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Effects of a sympatholytic drug on bone marrow stromal and hemopoietic precursors were
studied on the model of cyclophosphamide-induced myelosuppression. Sympatholytic treat-
ment increased the content of hemopoietic stem cells of different classes in the bone marrow.
Selective stimulation of differentiation of polypotent precursors into granulocyte-macrophage
precursors was noted. Acceleration of proliferation and maturation of granulocytic precursors
was observed at later terms during regeneration of the hemopoietic tissue. The sympatholytic
inhibited proliferation of stromal precursors and reduced feeder activity of fibroblasts for

granulocyte precursors.
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Neurohumoral processes are the basis of structural and
functional organization of the blood system in extreme
exposures (cytostatic treatment, immobilization stress,
experimental neuroses) [2,3,8]. Under conditions of
cytostatic treatment (cyclophosphamide, 5-fluoroura-
cil), catecholamines via adrenergic receptors directly
inhibit committed hemopoietic precursors of the gra-
nulocyte-macrophage (CFU-GM) and erythroid (CFU-
E) lineages [3,6]. Catecholamines also inhibit recovery
of damaged hemopoietic microenvironment elements,
which aggravated uncoupling of CFU-GM and CFU-E
proliferation and differentiation processes and resulted
in delayed normalization of the cellularity of the ery-
throid and granulocytic lineages.

Regeneration of hemopoiesis under conditions of
myelosuppression cannot be completed without hemo-
poietic stem cells [1,5] and mesenchymal stem cells
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capable of transferring and creating hemopoietic mi-
croenvironment [1,9]. At the same time, the interac-
tion of hemopoietic and mesenchymal stem cells and
regulation of their activity by central neurotransmitter
structures under conditions of blood system pathology
are poorly studied.

Here we studied the role of CNS catecholamines
in the regulation of stromal and polypotent hemopoi-
etic precursors under conditions of cyclophosphamide
treatment.

MATERIALS AND METHODS

The experiments were carried out on 2-2.5-month-old
female CBA/CaLac mice (n=105, conventional mouse
strain obtained from the nursery of Institute of Phar-
macology, Tomsk Research Center, Siberian Division
of the Russian Academy of Medical Sciences).
Cytostatic myelosuppression was induced by single
intraperitoneal injections of alkylating cytostatic cy-
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clophosphamide in a dose of 83 mg/kg. The animals
of experimental group received single intraperitoneal
injection of sympatholytic reserpine (Polfa) in a dose of
2 mg/kg 30 min before cytostatic treatment. Intact ani-
mals served as the background (intact control, IC). On
days 1-7 after cytostatic treatment, the mice were sacri-
ficed by CO, overdose under ether narcosis and mature
and immature forms of neutrophilic granulocytes in the
bone marrow were counted. The content of polypotent
hemopoietic precursors in the bone marrow that formed
colonies consisting of non-differentiated hemopoietic
cells (CFU-N) was determined by the method of limit-
ing dilutions [4,5]. Then, differentiation of polypotent
hemopoietic precursors under the effect of granulocytic
CFU (CFU-G, neupogen, Hoffman-La Roche Ltd) into
more mature cells, CFU-GM and CFU-G, was studied
[5]. To this end, CFU after the 3rd passage were dis-
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sociated and transferred to culture media containing
G-CSF (2 ng/ml) for growth of CFU-GM and CFU-G.
The formed CFU were counted after 7 days.

The intensity of growth of granulocyte-erythroid-
macrophage-megakaryocyte colonies (CFU-GEMM)
consisting of 4 types of hemopoietic cells (erythro-
karyocytes, granulocytes, macrophages, and mega-
karyocytes) and granulocytic colonies was evaluated
[11]. Proliferative activity of CFU-G was evaluated
by the method of cell suicide using hydroxyurea and
the intensity of cell differentiation was determined by
the index of maturation (ratio of clusters to colonies
in the same well) [4]. We also evaluated the content
of stromal precursor cells forming fibroblast colonies
in culture of adherent myelokaryocytes (CFU-F) and
feeder activity of fibroblast cells for CFU-GEMM and
CFU-G [4].

% of IC
300

250
200
150
100 N
50

0_

-50 T T T T T T T

-
@!
—
[\S}
w
~
W
[@)}
-

% of IC
500

400

300

200

100

Day of experiment

Fig. 1. Effect of sympatholytic on the formation of CFU-N (a), CFU-GEMM (b), CFU-G (c), and CFU-F (d) in culture of bone marrow cells
from CBA/Calac mice treated with cyclophosphamide. Ordinate: intensity of CFU growth. Here and in Fig. 2, 3: 7) solvent, 2) sympatholytic.
Dark symbols: p<0.05 in comparison with IC; *p<0.05 in comparison with mice receiving solvent.
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The data were processed by standard methods of
variation statistics. Significance of differences was
evaluated using parametric Student’s ¢ test and non-
parametric Mann—Whitney U test. For data expressed
in fractions, Fisher exact test was used.

