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RESUMO

O problema da deficiéncia de ferro € urgente em muitos paises, independentemente dos padrdes de vida
socioecondmicos. Entre os problemas biomédicos, o estudo dos parametros bioquimicos do sangue é de suma
importancia. Um grande interesse em varios aspectos dessa questdao ndo é acidental, ja que a fungao de
transporte do sangue depende amplamente dela e, conseqientemente, da entrega eficiente de oxigénio, glicose,
aminoacidos, gorduras, vitaminas, sais minerais, horménios, mediadores, anticorpos e metabolitos para as micro-
zonas nos tecidos. O objetivo deste artigo € estudar o estado hematoldgico e o estado da membrana eritrocitaria
em mulheres em idade reprodutiva que sofrem de anemia ferropriva (ADF). A anemia por deficiéncia de ferro
(ADF) é uma combinagédo de sintomas clinicos e hematoldgicos, caracterizada pela formagéo deficiente de
hemoglobina devido & deficiéncia de ferro no soro e medula 6ssea, bem como o desenvolvimento de disturbios
troficos nos orgaos e tecidos. Durante o estudo, um hemograma completo foi realizado utilizando um ensaio
imunoenzimatico, utilizando os kits produzidos pela JSC Vector-Best, e 0 método de Kamyshnikov. Com base
nos resultados do estudo da capacidade de sorgéo de eritrécitos (ESC) em mulheres em idade reprodutiva com
ADF, estabeleceu-se que este paradmetro é 1,2 vezes maior do que no grupo controle. O desenvolvimento de
anemia esta associado a mudangas significativas na estabilidade osmética dos eritrécitos, o que resulta em um
aumento na proporcao de eritrécitos instaveis e de alta resisténcia. A novidade cientifica do artigo € que os
autores estabeleceram os pardmetros-chave para detec¢do de anemia por deficiéncia de ferro.

Palavras-chave: deficiéncia de ferro, sistema sanguineo, teor de hemoglobina, membrana eritrocitaria,
resisténcia osmotica.

ABSTRACT

The problem of iron deficiency is urgent in many countries, regardless of the socio-economic standards
of living. Among biomedical problems, the study of biochemical blood parameters is of paramount importance. A
great interest in various aspects of this issue is not accidental, since the transport function of the blood largely
depends on it and, consequently, the efficient delivery of oxygen, glucose, amino acids, fats, vitamins, mineral
salts, hormones, mediators, antibodies and metabolites to the micro-zones in the tissues. The purpose of this
article is to study the hematological status and the state of the red blood cell membrane in women of reproductive
age suffering from iron deficiency anemia (IDA). Iron deficiency anemia (IDA) is a combination of clinical and
hematological symptoms characterized by impaired hemoglobin formation due to iron deficiency in serum and
bone marrow, as well as the development of trophic disorders in the organs and tissues. During the study, a
complete blood count was performed using an enzyme-linked immunosorbent assay, using the kits produced by
JSC Vector-Best, and the Kamyshnikov method. Based on the results of the study of the erythrocyte sorption
capacity (ESC) in women of reproductive age with IDA, it was established that this parameter is 1.2 times higher
than that in the control group. The development of anemia is associated with significant changes in the osmotic
stability of the erythrocytes, which results in an increase in the proportion of both unstable and high-resistance
erythrocytes. The scientific novelty of the article is that the authors established the key parameters for iron
deficiency anemia detection.
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AHHOTALUA

