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ABSTRACT 

Low cooling rates during the freezing procedure of normal hu- 
man hlood reveals red cell membrane elevations in freeze-etch 
electron microscopy. 

When high cooling rate is applied, these morphological changes 
are present, if the blood samples are quenched from 5OC. The num- 
ber of elevations is strongly reduced by low pH and glycerol. 
Elevations are not observed in ghosts. The formation of intramem- 
hranc particle aggregation is differently affected by many con- 
dition>, . 

INTRODIJCTION 

Freeze-etch electron microscopy of norma. human erythrocytes 
reveals membrane elevations a~i pH 7.4 (6). We previously reported 
that these elevations are reduced in number at acidemic and al- 
kal~emic conditions (7), and that the use of glycerol as cryopro- 
-tectant resulted in the absence of these elevations (6). 

In the present study we have Investigated the influence of the 
cooling rate on the appearance of elevations, and of the temperd- 
ture at which the bloodsample is quenched into the cooling medium. 

We further studied the effects of pH, dif'ferent anticoagulant 
agents, and glycerol as cryoprotectant on the temperature depen- 
dent appearance of membrane elevations. The aggregation of intra- 
membrane particles (IMP) under all these conditions was examined 
too. 
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MATERIALS AND METHODS 

Peripheral venous blood of healthy volunteers was obtained by 
venapuncture. NH4-Heparin, and Acid Citrate Dextrose (ACD) at pH 
7.4, and at pH 4.5 were used as anticoagulant. Ghosts were pre- 
pared according to the method of Dodge et al. (2). 

For freeze-fracturing small drops of differently treated blood- 
samples were transferred into freeze-etch specimen holders, i.e. 
silver cylinders with a diameter of 1 mm and a height of 3 mm 
(131, and worked up in a Polaron machine. Three cooling procedures 
were used: 1. A lowocooling rate, in which the specimen holders 
were brought to -20 C, kept at that temperature for 30' and sub- 
sequently quenched into solid/liquid nitrogen. 2. An intermediate 
cooling rate: Specimen holders were quenched into solid/liquid 
nitrogen (11). 3. A high cooling rate: Specimen holders were 
quenched into solid/liquid Freon 22 and thereafter in solid/liquid 
nitrogen. Cryoprotected samples were treated with glycerol to a 
final concentration of 30%. 

Only intact replicas with a diameter equal to the diameter of 
the specimen holder were used for quantitative evaluation. The 
percentage of erythrocyte fracture faces with elevations is called 
the elevation value (e-value) of a given area. 

RESULTS 

When venous heparinized blood was cooled at intermediate rate, 
local differences in e-value within one replica were observed. 

Fig. 1. A coppergrid with a 
replica from venous hepa- 
rinized blood cooled at in- 
termediate rate. 
Each square represents a 
hole in the grid. The spots 
in the squares represent 
global e-values (see text). 
Empty squares could not be 
counted. 

A three partition can be seen from fig. 1: 1) At the periphery 
and the centre of the replica ( asquares) e-values lower than 
30% are found. The number of fracture faces counted in these ar- 
eas is 252. 2) The @squares represent areas in which e-values of 
30-60% are found. The number of fracture faces counted here is 
237. 3) The q squares represent areas in the replica with e-values 
of 60% or higher. The number of fracture faces counted is 1358. 

Cooling at high rate from 23cC and at pH 7.4, resulted in frac- 
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Fig. 2-6: Presence or absence of elevations (marked by arrows> 
and IMP aggregation in intact red cells at different cooling rates 
and conditions: 2) High rate cooling, all conditions. 3) Low rate 
cooling, and heparin. 4) Low rate cooling, and ACD pH 4.5. 5) In- 
termediate rate cooling, and heparin or ACD pH 7.4. 6) Low rate 
cooling, heparin and glycerol. 

Fig. 7: Presence of IMP aggregation and absence of elevations in 
ghosts, cooled at low rate. 
The bars represent 0.3 pm. 
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ture faces without elevations. At low rate cooling at pH 7.4 frac- 
ture faces with elevations and comparable e-values were found 
throughout the whole replica. 

From these results one could deduce that the temperature of 
quenghing may be of importance. Therefore the samples were cooled 
to 5 C, kept at that temperature for 3' and subsequently quenched 
in solid/liquid Freon 22, according to the high rate cooling pro- 
cedure. Elevations and a slight aggregation of IMP's were found. 
To test whether these temperature dependent membrane changes are 
reversible, the samples were first cooled to 5OC, kept there for 
3'9 subsequently kept at 23'C for 3', and immediately thereafter 
quenched according to the high rate cooling procedure. No eleva- 
tions and IMP aggregation were observed, as after cooling at high 
rate directly from 23OC. The same effect was observed after 
quenching with uncooled tweezers in the preceding experiment after 
cooling to 5OC. 

