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Regular physical activity of moderate intensity over a long period (swimming at water tem-
perature of 33-35oC without load, 2 h per day, 5 days a week for 4 months) activated hemo-
poiesis in mice: stimulation of myelopoiesis in the bone marrow and increase in the percentage 
of erythropoietic elements in the spleen were observed. In the peripheral blood, the relative 
content of lymphocytes increased, that of granulocytes decreased, and plasma cells appeared. 
Stimulation of erythropoiesis in the spleen can be partially responsible for suppression of 
immune responses during physical exercise.
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Long-term intense exercise can produce multidirec-
tional effects on the immune system; in many cases, 
suppression of immune processes occurs [2,5,9]. In our 
previous animal experiments, regular physical exercise 
(swimming for 2 h without load at water temperature 
33-35oC 5 days a week for 4 months) signifi cantly 
modulated functional characteristics of the immune sys-
tem: reduced spontaneous and mitogen-induced prolif-
eration of splenocytes and inhibits cellular and humoral 
immune response to T-dependent antigen [3]. Increased 
physical activity is accompanied by increased oxygen 
demand in working muscles, which necessarily affects 
the state of the hemopoiesis in long-term regular train-
ing. A shift of balanced hemopoiesis processes towards 
preferential stimulation of erythropoiesis can be a pos-
sible mechanism of the inhibitory effect of physical 
exercise on the immune response.

Here we studied the status of hemopoiesis in ex-
perimental animals subjected to physical exercise in-
ducing suppression of the immune responses.

MATERIALS AND METHODS

Experiments were performed on 2-month-old male 
and female (CBA×C57Bl/6)F1 hybrid mice (Rassvet 
nursery, Tomsk). The animals were kept in accordance 
with rules adopted by the European Convention for the 
Protection of Animals used for Experimental and other 
Scientifi c Purposes (Strasbourg, 1986).

Swimming was chosen as a model of physical 
training in regimen leading to suppression of immune 
reactivity in experimental animals (swimming without 
load in a tank 60×30×20 cm3 at water temperature of 
33-35oC, 2 h per day, 5 days a week for 4 months) 
[3]. To minimize the stress effect, swimming duration 
was gradually increased over 2 weeks. Water tempera-
ture did not allow overcooling of animals, which was 
controlled by thermometry. As mice are capable to 
swim at the specifi ed water temperature for more than 
6 hours, the exercise intensity was moderate. Long 
duration of the experiments (4 months) allowed ani-
mal adaptation to the procedure. Under the specifi ed 
experimental conditions, blood level of corticosterone 
in experimental animals did not signifi cantly increase, 
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which attested to the absence of signifi cant stress fac-
tors [3].

The control group comprised intact sex- and age-
matched animals of the same genotype. Cell counts in 
the femoral bone marrow (BM), spleen, and periphe-
ral blood (PB) were determined. BM smears, impres-
sion smears from spleen, and PB smears were made 
to determine differential cell counts. Organs, tissues, 
and cells were isolated by standard methods. Blood 
smears were stained after RomanowskyGiemsa and 
analyzed routinely. BM smears and impression smears 
of the spleen were stained with azure II-eosin by the 
PappenheimKryukov method and analyzed routinely.

Hemoglobin content in BP was determined by 
hemichrome method using Hemoglobin-Novo test sys-
tem (Vector-Best). The results were expressed in mg/ml. 

The data were processed by methods of nonpara-
metric statistics; differences were signifi cant at p<0.05.

RESULTS

Hemoglobin content in PB increased in both male 
and female mice: to 163.5 mg/ml (vs. 143.3 mg/
ml in the control, p<0.05) in males and to 168.6 
mg/ml (vs. 144.8 mg/ml in the control, p<0.05) in 

females. Elevated hemoglobin content reflects ap-
propriate response of the organism to regular train-
ing and attests to activation of erythropoiesis under 
conditions of increased oxygen demand in actively 
working muscles.

Cell composition of BM, spleen, and PB were de-
termined in intact animals and after 4-month course of 
regular physical exercises. Long-term regular physical 
exercises induced no signifi cant changes in cell counts 
in the BM, spleen, and PB. A minor increase in cell 
count in the spleen and PB observed in animals of both 
sexes did not attain the level of signifi cance.

Analysis of cell composition of BM revealed 
changes in the relative content of cells of different he-
mopoietic lineages despite unchanged total cell num-
ber. Physical exercise led to activation of myelopoiesis 
in BM, while the content of erythroid cells decreased 
(Fig. 1). In contrast, in the spleen the relative content 
of erythropoietic elements increased (Fig. 2). Thus, in-
creased oxygen demand in muscle tissue led to a shift 
of erythropoiesis from BM to the spleen, an active site 
of hemopoiesis in adult rodents, especially under the 
infl uence of negative factors on erythropoiesis [12,14].

