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We studied the role of monoamines in the regulation of functional activity of granu-
locyte-macrophage precursors during neuroses. Under conditions of conflict situation
and paradoxical sleep deprivation, monoamines of the central nervous system regulate
proliferation and differentiation via α-adrenergic structures on granulomonocytopoietic
precursors and cells of the hemopoiesis-inducing microenvironment.
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Monoamines regulate activity of erythroid precur-
sors under conditions of experimental neuroses [7].
The regulatory influence of monoaminergic sys-
tems is realized via adrenergic and erythropoietin-
sensitive receptors on erythroid precursors and cells
of the hemopoiesis-inducing microenvironment.
The granulocytic hemopoietic stem is also involved
in the compensatory and adaptive response in a
conflict situation and during paradoxical sleep de-
privation [1]. However, the monoaminergic regula-
tion of proliferation and differentiation of granu-
lomonocytopoietic precursors during neuroses is poor-
ly understood.

Here we studied the role of monoamines in the
regulation of functional activity of granulocyte-
macrophage precursors during neuroses.

MATERIALS AND METHODS

Experiments were performed on 520 male CBA/
CaLac mice (class I conventional mouse strain)

aging 2-2.5 months and obtained from the collec-
tion of the Laboratory for Experimental Biological
Modeling (Institute of Pharmacology, Tomsk Re-
search Center). Conflict situation (10 min) [1,5] and
paradoxical sleep deprivation (48 h) [1,6,9] served
as the models of experimental neurosis. The ani-
mals were anesthetized with ether and euthanized
by cervical dislocation on days 1, 2, 3, 4, 5, and 6
after neurosis modeling. The number of granulo-
cyte-macrophage colony-forming (CFU-GM) and
cluster-forming units (ClFU-GM) in the bone mar-
row was estimated by in vitro cloning of myelo-
karyocytes in a methylcellulose culture medium [3].
Proliferative activity of granulocytic precursors was
assayed by the method of hydroxyurea cell suicide.
The intensity of cell differentiation was determined
by the index of maturation (cluster/colony ratio in
a well) [3]. Colony-stimulating activity of conditio-
ned media from adherent and nonadherent cells of
the hemopoiesis-inducing microenvironment was
studied on intact mouse myelokaryocytes [3]. Sym-
patholytic agent reserpine (Polfa) in a single dose
of 2 mg/kg was injected intraperitoneally 5-7 min
before neurosis. The final concentration of α-adre-

Bulletin of Experimental Biology and Medicine, Vol. 141, No. 6, June, 2006



670

nergic agonist mesatone (State Research Center of
Medicines, Kharkov) in the culture medium was
10—8 M. The final concentration of recombinant
granulocyte colony-stimulating factor (CSF, Sigma)
was 5 ng/ml.

The results were analyzed by standard methods
of variational statistics. The significance of differ-
ences was evaluated by parametric Student’s t test
and nonparametric Wilcoxon—Mann—Whitney U
test.

RESULTS

The number of neutrophilic granulocytes in the
bone marrow initially decreased (day 1), but then
increased (days 4-5) under conditions of conflict
situation. Neutrophilic leukocytosis in the periphe-
ral blood was observed in different periods of the
study. The number of neutrophilic leukocytes in
the peripheral blood reached maximum on days
4-6 (Table 1). However, the number of cells in the
granulocytic hemopoietic stem increased on days
1 and 2 after paradoxical sleep deprivation.

Therefore, experimental neuroses are accom-
panied by hyperplasia of bone marrow granulo-
monocytopoiesis. These changes are most pronoun-
ced in conflict situation. In animals exposed to
conflict situation, the decrease in the number of
neutrophilic granulocytes in the bone marrow and
development of neutrophilic leukocytosis in the
peripheral blood contribute to cell redistribution.

Granulocyte CSF is the major regulator of gra-
nulocytopoiesis in the organism [8]. This cytokine
plays a role in the formation of granulocyte colo-
nies in vitro [10]. However, granulocytic precur-
sors serve as the target for catecholamines [2,4]. It
is important to study the role of adrenergic struc-
tures in proliferation and differentiation of granu-
locyte-macrophage precursors during neuroses.

