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Abstract:
Purpose: The aim of our research was to study the level of erythrocyte aggre-
gation in blood of children with inflammatory bowel disease (IBD).
Materials and methods: The study included 37 patients of both sexes ages 
6 to 17 with IBD (17 with CD and 20 with UC). Blood was drawn after the 
hospitalization of patients and at the end of the treatment before their dis-
charge. Erythrocyte aggregation was studied using a rheoscope constructed 
using the method of H. Schmid-Schönbein et al. at modification of G.Y. Levin 
et al. The process of aggregation was recorded during hydrodynamic mixing 
and upon its stop. The process of erythrocyte disaggregation was recorded 
when creating sheer stress set at the exact rate. The morphology of aggre-
gates in autologous plasma was studied using a light microscope. The state of 
erythrocyte cytoskeleton was studied by the method of thermo induction. The 
state of erythrocyte membranes was determined by photometry on the laser 
aggregometer.
Results: It was established that a significant increase in the degree and rate 
of aggregation of erythrocytes is observed at IBD. In the course of treatment 
aggregation of erythrocytes is normalized in children with UC, but remains 
elevated at CD. The aggregation character changes at IBD – pathological 
structures of aggregates appear along with the rouleaux. A correlation between 
ESR, fibrinogen concentration and the degree of erythrocyte aggregation was 
found. It was established that hyperaggregation of erythrocytes in IBD was 
caused by changes not only in plasma factors, but also in the cytoskeleton and 
in the erythrocyte membrane.
Conclusion: Thus, disorders of the rheological properties of blood are an im-
portant factor in the pathogenesis of IBD in children causing ischemic damage 
to the intestine. This gives grounds for recommending the use of addition-
al methods for combating hypoxia and microcirculatory disturbances during 
IBD.
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Introduction

 Inflammatory bowel disease (IBD) remains one of the most difficult problems of gastroenterology. Recurrent course of dis-
eases with a progressive disruption of the structure and functions of the bowel is accompanied by a significant decline in the quality 
of patient’s life that makes IBD an important medical and social problem and requires a search for new directions in the study of 
their etiology and pathogenesis in order to improve methods of prevention and treatment of this pathology.
 According to current conceptions immune disorders with misbalance of cytokine regulation take an important part in the 
development of IBD. The disturbance of bowel barrier function, metabolic and dysregulatory disorders, chronic intoxication lead to 
further development of inflammatory reactions. 
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 Until now there is no single opinion on the causes and 
mechanisms of the development and progression of ulcerative 
colitis (UC) and Crohn’s disease (CD). 
 There are some most proven aspects of pathogenesis 
of IBD, for example endothelial dysfunction, inflammation, 
thrombophilia, autoimmune aggression and endogenous intox-
ication[1-3]. It should be noted that these are interconnect and in-
terdependent processes. 
 It is well known that the erythrocyte can be considered 
a universal model for studying cytoplasmic membrane changes 
and cell metabolism[4]. The role of microcirculation disorders in 
pathogenesis of IBD remains the least studied. Therefore, the 
research of erythrocyte membranes condition at IBD is essential 
not only for understanding their pathogenesis including devel-
opment of anaemia but also for assessment of hemorheology as 
the main part of microcirculation. The study of this problem is 
also important for assessment of effectiveness of therapy at IBD. 
The increase in erythrocyte aggregation underlies disorders of 
rheological properties of blood that lead to degradation of tissue 
oxygenation[5,6]. There are few scientific data regarding the en-
hanced erythrocyte aggregation during IBD[7-9]. The similar data 
on children with IBD have not been found.
 The aim of the present research is to study the degree of 
erythrocyte aggregation in children with IBD.

