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Abstract 

The process of erythrocyte aggregation in autologous plasma and 3% dextran 70 solution was studied 
by light microscopy (1000x). When a suspension of washed erythrocytes is placed between two glass 
surfaces, they lose their biconcave discoidal shape and turn into echinocytes. After adding autologous 
plasma to echinocytes and intensive agitation, they are converted into discocytes, and then into 
stomatocytes. After that, the stomatocytes were combined into aggregates in the form of rouleaux. 
The addition of saline solution to the aggregates of red blood cells in autologous plasma led to cell 
disaggregation. At the same time, the appearance of stomatocytes from aggregates was observed. 
The addition of dextran 70 solution to echinocytes did not lead to their aggregation. At the same time, 
the addition of albumin to echinocytes restored the discoidal shape of the cells and turned them into 
stomatocytes. It was found that after adding dextran 70 solution to the stomatocytes, their strong 
aggregation occured. Treatment of echinocytes with trypsin did not restore the shape of red blood 
cells, but caused strong aggregation of echinocytes induced by dextran 70. A possible mechanism of 
erythrocyte aggregation is discussed. 

Keywords: erythrocytes; glass effect; aggregation; echinocytes; stomatocytes; autologous plasma; 
dextran 70 
 

Introduction 

Numerous studies have been devoted to the study of the mechanisms of erythrocyte aggregation 
in the form of rouleaux [1–10]. However, to date, there is no single view on the causes leading to the 
union of red blood cells into aggregates. 

It is known that the process of erythrocyte aggregation is determined by two types of biophysical 
and physicochemical factors: plasma properties and properties of erythrocytes themselves (mainly 
component membranes) [2]. At the same time, there are only isolated works in the literature devoted 
to the study of the role of the erythrocyte shape in their aggregation [11,12].  

We have previously shown that ATP - depleted erythrocytes leads to the formation of 
echinocytes and a sharp decrease in their aggregability in autologous plasma [13]. 

The transformation of the erythrocyte shape from discocytes to echinocytes was previously 
observed on a suspension of washed erythrocytes placed between a slide and a cover glass [14,15]. It 
has also been shown that the blood protein albumin converts discocytes into stomatocytes [16,17]. 

In this work, using a light microscope at high magnification (1000x), we studied the effect of 
autologous plasma and 3% solutions of dextran 70 on the shape and aggregation of red blood cells 
placed between two glass surfaces. The effect of albumin and trypsin on the shape of red blood cells 
and their aggregation induced by dextran 70 was also studied.  

Mfterials and Methods 

Dextran 70 (MW= 70 kD), trypsin were purchased from Sigma, USA. Human serum albumin 
was used. All other reagents were analytically pure.  
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The blood of 10 healthy blood donors was used in the work. Venous blood was collected in 
vacuum tubes containing 3.8% sodium citrate (9:1 ratio). The blood was centrifuged for 20 min at 
2000 g. Platelets and leukocytes were removed. Then the red blood cells were washed three times 
with an excess volume of NaCI saline solution. The washed erythrocytes were placed in buffered 
saline solution (10 mM Tris-HCI, 150 mM NaCI, pH 7.4) with 0.5% hematocrit. 

We used a light microscope (Primo Star Carl Zeiss, Germany) equipped with a megapixel digital 
color television camera. The morphology of erythrocyte aggregates was studied by our proposed 
method [18,19]. A suspension of erythrocytes was placed on a slide, and a 100x microscope lens was 
lowered into a drop of suspension (Figure 1). The liquid was sucked out with a pipette. 

 

Figure 1. The microscope. 1) 100x lens; 2) Drop of 0.5% erythrocyte suspension; 3) Slide glass; 4) Slide table; 5) 
Condenser. 

In experiments with the treatment of erythrocytes with trypsin, a 0.5% enzyme solution was 
added to the echinocytes and incubated for 10 min. After that, red blood cells were pipetted twice 
with saline solution pH 7.4. The liquid was removed, and dextran 70 solution was added to the 
echinocytes. 

Results and Discussion 

Figure 2 shows that after the contact of the two glass surfaces, the glass effect was observed: red 
blood cells from discocytes turned into echinocytes. Next, autologous plasma or 3% dextran 70 was 
added to the echinocytes and intensively agitation. 
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Figure 2. Formation of echinocytes after contact of two glass surfaces. Magnification 1000x. 

