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Changes in Hemoglobin Isoforms in the Peripheral Blood
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Six hemoglobin isoforms were identified in the peripheral blood of male Wistar rats by PAAG
electrophoresis. Erythrocytes can be separated into 6 fractions by fractional centrifugation;
the fractions differ by the content of reticulocytes and cells with fetal hemoglobin. Cells in
each fraction contain one light and one heavy hemoglobin isoforms, and their combination is
specific to each fraction. Changes in the hemoglobin isoforms in the whole blood in case of
blood loss can be associated with changes in physical and chemical properties of circulating
erythrocytes, as well as with the formation of various cell populations resulting from activated

erythropoiesis.
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Hemoglobin diversity has been actively studied
in the last decades. The primary structure has been
described for more than 600 hemoglobin variants. Sev-
eral hemoglobins, with similar or varying structure
and functions, can be found in the blood of the same
individual [3,6,9,10]. Differences in affinity of differ-
ent hemoglobin isoforms to O, observed in birds and
reptiles suggest a potential mechanism of modulation
of blood affinity to oxygen via changes in the propor-
tion of hemoglobin isoforms in response to changes in
oxygen supply or demand [11,12]. Chronic hypoxia of
various origins results in increased production of fetal
hemoglobin (HbF) [2,7]. Similar increase in HbF levels
in adult body can weaken the pathological effects of
sickle cell disease [5,7]. We can conclude that chronic
hypoxia can cause shifts in hemoglobin isoforms to-
ward isoforms with higher oxygen affinity [1,5].

However, it 1s unclear whether similar shifts in the
proportion of hemoglobin fractions occurs in response
to short-term extreme stimuli (hemorrhage, hypoxia,
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etc.). The profile of hemoglobin fractions in various
erythrocyte populations under conditions of activated
erythropoiesis remains poorly studied. In this study
we chose a rat model, because the highest amount of
hemoglobin isoforms (6) has been described in rats.

We studied changes in hemoglobin fractions with
various molecular weights and the distribution of
hemoglobins and erythrocyte fractions in the whole
blood of rats with experimental posthemorrhagic ane-
mia (PHA).

MATERIALS AND METHODS

We used 30 male Wistar rats with a body weight of
250-300 g. The experiments were performed in com-
pliance of Directive 2010/63/EU of the European Par-
liament and the Council of the European Union (On
the Protection of Animals used for Scientific Purposes)
and approved by the Ethics Committee of the Institute
of Immunology and Physiology (Protocol No. 01/20,
April 8, 2020).

Massive blood loss in rats (n=15) was induced
by a single phlebotomy of the caudal vein under ether
anesthesia (2.0-2.5% body weight, 35-40% of the cir-
culatory volume) [1,4]. Blood samples were collected
before and on day 2 after blood loss. Intact rats served
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as controls (n=15). Animals of both groups were anes-
thetized by diethyl ether; blood samples (6 ml) were
collected from the caudal vein. Erythrocytes were
separated into 6 fractions by fractional centrifugation
[8]. In each fraction, qualitatively characteristics of
cells were evaluated on a Celly 70 analyzer (Biocode-
Hycel). In blood smears, erythrocytes containing fetal
hemoglobin (HbF) were detected by the Kleihauer—
Betke method [8,13]; reticulocytes were stained with
cresyl blue brilliant. Reticulocytes and HbF-containing
erythrocytes were counted per 1000 cells. Bone mar-
row samples were used for counting nuclei-containing
cells and myelogram (stained by Romanovsky—Gi-
emsa method). Hemoglobin isoforms were detected in
peripheral blood hemolysate prepared by the standard
method [8] and separated by electrophoresis in PAAG
as described previously [8].

Statistical processing was performed using Sta-
tistica 8.0 software (StatSoft, Inc.). The data are pre-
sented as M+m. The groups were compared using non-
parametric Mann—Whitney U test; the differences
were considered significant at p<0.05.

