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Abstract 

In the past years the concern related to transfusional medicine in veterinary practice has thoroughly increased due to 
the development of emergency medicine and also to veterinarians’ practical abilities. Cryopreservation of blood or its 
products defines the procedures that allow blood to keep its viability in a sterile state for an indefinite period of time 
without damaging the biological properties. 
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CRYOBIOLOGY OF ERYTHROCYTES 
 
There are numerous cryopreservation methods 
of blood products known and applied, 
especially for erythrocytes. Erythrocytes 
cryopreservation so that all metabolic and 
biochemical reactions stop, along with the 
storage at temperatures under 0oC for a long 
period of time, were intensively researched in 
1950-1960, maybe due to the fact that at that 
time keeping erythrocytes and blood products 
refrigerated was not possible more than 21 
days. 
The success of red blood cells preservation 
for a longer period of time depends on 
knowing and understanding the physiology of 
erythrocytes and the biochemical and 
biomechanical changes that occur during 
freezing-thawing process.  
In 1866, french naturalist Felix Archimede 
Pouchet was the first that described the fact 
that after thawing, erythrocytes are being 
destroyed. For a long period of time it was 
believed that this was happening because of 
the mechanical effect produced by ice crystals 
formed during the freezing process (Pouchet, 
1866).  
In 1950, Lovelock proved that erythrocytes 
are destroyed after thawing not mainly 
because of mechanical effect of ice crystals, 
but rather because of increased concentration 
of ions in the extracellular space. This leads to 
osmotic pressure changes of the extracellular 

space followed by dehydration of cells and 
drastic pH changes. This mechanism causes 
irreversible lesions of cellular membrane 
structure before the ice crystals are formed 
(Huggins et al., 1969; Lecak et al., 2004; 
Lovelock, 1954; Sputtek, 1996). 
Based on these findings, in 1972 Mazur et al. 
issued the hypothesis that cell survival during 
freezing process will be maximum if  both ice 
crystals formation in intracellular space and 
cells dehydration as a result of osmotic shock 
will be minimized by using an optimal 
cooling rate (Mazur et al., 1972). 
Erythrocytes are cells with highly permeable 
membrane for water, so the optimal cooling 
rate is around 3500C/min. The use of 
cryopreservatives will induce a significant 
increase of environmental osmolarity 
allowing lowering the optimal cooling rate. 
According to their effect, there are two 
categories of  cryopreservatives: intracellular 
and extracellular.  
Intracellular cryoprotectant substances have a 
relatively simple chemical structure and do 
not exhibit cytotoxic effects at low 
concentrations, most used today being 
glycerol, dimethylsulfoxide (DMSO) or 
certain types of glycol. 
The main mechanism of action consists in 
reducing the formation of ice crystals by 
modifying their shape and size. During the 
cooling phase, they penetrate the intracellular 
space where they create a hyperosmotic 
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environment that will determine water 
removal from intracellular space (Kim et al., 
2004). 
Therefore, cell progressive dehydration 
occurs and osmotic stress is reduced by 
maintaining a balance between the 
intracellular and the extracellular environment 
(Pert et al., 1963; Valeri et al., 1966).  
Extracellular cryoprotectant substances have a 
high molecular weight that does not allow 
them to cross the cellular membrane, the most 
used today being dextran, modified gelatin, 
hydroxyethylamidon (HES) or albumin. The 
mechanism of action for these sustances is 
relatively simple and consists in their ability 
to stabilize the cellular membrane by 
interacting with its polar components 
(McGann, 1978; Sputtek, 2007).  
Electrolytes in the frozen extracellular 
environment will be concentrated in these 
areas. As a consequence of modifying the 
osmotic ballance in extracellular environment, 
the water will be slowly eliminated from the 
intracellular space. Balancing the osmotic 
difference makes the structural and functional 
integrity of cellular membrane to be kept 
(Horn et al., 1997; Sputtek et al., 1995). 
 
