanied by severe  shock 
ending in death than after  moderately severe  burns, the consequences of which were less 
serious.  

KEY WORDS: burns; microcirculation; blood viscosity. 

Burn t rauma of the skin is accompanied not only by local, but also by general disturbances of the micro-  
circulation [2, 4, 7] and also by significant changes in the viscosity and other  rheologic indices of the blood 
[3, 8]. The character ,  severity,  and consequences of disturbances of the microcirculation have been shown to 
depend directly on the area and depth of thermal Injury to the body t issues [2, 7]. It is generally accepted that 
disturbances of the microcirculat ion a re  closely linked with changes in blood theology [5, 6]. 

The aim of this investigation was to study to what degree intravital disturbances of the microcirculation 
found in the ra t  mesentery  cor re la te  with changes in blood rheology determined in vitro after burns of dif- 
ferent  degrees of severi ty.  

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

Three  groups of experiments were car r ied  out on 60 Wistar ra ts  weighing 300 • 50 g, with 20 animals 
in each group: 1) animals not subjected to t rauma (control); 2) 3-4 h after  a fourth degree flame burn affecting 
30 �9 5% of the body surface; 3) the same t ime after  a third degree flame burn affecting 10-12% of the body 
surface.  The degree of heating and of damage to the skin and subcutaneous t issues was monitored by means 
of an e lect rothermometer  during burning, and la te r  at autopsy. Observations on the microcirculation in t h e  
mesen te ry  and photographic recording were car r ied  out under urethane anesthesia on an apparatus for intra-  
vital  microscopy by the method described in [2]. The dynamic viscosity (in centipoise, cP) at shear velocities 
of 491, 310, 114, 63, and 25 sec -1 was ~etermined on a Koupli viscosimeter ,  improved by the wri ters  [1], and 
the hematocri t  index (in per cent) was determined by centrifugation for 15 rain at a speed of 3000 rpm in blood 
samples taken at the same t imes from the portal vein. The hemoglobin concentration also was determined 
(in ga i t e r )  by Sahli's method. 

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  

After a fourth degree burn affecting 30 • 5% of the body surface (group 2) all the animals developed 
severe  shock with 100% mortali ty in the course of 3 days (LD100). Severe disturbances of the microcirculation 
were observed in the mesentery 3-4 h after  trauma: a decrease  in the velocity of blood flow in the micro-  
vessels  or  even its complete a r r e s t  in some areas  of the vascular network, a decrease  in the number of func- 
tioulng capillaries,  and direction of a considerable part  of the blood flow, where it still existed, along very 
numerous open arteriovenous anastomoses, bypassing the t rue capil laries.  Even visually hemoconcentration 
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Fig .  1. P h o t o m i c r o g r a p h  of  blood v e s s e l s  in the  r a t  m e s e n t e r y  4 h a f t e r  ex tens ive  and 
deep (a) and l e s s  s e v e r e  (b) f l ame  burns  of  the  skin.  Explanat ion in text ,  520 • 

TABLE 1. Changes  in Blood Rheology in Ra ts  3-4 h a f t e r  Burns  of Different  D e g r e e s  of  
S ev e r i ty  (M �9 m) 

Hematocrit,] Hemoglobin, 
Group of animals % I g/liter u =  491 see..,t u = 3 1 0  sec_ l  u= 15 sec- 1 

1- (Control) 
2. 
3- 

46,4~0,5 149-----3,0 
59,8~ 1,69 190,6~8,09 
52,3--+1,58 165,3~4,38 

2,5• 
4,50-+-0,19 
3,29---+0,15 

2,80~+0,04 
4,74~0,20 
3,36~0,16 

Legend.  All d i f fe rences  between control  and exper imenta  

Viscosity, cP 
u = 1 4 4 s e a - 1  u = 6 3  s e e - 1  

2,94-*0,05 3,51m0,06 
5,13~0,18 5,88~0,21 
3,55~0,14 4,01--+0,54 

3,94~0,06 
7,56~0,21 
4,36~0,61 

groups  and also between ex-  
p e r i m e n t a l  g roups  2 and 3 a r e  s ta t i s t ica l ly  signif icant:  P < 0.001 for  v i scos i ty  and P < 
0.01 fo r  hema toc r i t  and hemoglobin.  

w a s  noted in the a r t e r i o l e s ,  anas tomoses ,  and co l l ec to r  venules:  The i m p r e s s i o n  of  a s lowly spreading  
thick po r r idge  was c rea ted ,  whe rea s  in the  distal  m i c r o v e s s e l s  of s m a l l e r  ca l i be r  the flow consis ted  of 
p l a s m a  alone,  without any ce i l s  (Fig. la ) .  