Mpobnema xeneszoaeuLMTHBIX COCTOAHUIA akTyanbHa B MHOMMX CTpaHax, He3aBUCUMO OT coLuarbHO-
9KOHOMWYECKOTO YPOBHSA XM3HWU. Cpean BrvomeamumHckux npobrnem udyveHve OGMOXMMUYECKMX NokasaTenen
KPOBM MMeeT MnepBOCTENEHHOe 3HadeHve. bonblion MHTepec K pasnuMuHbIM acrnekram 3Ton npobnembl He
CNnyyaeH, Tak Kak OT Hee BO MHOrOM 3aBUCUT TPaHCNOpTHas OYHKUUSA KPOBU U, criefoBaTeNbHO, 3h(eKTUBHLIN
TPaHCMOPT KMCMopoAda, [MKO3bl, aMWHOKWCIOT, >XUPOB, BUTAMWHOB, MWHEParbHbIX COMeln, FOPMOHOB,
MeanaTopoB, aHTUTENa M MeTabonuTbl K MUKPO30HaM B TKaHsX. Llenb paboTbl — udyumTb reMaTonormyeckuin
cTaTyC M COCTOofHME MeMmOpaH SpUTPOLMTOB XKEHWMH epTUnbHOro Bo3pacTa, cTpagaiwmx KIOA.
KenesopedumumtHaa aHemuss (OKOA) npepnctaBnsier cobol coveTaHue KIMHUYECKUX W remMaToslIormyeckmx
CYMMTOMOB, XapaKTepusylLmnxcs HapyweHmem obpasoBaHud remornobuHa wus-3a geduuuta xeresa B
CbIBOPOTKE M KOCTHOM MO3re, a Takke pasBUTUEM TPOUYECKMX HapyLUEeHWN B OopraHax u TkaHsx. B xope
uccrnegoBaHua  nposogunca obwmini aHanu3  KpPOBWM,  MUCMONb3oBancd  MeTod — TBepAodasHoro
UMMYHODEPMEHTHOro aHanusa, ¢ ucnonb3oBaHueM Habopos npoussoacTBa 3A0 «Bektop-bect» n meton
KambiwHukoBa. Mo pesynbtatam m3yvyeHusi COPOLMOHHOM E€MKOCTM 3PUTPOLIUTOB Y KEHLUMH (hepTUIbHOro
BospacTa ¢ KA ycTaHOBMEHO, YTO AaHHbIA NokasaTterb NoBbIWEH B CPAaBHEHUN C NokasaTernemM KOHTPOSTbHON
rpynnbl B 1,2 pasa. PasButne aHeMum CBA3aHO CO 3HAYMTENBHBIMU M3MEHEHUSIMN OCMOTUYECKON CTabUITbHOCTU
3PUTPOLINTOB, YTO MNPUBOOUT K YBENWYEHWMIO OOMNW KaK HecTabwibHbIX, Tak M 3PUTPOLUTOB C BbLICOKOM
PE3NCTEHTHOCTBLIO. HayyHas HOBM3HaA CTaTby B TOM, YTO aBTOpPbl YCTAHOBWIW, KakMe MnokKasaTenu siBNSATCS
KIMOYEBBLIMU MPU BbISBIIEHNM XeNe3oaedULNTHON aHEMUN.

KnioueBble cnoBa: Oeguuyum xenesza, cucmema Kposu, colepxkaHue eemoza/i0buHa, spumpouyumapHas

MeM6paHa, ocMomu4ecKas pe3ucmeHmHOCMb.

1. INTRODUCTION

The problem of iron deficiency is urgent
both in the countries with a low socio-economic
level and in economically developed countries.
According to the estimates of the World Health
Organization (2002), iron deficiency (ID) of various
severity affects about 4 bilion people,
representing more than 60% of the world's
population. Of these, IDA accounts for almost 2
billion, which makes IDA the most common
disease in the world and the most common type of
anemia (90%) (WHO: The World Health Report,
2002).

Iron deficiency anemia (IDA) is a
combination of clinical and hematological
symptoms characterized by impaired hemoglobin
formation due to iron deficiency in serum and bone
marrow, as well as the development of trophic
disorders in the organs and tissues. The incidence
of IDA is highest in children 12-17 years old,
pregnant women and women of reproductive age
(Konovodova and Yakunina, 2010; Tikhomirov
and Kocharyan, 2006). The highest ID rates are
observed in these risk groups. Thus, ID is
observed in more than 51% of women of
childbearing age, which is associated with monthly
blood loss and pregnancies (Malkoch et al., 2013;
Akkaya et al., 2019; Gou et al., 2019).

Changes in the blood, as the internal
environment of the body, are the middle link
between the fastest respiratory and circulatory
reflex reactions and the slowest changes in
metabolism (AlZahrani and Al-Sewaidan, 2017;
Gallo et al., 2017). The blood system has long
been a reliable clinical indicator for the
assessment of body condition. Due to its high
reactivity, it acts as an effector in the
implementation of adaptive and trophic influences
of the sympathetic nervous system (Kotelnikova,
2000; Burkitbaiev et al., 2017; Nobre et al., 2018).
Among biomedical problems, the study of
biochemical blood parameters is of paramount
importance.