Regular physical exercise also induced changes 
in the hemogram. The percentage of granulocytes 

Fig. 1. Differential BM cell count in mice after long-term regular physical exercises (M; n=11). Here and in Fig. 2, 3: a, b) control group, 
males and females respectively; c, d) males and females after 4-month course of swimming, respectively. Dark sector: erythroid lineage 
cells; horizontal hatching: myeloid lineage cells; vertical hatching: lymphoid lineage cells; light sector: other cells. *p<0.05 in comparison 
with the control.
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decreased, the percentage of lymphocytes increased, 
plasma cells appeared in PB (Fig. 3).

The response of hemopoietic organs and PB to 
physical training demonstrated unidirectional changes 
in hemopoiesis in male and female mice, but in fe-
males they were more pronounced.

Reduced relative content of granulocytes in PB 
and, probably, activation of myelopoiesis in BM, can 
be associated with the development of infl ammation in 
muscle tissue characteristic of actively working mus-
cles, migration of granulocytic cells towards the site of 
infl ammation and their rapid death in these areas [6]. 
Elevated levels of hemopoietic growth factors G-CSF 
and GM-CSF occurred at physical training support 
enhanced myelopoiesis processes [15].

The data on the effect of physical activity on the 
immune system of humans, as well as experimental 
animals are contradictory. The effect depends on the 
type, duration, and intensity of loads and immune pa-
rameters studied. In many cases, suppression of im-

mune processes was observed [2,3,5,9]. The mecha-
nisms of immunosuppression involving various ele-
ments of the immune system depend on various factors 
and often remain unclear.

Physical activity modulating the physiological 
con dition of the body reduces or increases the con-
tent of many biologically active substances. Some of 
them have a direct effect on hemopoiesis and/or im-
mune processes. It was shown that intensive physical 
activity is accompanied by increased levels of IL-6, 
a pleiotropic cytokine with a wide range of effects 
including regulation of immune processes, hemopoie-
sis, and infl ammatory responses [1,4]. The infl uence of 
sex hormones on many parameters of the immune and 
hemopoietic systems has been clearly demonstrated 
in previous studies. They can mediate the effects of 
physical activity on the hemopoiesis and immune pro-
cesses. Physical exercises are shown to increase the 
production of testosterone suppressing immune reac-
tivity and stimulating erythropoiesis. Estrogens have a 

Fig. 2. Spleen cell count after long-term regular physical exercises (M; n=11). Dark sector: erythroid lineage cells; vertical hatching: lym-
phoid lineage cells; light sector: other cells. 
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stimulating effect on B-lymphocytes [7,11]; estrogen 
content is known to correlates with physical activity 
not only in females, but also in males.

Increased levels of estrogen and IL-6 during exer-
cise can lead to polyclonal activation of B-lympho-
cytes, which is confi rmed by the appearance of plasma 
cells in PB of experimental animals observed by us 
as well as by previously demonstrated increase in the 
spontaneous production of immunoglobulins by B-
cells in the spleen and BM and elevated concentrations 
of immunoglobulins in PB against the background of 
regular physical activity over a long period [3]. It is 
known that polyclonal activation of B cells is accom-
panied by reduced intensity of the immune response 
[8,10]. Hence, phenomenon of polyclonal activation 
of B-lymphocytes during exercise can be a cause of 
immunosuppression under these conditions.

Another possible factor leading to suppression of 
the immune response during exercise can be stimula-
tion of erythroid cells, which is confi rmed by elevated 
hemoglobin concentration in PB of experimental ani-
mals. Immunosuppression can develop as a result of 
competitive relationships between cells of the ery-
throid and lymphoid lineages. In addition, activated 
erythroid cells can directly influence the immune 

re sponse: bearing in mind the suppressive effect of 
erythroblasts on the development of humoral immune 
response, stimulation of erythropoiesis in the spleen 
can inhibit proliferation and differentiation of antigen-
specifi c B cells [13].

Thus, long-term exercises of moderate intensity 
activate hemopoietic processes in experimental animals: 
stimulation of myelopoiesis in the bone marrow and 
increase in the content of erythropoietic elements in 
the spleen. In PB, the percentage of lymphocytes in-
creased, that of granulocytes decreased, and plasma 
cells appeared. The suppression of immune reactivity 
observed during physical exercise can be explained by 
polyclonal activation of B-lymphocytes. In parallel, im-
munosupression during physical exercise can be caused 
by stimulation of erythropoiesis due to, fi rst, direct sup-
pressive effect of erythroblasts on B cells due to a shift 
of erythropoiesis from BM to the spleen, and secondly, 
by indirect effects of competitive interactions between 
cells of the erythroid, myeloid, and lymphoid lineages.
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