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The role of the dopaminergic system in the regulation of the granulocytic hemopoietic
stem was studied after administration of cyclophosphamide and 5-fluorouracil. Dopa-
mine in the central nervous system promotes the development of cytostatic-induced
myelosuppressions. The inhibitory effect of dopaminergic structures on granulocyto-
poiesis after administration the fluoropyrimidine antimetabolite was of shorter duration
compared to that observed in experiments with the alkylating agent. The inhibitory effect
of brain dopamine is associated with a decrease in proliferative activity and differentia-
tion of granulomonocytic precursors, prevention of hemopoietic islet formation, and im-
pairment of secretion of colony-stimulating activity in adherent cells of the hemopoiesis-
inducing microenvironment. Cyclophosphamide and 5-fluorouracil had different effects
on the rate of hemopoietic tissue regeneration, which was related to specific interaction
between distant regulatory structures and hemopoiesis-inducing microenvironment and
differences in the influence of cytostatics on hemopoietic and stromal cells.

Key Words: dopamine; granulocytopoiesis; hemopoiesis-inducing microenvironment;
precursor cells; cytostatics

Institute of Pharmacology, Tomsk Research Center, Siberian Division
of the Russian Academy of Medical Sciences

The monoaminergic system plays a major role in
the regulation of hemopoiesis. Receptors for cate-
cholamines and serotonin on hemopoietic and stro-
mal cells play a role in plastic reconstruction of the
blood system under extreme conditions (immobili-
zation stress, cytostatic treatment, and neuroses)
[1,2,4-6]. Activity of peripheral monoaminergic
mechanisms is regulated by the central nervous
system (CNS). After administration of cytostatic
drugs, the regulatory effect of dopaminergic struc-
tures on proliferation and differentiation of eryth-
roid cells is realized via dopamine receptors on
erythroid precursors and cells of the hemopoiesis-
inducing microenvironment. This effect is also me-
diated by changes in activity of the erythropoietin
system [5]. However, the regulatory effect of brain

monoamines on hemopoietic tissue during cytosta-
tic-induced myelosuppressions is poorly understood.
The mechanisms for dopaminergic regulation of
granulocytopoiesis remain unknown.

Here we studied the role of the dopaminergic
system in the regulation of granulocytopoiesis dur-
ing cytostatic-induced myelosuppressions.

MATERIALS AND METHODS

Experiments were performed on 620 female CBA/
CaLac mice (class I conventional mouse strain)
aging 2-2.5 months and obtained from the nursery
of the Institute of Pharmacology.

Cytostatic myelosuppression was induced by
single intraperitoneal injection of alkylating agent
cyclophosphamide (one-third of the maximum tole-
rated dose [MTD], 83 mg/kg) and fluoropyrimidine
antimetabolite 5-fluorouracil (76 mg/kg). The ani-
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mals of the treatment groups received intraperito-
neal injection of neuroleptic drug haloperidol in a
single dose of 30 mg/kg (Gedeon Richter A.O.) 30
min before cytostatic treatment. Control animals re-
ceived an equivalent volume of physiological sa-
line (0.2 ml) under similar conditions. The number
of neutrophilic leukocytes in the peripheral blood was
measured on days 1-7 after cytostatic treatment.
The animals were euthanized by cervical disloca-
tion under ether anesthesia. The count of mature
and immature neutrophilic granulocytes in the bone
marrow was evaluated. The content of granulocyte-
macrophage colony-forming (CFU-GM) and clus-
ter-forming units (ClFU-GM) in the bone marrow
was estimated by in vitro culturing of myelokaryo-
cytes in methylcellulose [3]. Proliferative activity of
granulomonocytopoietic precursors was studied by
the method of cell suicide using hydroxyurea. Cell
differentiation was assayed by the index of matura-
tion (cluster/colony ratio in the well) [3]. Structural
and functional characteristics of the bone marrow
were estimated by enzymatic isolation of hemopoie-
tic islets and study of their quantitative and qualita-
tive composition [7]. Colony-stimulating activity
(CSA) of conditioned media from adherent and non-
adherent cells of the hemopoiesis-inducing micro-
environment and blood plasma was tested using in-
tact mouse myelokaryocytes [3].

The final concentrations of dopamine (Sigma)
and recombinant granulocyte colony-stimulating
factor (CSF, Neipogen, Hoffman-La Roche) in the
bone marrow culture were 10—8 M and 5 ng/ml, re-
spectively.