The effects of pH, anticoagulant agents and glycerol on the ap- 
pearance of elevations and IMP aggregation were studied at the 
three cooling rates described in Materials and Methods. At high 
rate cooling no elevations and IMP aggregation could be detected, 
under all experimental conditions (fig. 2). At low rate cooling 
the formation of both elevations and IMP aggregation was most ob- 
vious if heparin was used as anticoagulant agent (fig. 3). The use 
of ACD at pH 7.4 instead of heparin reduced the IMP aggregation to 
a certain extent,but had no reducing effect on the presence of el- 
evations. The reduction of the pH of ACD to pH 4.5 did not change 
this slight aggregation of IMP's, but resulted in the absence of 
elevations (fig. 4). Using intermediate rate cooling the erythro- 
cytes showed elevations with heparin or ACD at pH 7.4. However, 
IMP aggregation was not observed (fig. 5). ACD at pH 4.5 resulted 
in the absence of elevations. 
In the presence of 30% glycerol onsets of elevations and a slight 
IMP aggregation were only observed in heparinized blood at the low 
cooling rate (fig. 6). 
Elevations could never be found in ghosts under all conditions de- 
scribed. When ghosts were cooled at low rate without glycerol more 
or less the same IMP aggregation was found as in intact red cells 
(fig. 7). 

DISCUSSION 

Differences in cooling rates have been observed within a freeze- 
etch specimen holder (12). In the center and the periphery the 
highest rates are observed. If the local differences found in our 
experiments at intermediate cooling rate are caused by this tem- 
perature effect, the presence of more fracture faces without el- 
evations can be expected in the whole replica after cooling at high 
rate. The use of solid/liquid Freon 22 has been reported to result 
in an approximately three times higher cooling rate than obtained 
by the use of solid/liquid nitrogen (11, and resulted in our ex- 
periments in the absence of elevations in the replica. In contrast, 
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no local differences were found in the presence of elevations af- 
ter cooling at low rate. From these results one may conclude that 
the presence of elevations is primarily dependent on "low" cooling 
rates. Further investigations at high rate cooling showed that the 
temperature of quenching plays a role in the appearance 0; eleva- 
tions, as no elevations are present after quenching at 23 C, and 
the elevations appear after quenching ato 5'C. This temperature 
dependent appearance of elevations at 5 C is reversible. 

In comparing the circumstances of the formation of elevations 
and IMP aggregation we observed one similarity: Low rate cooling 
is a condition of the presence of both membrane changes. However, 
the occurrence of elevations is not linked to IMP aggregation, as 
IMP aggregation is absent at intermediate rate cooling, whereas 
elevations are present. In this respect it may be noted that 
strong particle aggregation was found in spectrin-actin free 
ghosts (5), which was explained to be the result of changes in the 
physicochemical state of the membrane lipids. At low pH the eleva- 
tions disappear, while IMP aggregation is still present. This low 
cooling rate dependent IMP aggregation may be related with that 
found in spectrin-actin depleted (3) and spectrin-actin free (5) 
ghosts. 

The mechanism of the appearance of elevations on the erythro- 
cyte fracture faces is still hardly understood. From our results 
by quenching from different temperatures (23' and 5OC) it is clear 
that it is not simply a freezing artefact due to the formation of 
ice cristals or locally raised concentrations of salt during 
freezing. It may be possible that other temperature dependent mo- 
lecular rearrangements may occur between 23O and 5'C. In this re- 
spect other spontaneous membrang changes may be of interest, Such 
changes have been observed at 4 C. Some glycoproteins in intact 
hugan red cellos show a difference in availability to a probe at 
37 C and at 4 C. pH Dependent variation in availability was ob- 
served too, and after ghost preparation no changes could be detec- 
ted (8). Spontaneous vesiculation of sheep erythrocyte ghosts oc- 
curs at 4OC (9). The appearance of elevations in human erythro- 
cytes may be caused by a similar mechanism. A release of spectrin 
free vesicles is observed in intact human red cells after ATP de- 
pletion (1G) and it has been suggested that the spectrin meshwork 
plays a role in the phenomenon of exocytosis (4). Research in this 
direction will be carried out. 
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