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Development of insulin-dependent diabetes mellitus in children is accompanied by essential 
disturbances in the peripheral subdivision of the erythron system, manifested in enhanced cell 
polymorphism, imbalance in the composition of membrane phospholipids and their increased 
microviscosity, reduced lipoprotein concentration, and enhanced reversible aggregation. These 
disturbances are most pronounced during metabolic decompensation accompanied by keto- 
acidosis, which agrees with the hypothesis on their role in the development of vascular com- 
plications. 
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The development of insulin-dependent diabetes melli- 
tus (IDDM) in children is accompanied by pronoun- 
ced disturbances in the erythron system [1,4,11,13]. 
Chronic glycemia against the background of insulin 
deficiency is characterized by essential disturbances in 
the structural and functional status of peripheral blood 
erythrocytes, which determines microcirculatory and 
rheological parameters, and probability of dissemina- 
ted intravascular coagulation [5,7,14,15]. The study of 
lipid content and microviscosity of erythrocyte mem- 
brane, its surface architectonics, and erythrocyte ag- 
gregation parameters makes it possible to evaluate the 
involvement of the erythron system into the patholog- 
ical process and the degree of metabolic disturbances 
in this process. 
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MATERIALS AND METHODS 

We examined 70 children at the age of 3-15 years with 
IDDM, patients of the First Municipal Children Hospital 
No. 1 in Tomsk. Thirty-five children had symptoms of 
diabetic angiopathy, 48 children had fatty hepatosis, lipo- 
dystrophy, sexual and physical retardation, and xantho- 
chromia. Control group comprised 35 healthy children. 

Hemoglobin concentration and erythrocyte count 
in the peripheral blood were routinely determined. 
Quantitative analysis of sulfhydryl groups and lipopro- 
teins was performed with the help of a Lyumam I-2 
cytophotometer, SH-groups were detected by ferri- 
cyanide method [11], lipoproteins were stained with 
Sudan black B [9]. The stained smears were tested pho- 
tometrically at 590 nm. The mean concentrations of the 
analyzed agents were calculated per cell surface unit. 

The surface architectonics of peripheral blood ery- 
throcytes was studied by scanning electron micro- 
scopy. The samples were prepared [3] and examined 
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under a REM-200 scanning electron microscope ope- 
rated at 35 kV accelerating voltage, 0.63 A current, 
and 35 ~ angle. The morphological forms of the cells 
were identified on the basis of  classification [3]. 

The phospholipid fractions in erythrocyte mem- 
brane were determined by thin-layer chromatography 
on Silufol plates. The blood was drawn from a vein, 
erythrocyte membranes were isolated as described else- 
where [6], and lipids were extracted by the method of 
Folch [ 12]. The following phospholipid fractions were 
isolated: lysophosphatidylcholine (LPC), phosphati- 
dylinositol, sphingomyelin, phosphatidylserine, phos- 
phatidylcholine, phosphatidylethanolamine (PEA), 
polyglycerophosphates, and phosphatidic acid. Identi- 
fication of lipid fractions was performed using Sigma 
standards. 

Microrheological parameters were assessed pho- 
tometrically by the index of  reversible erythrocyte 
aggregation. The reversible erythrocyte aggregation 
index and integral aggregation coefficient were calcu- 
lated as described elsewhere [8]. 

Microviscosity in deep membrane layers was as- 
sessed by pyrene excimerization [2]. 

The data were statistically analyzed by Wilco- 
xon--Mann--Whitney and Kruskal--Wallis tests using 
SAS software. 

RESULTS 

Qualitative parameters of the red blood in children 
with IDDM did not differ significantly from the con- 
trol. The study of  structural and metabolic status of  
peripheral blood erythrocytes from children with IDDM 
in the period of stage II metabolic decompensation with- 
out ketoacidosis revealed that the content of lipoproteins 
was significantly lower than in the control group (0.654:k 
0.026 vs. 0.488+0.029 rel. units, p<0.01). Erythrocyte 
population primarily (54.2%) consisted of cells with 
decreased or low content of the studied substrate. The 
content of thiol groups in erythrocytes from patients 
with IDDM did not differ significantly from normal 
(0.323+0.02 vs. 0.279:k0.008 rel. units, p>0.05). 

At the same time, a redistribution of erythrocyte 
population caused by accumulation of  cells with de- 
creased content of sulfhydryl groups was noted. We 
revealed no significant changes in the content of phos- 
pholipid fractions in erythrocyte membrane in children 
with IDDM in the period of stage I-II metabolic de- 
compensation without ketoacidosis (Table 1). 

Microviscosity of  erythrocyte membrane in this 
group was characterized by a significant increase in 
F / F  parameter (Table 1). A pronounced redistribu- 
tion of  erythrocyte population was observed during 
examination of  their surface architectonics by scan- 
ning electron microscopy (Fig. 1): the content of dis- 
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cocytes was significantly decreased, while the content 
of transitional, nontransitional, and degenerative forms 
markedly increased. Analysis of indices of reversible 
erythrocyte aggregation in children with IDDM without 
ketoacidosis revealed that the aggregation index sig- 
nificantly differed from the control (2.39+0.4 vs. 

1.65+0.19 units, p<0.05). The integral coefficient of 
erythrocyte aggregation in this group did not exceed 
the control values. 