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

RESULTS

Cyclophosphamide and 5-fluorouracil caused sup-
pression of bone marrow granulocytopoiesis (days
1-7 and 1-6, respectively) and neutrophilic leuko-
penia in the peripheral blood (days 1-5, and days
2 and 4-7, respectively; Fig. 1, Table 1). The rate
of division and maturation of granulocytic precur-
sors practically did not differ in treated and control
animals (Fig. 2). The exceptions were days 5 and
7 after administration of the alkylating agent and
fluoropyrimidine antimetabolite, respectively. Ad-
dition of granulocyte CSF under these conditions
was followed by CFU-GM growth in the culture of
nonadherent bone marrow cells.

The development of severe myelosuppression
was preceded by dysfunction the local regulatory

system. The alkylating agent and fluoropyrimidine
antimetabolite impaired the formation of fibroblas-
toid (days 1-6) and granulocytic hemopoietic islets
(days 1-4 and 6, and days 1-5, respectively; Fig.
1). Cyclophosphamide and 5-fluorouracil decrea-
sed the secretion of CSA by adherent (days 1, 3, 5,
and 7, and days 1, 3, and 7, respectively) and non-
adherent cells of the hemopoietic microenviron-
ment (days 1, 3, 5, and 7). They also caused defi-
ciency of CFU-GM growth factors in blood plasma
on days 3, 5, and 7. This conclusion was derived
from a sharp decrease in activity of biological flu-
ids (up to 80% of the basal level).

Cytostatic-induced suppression of granulocyto-
poiesis is associated with changes in the structural
and functional integrity of the bone marrow, CSA
deficiency in biological media, and inhibition of
proliferation and differentiation of granulomonocy-
tic precursors. However, neutrophilic leukocytosis
in the peripheral blood developed on days 6 and 7
after cyclophosphamide treatment. The increase in
neutrophil count was preceded by the formation of
granulocytic hemopoietic islets and acceleration of
division and maturation of granulocyte-macroph-
age precursors in the bone marrow (day 5). Acti-
vation of colony formation and accumulation of cell
complexes were observed at a later period after
administration of 5-fluorouracil (day 7). Stimula-
tion of regeneration after administration of the al-
kylating agent develops more rapidly than in ex-
periments with the antimetabolite. These differenc-
es are probably associated with a higher toxicity of
5-fluorouracil due to the impairment of RNA syn-
thesis, dysfunction of RNA [8,9,11,12], and bloc-
kade of DNA synthesis [10].

Study of the peripheral dopaminergic mecha-
nisms underlying the function of granulomonocy-
topoietic precursors showed that dopamine treat-
ment after administration of 5-fluorouracil in vitro
stimulated the growth of CFU-GM and increased
proliferative activity of precursor cells (day 7, Fig.
3). The intensity of granulomonocytic colony for-
mation and rate of precursor cell division in ani-
mals with cyclophosphamide-induced myelosup-
pression did not differ from those in the intact con-
trol. However, the maturation index significantly
increased on day 5 after cyclophosphamide admi-
nistration.

Hence, dopaminergic structures on granulomo-
nocytic precursors are involved in the regulation of
proliferation and differentiation during cytostatic-
induced myelosuppression. Dopamine primarily
stimulates precursor cell maturation and accelerates
precursor cell division after treatment with cyclo-
phosphamide and 5-fluorouracil, respectively.
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The haloperidol-induced decrease in activity of
brain dopaminergic structures had different effects
on the cytostatic inhibition of granulocytopoiesis.
The neuroleptic decreased the count of neutrophi-
lic granulocytes in the bone marrow on days 1-3
after administration of cyclophosphamide (Fig. 1).
Cell number increased in the follow-up period (days
5 and 6). The degree of neutrophilic leukopenia
(day 5) and neutrophilia (days 6 and 7) in the peri-
pheral blood under these condition was lower com-
pared to the control (untreated animals, Table 1).
Haloperidol prevented the development of 5-fluo-
rouracil-induced myelosuppression on day 5, but
on days 6 and 7 the number of bone marrow gran-
ulocytes was 61 and 67% of the control level, re-
spectively (Fig. 1). Progressive leukopenia in the
peripheral blood was observed on days 4-6. How-
ever, leukopenia was not found on days 2 and 7
(Table 1).

