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EFFECT OF LOW TEMPERATURE ON MEMBRANE PERMEABILITY 

OF RED BLOOD CELLS RECONSTITUTED IN MEDIA OF VARIED 

IONIC COMPOSITION 

A. K. Gul evs kii UDC 612.111.014.462.1-06 : 612.592]-085.23 

KE Y WORDS: red blood cells; membrane permeability; cryobiology. 

The role of physicochemieal changes in the medium in the mechanisms of low temperature injury to cells, 
the most important manifestation of which is a disturbance of their  permeability [9], has now been studied suf- 
ficiently completely [4]. Meanwhile the importance of the structural  and hmctional state of the plasma mem-  
branes still remains, largely unexplained although existing information [1, 8] suggests that it is this factor 
which largely dete~.,,ines the optimal program for freezing the cells and the choice of cryoprotective agents. 
For  these reasons it was decided to study the effect of low temperatures  on permeability of red blood cells 
whose membranes were modified by means of various agents. In the investigation described below the action 
of mineral cations (Na +, K +, Ca ++, Mg++) was studied; as a resul t  of adsorption on the membrane these cations 
significantly a l ter  its permeability for water and ions and also its mechanical propert ies [2, 7]. 

EXPERIMENTAL METHOD 

A convenient model with which to study this problem is reconstituted red blood cells, for the ionic compo- 
sition on both sides of their plasma membrane can be varied within wide limits [6]. Reconstituted red blood 
cells were obtained from human donors' blood kept for 2-5 days, as described in [3], with some modifications 
to the composition of the lytic and reconstituting media, which are indicated in the appropriate captions to 
the figures. The red blood cells were quickly frozen in reconstituting medium by immersing polyethylene 
ampuls, each containing 0.5 ml of the sample, in liquid nitrogen. Thawing was carried out on a waterbath at 

37~C. The rate of freezing was 200-400~ 

Membrane permeability was assessed by the ability of the reconstituted red blood cells to retain hemo- 
globin, K + and Na + ions, and 14C-sucrose (C zechoslovakin, specific activity 340 mCi/mrnole). The hemoglobin 
concentration was determined after centri~'ation in the residue and supernatant by a spectrophotometric 
method [5]. The K + and Na + concentration in the residue of the reconstituted red blood cells was determined 

by flame photometry [5]. 

14C-sucrose was added to the lytic solution in a dose of 1 #Ci /ml .  After reeonstitution, sucrose not in- 
corporated into the red cells was washed out by centrtfugation in reconstituting solution under the same con- 
ditions as the hemoglobin. Radioactivity of the labeled sucrose was determined in the acid-soluble fraction 
of the residue and supernatant of the reconstituted red cells after freezing and thawing. The samples were 
counted on an SL-40 scintillation counter. ZhS-7 fluid (1 l i ter  dioxane, 5 g PPO, 100 g naphthalene) was used 
as the scintillator. The specific volume of the reconstituted red blood cells was determined on a microhemato-  
cr i t  centrifuge (A dams Readaerit). 

Third Department of Biochemistry,  Institute for  Problems in Cryobiology and Cryomedicine, Academy 
of Sciences of the Ukrainian SSR, Khar'kov. (Presented by Academician of the Academy of Medical Sciences 
of the USSR S. E.  Severin.) Translated from Byulleten' ]~ksperimental'noi Biologii i Meditsiny, Vol. 91, No. 
5, pp. 551-553, May, 1981. Original art icle submitted May 28, 1980. 
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Fig.  1. Hemoglobin concentrat ion and s p e -  
cific cel l  volume of red  blood cei ls  r e c o n s t i -  
tuted in different  ionic media .  Lyric medium 
contained: 1, 4) 10 mM Trts-HC1,  pH 7.4; 
2, 5) I0 ram Tr is -HC1 (pH 7.4) and 4 ram 
MgCI2; 3, 6) 10 raM Tr i s -HC1 (pH 7.4), 4 mM 
MgC12, and 50 #M CaC12. In addition to 10 
ram Tr i s -HC1 buffer  (pH 7.4), reconst i tu t ing 
med ium contained: 1) 150 ram KC1; 2) 150 
raM KC1 and 4 ram MgC12;' 3) 150 raM KC1, 
4 mM MgC12, and 50/~M CaC12; 4) 150 ram 
NaC1; 5) 150 raM NaC1 and 4 mM MgC12; 6) 
150 raM NaC1, 4 raM Mgi]12, and 50 pM CaC12. 
A) Hemoglobin concentra t ion,  B) specif ic  cel l  
volume.  Total  hemoglobin concentra t ion  in 
res idue  and superna tan t  of  s ample  taken as 
loo%. 