Materials and Methods

 All patients and healthy donors agreed to participate in 
the study and signed informed consent forms of Federal State 
Budgetary Institution «Privolzhsky Federal Research Medical 
Centre» of the Ministry of Health of Russian Federation. The 
permission of the local ethical committee was obtained for the 
study. The informed consent was obtained from parents of all 
children (or from children older than 14 years) for participation 
in the study. The study included 37 patients of both sexes ages 
6 to 17 with IBD (17 with CD and 20 with UC). The diagnosis 
was based on a complex examination including clinical and lab-
oratory data, as well as endoscopic examination of the intestinal 
mucosa with a morphological analysis of biopsies. At the time of 
the hospitalization, the acute UC was diagnosed at 30 percent of 
patients with minimal activity of disease by a PUCAI (Pediatric 
Ulcerative Colitis Activity Index) from 10 to 30 points, at 50 
percent of patients with medium activity of disease by a PUCAI 
from 35 to 64 points and 20 percent of patients with high activity 
of disease by a PUCAI above 65 points. The acute CD was di-
agnosed at 71 percent of patients with medium degree of disease 
severity by a CDAI (Crohn’s Disease Activity Index) from 11 to 
30 points and at 29 percent of patients with severe degree of CD 
by a CDAI from 30 to 100 points. 
 Treatment was conducted with the use of derivatives of 
5-aminosalicylic acid, glucocorticosteroids (budenofalk, pred-
nisolone), immunosuppressive drugs (Azathioprine, Ciclospo-
rin), antibodies to TNF (Infliximab = remicade and adalimumab 
= humira).
 Individuals with any infections or other inflammatory 
condition were excluded from this study. The results of studies 
were compared with corresponding indexes of 18 conditionally 
healthy children of both sexes and same age as a control group.
 Venous blood was drawn from the antecubital vein fol-
lowing an overnight fast into vacuum tubes. Platelet-free plasma 

was separated by centrifugation of blood stabilized by 3.8 per-
cent sodium citrate (in а ratio 9:1) at 3000 g for 20 min. Platelets 
and leukocytes were removed and RBC were washed three times 
with a physiological solution. Blood was drawn after the hospi-
talization of patients and at the end of the treatment before their 
discharge.

At all patients were studied :
- Spontaneous (shear-induced) aggregation of erythrocytes 
using a rheoscope designed according to the method of H. 
Schmid-Schönbein et al[16] in modification of G.Y. Levin et al[17]. 
In this device the blood cells are placed between plane-parallel 
plates rotating in opposite directions. In the centre of the bottom 
plate there is a cylindrical excavation. So, a chamber is formed 
between the top and bottom plates. A suspension of erythro-
cytes was placed in this chamber. The process of erythrocytes 
aggregation was registered by an automatic recorder after hy-
drodynamic mixing of erythrocyte suspension was stopped. The 
process of disaggregation of erythrocytes was recorded at shear 
rates 10 s-1 (D10), 15 s-1 (D15), 20 s-1 (D20). We evaluated: de-
gree of aggregation (Ma, mm), rate of aggregation – according 
to the amplitude of aggregatogram at 40th sec after the start of 
the aggregation process (A40, mm), degree of disaggregation of 
erythrocytes – in percentage of Ma.
• The morphology of aggregates in autologous plasma by light 
microscope Primo Star (Carl Zeiss, Germany) by method intro-
duced by the authors[18].
• The state of erythrocyte membranes by the change of their 
aggregation under the influence of lanthanum in final concen-
tration 80 and 160 µM. Lanthanum-induced erythrocyte aggre-
gation was assessed by the maximum amplitude of aggregation 
(maximum light transmission Ma) and the amplitude of aggrega-
tion after 90 seconds after the addition of the inductor.
• The state of erythrocyte cytoskeleton using thermoinduction. 
This method is based on the fact that at 49 - 50 ºС the dena-
turation of spectrin (the main protein of the cytoskeleton) oc-
curs[19,20]. As a result disc-spherical transformation of erythro-
cytes takes place – discocytes are transformed into spherocytes. 
Changes in the status of the erythrocyte cytoskeleton were deter-
mined by the number of spherical forms of cells. An increase in 
the number of spherocytes in comparison with control indicated 
a decrease in the stability of the cytoskeleton.
 The ESR by the Westergen method and fibrinogen con-
centration using the Clauss method were determined also in all 
patients.
 Data are expressed as mean ± standard error (SE). The 
results of the study were processed with methods of non-para-
metric statistics using Mann-Whitney criteria and Wilcoxon 
matched pairs test. The correlation analysis (Spearman’s meth-
od) was used to study the relationships between the parameters. 
Differences were considered statistically significant at p < 0.05.
  