Conflict situation increased the number of CFU-
GM (day 1) and ClFU-GM in the bone marrow
(days 1, 4, and 5). Acceleration of division and
maturation of granulocyte-macrophage precursors
was observed on days 1, 2, 4, and 5 (Fig. 1). Under
these conditions α-adrenoceptor agonist mesatone
in vitro increased the number of granulomono-
cytopoietic precursors in a methylcellulose culture
medium (CFU-GM, days 1 and 4; ClFU-GM, days
1, 4, and 5). We revealed an increase in prolifera-
tive activity of CFU-GM (days 4 and 5) and ClFU-
GM (days 1, 2, 4, and 5) and acceleration of pre-
cursor differentiation (days 1, 2, 4, and 5).

Paradoxical sleep deprivation increased the num-
ber of CFU-GM (days 2 and 5) and ClFU-GM (days
1 and 2). The intensity of CFU-GM division increa-
sed on days 1, 2, and 5. Maturation of precursors
increased on days 1, 2, and 5. α-Adrenoceptor ago-
nist in vitro increased the number of CFU-GM (day
2) and ClFU-GM in a methylcellulose culture me-
dium (days 2 and 4, Fig. 2). Activation of ClFU-
GM proliferation (days 4 and 5) and granulocyte-
macrophage precursor differentiation (days 1 and

TABLE 1. Effect of Reserpine on the Number of Neutrophilic Granulocytes in the Bone Marrow (×106 cells per femur) in
CBA/CaLac Mice with Neuroses (X±m)

Intact control Physiological saline (n=7) 1.49±0.16 5.99±0.57 1.49±0.16 5.99±0.57

1 Physiological saline (n=7) 0.77±0.07* 3.08±0.31* 2.04±0.18* 5.07±0.59

Reserpine (n=7) 1.03±0.09*+ 3.48±0.33 * 1.75±0.16 5.66±0.58

2 Physiological saline (n=7) 1.12±0.13 4.92±0.45 1.37±0.14 7.81±0.66*

Reserpine (n=7) 1.05±0.09* 3.59±0.36*+ 1.89±0.17 5.54±0.53+

3 Physiological saline (n=7) 1.43±0.15 4.81±0.44 1.33±0.12 6.23±0.61

4 Physiological saline (n=7) 1.92±0.18* 7.86±0.79* 1.24±0.13 5.84±0.59

Reserpine (n=7) 1.42±0.13+ 6.03±0.58+ 1.59±0.16 5.42±0.55

5 Physiological saline (n=7) 1.48±0.15 7.44±0.61* 1.47±0.14 5.3±0.49

Reserpine (n=7) 0.99±0.08*+ 4.2±0.4+ 0.82±0.08*+ 3.35±0.32*+

6 Physiological saline (n=7) 1.37±0.14 5.91±0.61 1.49±0.16 6.23±0.57

Note. n, number of animals. p<0.05: *compared to intact control animals; +compared to animals not receiving reserpine (immediately after
neurotizing exposure).

Period, days mature
neutrophilic
granulocytes

immature
neutrophilic
granulocytes

Paradoxical sleep deprivation

mature
neutrophilic
granulocytes

immature
neutrophilic
granulocytes

Conflict situation

In vivo agent
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4) was accompanied by a decrease in the number
of S-phase CFU-GM (day 2).

Peripheral α-adrenergic structures on granulo-
cyte-macrophage precursors are involved in the
regulation of cell proliferation and differentiation
during experimental neuroses. Mesatone in vitro
stimulates division and maturation of CFU-GM and
ClFU-GM, which contributes to enhanced produc-
tion of mature neutrophils in hemopoietic tissue
under these conditions.

Monoamines of the central nervous system (CNS)
determine the number of neutrophils in hemopoietic
tissue during neuroses [1]. We studied the mecha-
nisms for monoaminergic regulation of functional
activity of granulomonocytopoietic precursors.

Catecholamine depletion in CNS with reserpine
abolished hyperplasia of bone marrow granulocyto-
poiesis on days 4 and 5 after conflict situation (Ta-
ble 1). Sympatholytic treatment suppressed the growth
of CFU-GM and ClFU-GM in methylcellulose cul-
ture medium 1 day after conflict situation. The
number of precursor cells increased on days 4 and
5 (Fig. 1). Activation of precursor proliferation and
differentiation was less pronounced or delayed under
these conditions. After in vitro mesatone treatment,
reserpine suppressed the growth of granulomono-
cytopoietic precursors and inhibited division of
these cells. The rate of cell maturation decreased on
day 2, but increased on days 4 and 5.