RESULTS

On day 2 after massive blood loss (2% body weight),
we observed typical signs of posthemorrhagic anemia
(PHA) described in numerous publications: reduced
erythrocyte count (6.42+0.36 vs 7.51+£0.02 g/liter
in controls, p<0.001) and hemoglobin content (109.5+
4.5 vs 135.6£1.9 g/liter in controls, p<0.05) in the
circulating blood and signs of erythropoiesis activa-
tion such as increased peripheral reticulocyte count
(1.95+0.08% vs 1.23+0.06% in controls, p<0.05);
increased level of HbF-containing erythrocytes
(3.55+0.05% vs 2.27+£0.06% in controls, p<0.05);
increased content of erythroid cells in the bone mar-
row (12.15+£2.06x10%100 g body weight vs 7.28+
1.03x10%100 g of body weight in controls, p<0.05) and
a shift in the leuko-to-erythroblast ratio toward erythro-
blasts (1.46:1 vs 2.74:1 in controls, p<0.05).

The morphological parameters of erythrocytes
in the whole blood and fractions were similar in rats
with PHA and controls: no significant differences
were observed for mean corpuscular volume (MCV;
54.07+0.57 fl vs 54.7+0.70 fl in the control) (Fig. 1).
Mean corpuscular hemoglobin (MCH) was reduced
only in fraction 1 (18.524+0.17 pg vs 19.26+0.11 pg in
the control, p<0.05), which was probably responsible
for hypochromia observed in PHA; in the whole blood,
this parameter was similar in experimental and con-
trol animals (18.39+0.66 pg vs 18.57+0.37 pg in the
control). At the same time, mean corpuscular hemo-
globin concentration (MCHC) was reduced in anemic
rats in all fractions except for fraction 3; in the whole
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Fig. 1. Morphological parameters of whole blood erythrocyte
fractions on day 2 of PHA. a) MCV, b) MCH, ¢) MCHC. *p<0.05
in comparison with the control (intact rats).

blood, this parameter was also similar in both groups
(33.1£0.64 g/liter vs 35.8542.13 g/liter in the control)
(Fig. 1).

Reduced MCHC reflects the impaired functional
activity of erythrocytes. This parameter depends on
the cell saturation with protein compounds, and its
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TABLE 1. Hemoglobin Isoforms in Peripheral Blood Erythrocytes on Day 2 after Blood Loss (n=15; M+m)
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Parameter F1 F2 F3 Fa F5 F6 Mean for all
Intact rats

Molecular weight, kDa 52.27+1.33 | 56.90£1.22 | 63.00:1.43 | 70.710.32 | 81.67:0.98 | 86.86:0.54 | 68.57+5.60
(42.1-50.4) | (47.5-63.3) | (52.2-70.6) | (68.6-72.5) | (76.9-80.6) | (83.5-89.8) | (42.1-89.8)

Distribution of isoforms, % | 10.93:0.90 | 13.07+1.10 | 43.97:0.80 | 20.520.50 | 8.64+1.30 | 2.85:0.57 —

Rats with PHA

Molecular weight, kDa 54.49+0.37 | 56.53:0.13 | 69.0420.14* | 71.820.14 | 78.12:0.45 | 86.04:054 | 69.3420.30
(53.0-56.8) | (56.1-57.3) | (68.8-69.8) | (71.2-72.5) | (75.6-79.5) | (82.6-88.5) | (53.0-88.5)

Distribution of isoforms, % | 9.11:0.20 | 10.43+1.00 | 28.52+1.30% | 24.55:0.60* | 11.13£0.32* | 16.25+1.30* —

Note. The range of parameter fluctuation is shown in parentheses. *p<0.05 in comparison with intact rats.