Results and Discussion

 The study demonstrated significant increase in degree 
and rate of erythrocyte aggregation during IBD. There is no sig-
nificant difference in erythrocyte aggregation between patients 
with CD and patients with UC (table 1). However, a fundamen-
tal difference in the dynamics of erythrocyte aggregation in these 
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diseases in the process of treatment was found. While the rate 
and degree of erythrocyte aggregation were normalized in pa-
tients with UC during treatment, in patients with CD these in-
dexes remained significantly elevated even upon discharge. The 
strength of erythrocyte aggregates demonstrated a small change 
during IBD. Though in the process of treatment erythrocyte dis-
aggregation increased in patients with UC especially at high rate 
of stress on the average from 56,9 ± 4,62% to 62,0 ± 3,15% at 
15 s-1 (р  < 0.05). This indicated that strength of formed aggre-
gates decreased. The strength of erythrocyte aggregates during 
CD did not decrease in the process of treatment at 15 s-1 and even 
had a tendency to increasing. The erythrocyte disaggregation de-
creased from 63,2 ± 3,38% to 52,0 ± 3,07% (р < 0.05).
 The morphology of erythrocyte aggregates changes 
significantly during IBD. Figure 1a shows morphology of eryth-
rocyte aggregation during CD. The clump (pathological) struc-
tures of erythrocyte aggregates appear along with rouleaux. The 
morphology of erythrocyte aggregates changes less during CD. 
The study of erythrocyte aggregates morphology after treatment 
of patients with CD demonstrated that aggregates include a large 
number of cells despite of the decrease in formation of clump 
structures erythrocytes (figure 1b) compared to healthy donors 
(figure 1c). At the same time, there is a significant normalization 
of morphology of erythrocyte aggregates during UC.

Table 1: Spontaneous erythrocyte aggregation during IBD.

Group
Aggregation indexes

Ma, mm A 40, mm t 1/2, s
Control 77.82±2.37 54.09±3.58 17.91±2.30

CD
hospitalization 93.82±3.65* 70.06±4.72* 12.63±1.03*
discharge 93.33±3.30* 72.43±7.28* 15.22±1.13

UC
hospitalization 100.11±6.86* 73.67±6.96* 16.89±2.55
discharge 87.33±4.56■ 65.58±5.54■ 15.85±2.79

Note:  * р < 0.05 – compared to control, Mann-Whitney test. 
           ■ р < 0.05 – compared to hospitalization, Wilcoxon paired test

a. Erythrocyte aggregation after hospitalization.

b. Erythrocyte aggregation upon discharge

c. Erythrocyte aggregation of a healthy donor.
Figure 1: Morphology of erythrocyte aggregates at CD.

 It is known that human red blood cell (RBC) aggre-
gation is determined by two types of biophysical and physico-
chemical factors: suspending phase properties and RBC prop-
erties[10,11]. Therefore, we also studied membrane properties of 
erythrocytes during IBD. Significant changes of stability of 
erythrocyte cytoskeleton were observed in all patients. It de-
clared itself in significant increase in the number of spherocytes 
after thermo induction in comparison with control (table 2). 
These changes of cytoskeleton proved to be stable since they did 
not change in the process of treatment either in patients with CD 
or UC. 

Table 2: Thermo induction of erythrocytes during IBD (number of 
spherocytes, %).

Control
CD UC

hospitaliza-
tion

discharge hospitaliza-
tion

discharge

30.67±2.11 53.92±5.46* 56.67±2.52 64.00±5.94* 59.92±7.01*■

Note:  * р < 0.05 – compared to control, Mann-Whitney test.
           ■ р < 0.05 – compared to hospitalization, Wilcoxon paired test

 Apparently, changes of erythrocyte aggregation in-
duced by lanthanum are explained by instability of the cytoskel-
eton of erythrocyte membranes (tables 3, 4). There is a slight 
decrease in induced erythrocyte aggregation rate during UC. 
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There is a significant decrease in aggregation in patients with 
CD. At the low concentration of lanthanum the degree of de-
crease in erythrocyte aggregation progresses in the process of 
treatment in patients with CD. It may be assumed that decrease 
in lanthanum-induced erythrocyte aggregation is associated with 
the change of erythrocyte cytoskeleton and loss of sialic acids 
by their membranes and, consequently, with the decrease in 
the membrane’s negative charge. The release of sialic acids by 
erythrocyte membranes can occur during IBD due to increased 
proteolysis accompanying inflammatory process[12].  