As can be seen in Figure 3, after adding autologous plasma to the echinocytes and agitation, the 
transformation of echinocytes into stomatocytes was observed. In this case, the cells first turn into 
discocytes, and then into stomatocytes. The stomatocytes forming in the autologous plasma combine 
into aggregates in the form of rouleaux (Figure 4). The entire process of cell transformation from 
echinocytes to stomatocytes took place within 10 sec. The addition of saline solution to the aggregates 
of red blood cells in autologous plasma led to cell disaggregation. At the same time, the appearance 
of stomatocytes from aggregates was observed (Figure 5). 

 
Figure 3. Erythrocytes after adding autologous plasma to echinocytes. Magnification 1000x. 
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Figure 4. Aggregation of stomatocytes in autologous plasma. Magnification 1000x. 

 
Figure 5. Disaggregation of erythrocytes after addition of saline solution (pH 7.4) to the aggregates in autologous 
plasma. The appearance of stomatocytes from erythrocytes aggregates. Magnification 1000x. 

The addition of dextran 70 solution to echinocytes did not affect echinocytes (Figure 6). 
However, if 3% human albumin was added to echinocytes, the echinocytes turned into discocytes 
and then into stomatocytes (Figure 7). Such stomatocytes aggregated under the influence of dextran 
70 (Figure 8).  

 
Figure 6. Shape erythrocytes after addition to echinocytes of 3% dextran solution Magnification 1000x. 
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Figure 7. Stomatocytes formation after addition of albumin to echinocytes. Magnification 1000x. 

 
Figure 8. Stomatocytes aggregation after addition 3% dextran 70 solution. Magnification 1000x. 

The effect of 0.5% trypsin solution on echinocytes was also studied. The results showed that 
treatment of echinocytes with trypsin had no effect on their shape. At the same time, dextran 70 
induces a strong aggregation of echinocytes previously treated with trypsin (Figure 9) Apparently, 
trypsin cleaves the integral protein glycophorin A of erythrocyte membrane which leads to the 
formation of discrete sites for binding to dextran 70. We have previously shown that treatment of 
erythrocytes with trypsin increases the degree of their aggregation in autologous plasma and blood 
serum [20].  
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Figure 9. Aggregation of echinocytes treatment with trypsin after addition 3% dextran 70 solution. Magnification 
1000x. 

Thus, our results indicate that after intensive agitation (shear stress), red blood cells in the 
autologous plasma change their shape, turning into stomatocytes. After that, the stomatocytes begin 
to interact with each other in the autologous plasma to form rouleaux. Dextran 70 had no effect on 
echinocytes and did not induce their aggregation. However, after adding albumin to echinocytes, red 
blood cells turned into stomatocytes, which combined into aggregates under the influence of dextran 
70. Aggregation of echinocytes was observed only after trypsin treatment.  

There are two models explaining the mechanism of aggregation of erythrocytes consisting of 
rouleaux: bridging [1] and depletion [6]. However, none of these models is still generally accepted.  

Previously, we hypothesized about the mechanism of red blood cells in the form rouleaux, based 
on a change in the spontaneous curvature of red blood cell [18]. According to this hypothesis, the 
formation of a negative curvature of the erythrocyte membranes leads to the appearance of 
stomatocytes, followed by their unification into rouleaux. 

It is assumed that under the influence of shear stress (in our case, intensive agitation), discocytes 
are transformed into stomatocytes. Previously, light microscopy showed the reversible 
transformation of discocytes into stomatocytes after mechanical mixing of a suspension of 
erythrocytes [16]. An important point in the formation rouleaux is the normal shape of red blood 
cells. Red blood cells should have a biconcave discoid shape. Changes in the spontaneous curvature 
of erythrocyte membranes, which determines the shape of cells, will lead to an increase or decrease 
in their aggregability. A decrease in red blood cell aggregation is associated with the formation of 
echinocytes. Apparently, shear stress can not induce negative curvature in echinocyte-shaped 
erythrocytes and, as a result, the formation of rouleaux. A change in the spontaneous curvature of 
the membrane can lead to a change in its binding capacity to blood proteins such as fibrinogen and 
a2 - macroglobulin. It is known that stomatocytes bind immunoglobulins 3 to 8 times more than 
normal cells [21]. As a result of the formation of stomatocytes, discrete sites are formed on their 
membranes for binding blood proteins. The formation of protein bridges with discrete regions of 
neighboring cells leads to their aggregation. 
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