A great interest in various aspects of this
issue is not accidental, since the transport function
of the blood largely depends on it and,
consequently, the efficient delivery of oxygen,
glucose, amino acids, fats, vitamins, mineral salts,
hormones, mediators, antibodies and metabolites
to the micro-zones in the tissues (Ciana et al.,
2017). The process of adaptation of the body to
adverse environmental factors is accompanied by
changes in metabolic processes in the tissues and
cells, which play an important role in haemato-
histo-lymphatic = metabolism.  This  process
depends on many factors, including the red blood
cell membrane stability (Prokopenko, 1995; Tong
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et al., 2018; Das et al., 2018). Increased stability
of the cell membranes maintains an optimal
number of cells in the blood that is necessary for
the physiological course of metabolic processes.
The aim of the study was to investigate the
hematological status and the state of the red blood
cell membranes in women of reproductive age
suffering from IDA.

2. MATERIALS AND METHODS

The study involved women of reproductive
age with 1-2 stage IDA and healthy women aged
18-50 years. A total of 50 patients were examined
(30 women with IDA, 20 women in the control
group). The diagnosis and severity of IDA were
verified in accordance with the recommendations
of the International Classification of Diseases and
the Haematology Manual (Vorobyeva, 1985;
Chowdhury et al., 2018; Klichkhanov and
Dzhafarova, 2018). Complete blood count was
performed on the MS4 hematological automatic
analyzer (Meletschloesing Laboratories, France)
with determination of hemoglobin (HGB), red
blood cell count (RBC), white blood cell count
(WBC) and red blood cell indices — mean cell
hemoglobin (MCH), mean cell volume (MCV).

The following parameters were determined
using the A-25 BioSystems biochemical semi-
automatic analyzer (Spain), using diagnostic kits
manufactured by JSC Vector-Best: serum iron
levels (Sl), total serum iron binding capacity
(TSIBC), creatinine and urea. Serum ferritin levels
were determined using the Alisei Q.S. ELISA
automated analyzer (SEAC, ltaly) by the method
of enzyme-linked immunosorbent assay, using the
kits manufactured by JSC Vector-Best.

The osmotic stability of the erythrocyte
membrane was  determined using the
Kamyshnikov V.S. method (Kamyshnikov, 2003;
Sawyer et al., 2018; Eapen et al., 2018). The
method is based on the determination of the
percentage of destroyed red blood cells in the urea
solution of various concentrations: 33%, 38%,
44%, 50%, 55%, 61%, 100%. Venous blood was
collected in the morning on an empty stomach into
heparinized tubes. The erythrocytes (0.3 ml) were
washed with cooled isotonic sodium chloride
solution (0.6 ml). 100 uL of washed red blood cells
were added to each of 7 centrifuge tubes with 5.0
ml of urea solutions with different concentrations.
After 10 minutes of incubation, the tubes were
centrifuged for 10 minutes at 1500 rpm. The
extinction above the sedimentary liquid was
measured at A540 nm using a spectrophotometer.
The percentage of haemolysed cells was

determined by the formula: 1. E7 = 100%, 2. E 1-
6 = x% 3.X = E1-6 x100% / E7. To study the
sorption capacity, the erythrocytes were separated
from the plasma and washed three times with
chilled saline. The erythrocyte sorption capacity
(ESC) was evaluated using the A.A. Togaybayev
method modified by T.V. Kopytova (Kopytova,
2006; Sutil-Vega et al., 2019; Minetti et al., 2018).
Units %.

3. RESULTS AND DISCUSSION:

The analysis of the hematological
parameters of the subjects showed that mean
hemoglobin levels (HGB) in healthy women were
132.1+£1.8g/L, and 101.9 £ 4.3 g/L in women with
IDA. Mean red blood cell (RBC) counts in the
control group were 4.4 £ 0.08 and 4.1 £ 0.1/10%/mL
in the IDA group. Mean cell hemoglobin (MCH)
and mean cell hemoglobin concentration (MCHC)
were lower in the IDA group compared to the
control group and were 29.6 + 0.2 and 22.8 £ 1.28
(p=0.00002) and 333.96 + 7.76 and 315 + 13.19
pg, respectively (p=0.385). Mean cell volume
(MCV) was lower in IDA and was 73.2 + 2.1 fL and
85.3 + 0.9 fL in healthy women (p=0.004). The
studied parameters are presented in Table 1.

