
R E S I S T A N C E  OF E R Y T H R O C Y T E S  TO H A R M F U L  

F A C T O R S  D U R I N G  C A R N I O C E R E B R A L  H Y P O T H E R M I A  

Sh .  D. P e n n e r  UDC 615.832.9.031:611.91].015.4 
:612.111.17 

The effect of local brain cooling on the res is tance  of e ry throcytes  to chemical  and osmotic 
hemolytics was studied in experiments  on dogs. With lowering of the body tempera ture  of the 
animals f rom 38 to 24 ~ C, cells with increased res i s tance  disappeared f rom the blood s t ream 
and ery throcytes  with minimal chemical  res i s tance  became predominant.  Meanwhile re t i cu-  
locytes disappeared from the blood and ery throeytos is  developed. The osmotic res i s tance  of 
the red cells either r i s e s  a little or  remains  at its initial level in hypothermia. 
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The action of local brain cooling on the level of viability of the e ry throcytes  as ref lected in their  r e -  
sistance to chemical  and osmotic hemolytics was studied. 

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

After t r imeperidine premedicat ion and induction of anesthesia with hexobarbital,  dogs (weighing 8- 
14 kg) were  intubated and anesthesia maintained with ether and air.  Craniocerebra l  hypothermia was p r o -  
duced by placing the animal ' s  head in the factory-bui l t  "Termokholod-2F"  hypotherm. Blood was taken 
from the femoral  vein before exposure to cold and at every  2 ~ drop while the body tempera ture  was failing. 
The res i s tance  of the erythrocytes  to the hemolytic action of hydrochlor ic  acid was studied by the acid e r y -  
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Fig. 1. Changes in chemical  r e -  
sistance of e ry throcytes  during 
c ran iocerebra l  hypothermia.  Ab- 
scissa ,  t ime of taking blood s a m -  
ples; ordinate, concentration of 
e ry throcytes  (in %); obliquely shaded 
columns represen t  e ry throeytes  with 
average res is tance ,  c ross -ha tched  
columns - w i t h  increased res is tance ,  
black columns - w i t h  decreased  r e -  
sistance.  

th rogram method [5] and their res i s tance  to hypotonic sodium 
chloride solutions as descr ibed in [10l. Reticulocytes were 
counted in dried blood films [8]. The number of e ry throcytes  in 
I ml blood also was determined [10]. 

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 resul ts  given in Fig. 1 show that as the temperature  
fell the number of cells with increased res is tance  fell until they 
completely disappeared from the per ipheral  blood. As the hypo- 
thermia  deepened the number of cells with minimal chemical  r e -  
sistance increased on account of a simultaneous decrease  in the 
number with average res is tance .  At the end of cooling (24 ~ C) the 
mean concentration of cells with low res i s tance  was 89.6 * 3.3 %, 
but in 30 % of the experiments  all the circulat ing e ry throcytes  had 
this type of res is tance .  

During cooling the number of re t iculocytes  in the blood fell 
f rom 1.05 • to 0.46 • 0.021~o (at34~ At 32 ~ C and below, 
the immature e ry throcytes  disappeared completely f rom the c i r -  
culation. The switch to all the e ry throcytes  in the group having 
lowered res i s tance  was accompanied by the development of e ry th-  
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Fig. 2. Acid e r y t h r o g r a m s  during 
c r a n i o c e r e b r a l  hypothermia .  Ab- 
sc i s sa ,  hemolys i s  t ime (in min); 
ordinate ,  concentra t ion of e r y t h r o -  
cytes  (in %). 

rocy te s  in 1 ml  blood inc reased  f rom 5.28 • 0.08 to 8.29 • 0.17 
million. This can be explained by a d e c r e a s e  in the hemolyt ic  ac -  
t ivity of the hematopoiet ic  organs ,  for  the p r o c e s s  of dest ruct ion 
of the red  cel ls  is always accompanied by e ry th ropen ia  [11]. 
C ran ioce r eb ra l  hypo the rmia  changes the configurat ion and s ize  
of the red  ce l l s ,  and these  changes a re  opposi te  to p rehemoly t ic  
changes [13]. The volume of the cel ls  and their  th ickness  de -  
c reased ,  so that the shape of the e ry th rocy te s  in the hypothermic 
o rgan i sm becomes  even l e s s  spher ica l  than in the or iginal  s tate  
[9]. 

Local  b ra in  cooling a l te red  the duration of hemolys i s  of the 
red  ce l l s  under the influence of the chemica l  lysin.  Rupture of 
the cel l  m e m b r a n e s  began 1-1.5 min e a r l i e r  and finished 2.5- 
3 min e a r l i e r  than in the control .  As the t e m p e r a t u r e  fell, the 
t ime requ i red  for complete  dest ruct ion of the cel ls  was s h o r t -  
ened f r o m  4 mir~ to 2.5 min .  Under these  conditions the outline 
of the acid e r y t h r o g r a m s  was a l te red :  They were  shifted to the 
lef t ,  the lef t  wing was shor tened,  and the r ight  was e levated  (Fig. 
2). A shif t  of the e r y t h r o g r a m s  to the left  is known to indicate 
blocking of the hemolyt ic  function of the blood s y s t e m  [7]. 

Since e r y t h r o d i a e r e s i s  is the initial s tage of e ry th ropo ies i s  
[12], the level  of hemolyt ic  act ivi ty of the e ry th ron  de t e rmines  the s tate  of its b lood- forming  function. The 
r e g e n e r a t i v e  power of the blood is de te rmined  by the number  of cel ls  with increased  r e s i s t a n c e  to chemica l  
hemoly t ics  [1, 3, 4, 6, 7, 11]. It can the re fo re  be deduced that in the ea r ly  s tages  of c r a n i o c e r e b r a l  hypo-  
t he rmia  the de l ive ry  of r ed  ce l l s  f rom the bone m a r r o w  to the blood s t r e a m  is delayed, whereas  with deep-  
ening hypo the rmia  it c ea s e s  complete ly .  

The osmot ic  r e s i s t a n c e  of the e ry th rocy te s  was not a l t e red  so r egu la r ly  under the influence of c r a n i o -  
c e r e b r a l  hypothermia .  In 60 % of exper imen t s  i nc reased  osmot ic  r e s i s t a n c e  of the r e d  cel ls  was found. The 
lower  l imi t  of hemolys i s  was shifted f rom 0.43 �9 0.16 to 0.38 • 0.42 % and the amplitude of the r e s i s t a n c e  r e -  
mained unchanged. In the remain ing  exper iments  hypo the rmia  had no effect  whatever  on the r e s i s t a n c e  of 
the e ry th rocy te s  to hypotonic solutions.  

The r eason  for  the d i spar i ty  between the changes in chemica l  and osmot ic  r e s i s t a n c e  of the e r y t h r o -  
cytes  [2] obse rved  in the p resen t  exper imen t s  also may  be that dif ferent  s t ruc tu ra l  e lements  that  de te rmine  
the r e s i s t a n c e  of the cell  during c r a n i o c e r e b r a l  hypo the rmia  respond unequally to the action of the harmful  
agents.  
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