Table 3: La3+-induced erythrocyte aggregation during IBD (maximal 
light transmission Ma, %)

Group
Concentration of lanthanum, µM

80 160
Control 15.12 ± 6.04 45.42 ± 2.35

CD
hospitalization 7.46 ± 3.28 * 36.71 ± 3.39 *
discharge 6.41 ± 2.83 * 40.36 ± 1.57

UC
hospitalization 15.51 ± 4.12 44.29 ± 3.14
discharge 13.45 ± 5.38 45.59 ± 3.72

Note:  * р < 0.05 – compared to control, Mann-Whitney test.

Table 4:  La3+-induced erythrocyte aggregation at IBD (light transmis-
sion in 90 s after the addition of inductor,  %).

Group
Concentration of lanthanum, µM

80 160
Control 4.03 ± 1.65 17.64 ± 1.81

CD
hospitalization 1.53 ± 0.77 * 11.00 ± 1.35 *
discharge 0.74 ± 0.47 * 14.17 ± 1.76

UC
hospitalization 3.31 ± 1.05 14.74 ± 2.07
discharge 4.22 ± 1.27 16.65 ± 3.13

Note:  * р < 0.05 – compared to control, Mann-Whitney test.
 There are multiple causes of hyperaggregation of eryth-
rocytes during IBD. The activation of free-radical oxidation, 
proteolysis and increase in endogenous intoxication are some of 
them[3,13,14]. The most important cause of the enhanced erythro-
cyte aggregation during IBD is the increase in concentration of 
acute phase response proteins[8,9]. The data we obtained confirm 
this opinion. A sufficiently high correlation between ESR and 
the degree of erythrocyte aggregation was detected (r = 0,56 at 
CD и r = 0,82 at UC, p < 0,05). A correlation between fibrinogen 
concentration and the extent of erythrocyte aggregation was de-
tected in a less degree during CD (r = 0,22, р > 0,05) and at UC 
(r = 0,35, р > 0,05). This can be explained by the fact that ESR 
was significantly increased in all patients after hospitalization 
while the level of fibrinogen in blood plasma exceeded 4 g/l only 
in 10 percent of the children. 
 It can be assumed that hyperaggregation of erythro-
cytes during IBD is associated not only with plasma factors but 
also with a change of the membrane properties of erythrocytes. 
This is indicated not only by the data on correlation of erythro-
cytes aggregation and acute phase proteins but also by the results 
of lanthanum-induced erythrocyte aggregation, which is mainly 
associated with the membrane charge. 
 Based on obtained data it can be concluded that IBD 
is accompanied by a significant degradation of hemorheologi-

cal properties of blood. This can be an important factor in the 
pathogenesis of these diseases and be at the core of microcir-
culation disorders and a decrease in oxygenation of tissues in 
the inflamed bowel. The degradation of rheological properties 
of blood is the main cause of microcirculatory disorders. The 
potential role of intestinal microcirculation in the development 
of IBD remains unknown. Using the experimental model of coli-
tis[15], it was shown that early disturbances of microcirculation 
precede histological changes in the intestine. Improvement of 
microcirculation with hemodilution reduced intestinal permea-
bility.
 Interestingly, the results of the study of the dynamics of 
hemorheological indexes in the course of treatment demonstrate 
that during CD disorders of most of the studied indexes are not 
only more significant than during UC but also much more stable 
– they remain such even after the treatment.
 It may be suggested that the persistence of disorders 
of hemorheology in patients with CD may be a predictor of the 
development of relapses of the disease. In addition, the results of 
the study suggest that standard drug therapy, especially during 
CD, is not effective enough. Disorders of microcirculation re-
main after the course of drug therapy. This gives grounds to rec-
ommend the use of additional methods of combating hypoxia 
and microcirculatory disorders during IBD. The further studies 
are needed to check the dynamics of IBD using additional meth-
ods of correcting disorders of rheological properties of blood.
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