RESULTS

At the first stage of the experiment, the reactions of
hemopoietic and stromal precursors to cyclophospha-
mide treatment were evaluated. The concentration of
CFU-N in the hemopoietic tissue on day 2 after cy-
tostatic treatment increased by 9 times in comparison
with the level of intact control (Fig. 1, a). At later
terms (days 3-7) their content practically did not dif-
fer from the control. G-CSF increased the intensity of
formation of CFU-GM and CFU-G on day 2 in the cul-
ture of undifferentiated hemopoietic cells by 4.6 and
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7.7 times, respectively, in comparison with IC (Fig. 2,
a, b). On days 3-6, activity of this process decreased
(primarily for granulocytic precursors). Significant in-
crease in the count of CFU-CEMM was observed on
days 3 and 6 after cytostatic treatment: to 175-213%
from IC (Fig. 1, b).

In contrast to immature hemopoietic cells, the
growth of CFU-G was suppressed on days 1-5 and
proliferation of granulocytic precursors was inhibited
on days 1-4 after cytostatic treatment (Fig. 1, ¢; Fig.
2, ¢, d). The number of mitotically active CFU-G in-
creased (by 1.5 times in comparison with IC, p<0.05)
starting from day 5. However, despite acceleration of
proliferation the content of CFU-G in the hemopoietic
tissue at these terms was 67% of the corresponding
value in IC. The rate of differentiation of granulocytic
precursors into morphologically discernible neutrophilic
granulocytes also increased on days 5-7 after cytostatic

% of IC
200 7

180
160
140
120
100
80
60
40
20

0-
-20 T T T T

% of IC
900

800
700
600
500
400
300 pa
200 2
100
0 T T T T T

Day of experiment

Fig. 2. Effect of sympatholytic on the growth of CFU-GM (a) and CFU-G (b) in cultures of polypotent hemopoietic precursors and prolifera-
tive activity (c) and intensity of differentiation (d) of CFU-G in CBA/Calac mice treated with cyclophosphamide. Ordinate: intensity of CFU

growth, proliferative activity, and intensity of CFU-G differentiation.
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Fig. 3. Effect of sympatholytic on fibroblast-like cell-mediated stimulation of the formation of CFU-GEMM (a) and CFU-G (b) in CBA/CalLac
mice treated with cyclophosphamide. Ordinate: intensity of CFU growth.

treatment and peaked on day 6 attaining 742% (p<0.05)
of IC, i.e. the intensity of CFU-G differentiation consid-
erably surpassed their proliferative activity.

Thus, replenishment of CFU-G loss under condi-
tions of cytostatic-induced myelosuppression is asso-
ciated with mobilization and targeted differentiation
of polypotent hemopoietic cells into CFU-GM. It is
difficult to imagine that the compartment of committed
hemopoietic precursors in the hemopoietic tissue after

cytostatic exposure is formed exclusively from the de-
scendants of mobilized hemopoietic passing multistage
differentiation. According to current views, hemopoie-
sis in myelopoiesis-inhibiting influences is maintained
at the expense of a cytostatic-resistant population of
hemopoietic precursors [1]. This is also confirmed by
our findings that the rate of CFU-GM proliferation
and intensity of their differentiation sharply increased
starting from day 3 after cytostatic treatment [6]. We

TABLE 1. Effect of Sympatholytic on the Content of Neutrophilic Granulocytes (x10°8 cells/femur) in the Bone Marrow of