The  s t a t e  of  the  an imals  a f t e r  a th i rd  deg ree  burn  affect ing 10-12% of the body su r f ace  (group 3) was 
c h a r a c t e r i z e d  by m i l d e r  and, in many c a s e s ,  by c o m p a r a t i v e l y  b r i e f  shock without a fatal  i s sue .  The m i c r o -  
c i rcu la t ion  in the an ima l s  of this g roup  a lso  was dis turbed,  but l e s s  s e v e r e l y  than in the r a t s  of  group 2. 
Bes ides  a d e c r e a s e  in the number  of functioning cap i l l a r i e s  and dilatation of the  network of a r t e r iovenous  by-  
pa s s  a n a s t o m o s e s ,  hemoconcen t ra t ion  was o b s e r v e d  in the  a f fe ren t  a r t e r i e s ,  anas tomoses ,  and co l l ec to r  
venules ,  and the flow in many  t e r m i n a l  m i c r o v e s s e l s  cons i s ted  of p l a s m a  a lone  without blood cel ls ,  although 
this  f r agmenta t ion  of the  blood flow h e r e  was l e s s  m a r k e d  than in group 2; s o m e t i m e s  uns table  aggrega tes  
of  r e d  blood ce l l s  r e s e m b l i n g  rou leaux  could be  seen  (Fig. lb) .  

As  the  data in Table  1 show, the blood v i scos i ty  a f t e r  burns  was signif icantly i n c r e a s e d  at all  shea r  
ve loc i t ies ,  and the  deepe r  and m o r e  exs the  burn the  g r e a t e r  the  i n c r e a s e .  Changes  in v i scos i ty  we re  
m o r e  m a r k e d  at s lower  s h e a r  ve loc i t i e s .  F r o m  this  it can be  concluded that  the  g r e a t e s t  i n c r e a s e  in dynamic 
v i scos i ty  of  the blood a f t e r  burns  is  o b s e r v e d  in v e s s e l s  with low p r e s s u r e .  The h e m a t o c r i t  index and hemo-  
globin concent ra t ion  changed in t he  s a m e  direct ion,  thus conf i rming  the  cons ide rab le  hemoconcent ra t ion  ob-  
s e r v e d  on examinat ion of the mic roc i r cu la t ion  3 h a f t e r  burning, and again  the m o r e  ex~ensive and deeper  the 
burn.  the  m o r e  m a r k e d  the  hemoconcen t ra t ion .  This  is  evidently one of the pr incipal  causes  of the i n c r e a s e  
in blood v i scos i ty  and, consequently,  of  the d e c r e a s e  in the veloci ty  of  the blood flow in the m i c r o v e s s e l s  
a lso ,  e spec ia l ly  in cap i l l a r i e s  a n d  venules .  These  s a m e  phenomena - hemoconcent ra t ion  and a d e c r e a s e  in 
the ve loc i ty  of  the  blood flow - also w e r e  found on visual  obse rva t ion  of the  mic roc i r cu l a t l on  in the  m e s e n t e r y ,  
a r eg ion  draining into the por ta l  vein.  
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The results  a re  evidence that burn trauma is accompanied by disturbances of the microcirculation, 
hemoconcentration, and increased viscosity of the blood, wbdch are  especially marked in vessels with low 
pressure.  Changes in the mesenteric microcirculation coincided with changes in the dynamic viscosity of 
the blood and hematocrit index determined in vitro. These disturbances were more marked after extensive 
and deep burns with a fatal issue than after moderately severe burns, the consequences of which were less 
serious. This investigation confirms the important role of changes in the blood rheology and disturbances of 
the microcirculation in the early period of burns. 
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PERMEABILITY 

I N T E S T I N E  

SOLUTIONS 

OF TISSUE-BLOOD BARRIERS OF THE SMALL 

DURING PERFUSION WITH CERTAIN PRESERVATIVE 

V. P .  K u l i k ,  S.  N. G e n y k ,  
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The effect of some preservative solutions on changes in permeability of t issue-blood barr iers  
of isolated loops of small intestine was studied in laboratory albino rats  during perfusion of 
their  vessels with 0.85% sodium chloride solution, with Ringer-Locke,  Hanks', and Collins-2 
solutions, and with the Soviet preparations Gemodez and Aminopeptid. The volume of fluid 
flowing from the vessels, penetration of perfusion fluid into the lumen of the intestine, and its 
elimination through the serous membrane were determined. It was concluded that the least 
disturbance to the t i ssue-blood barr iers  of the small intestine is observed during perfusion 
of its vessels with Collins-2 solution. This method is recommended as a test  for comparing 
the properties of preservative solutions. 

KEY WORDS: small intestine; t i ssue-blood barr iers ;  perfusion; preservative solutions. 

Of the many methods of keeping organs and t issues viable in vitro the most promising at this stage seems 
to be their  preservation in cold liquid media. In this connection many solutions balanced with the extracellular 
or  intracellular fluids and containing electrolytes, carbohydrates, amino acids, and antibiotics, have been 
studied [1, 6, 8]. However, no general cri terion for comparison of these solutions could be found in the ac- 
c essible literature. 

It has been shown [2, 3, 7, 9, I0] that during perfusion of the vessels of the small intestine with various 
solutions the latter penetrate through the vascular wall and tissue-blood barriers into the lumen of the intestine 
and emerge on its serous membrane. The writers have used this phenomenon to compare the properties of 
preservative solui~ons used in experimental and clinical transplantology. 
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