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The role of central adrenergic structures in the regulation of the erythroid hematopoietic
stem was studied during administration of cyclophosphamide and 5-fluorouracil. The
central nervous system contributed to suppression of erythropoiesis during cytostatic
treatment. The suppressive effect of brain adrenergic structures on the erythron after
treatment with cyclophosphamide and 5-fluorouracil was related to dysfunction of
adherent cells in the hemopoiesis-inducing microenvironment (formation of hemopoietic
islets and secretion of erythropoietic activity) and production of growth factors by
myelokaryocytes, respectively. Brain norepinephrine had an inhibitory effect on pro-
liferative activity and differentiation of erythroid precursors that were associated with
the erythropoietin and peripheral o-adrenergic structures. However, stimulation of -ad-
renergic structures was followed by an increase in the rate of erythroid cell maturation.
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Previous studies showed that central and peripheral
dopaminergic and serotoninergic structures are in-
volved in the regulation of the erythroid hemato-
poietic stem during myelosuppression [6,7]. How-
ever, the regulation of hematopoiesis involves not
only dopamine and serotonin. After cytostatic treat-
ment, o-adrenoceptors and B-adrenoceptors on com-
mitted hematopoietic precursors and cells of the
hemopoiesis-inducing microenvironment (HIM) are
involved in the regeneration of hematopoiesis [3].
It should be emphasized that activity of peripheral
adrenergic mechanisms is regulated by the sym-
pathetic nervous system. It cannot be excluded that
brain adrenergic structures had a modulatory effect
on the blood system during myelosuppressions.
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This assumption is confirmed by published data
that sympatholytic reserpine suppresses the hema-
topoietic tissue during neuroses [2].

Here we studied the regulatory effect of central
adrenergic structures on erythropoiesis during cyto-
static treatment.

MATERIALS AND METHODS

Experiments were performed on 896 female CBA/
Calac mice (class I conventional mouse strain)
aging 2-2.5 months and obtained from the nursery
of the Institute of Pharmacology.

Erythropoiesis was inhibited by single intra-
peritoneal injection of an alkylating agent cyclo-
phosphamide (CP, one-third of the maximum tole-
rated dose, 83 mg/kg) or fluoropyrimidine antimeta-
bolite 5-fluorouracil (FU, 76 mg/kg). The animals of
treatment groups received intraperitoneal injection
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of sympatholytic reserpine in a single dose of 2
mg/kg (Polfa) 30 min before cytostatic treatment.
Control animals received an equivalent volume of
physiological saline (0.2 ml) under similar con-
ditions. The number of peripheral blood reticulo-
cytes was measured on days 1, 2, 3, 4, 5, 6, and 7
after cytostatic treatment. The mice were euthanized
by cervical dislocation under ether anesthesia. The
count of bone marrow erythrokaryocytes was eva-
luated. The content of erythroid colony-forming
(CFU-E) and cluster-forming units (CIFU-E) in the
bone marrow was estimated by in vitro cloning of
nonadherent myelokaryocytes in methylcellulose
culture medium [4]. Proliferative activity of ery-
throid precursors was studied by the method of cell
suicide using hydroxyurea. Cell differentiation was
assayed by the index of maturation (cluster/colony
ratio in the well) [4]. Structural and functional char-
acteristics of the bone marrow were estimated by
enzymatic isolation of hemopoietic islets and study
of their quantitative and qualitative composition
[8]. Erythropoietic activity of conditioned media
from adherent and nonadherent cells of HIM and
blood serum was tested with intact mouse myelo-
karyocytes [4].

The final concentration of an o-adrenergic ago-
nist mezaton (GNTsLS, Kharkov) and B-adrenergic
agonist isoproterenol (Sigma) in the bone marrow
culture was 10—* M. The final concentration of
erythropoietin (Sigma) was 0.5 U/ml.

The results were analyzed by standard methods
of variational statistics. The significance of dif-
ferences was evaluated by parametric Student’s f¢
test and nonparametric Mann—Whitney U test.

RESULTS

Cytostatic treatment was followed by a significant
decrease in the number of bone marrow erythro-
karyocytes and peripheral blood reticulocytes (Fig.
1). Studying the local mechanisms for regulation of
hematopoiesis showed that long-term suppression
of the erythroid stem is associated with various
factors. It was primarily related to changes in struc-
tural and functional characteristics of the bone mar-
row (abnormal formation of hemopoietic islets, va-
riations in the production of erythropoietic activity
by HIM cells, and decrease in serum activity) and
suppression and/or inhibition of division and matu-
ration of erythroid precursors. The inhibition of
erythropoiesis in FU-treated mice was more pro-
nounced compared to animals of the CP group.
Probably, this antimetabolite had a stronger toxic
effect on hematopoietic tissue that the alkylating
agent.