CBA/Calac Mice Treated with Cyclophosphamide

Day of experiment
Parameter IC
day 1 day 2 day 3 day 4 day 5 day 6 day 7
Immature neutrophilic
granulocytes
physiological saline | 2.48+0.28 | 0.60+0.11 | 0.46+0.03 | 0.66+0.08 | 2.84+0.25| 1.86+0.41| 3.20+0.31| 2.51+£0.14
p,<0.05 p,<0.05 p,<0.05
sympatholytic 2.48+0.28 | 0.58+0.06 | 0.76+0.12 | 1.86+0.08 | 2.88+0.23 | 2.65+0.33 | 2.93+0.25| 2.63+0.17
p,<0.05 p,<0.01 0,<0.001 p,<0.05
Mature neutrophilic
granulocytes
physiological saline | 6.35+0.49| 2.23+0.26 | 1.10+0.08 | 0.77+0.09 | 3.09+0.28 | 3.09+£0.65| 9.10+0.43 | 8.64+0.52
p,<0.05 p,<0.05 p,<0.05 p,<0.05 p,<0.05 p,<0.05
sympatholytic 6.35+0.49 | 1.89+0.20 | 1.51+0.28 | 2.45+0.08 | 3.37+£0.30 | 6.31+0.65| 9.55+0.57 | 9.24+0.51
p,<0.001 | p,<0.001 p,<0.05 p,<0.05 p,<0.05 p,<0.05 p,<0.01
0,<0.001

Note. p, compared to IC, p, compared to cytostatic control.
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believe that the observed uncoupling phenomenon in
the CFU-G compartment towards their accelerated dif-
ferentiation is an essential condition for postcytostatic
regeneration of the hemopoietic tissue.

The development of cytostatic myelosuppression
was accompanied by stimulation of stromal precur-
sors in the bone marrow: on days 1-2 their content
increased to 250-350% (p<0.05) of IC (Fig. 1, d). The
cytostatic reduced the rate of CFU-GEMM growth on
stromal cell feeder on day 2 (to 28% of the initial le-
vel). However, feeder activity of fibroblasts for CFU-
GEMM and CFU-G sharply increased on days 3 and
2 (by 1.8 and 2 times, respectively; Fig. 3). Preserved
contacts of stromal elements with primarily immature
hemopoietic precursors during myelosuppression de-
velopment probably provides rapid recovery of the
content of granulocytic hemopoietic islets previously
observed by us [7].

Sympatholytic promoted the recovery of neutro-
philic granulocyte content in the bone marrow on days
3 and 5 after cytostatic treatment (Table 1). The ob-
served effects were accompanied by additional increase
in the content of polypotent cells (day 4) and GEMM
precursors (day 3) in the hemopoietic tissue (Fig. 1, a,
b). However, the effect of the drug on G-CSF-induced
differentiation of CFU-N was ambiguous: enhanced
growth of CFU-GM in culture of undifferentiated
cells (day 2) was followed by a decrease in the rate
of colony formation (day 4). Opposite dynamics was
observed for CFU-G (Fig. 2, a, b).

Exhaustion of catecholamine depots accelerated
recovery of the granulocyte precursor pool, which was
seen from more rapid (compared to cytostatic con-
trol) appearance of CFU-G in methylcellulose medium
(days 4-5; Fig. 1, c). Further analysis of granulocytic
precursors revealed increased count of actively pro-
liferating CFU-G starting from day 3 (vs. day 5 in
cytostatic control). On day 3, the index of CFU-G
maturation increased and surpassed that in cytostatic
control by 196% (p<0.05; Fig. 2, ¢, d).

The sympatholytic decelerated the growth of
CFU-F. The formation of colonies containing fibro-
blast-like cells was observed one day later (day 2) than
in the cytostatic control (day 3; Fig. 1, d). Moreover,
the sympatholytic reduced feeder activity of fibroblast-
like cells for CFU-G (Fig. 3, b).

These findings suggest that the mechanism of gra-
nulocytopoiesis-inducing effect of the sympatholytic
includes activation of mature and immature precur-
sors. The content of buffer pool cells (granulocyte-
macrophage precursors) considerably increased un-
der these conditions. In the hierarchy of hemopoietic
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cells, granulocyte-macrophage precursors are CFU-
G precursors and largely determine their content in
the hemopoietic tissue under extreme exposures [1].
The increased production of CFU-G in the culture
of polypotent cells observed by us attests to acceler-
ated differentiation of committed precursors into more
mature cells of granulocytopoiesis. At the same time,
the intensity of stromal precursor proliferation and
feeder activity of fibroblasts for granulocyte precur-
sors decreased.

Taking into account the mechanism of sympatho-
lytic effect (exhaustion of catecholamine depots), we
can hypothesize that under conditions of cyclophos-
phamide treatment catecholamines of CNS along with
growth and inhibitory factors produce a suppressive
effect on hemopoietic stem cells of various classes and
CFU-G. In contrast, the content and functional activity
of stromal precursors increased under the effect of cat-
echolamines. According to current views, stromal cell
population of the bone marrow is extremely heteroge-
neous [9,10,12,13]. Apart from stromal precursors, it
contains undifferentiated cells capable of self-renewal
and differentiation. In light of this, we can hypothesize
that the function of mesenchymal stem cells depends
on activity of catecholamines.
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