TABLE 2. Proportion of Light and Heavy Hemoglobin Isoforms in Erythrocyte Fractions (M+m)

Molecular weight, kDa Proportion of isoforms in erythrocytes, %

Erythrocyte fraction
heavy isoform light isoform heavy isoform light isoform
F1 intact 74.51+0.84 84.84+1.50 54.00£0.96 46.00+0.96
PHA 75.80+0.60 88.60+0.26* 43.00+£1.08 57.00+1.08
F2 intact 66.68+0.83 83.32+1.05 60.00+0.45 40.00£0.45
PHA 72.52+0.56* 80.77+0.78 46.25+3.50 53.70+3.51
F3 intact 64.04£1.08 71.89£0.57 33.30£0.76 66.70£0.76
PHA 67.75+0.88 70.47+0.35 42.00+1.47 58.00+1.47
F4 intact 64.55+0.46 73.46+1.04 43.10+0.88 56.90+0.88
PHA 56.17+£0.71* 67.40+£0.52* 36.50+1.50 63.50+1.50
F5 intact 55.30+0.80 61.70+0.52 37.10+1.56 62.90+1.56
PHA 55.57+0.39 64.20+0.42 26.75%£1.70 73.20+1.70
F6 intact 50.76+0.82 59.09+0.75 32.50+1.32 67.10%1.40
PHA 48.32+2.80 53.80+1.18* 24.25+2.17 75.75+£2.10

Note. *p<0.05 in comparison with intact rats.

reduction is associated with decreased hemoglobin
synthesis. Therefore, the proportion of hemoglobin
isoforms in PHA anemia is of special interest.
Hemoglobin isoforms in the whole blood were
separated by PAAG electrophoresis. In the samples
of intact controls, 6 isoforms were detected, which
agree with published data [5,10]. The most abundant
isoform was isoform 3 (F3) with a molecular weight
of 63.00+£1.43 kDa. In rats with PHA, the molecular
weight of F3 was increased, while its percentage was
lower; F5 and F6 became more abundant, while the
percentage of F1 and F2 remained unchanged (Table 1).
Each fraction of red blood cells contained one
light isoform and one heavy isoform. Heavy isoforms
were dominant in fractions 1 and 2; light isoforms
were dominant in fractions 3-6 (Table 2). In PHA, the
proportion of heavy isoforms on day 2 was increased

in 5 of 6 fractions, except for fraction 3, where an op-
posite shift was observed (Table 2).

According to our findings, changes in the pro-
portion of hemoglobin isoforms contribute to the
adaptation not only to chronic hypoxia, but also to
acute conditions (blood loss). Hemoglobin undergoes
polymerization and proteolysis in erythrocytes. In-
creased weight of hemoglobin isoform 3 and its re-
duced amount in the blood can be explained by its
polymerization. This process occurs in fraction 2 of
circulating erythrocytes. At the same time, the level
of erythrocyte fraction 5 with high content of this
isoform increases in blood. Erythrocyte fractions 4
and 6 have increased amount and reduced weight of
heavy hemoglobin isoforms, which can be a result of
proteolysis or altered synthesis. Thus, the shifts in the
proportion of hemoglobin isoforms in case of blood
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loss can be associated with changes in physical and
chemical properties of circulating erythrocytes, as well
as with the formation of various cell populations of
different origins as a result of activated erythropoiesis.
However, this area needs further research.

Thus, peripheral blood of rats contains 6 erythro-
cyte fractions with varying concentrations of hemoglo-
bin isoforms, reticulocyte count, and HbF-containing
erythrocyte count. Each fraction contains one light
isoform and one heavy isoform of hemoglobin. Ac-
tivation of erythropoiesis is associated with changes
in the proportion of hemoglobin isoforms; the rela-
tive content of heavy isoforms increased in all frac-
tions. Changes in the hemoglobin heterogeneity in
the whole blood in case of blood loss are associated
with changes in physical and chemical properties of
circulating erythrocytes, as well as with the formation
of various cell populations resulting from activated
erythropoiesis.

This study was performed on the equipment of
Common Use Centers of the Institute of Immunol-
ogy and Physiology, Ural Division of the Russian
Academy of Sciences, within the framework of the of
State Assignment for the Institute of Immunology and
Physiology (theme No. AAAA-A18-118020590108-7).
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