The development of stage III metabolic decom- 
pensation with ketoacidosis in children with IDDM 
was accompanied by pronounced disturbances in the 
structural and functional status of red blood cells. The 
content of lipoproteins in erythrocytes was 0.506+ 
0.028 rel. units, while in healthy children the corre- 
sponding value was 0.654+0.026 rel. units. In children 
with IDDM, most erythrocytes were characterized by 
low content of the studied substrate. The concentration 
of thiol groups in children with IDDM did not exceed 
the control value (0.311+0.023 and 0.279• rel. 
units, respectively), although a population of cells 
(absent in control) with a high concentration of the 

studied substrate appeared against the background in- 
crease in the fraction of erythrocytes with decreased 
content of SH-groups. Phospholipid composition of 
erythrocyte membrane was characterized by a signifi- 
cant increase in PEA and decrease in the content of 
phosphatidic acid in comparison with the control. Mi- 
croviscosity of the lipid bilayer in children with IDDM 
and ketoacidosis exceeded the corresponding para- 
meter F / F  in the control (Table 1). Electron micros- 
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copy study revealed pronounced erythrocyte polymor- 
phism in children with IDDM in the period of stage 
III metabolic decompensation (Figs. 1 and 2). In this 
period, the number of discocytes was significantly 
lower than in the control (p<0.001, Fig. 1). At the same 
time, the content of transitional (ellipsoid and flat discs, 
discocytes with single or multiple projections and a 
crest, and mulberry cells), nontransitional (domed, 
spherical, and deflated balls), and degenerative forms 
significantly increased in comparison with the control 
group and group with IDDM without ketoacidosis (Fig. 
1). The indices of reversible erythrocyte aggregation 
significantly differed from the control. 
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Fig. 1. Distribution of morphological forms of peripheral blood erythrocytes in children with insulin-dependent diabetes mellitus inthe period of 
stage I-II metabolic decompensation without ketoacidosis (light bars) and in the period of stage III metabolic decompensation v~th ketoacidosis 
(dark bars), scanning electron microscopy. Discocytes (a), transitional (b), nontransitional (c), and degenerative (d) forms. Control (C); before 
(/), during (11), and after (111) therapy. 
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and activation of  reversible erythrocyte aggregation. 
These changes in the structural and functional status 
of erythrocytes in children with IDDM depend on the 
stage of metabolic decompensation and are most pro- 
nounced in patients with ketoacidosis. 

Fig. 2. Electron microscopy of peripheral blood erythrocytes in patients 
with insulin-dependent diabetes mellitus in the period of stage III 
metabolic decompensation with ketoacidosis, x2000. 

Therefore, the development of  IDDM in children 
is characterized by pronounced disturbances in struc- 
tural and functional status of peripheral blood erythro- 
cytes: the percentage of prehemolytic, hemolytic, and 
degenerative forms increased against the background 
decrease in the number of  biconcave discocytes; ac- 
cumulation of  lipoprotein-deficient cells was accom- 
panied by redistribution of erythrocyte population in 
respect to the content of  sulfhydryl groups; the in- 
crease in microviscosity of  the lipid bilayer was asso- 
ciated with changes in their phospholipid composition 

REFERENCES 
1. T. S. Balashova, E. N. Tomilova, M. I. Balabolkin, and A. 

A. Kubatiev, Tel'. Arkh., 68, No. 2, 53-56 (1996). 
2. Yu. A. Vladimirov and G. E. Dobretsov, Fluorescent Probes 

in the Stud), of" Biological Membranes [in Russian], Moscow 
(1980). 

3. G. I. Kozinets and Yu. Simovart, The Surface Architectonics 
o f  Peripheral Blood under Normal Conditions and during 
Blood System Diseases [in Russian], Tallin (1984). 

4. A. A. Kubatiev, T. S. Balashova, M. I. Balabolkin, and E. N. 
Tomilova, Byull. E~p. Biol. Med., 122, No. 7, 109-113 (1996). 

5. A. G. Maksina, N. P. Mikaelyan, B. A. Dainyak, and Yu. A. 
Knyazev, Biofizika, 39, No. 3, 475-478 (1994). 

6. E. M. Simovan'yan and E. K. Alimova, Vopr. Med. Khim., 
No. 2, 28-33 (1984). 

7. T. I. Turkina, L. F. Marchenko, L. V. Sapelkina, et al., Probl. 
Endokrinol., 40, No. 3, 6-10 (1994). 

8. R. T. Tukhvatulin, V. N. Shuvaeva, N. Kh. Shadrina, and 
V. A. Levtov, Fiziol. Zh. SSSR, 72, No. 6, 775-784 (1986). 

9. M. C. Barenbaum, Q. J. Micr. Sci., 99, 231-242 (1958). 
10. J. Gehotsky, Bratisl. Lek. Listy, 95, No. 3, 103-106 (1994). 
11. M. Chevremont and U. Frederic, Arch. Biol., 54, 589-593 

(1943). 
12. J. Folch, M. Lees, and G. H. Sloane-Stanley, J. Biol. Chem., 

226, No. 1, 497-509 (1957). 
13. A. Othmane, M. Bitbol, P. Snabre, and P. Mills, Eur. Bio- 

phys. J., 18, No. 2, 93-99 (1990). 
14. C. Watala, Ann. Acad. Medlozensis., 33, Nos. 3-4, 5-33 (1992). 
15. C. Watala and P. Winocour, Eur. J. Clin. Chem. Clin. Bio- 

chem., 30, No. 9, 513-519 (1992). 