TABLE I. Hemoglobin Concentration and Spe- 

cific Cell Volume of Red Cells Reconstituted in 
Reconstituting Medium with Different Na + and 
K + Concentrations, after Rapid Freezing and 
Thawing (M �9 m) 

Concentration of NaC1 Hemoglobin con- 
and KCI during recon- centration in 
stitution and freezing- 
thawing,NaCl ITIM KC1 residue, % 

150 63,6:t=2,9 
125 25 68,2• 
100 50 66,6• 
75 75 58,3• 
50 100 3a,4/=3, 7 
25 125 21,6• 
-- 150 14,6• 

Specific cell 
volume, % 

92,5=I=6,4 
94,4:h9,7 
76,5• 
78,8• 
34,5::k 1,6 
22,0::k4,8 
II, h:i:O,6 

EXPERIMENTAL RESULTS 

The investigations showed (Fig. la) that red blood cells reconstituted and frozen in the presence of KCI, 
after thawing lose 85.6% of the hemoglobin contained inside them. The presence of Mg ++ ions, in a physio- 
logical concentration, in the reconstituting medium instead of K + tons caused a very small increase in the 
hemoglobin concentration in the residue after freezing and thawing, whereas addition of Ca ++ tons reduced its 
concentration. Replacement of the K + ion by Na + in the reconstituting medium had a significant effect on the 
preservation of the initial impermeability of the membranes of the reconstituted red blood ceils for hemo- 
globin. In this case, after thawing 46.9% of the hemoglobin (relative to the control) remained in the samples. 
Addition of iVlg +~ ions to Na+-reconstituting medium significantly increased the heraoglobin concentration in 
the residue, whereas Ca ++ ions had the opposite action in this case also (Fig. IA). 

K + and Ca ++ ions thus endow reconstituted red blood cells with eryolabile properties, whereas Na + and 
Mg++ make them cryoresistant. Comparison of the results (Fig. IA, B) shows that the disturbance of perme- 
ability for  hemoglobin c o r r e l a t e s  on the whole with the reduct ion in specif ic  cel l  volume.  This sugges ts  that  
an impOrtant ro le  in the raechanism of in jury is  played by permeabi l i ty  of the r ed  cel l  m e m b r a n e  for  wa te r  
at the f r e e z i n g - t h a w i n g  s t ages .  
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Fig. 2. Concentrations of laC-sucrose, K +, and Na + in re- 
constituted red blood cells after rapid freezing and thawing. 
Lyric medium contained, i0 mM Tris-HCl (pH 7.4) and 4 
mM MgCI 2. Reconstituting medium contained: A) 150 mM 
KCI, 4 mM MgCI2, I0 m_M Tris-HCI (pH 7.4); B) 150 mM 
NaCI, 4 mM MgCl2, and i0 mM Tris-HCl (pH 7.4). Concen- 
trations of: i) K +, 2) i4C-sucrose, 3) Na +, 4) 14C-sucrose. 

Total concentration of labeled sucrose in residue and super- 
natant of sample and concentration of cations in control 
taken as 100%. Control samples of K + and Na +- reconstituted 
red blood cells contained 112.5 �9 6.9 mfllLmoles K + and 
112.2 �9 10.9 millimoles Na + per liter intracellular water. 
Total radioactivity of residue and supernatant of sample of 
K +- and Na+-reconstitated red cells was 59,034 and 53,104 
cpm respectively. 

Fig. 3. Content of hemoglobin and 14C-sucrose in recon- 
stituted red blood cells subjected to rapid freezing and 
thawing, after replacement of external medium. Lyric 
medium contained I0 mM Tris-HCl (pH 7.4) and 4 mM 
MgCI 2. A) Reconstituting medium contained i0 mM Tris- 
HCI (pH 7.4), 4 mM MgCI2, and 150 mM KCI. External 
medium during freezing and thawing contained i0 mM Tris- 
HCI (pH 7.4), 4 mM MgCI2, and 150 mM NaCI. B) Recon- 
stituting medium contained I0 mM Tris-HCI (pH 7.4), 4 mM 
MgCI2, and 150 mM NaCI. External medium during freezing 
and thawing contained I0 mM Tris-HCI (pH 7.4), 4 mM MgCI2, 
and 150 mM KCL Concentration of: I) hemoglobin, 2) 14C- 
sucrose. Total concentration of hemoglobin and 14C-sucrose 
in residue and supernatant taken as 100%. 