Although serum iron (SI) and ferritin levels
in women with IDA were within the normal range,
they were significantly lower compared to the
control group (10.1 £ 2.0 ym/L, 31.21 £ 5; 3 ng/mL
and 15.37 = 1.1 umol/L, 86.81 + 5.05 ng/mL,
respectively). Serum iron binding capacity in these
women was increased and reached 73.61 + 5.68
MM/L, and in healthy women, it was 53.0 + 2.6
MmM/L. The study findings are presented in Table 1.

Prolonged hypoxemia in chronic [DA
results in changes in the protein-phospholipid
layer of the erythrocyte membrane, activation of
lipids and protein peroxidation, and the formation
of a “hard” membrane. One of the indicators of
changes in the properties of the cell membranes is
its sorption capacity. The analysis of the
erythrocyte sorption capacity (ESC) provides
information on the erythrocyte recovery, which
changes together with changes in the plasma
barrier properties. Decreased ESC is interpreted
as energy deficiency in the red blood cells.
Elevated ESC is considered an indicator of
membrane damage and cellular disorganization
(Kopytova, 2006; Grzeskowiak et al., 2018;
Vinogradov et al., 2017; Alshalani et al., 2018).
According to the results of the ESC studies in
women of reproductive age with IDA, this
parameter is increased compared to the control
group (Table 2).
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An increase in the ESC in patients with IDA
can be considered as an indicator of membrane
damage. The membrane damage may be caused
by oxidative stress, which develops during hypoxia
associated with iron deficiency. In addition to the
sorption capacity, the lability of the erythrocyte
membrane depends on such physiological
properties as deformability, ability to aggregate
and osmotic stability, ensuring the promotion of
red blood cells in the bloodstream and,
consequently, oxygen transport to the organs and
tissues. The results of the study of the erythrocyte
osmotic stability are presented in Table 3.

The data in Table 3 shows a significant
change in the osmotic stability of the erythrocytes
in women with anemia at various stages. In the
group of patients with | stage anemia (group 1), a
higher percentage of low-resistant erythrocytes
was observed (hemolysis increased in low-
percentage urea solutions), and the percentage of
haemolysed cells in the solution, 33%, and 38%,
was significantly different from the control group,
i.e., 7- and 4.3-fold, respectively. At the same time,
in solutions with a high concentration of the area,
the percentage of haemolysed cells was
significantly lower than in the control group,
indicating an increase in the proportion of the
osmotically stable erythrocytes in women with |
stage anemia. The proportion of haemolysed cells
in a 61% urea solution was significantly lower
compared to the control group, i.e., by 43%.

In the group of patients with Il stage
anemia (group 2), the same tendency was
observed but even more pronounced. Thus, in the
solutions with a low concentration of the urea, the
percentage of low-resistant erythrocytes was
lower than in the first group but rather higher than
in the control group: in 33% solution — 5.9 times,
38% and 50% solution — 3.25 times. At the same
time, the percentage of highly resistant
erythrocytes in 55% and 61% urea solutions was
significantly lower compared to the control group,
i.e., 3.2- and 2.8-fold, respectively, and compared
to group 1, i.e., by 48% and 24%, respectively. In
the patients of group 2, 12% more resistant cells
were observed in 100% urea solution, compared
to the controls. The results of the erythrocyte
osmotic stability studies in the patients with | and
Il stage anemia are presented in the form of
osmotic stability curves (Figure 1).

The osmotic stability curve for the control
group has the form of a graph of a direct linear
dependence: the percentage of haemolysed cells
is directly proportional to the concentration of urea
in the solution. The erythrocyte osmotic stability
curve for the patients of group 1 (with | stage

anemia) is inversely related to the proportion of
haemolysed cells in low and medium concentrated
solutions of urea. In the patients of group 2, the
erythrocyte osmotic stability curve has the same
pattern as that in the patients of group 1, with a
more significant tendency to a decrease in the
degree of hemolysis in the urea solution in almost
all studied concentrations.

