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Intensive formation of hemopoietic islets and secretion of humoral hemopoiesis stimu-
lators by cells of the hemopoietic microenvironment underlie activation of proliferation
and differentiation of erythroid and granulocyte-macrophage precursors in conflict situ-
ation. Stimulation of division and maturation of committed granulomonocytic precur-
sors during paradoxical sleep deprivation is primarily related to intensive secretion of
humoral factors by hemopoietic elements. The inhibition of proliferative activity and
differentiation of erythroid precursors is associated with the impaired formation of eryth-
roid hemopoietic islets and suppressed secretion of humoral erythropoiesis stimulators
by nonadherent fractions of the hemopoietic microenvironment.
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Our previous studies revealed the mechanisms un-
derlying adaptive reconstruction of the hemopoietic
tissue in experimental animals with neuroses of
various geneses [5,6]. Conflict situations are ac-
companied by hyperplasia of the bone marrow
hemopoiesis. Paradoxical sleep deprivation is fol-
lowed by stimulation of granulocytopoiesis and
inhibition of erythropoiesis [5]. Various neurotrans-
mitters, including norepinephrine, dopamine, sero-
tonin, and acetylcholine are involved in plastic
reconstructions of the hemopoietic tissue during
neuroses [3,9,10]. The regulatory effects of neuro-
transmitters on hemopoiesis are realized via the
sympathetic nervous system [8]. Erythropoiesis and
granulocytopoiesis are associated with activity of
serotoninergic and dopaminergic systems, respec-
tively [9]. During experimental neuroses adrenergic
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receptors localized on elements of the hemopoiesis-
inducing microenvironment (HIM) and hemopoie-
tic precursors transfer information to hemopoietic
target cells [2,8]. The mechanisms underlying local
regulation of hemopoiesis during experimental neu-
roses are poorly understood.

Here we studied the role of HIM in the regulation
of proliferation and differentiation of committed pre-
cursors in conflict situation and paradoxical sleep de-
privation.

MATERIALS AND METHODS

Experiments were performed on 150 CBA/Calac
mice aging 2-2.5 months (Laboratory of Experi-
mental Biological Modeling, Institute of Pharmaco-
logy, Tomsk Research Center). Conflict situation
(10 min) [7] and paradoxical sleep deprivation (48
h) [14] served as the models of experimental neuro-
ses. On days 1-7 the animals were euthanized by
cervical dislocation under ether anesthesia. Unfra-
ctionated bone marrow cells (2x10° nuclear cells/
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Fig. 1. Contents of erythroid (a) and granulocyte-macrophage CFU (d), erythroid (b) and granulocyte-macrophage cluster-forming units
(e), and intensity of maturation of erythroid (c¢) and granulocyte-macrophage CFU (f) in the bone marrow of CBA/CaLac mice. Here and
in Figs. 2 and 3: conflict situation (7) and paradoxical sleep deprivation (2).
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Fig. 2. Counts of erythroid (a, ¢) and granulocyte-macrophage (b, d) CFU (a, b) and cluster-forming units (c, d) in S-phase of the cell

cycle in the bone marrow of CBA/CalLac mice.

ml) were cultured for 3 and 7 days in methylcellu-
lose tissue culture for obtaining colony- (CFU) and
cluster-forming units (CIFU) of erythro- (CFU-E
and CIFU-E) and granulomonocytopoiesis (CFU-
GM and CIFU-GM), respectively [1]. The intensity of
hemopoietic precursor differentiation was estimated
by the index of maturation (ratio between the counts
of clusters and colonies grown in the same well).
Proliferative activity of precursors was evaluated by
the method of cell suicidal using hydroxyurea [1].
Structural and functional organization of the bone
marrow was determined by enzymatic isolation of
hemopoietic islets and their counting in a Goryaev
chamber. The quantitative composition of hemo-
poietic islets was estimated by examination of cyto-
logical preparations. Erythroid, granulocytic, and mi-
xed (erythrogranulocytic) hemopoietic islets were iso-
lated by estimating morphological characteristics of

cells associated with central elements [1]. Erythro-
poietic and colony-stimulating activities in media con-
ditioned by adherent and nonadherent HIM cells
were measured in a semisolid culture on intact mouse
myelokaryocytes [1].