I t  will be c l e a r  f rom Fig.  2_A that  a f t e r  f reez ing  and thawing the K+-recons t i tu ted  red  cel ls  a lmo s t  c o m -  
ple te ly  los t  the 14C-sucrose  and K + contained in them,  whereas  Na+-recons t i tu ted  red  ce l l s  re ta ined  31.8% 
and 41.2% re spec t ive ly  of the i r  initial  content of 14C-sucrose  and Na +, The fact  will be noted that  l o s se s  of 
labeled s u c r o s e  and ions (Fig. 2) were  much  g r e a t e r  than the loss  of hemoglobin (Fig. 1). This  is evidence 
that  red  cell  m e m b r a n e s  a f t e r  f reez ing  and thawing p o s s e s s  defects  of different  s i z e s .  

Invest igat ion of the action of rapid  f reez ing  and thawing on the e scape  of hemoglobin f rom red  blood cel ls  
recons t i tu ted  in isotonic solutions containing NaC1 and KC1 in different  p ropor t ions  (Table 1) showed that  high 
c r y o r e s i s t a n c e  is obse rved  even when the reconst i tut ing solution contains both Na + and K + ions added in the 
rat io  of  1 : 1. The r e su l t s  a re  evidence against  s t r i c t  speci f ic i ty  of the act ion of Na + and K + ions on the p r o p e r -  
t ies  of the p l a s m a  m e m b r a n e .  Cha rac t e r i s t i c a l l y  in this case  also d is turbance  of pe rmeab i l i t y  for  hemoglobin 
c o r r e l a t e s  with a reduct ion in the specif ic  cel l  volume.  

In the next expe r imen t s  the e scape  of hemoglobin and 14C-sucrose  f rom Na+-recons t i tu ted  red  blood 
cel ls  was studied during f reez ing  and thawing in Na+-recons t i tu t ing  medium,  endowing the m e m b r a n e ,  with 
which it was in contact  on both s ides ,  as was pointed out above, with c ryo lab i le  p rope r t i e s .  K+-recons t f tu ted  
r ed  cel ls ,  on the other  hand, were  subjected to f reezing and thawing in Na+-recons t i tu t ing  medium.  It was 
found that  loss  of hemoglobin and 14C - s u c r o s e  was on a much s m a l l e r  sca le  if the internal  medium contained 
Na + (Fig. 3). 
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The manifestation of cryoresistance by Na+-reconstituted red cells is thus connected to a greater degree 
with changes in the inner surface of the plasma membrane. 

It can be tentatively suggested that disturbance of the permeability os red cell membranes after rapid 
freezing and thawing is largely dependent on the initial state of the plasma membrane. 

The author is grateful to E. V. Chaplai for expert assistance. 
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T Y R O S I N E  H Y D R O X Y L A S E  A C T I V I T Y  IN THE BRAIN OF RATS 

WI TH  D I F F E R E N T  L E V E L S  OF I N I T I A L  A L C O H O L  M O T I V A T I O N  

V. S .  K u d r i n ,  A .  B .  K a m p o v - P o l e v o i ,  UDC 612.822.1.015.1:577.152.199.1].014. 
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Investigations have shown that animals of the same population differ in their attitude to alcohol [2, 3]. 
The activating effect of alcohol on the structure of positive reinforcement at the hypothalamic level has been 
shown to be related to a high level of alcohol intake in a certain number of animals [1]. In other animals, by 
contrast,  absence of any activating effect of alcohol on the structure of positive reinforcement correlated with 
a low level of alcohol consumption. The development of a liking for alcohol in rats  can thus be taken to depend 
on its effect on the structure of positive reinforcement.  

C onsidering that the chief neurochemical substrate of the structures of positive reinforcement is the 
catecholaminergic system of the brain [11-13], in the investigation described below tyrosine hydroxylase (TH) 
activity in the hypothalamus was studied in rats with different levels of initial alcohol motivation. 

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

To determine the initial level of alcohol motivation in rats without prolonged contact with this substance, 
a method based on the difference in the rate of alcohol metabolism in rats with high and low initial levels of 
alcohol motivation was used. Animals with a mean duration of sleep of 80 rain (predisposed to taking alcohol) 
and 180 rain (rejecting alcohol) were selected for the experiments after int]raperitoneal injection of a 25% solu- 
tion of ethanol in a dose of 4.5 g/kg body weight. 

Noninbred male albino rats weighing 200-250 g were used. 
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