Bulletin of Experimental Biology and Medicine, Vol. 146, No. 4, 2008 GENERAL PATHOLOGY AND PATHOPHYSIOLOGY

Catecholamine depletion in the central nervous
system (CNS) after injection of reserpine increased
the degree of CP-induced suppression of bone mar-
row erythropoiesis (day 2, Fig. 1). However, the
number of erythrokaryocytes in hematopoietic tis-
sue of FU-treated animals increased on days 4 and
5 after sympatholytic treatment (vs. day 6 in the
cytostatic control). The sympatholytic contributed
to reticulocyte accumulation in the peripheral blood
of mice from both groups. This effect was most
pronounced in CP-treated animals.

It should be emphasized that reserpine not only
decreases norepinephrine concentration in CNS, but
also inactivates the dopaminergic system. How-
ever, the neuroleptic haloperidol had a less pro-
nounced modulatory effect on the bone marrow
and peripheral blood than the sympatholytic [6].
Therefore, the effects of reserpine on the erythroid
hematopoietic stem are mainly realized via adre-
nergic structures of the brain.

Committed hematopoietic precursors deter-
mine the type of blood changes under extreme
conditions (stress, cytostatic treatment, and neuro-
ses) [2,3,5]. Functional activity of these cells is
regulated by not only erythropoietin, but also
peripheral o-adrenoceptors and [-adrenoceptors
on hematopoietic precursors. It cannot be exclu-
ded that the modulatory effect of reserpine on
cytostatic-suppressed erythropoiesis is realized via
erythropoietin-sensitive and adrenergic structures.

Under conditions of CP-induced myelosuppres-
sion, the sympatholytic significantly decreased the
rate of division and differentiation of erythroid pre-
cursors after addition of isoproterenol to the test
system (days 1 and 7). These changes contributed
to a decrease in the content of CFU-E in methyl-
cellulose medium to 1.5+0.2x10° and 2.0+0.1x10°
cells, respectively (vs. 3.5+0.5x10° and 3.8+
0.4x10° cells in the cytostatic control, respectively;
and 0.5+ 0.2x10° cells before treatment; Fig. 2). In
vitro stimulation of erythropoietin-sensitive and o-
adrenergic structures was also followed by inhi-
bition of proliferative activity (days 7 and 5, re-
spectively) and decrease in the index of precursor
maturation (days 1, 3, and 7). However, recom-
binant erythropoietin and adrenoceptor agonists
differed in the effect on erythroid cells. On days 1
and 3 after injection of the alkylating agent, addition
of Recormon to the culture induced a significant
increase in the CIFU-E/CFU-E ratio. This ratio in
mice of the treatment group was 367-2680% higher
than in control animals (CP, p<0.001). Mezaton
also increased the rate of erythroid cell maturation
(days 3 and 7).
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TABLE 1. Effect of Reserpine on Erythropoietic Activity (x10° Cells) in Biological Fluids of CBA/Calac Mice after Treatment

with CP or 5-FU (Xxm, n=9)

Period, days In vivo preparation

Intact control
CP 1

Physiological saline
Physiological saline
Reserpine
3 Physiological saline
Reserpine
5 Physiological saline
Reserpine
7 Physiological saline
Reserpine
5-FU 1 Physiological saline
Reserpine
3 Physiological saline
Reserpine
5 Physiological saline
Reserpine
7 Physiological saline
Reserpine

Supernatants Supernatants
of adherent of nonadherent Blood serum
myelokaryocytes myelokaryocytes

0.25+0.15 0.38+0.18 0.25+0.10

0.15+0.12 0.25+0.25 0.4+0.25

0.25+0.25 0.38+0.26 1.0+0.1
0.25+0.10 0.50+0.28 0.25+0.25
0.35+0.16 0.35+0.25 0.25+0.15
0.13+0.10 0.25+0.25 0.25+0.25
1.00+0.25 0.75+0.25 0.50+0.28
1.50+0.12* 1.55+0.15* 0.38+0.15
2.75+0.25** 1.0+0.1 0.25+0.14
1.25+0.15* 2.75+0.25* 0.25+0.15
2.75+0.25** 1.0+0.1* 1.4£0.1**
1.50+0.28* 0.25+0.22 0.25+0.25
1.0+0.2 0.75+0.25 0.5+0.25
0.25+0.25 1.0£0.2 0.50+0.28
0.2+0.1 0.25+0.15 0.25+0.15
0.25+0.22 0.50+0.28 0.35+0.20
0.38+0.23 0.5+0.3 0.38+0.22

Note. p<0.05: *compared to the intact control; *compared to cytostatic-treated animals with no reserpine treatment.