Sympatholytic treatment suppressed bone mar-
row granulocytopoiesis on day 5 after paradoxical
sleep deprivation (Table 1). Suppression of CFU-
GM and ClFU-GM growth in the bone marrow cul-
ture was accompanied by a decrease in functional
activity of granulocyte-macrophage precursors. We
observed a decrease in proliferation of CFU-GM
(days 1 and 2) and ClFU-GM (days 5) and inhi-
bition of cell differentiation (day 2, Fig. 2). α-Ad-
renergic stimulation with mesatone had different
effects on granulomonocytopoietic precursors. This
treatment was accompanied by suppression of co-
lony formation and cluster formation (days 2 and
4, respectively), decrease in proliferative activity of
CFU-GM and ClFU-GM (days 5 and 4, respective-
ly), and inhibition of precursor differentiation (day
4). However, on days 1 and 2 after treatment the
number of ClFU-GM and rate of precursor cell
division and maturation were higher compared to
the control.

Our results indicate that under conditions of
neuroses, monoamine of CNS regulate proliferation
and differentiation of granulocyte-macrophage pre-
cursors via α-adrenergic structures. However, in
vitro experiments with mesatone showed that func-
tion of precursor cells increases in various periods

after reserpine treatment. These data seem to con-
tradict the hypothesis that sympatholytic agent de-
creases the number of neutrophilic granulocytes in
the bone marrow. Probably, the mechanisms of lo-
cal regulation of granulocytopoiesis are modified
under these conditions. Adrenoceptor antagonists
and agonists modulate production of colony-stimu-
lating activity by cells of the hemopoietic microen-
vironment [1]. The regulation of erythroid precur-
sors by monoamines is realized via α-adrenoceptors
on cells of the hemopoiesis-inducing microenviron-
ment [7]. We studied whether reserpine can affect
granulocyte-macrophage colony formation by mo-
dulating secretion of colony-stimulating activity in
myelokaryocytes.

Sympatholytic agent abolished the increase in
the production of colony-stimulating activity by ad-
herent (days 4 and 5) and nonadherent cells of the
hemopoiesis-inducing microenvironment during con-
flict situation (days 1, 2, and 5; Fig. 1). Under
conditions of paradoxical sleep deprivation, this
agent inhibited secretory activity of nucleated cells
in the adherent (days 2 and 5) and nonadherent
bone marrow fraction (day 4, Fig. 2). However,
media conditioned by nonadherent myelokaryo-
cytes obtained on day 1 of paradoxical sleep de-
privation stimulated granulocyte-macrophage colo-
ny formation.

Hence, the inhibitory effect of reserpine on the
granulocytic hemopoietic stem during neuroses re-
sults from the decrease in functional activity of cells
in the hemopoiesis-inducing microenvironment.

We conclude that under conditions of experi-
mental neuroses the state of granulomonocytopoie-
tic precursors and secretory activity of cells in the
hemopoiesis-inducing microenvironment are regu-
lated by monoamines of CNS. Instructive infor-
mation from CNS is transmitted via α-adrenergic
structures on cells of the hemopoietic microenviron-
ment and granulocyte-macrophage precursors. Prob-
ably, the role of distant mechanisms in the regu-
lation of the blood system under these experimental
conditions is not limited to the combined effect of
norepinephrine, dopamine, and serotonin. For
example, dopamine, serotonin, and norepinephrine
may exert the effector effect on hemopoietic pre-
cursors, stromal cells of the bone marrow, and nu-
trient blood vessels via specific receptors on the
plasma membrane [1,4]. Neurotransmitter systems
modulate the balance between hemopoietic micro-
environmental cells and functional activity of cells
(secretion of hemopoietic stimulators and inhibi-
tors, cell-cell interaction, etc.). These specific fea-
tures contribute to the increase in the production of
colony-stimulating activity by nonadherent myelo-
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karyocytes under conditions of reserpine treatment
during paradoxical sleep deprivation.
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