The observed changes in the erythrocyte
osmotic stability in patients with anemia of various
severity can be interpreted as changes in the
physicochemical properties of the erythrocyte
membranes under conditions of increasing
hypoxia. In hypoxia, the activation of lipid and
oxidative protein metabolism in cell membranes
causes their chemical and conformational
rearrangement, which can lead to the appearance
of cells that are not resistant to the osmotic
pressure of their environment and create
conditions for reduced membrane permeability,
and thereby increase cell resistance to osmotically
active substances (Kanuri et al., 2018; Vazquez-
Martin et al., 2016; He et al., 2017; Alshalani and
Acker, 2017).

Therefore, the development of anemia is
accompanied by significant changes in the
osmotic stability of erythrocytes, which results in
an increase in the proportion of both unstable
erythrocytes and high-resistance erythrocytes.
This is reflected in changes in the pattern of the
erythrocyte osmotic stability curve. Exacerbation
of anemia with the same pattern of osmotically
resistant cell redistribution is associated with
higher quantitative parameters of the observed
changes.

4. CONCLUSIONS:

Mean cell hemoglobin (MCH) and mean
cell hemoglobin concentration (MCHC) were lower
in the IDA group compared to the control group
and were 29.6 £ 0.2 and 22.8 + 1.28 (p=0.00002)
and 33396 + 7.76 and 315 + 13.19 pg,
respectively (p=0.385). Mean cell volume (MCV)
was lower in IDA and was 73.2+2.1fLand 85.3 +
0.9 fL in healthy women (p=0.004).

Serum iron (SI) and ferritin levels in women
with IDA were within the normal range, it was
significantly reduced compared to the control
group (10.1 £ 2.0 um/L, 31.21 + 5; 3 ng/mL and
15.37 £+ 1.1 pmol/lL, 86.81 + 5.05 ng/mL,
respectively). Serum iron binding capacity in these
women was increased and reached 73.61 + 5.68
MM/L, and in healthy women, it was 53.0 £ 2.6
Mm/L.
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According to the ESC results in women of

reproductive age with IDA, this parameter was 1.2
times higher (19%) compared to the control group.
The development of anemia is associated with
significant changes in the osmotic stability of the
erythrocytes, which results in an increase in the
proportion of both unstable and high-resistance
erythrocytes. This is reflected in changes in the
pattern of the erythrocyte osmotic stability curve.
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Table 1. Iron exchange parameters in the study groups

Parameters Control group Patients with IDA p
(n=20) (n=30)

HGB, g/L 132.1+1.8 101.944.3 0.000
RBC, 108/mL 44 +0.08 4.1+0.1 0.269
MCV, fL 85.3+0.9 73.2+21 0.004
MCH, pg 29.6£0.2 22.8 +1.28 0.000
MCHC, pg 333.96£7.76 315+£13.19 0.385
Sl, ymol/L 15.37 £ 11 10.1+£2.0 0.019
TSIBC, um/L 53.0+2.6 73.61 +5.68 0.027
Ferritin, ng/mL 86.81 £5.05 31.21+5;3 0.000

Table 2. Erythrocyte sorption capacity in women with IDA

Parameter, unit Healthy women (n=20)

Women with IDA
(n=30)

ESC, % 23.6 +1.3 38.2+1.2%

Note: * significance of differences compared to the controls, p<0.01

Table 3. Osmotic stability of the erythrocytes in healthy women and women with anemia, % (M+m)

Urea solution concentration

Group 33% 38% 44% 50% 55% 61% 100%
Control 0.11 0.135 0.33 1.04 1.50 1.63 1.66
(n =20) +0.05 +0.038 +0.06 +0.99 +0.05 £0.045 £0.07
| stage IDA 0.77 0.58 0.31 0.41 0.695 0.72 1.69
(n=22) +0.14* +0.13* +£0.085 +0.10 £0.14 £0.15* +0.02
Il stage 0.65 0.44 0.28 0.32 0.47 0.58 1.48
IDA (n = 8) +0.52 +0.22 +0.1 +0.057 +0.07* £0.25* +0.09

Note: * significance of differences compared to the controls, p<0.01
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Figure 1. Osmotic stability curve
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