Under conditions of catecholamine depletion,
injection of FU, and addition of erythropoietin to
the test system, changes in functional activity of
precursor cells did not differ from those in animals
receiving the alkylating agent. We revealed a de-
crease in the count of clonogenic cells. Mezaton in
vitro decreased the content of CIFU-E and CFU-E
by 86 and 50%, respectively, compared to the cyto-
static control (day 1). The observed changes were
related to inhibition of division and maturation of
precursor cells (Fig. 3). These parameters increased
on days 5 and 7. Addition of isoproterenol to the
bone marrow culture was followed by various chan-
ges in erythroid precursors. The B-adrenergic ago-
nist increased proliferative activity of CFU-E, but
had an inhibitory effect on CIFU-E proliferation
and decreased the index of erythroid cell differen-
tiation on days 1 and 3 after antimetabolite injec-
tion. The content of CFU-E in S phase of the mito-
tic cycle decreased in the follow-up period. The

Fig. 1. Number of peripheral blood reticulocytes (a, €), erythro-
karyocytes (b, f), and macrophage-positive (¢, g) and erythroid
hemopoietic islets (d, h) in the bone marrow of CBA/CalLac mice
receiving CP (a-d) or 5-FU (e-h). Administration of physiological
saline (7) and reserpine (2). Dark symbols: significant differences
compared to the pre-treatment parameter (p<0.05). *p<0.05
compared to physiological saline.

content of mitotically active CIFU-E increased on
days 5 and 7.

After CP injection, reserpine decreased the di-
vision rate of committed erythroid precursors. The
maturation index of precursor cells did not decrea-
se, but even increased in certain periods after treat-
ment. These changes were most pronounced after
in vitro addition of recombinant erythropoietin.
During FU-induced myelosuppression, the sym-
patholytic had an inhibitory effect on the erythro-
poietin system and modulated the adrenergic me-
chanisms for regulation of proliferative activity and
differentiation of clonogenic erythroid cells. Brain
norepinephrine probably contributes to a significant
increase in proliferative activity of erythroid pre-
cursors after cytostatic treatment, which is realized
via the erythropoietin system and peripheral adre-
nergic receptors. Stimulation of B-adrenergic struc-
tures also increases the rate of erythroid cell matu-
ration. The interaction of CNS with erythropoietin-
sensitive and o-adrenergic structures may be followed
by the increase or inhibition of precursor cell differ-
entiation, which depends on the period of study.

We evaluated the effect of reserpine on HIM
after cytostatic treatment. After injection of CP,
reserpine increased the content of macrophage-
positive (days 1 and 3-6) and erythroid cell com-
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Fig. 2. Ratio of CFU-E in S phase of the mitotic cycle (a-c) and maturation of erythroid precursors (d-f) in the bone marrow of CP-
treated CBA/CalLac mice. Here and in Fig. 3: in vitro stimulation with recombinant erythropoietin (a, d), mezaton (b, e), or isoproterenol
(c, f). Light bars, physiological saline; dark bars, reserpine. p<0.05: *compared to the pre-treatment parameter; ‘compared to physiological

saline.

plexes (days 1-5) in the bone marrow. Moreover,
the secretion of EPA by adherent cells of HIM in-
creased under these conditions (days 5 and 7; Fig.
1, Table 1). After injection of FU, this sympatho-
lytic inhibited the formation of hemopoietic islets
with the central macrophage (days 1-5 and 7) and
erythroid cell complexes (days 1, 2, 4, 5, and 7).
The observed changes were more pronounced than
in the cytostatic control. Activity of conditioned
media from myelokaryocytes and blood serum in-
creased under these conditions (day 1).

After CP treatment, reserpine contributes to the
restoration of structural and functional integrity of
the bone marrow (de novo formation of hemopoie-
tic islets and secretion of EPA by adherent myelo-
karyocytes). It may be suggested that central adre-
nergic structures decrease activity of stromal cells
in HIM. After injection of FU, the sympatholytic
induced a greater decrease in the number of hemo-
poietic islets in hematopoietic tissue and caused an
increase in EPA of biological fluids. These data
indicate that CNS plays a role in the formation of
erythroid cell complexes and inhibition of EPA in
microenvironmental cells.

We conclude that central adrenergic structures
of the brain are involved in cytostatic-induced hypo-
plasia of bone marrow erythropoiesis. CNS regu-
lates the erythron through the erythropoietin system
and adrenergic structures on erythroid precursors.
An indirect regulatory effect is realized via HIM
cells. Suppression of the erythroid stem and de-
crease in the rate of regeneration differ in animals
of the CP and FU groups. These differences are
related to specific interaction between distant and
local regulatory systems, which depends on the
toxic effect of thecytostatic drugs on the blood
system. However, cytostatic-induced hypoplasia of
hematopoiesis is mediated by a variety of mecha-
nisms. After treatment with the antimetabolite and
alkylating agent, functional activity of HIM cells is
regulated by dopaminergic and serotoninergic sys-
tems of the brain [6,7]. The regulatory effect of
dopaminergic structures on structural and functio-
nal integrity of the brain is similar to that of nor-
epinephrine. However, serotonin inhibits the forma-
tion of hemopoietic islets after injection of FU.
Moreover, serotonin abolishes the suppressive ef-
fect of cytostatic treatment in CP-treated animals.
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Fig. 3. Ratio of CFU-E in S phase of the mitotic cycle (a-c) and maturation of erythroid precursors (d-f) in the bone marrow of FU-
treated CBA/CalLac mice.
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