The results were analyzed by standard methods
of wvariational statistics. The significance of dif-
ferences was evaluated by Student’s ¢ test and Wil-
coxon nonparametric rank test.

RESULTS

Conflict situation led to a significant increase in the
count of bone marrow CFU-E and CIFU-E on days 2-
5 and 1-5, respectively. The number of CFU-GM and
CIFU-GM increased on days 1-5 (Fig. 1). After para-
doxical sleep deprivation the content of hemopoietic
precursors in mice underwent other changes. The
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Fig. 3. Total count of hemopoietic islets (HI, a) and number of erythroid (b), granulocytic (c), and mixed HI (d) in the bone marrow of

CBA/CalLac mice.

increase in the count of bone marrow CFU-GM
(days 1, 2, 5, and 6) and CIFU-GM (days 1-5) was
accompanied by a decrease in the number of CFU-
E (days 1-3, 5, and 6) and CIFU-E (days 1-3).
Proliferative activity of erythroid and granulo-
cyte-macrophage precursors markedly increased in
conflict situation (Fig. 2). These changes were accom-
panied by a significant increase in the maturation in-
dex for erythroid (days 1, 2, 4, and 5) and granulocyte-
macrophage precursors (days 1-3, Fig. 1). The count
of granulocyte-macrophage precursors in S-phase of
the cell cycle increased after paradoxical sleep de-
privation (CFU-GM on days 1 and 4-6; CIFU-GM on
days 1 and 3-6, Fig. 2), while activation of differen-
tiation of granulomonocytic precursors was initiated
only by the end of the observation period (days 5
and 6). The count of DNA-synthesizing bone mar-
row CFU-E decreased, while the number of ery-

throid clusters increased. The intensity of matura-
tion of erythroid precursors underwent wave chan-
ges. The rate of differentiation decreased on days
1 and 6, but increased on days 3-5 (Fig. 1).

After conflict situation the total number of hemo-
poietic islets in mouse bone marrow increased due
to accumulation of mixed (erythrogranulocytic) struc-
tures (Fig. 3). It should be emphasized that the count
of erythroid and granulocytic hemopoietic islets in-
creased 1 day after conflict situation, but decreased
on days 5 and 3, 5, and 7, respectively. By contrast,
the count of hemopoietic islets was low at all terms
after paradoxical sleep deprivation.

Proliferation and differentiation of hemopoietic
cells is regulated not only by cell-cell interactions, but
also by humoral factors released from HIM cells [4].
Conlflict situation intensified secretion of humoral fac-
tors by adherent and nonadherent HIM cells regu-
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lating erythropoiesis and granulomonocytopoiesis.
Paradoxical sleep deprivation was followed by an
increase in colony-stimulating activity in super-
natants of adherent (days 1, 2, and 4-7) and non-
adherent HIM cells (days 2, 3, and 5-7); erythro-
poietic activity of nonadherent fractions also increa-
sed (days 2-7). However, erythropoietic activity in
adherent HIM cells decreased on days 1-3 and 5-7.
Our results indicate that the activation of pro-
liferation and differentiation of hemopoietic pre-
cursors associated with the formation of hemopoietic
islets and secretory activity of HIM elements under-
lies hyperplasia of erythro- and granulomonocyto-
poiesis in the bone marrow. However, during para-
doxical sleep deprivation activation of proliferation
and differentiation of granulocyte-macrophage pre-
cursors is related only to intensive secretion of short-
distance humoral regulators. These changes are not
accompanied by an increase in the count of hemo-
poietic islets, in which committed hemopoietic pre-
cursors develop into mature cells [13]. The decrease
in proliferative activity of erythroid precursors and
inhibition of differentiation of erythropoietic pre-
cursors are associated with impaired formation of
erythroid (macrophage-positive) and mixed hemo-
poietic islets and suppressed production of humoral
erythropoiesis stimulators by adherent HIM cells.
These findings should be analyzed with respect
to the regulation of hemopoiesis by neurotransmitters
during neuroses [2,3,8-10]. Plastic reconstruction of
the hemopoietic tissues in conflict situation and para-
doxical sleep deprivation is a complex multifactor
process, which can be analyzed in terms of the the-
ory of functional systems [11,12]. According to this

theory, neurotransmitters, sympathetic nervous sys-
tem, adrenoceptors, and HIM elements are the con-
stituents of this functional system.
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