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Anemia is the most common blood disorder affecting 
about 1/3  of the world’s population [1]. Alimentary 
anemia and anemia associated with chronic diseases 
occupy one of the leading positions among this kind 
of disease [2-4]. The great variety of factors under-
lying anemia development makes it important to find 
optimal treatment based on the causes of the disease.

Despite significant advances in the prevention 
and treatment of anemia, this problem remains rel-
evant, and prevention and correction of this disease 
remain a priority area in modern hematology.

The biological effects of changes in the isotopic 
composition of the internal milieu of the body are 
now intensively studied [5-7]. Numerous scientific re-
ports show evidence that bilateral shifts in deuterium 
content result in a wide range of functional changes, 
including those in the neuroendocrine and immune 

systems [8-10]. Reduction of deuterium level in the 
internal milieu of the body as a factor of regulation 
of erythropoiesis and hemoglobin synthesis in eryth-
rocytes is still poorly studied. Moreover, the sensitivity 
of hematopoietic cells to changes in deuterium con-
centration remains an open question.

Our aim was to study the effect of prolonged re-
duction of deuterium level in the body on hemoglobin 
production and the parameters of erythropoiesis.

MATERIALS AND METHODS
The experiments were performed on adult male Wis-
tar rats (n=20; body weight 340-370 g) and approved 
by the Local Ethics Committee (Protocol No.  23 of 
March  25, 2020). The rats were housed in local vi-
varium and received standard laboratory chow. The 
control group rats (n=10) received tap water with nor-
mal deuterium content (146 ppm). Experimental rats 
(n=10) received water with reduced deuterium content 
(10  ppm; individual entrepreneur Selivanenko). The 
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deuterium concentration in water samples was verified 
using a T-LWIA-45-EP isotope analyzer (Los Gatos 
Research), which determines deuterium content with 
an accuracy of 1 ppm. Water consumption by the rats 
was measured and the volume per 100 g body weight 
was calculated; no differences between the control and 
the experimental groups were found.

The blood from the caudal vein was collected 
into tubes with K2-EDTA for prevention of clotting. 
Microscopic examination of blood smears stained with 
azure and eosin according to Romanovsky—Giemsa 
revealed no pronounced changes in the structure of 
erythrocytes (swelling, shrinkage, and fragmentation). 
Hemoglobin concentration, erythrocyte count, and 
erythrocyte distribution width were determined using 
a BC-2800 Vet hematological analyzer (Mindray). The 
above parameters determined before the experiment 
corresponded to normal values for animals of this 
age [11]. Further measurements were conducted 1 and 
2 months after the beginning of consumption of water 
with low deuterium content.

The data were statistically processed using the 
Statistica 7.0 software (StatSoft, Inc.). Quantitative data 
with approximately normal distribution were presented 
as M±SEM and were compared using the Student’s 
t  test. The differences were considered statistically 
significant at p<0.05.

RESULTS
One month after the start of the experiment, hemoglo-
bin concentration in rats consuming deuterium-deple
ted water was increased by ~11.2% in comparison with 
the control (Fig. 1). At the same time, the number of 
erythrocytes and the width of their volume distribu-
tion remained within the control values (Figs. 2 and 3).

In 2  months after the start of the experiment, 
the indices of erythropoiesis in control rats did not 
significantly differ from the previous term. In rats 
receiving deuterium-depleted water, the hemoglobin 
concentration in the blood at this term was signifi-
cantly higher than in the control (by 15.2%; Fig. 1), the 
number of erythrocytes increased by 10.1% compared 
to the previous term and was also significantly higher 
than in the control (by 14.8%; Fig.  2). The width of 
erythrocyte volume distribution decreased by 9.7% 
compared to the previous term and was below the 
control by 12.6% (Fig. 3).

Hemoglobin synthesis is known to continue in 
the erythrocyte throughout its early development 
from the stage of proerythroblast to the reticulocyte 
in the bone marrow. After loss of the nucleus, re-
sidual ribosomal RNA provides further hemoglobin 
synthesis until the reticulocyte loses its RNA shortly 
after entering the vasculature. Thus, the hemoglo-

Fig. 1. Hemoglobin concentration in the blood of rats receiving 
deuterium-depleted water ([D]) for 1 and 2 months. *p<0.05 in 
comparison with the control.

Fig. 2. Erythrocyte count in the blood of rats receiving deuterium-
depleted water ([D]) for 1 and 2 months. Here and in Fig. 3: 
p<0.05 in comparison with *control, +previous term.

Fig. 3. Erythrocytes volume distribution width in the blood of rats 
receiving deuterium-depleted water ([D]) for 1 and 2 months.

bin concentration in mature erythrocytes remains 
constant throughout its life cycle [12]. According to 
the published data, the consumption of water with a 
deuterium content reduced by 15 times compared to 
the natural level for 1 month is sufficient to reduce 
its concentration in the blood plasma, as well as 
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in internal organs [13]. At this term (1  month), we 
observed an increase in hemoglobin concentration, 
but without appreciable changes in erythropoiesis, 
which was confirmed by the absence of differences 
in the erythrocyte count and erythrocyte volume 
distribution width in the control and experimental 
groups. Hence, higher hemoglobin level was a result 
of intensification of its synthesis at the early stages 
of erythrocyte development.

Reduction of deuterium content in the body over 
2 months led to more significant changes in erythro-
poiesis parameters. Thus, hemoglobin concentration 
increased in comparison with not only the control 
group, but also experimental group at the previous 
term. The number of erythrocytes increased signifi-
cantly and the erythrocyte volume distribution width 
decreased. It is known that the erythrocyte volume 
distribution width is a quantitative measure of aniso-
cytosis, i.e. variability of the size of circulating eryth-
rocytes [14]. The decrease in this index along with 
increased erythrocyte count indicates a pronounced 
stimulating effect of long-term reduction of deuterium 
level in the body on erythropoiesis.

In addition to stimulation of erythropoiesis, deute-
rium reduction may also contribute to the prevention 
of erythrocyte death. It is known that consumption 
of water with deuterium concentration of 10  ppm 
for 60 days resulted in stimulation of the antioxidant 
defense system of erythrocytes and prevented their 
LPO-induced death [15], which may also be one of the 
reasons for the increase in erythrocyte count in the 
blood observed in our study.

Thus, decreased deuterium level in internal milieu 
of the body initiates intensification of hemoglobin 
synthesis in erythrocytes and further leads to activa-
tion of erythropoiesis. Since the observed processes 
occurred in healthy animals with normal hematopoi-
esis, the reduction of deuterium level in the body 
can be considered as a possible option of alternative 
non-pharmacological erythropoiesis regulation.
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