CRYOPRESERVATION OF 
ERYTHROCYTES 
 
The important findings regarding 
cryoprotectant effect of various groups of 
substances made possible the development of 
some efficient preservation techniques by 
freezing using almost exclusively glycerol. 
These techniques can be divided into three 
main groups: cyto agglomeration technique,  
high glycerol concentration – low rate of 
freezing and low glycerol concentration – 
high rate of freezing (Brecher, 2003; Krijnen 
et al., 1968; Meryman et al., 1972; Rowe, 
1973; Rowe et al., 1968). 
However the impossibility to add and remove 
cryoprotective substances in conditions of 
absolute sterility in a closed system, has made 
the erythrocites cryopreservation to be 
practically applied only at the end of 1950 
when Tullis et al. described the first 
continuous flow centrifuge (Tullis et al., 
1966). At the beginning of 1960, Huggins has 
implemented a set of principles regarding 

continuous flow centrifugation and developed 
a cyto agglomeration technique that allows 
cryopreservatives to be removed by 
precipitation of erythrocites in a hypo-osmotic 
solution with low pH and re-suspension of 
erythrocytes in an isotonic environment 
(Huggins, 1963). 
At the begining of 1970, Meryman and 
Hornblower simplified and improved the cyto 
aglomeration technique. Therefore the 
freezing of erythrocytes units it is made in 
whole blood collection bags after separation 
of  blood components. Glycerol used as 
cryopreservative is added in very high 
concentration (40%) and the freezing is 
performed slowly at -80oC (around 1oC/min) 
in mechanical freezers. This way erythrocytes 
units can be stored up to 21 years (Meryman, 
1972; Valeri, 1972). Thawing it is made by 
immersion of frozen erythrocyes units in 37oC 
warm water baths for 10 minutes. Removal of 
glycerol after thawing is made through 
repeated washings with saline solutions of 
different concentrations (Valeri et al., 1970).  
An altenative technique of freezing red blood 
cells was described by Pert et al. in 1963 and 
by Rowe et al. in 1968. The technique is 
based on the addition of glycerol in low 
concentrations of 15-20% and applying a 
rapid cooling rate for freezing  (about 
100oC/min) by immersion in liquid nitrogen 
at -196oC and storage of units frozen this way 
in nitrogen vapors at -165oC. Thawing is 
made in warm water bath at 42-45oC for 3 
minutes and the removal of cryopreserative is 
made by washing erythrocytes with saline 
solutions of different concentrations (Pert et 
al., 1963; Rowe at al., 1968). 
A different approach regarding the 
cryopreservation of erythrocytes refers to the 
use of extracellular cryoprotectant substances 
such as hydroxyethylamidon (HES), dextran 
or polyvinylpyrrolidone (PVP). The major 
benefits of using them consists in 
biocompatibility properties in increased 
concentrations, making possible that 
erythrocytes units to be transfused 
immediately after thawing without being 
necessary any additional processing (Robson , 
1970; Sputtek et al., 1993). The idea of using 
extracellular macromolecules in order to 
protect erythrocytes of freezing effects was 
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first implemented by Reinfert (1963). Sputtek 
et al. were the ones that made thorough 
studies about the use of HES for the 
cryopreservation of erythrocytes reporting an 
acceptable survival rate of erythrocites after 
transfusion without any post thawing 
processing (Sputtek et al., 1993).  
Despite the fact that erythrocytes can be 
frozen and preserved almost indefinitely no 
matter the technique and the cryoprservatives 
used, setting an optimal administrative 
storage time was needed. So, in 1987, for 
human blood products, the optimal storage 
period for frozen erythrocytes has been set 
and accepted to be 10 years according to 
"Guide to the preparation, use and quality 
assurance of blood components" 
(Recommendation No. R (95) 15 Council of 
Europe). In 2010, european legislation 
extended the storage period of frozen 
erythrocytes up to 30 years, depending on 
storage method  (Directive 2044/33/EC) 
(Lecak et al., 2004). 
From a practical point of view, the most 
important clinical parameter is the usability of 
erythrocytes after thawing and removing the 
cryoprotectant substance. Until recently, after 
thawing and cryoprotectant removal, 
erythrocytes could be used for very short 
periods, only 24 hours. This is because of the 
removal of blood plasma that used to offer 
erythrocytes buffering capacity and protection 
against lysis. The washing process to remove 
the cryoprotectant substance deprives red 
blood cells of some of its intracellular 
metabolites. Therefore their metabolic needs 
are different from whole blood (Moore et al., 
a, b, 1987). 
The discovery and use of additive solutions 
ment to meet specific metabolic needs of 
frozen-thawed erythrocytes may increase 
applicability of erythrocytes after thawing up 
to 3 weeks (Hess et al., 2001, Valeri et al., 
2001; Valeri et al., 1970). 
In conclusion, preservation of erythrocytes by 
freezing is a feasible method in transfusional 
medicine due to implementation of modern 
blood processing techniques in closed system 
and also due to significant contribution 
regarding the maximum usability of red blood 
cells units after thawing by using modern 
resuspension solutions. 
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