After consecutive treatment with the neurolep-
tic drug and cyclophosphamide, addition of CSF to
the culture of nonadherent bone marrow cells sig-
nificantly stimulated the formation of granulocyte-

macrophage colonies (days 5 and 7). These chang-
es were related to activation of granulomonocytic
precursor proliferation (Fig. 2). However, the ClFU-
GM/CFU-GM ratio decreased on days 3, 5, and 7.
CFU-GM release (days 5 and 7) in the methylcel-
lulose medium in the presence of dopamine results
from accelerated division (days 5 and 7) and matu-
ration (day 7), of precursor cells (Fig. 3). Blockade
of postsynaptic dopamine D2 receptors in the brain
and administration of 5-fluorouracil were followed
by an increase in differentiation of granulomono-
cytopoietic precursors induced by granulocyte CSF
(day 3) and dopamine (day 1; Figs. 2 and 3). The
intensity of colony formation did not exceed the
control level. Colony formation and proliferative
activity of precursor cells increased in the follow-
up period (day 5), but decreased by the end of the
study.

Haloperidol treatment after administration of
the alkylating agent prevented the development of
structural and functional disturbances in the bone
marrow on days 2, 4, and 6. This conclusion was
derived from the increase in the number of fibro-

Fig. 1. Number of neutrophilic granulocytes (a, e), content of fibroblastoid (b, f) and granulocytic hemopoietic islets in the bone marrow
(c, g), and CSA in supernatants of adherent myelokaryocytes (d, h) from CBA/CaLac mice receiving cyclophosphamide (a-d) and 5-
fluorouracil (e-h). Physiological saline (1) and haloperidol (2). Dark symbols: p<0.05 compared to the pretreatment parameter. p<0.05:
*compared to the parameter after cytostatic treatment and administration of haloperidol; +compared to physiological saline.
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blastoid and granulocytic hemopoietic islets (Fig.
1). During antimetabolite-induced myelosuppres-
sion this neuroleptic drug not only increased the
number of hemopoietic islets (days 2, 3, and 6), but
also inhibited the formation of cell complexes (day 7).

The blockade of dopamine D2 receptors in the
brain had no effect on the ability of nonadherent
cells in the hemopoiesis-inducing microenvironment
to produce CSA during cytostatic treatment. How-
ever, secretory activity of adherent myelokaryo-

Fig. 2. Number of CFU-GM (a, d), ratio of CFU-GM in S phase of the mitotic cycle (c, f), and maturation of granulocytic precursors (b,
e) in the bone marrow of CBA/CaLac mice receiving cyclophosphamide (a-c) and 5-fluorouracil (d-f). Stimulation with granulocyte CSF.
Here and in Fig. 3: light bars, physiological saline; dark bars, haloperidol. p<0.05: *compared to the parameter after haloperidol administration;
+compared to physiological saline.
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cytes increased after administration of cyclophos-
phamide (days 1 and 3) and 5-fluorouracil (day 7,
Fig. 1). After antimetabolite treatment, haloperidol
abolished the increase in activity in supernatants of
adherent nucleated cells (day 5) and blood plasma
(day 1).

Our results indicate that the rate of division
and maturation of granulomonocytic precursors,
activity of adherent cells in hemopoiesis-inducing
microenvironment, and CSA of blood plasma du-
ring cytostatic-induced myelosuppressions are re-
gulated by the dopaminergic system. The inhibito-

Fig. 3. Number of CFU-GM (a, d), ratio of CFU-GM in S phase of the mitotic cycle (c, f), and maturation of granulocytic precursors (b,
e) in the bone marrow of CBA/CaLac mice receiving cyclophosphamide (a-c) and 5-fluorouracil (d-f). Stimulation with dopamine.
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ry effect of brain dopaminergic structures on pro-
liferation and differentiation is realized via recep-
tors for granulocyte CSF and monoamine on gran-
ulomonocytopoietic precursors and mediated by
adherent cells of the microenvironment. However,
cytostatic drugs regulate several functions of he-
mopoietic tissue that depend on the mechanism of
their action. For example, peripheral dopaminergic
structures have various effects on division and mat-
uration of precursor cells during myelosuppres-
sions induced by 5-fluorouracil and cyclophospha-
mide. Blockade of postsynaptic dopaminergic D2

receptors in the brain after treatment with the alky-
lating agent restores the formation of hemopoietic
islets in the bone marrow, increases CSA production
by adherent myelokaryocytes, and stimulates CFU-
GM growth. Under these experimental conditions
the dopaminergic system increases the severity of
cytostatic damage to adherent nucleated cells of
the hemopoiesis-inducing microenvironment, sup-
presses division and maturation of granulocyte-
macrophage precursors, and initiates dissociation of
precursor and stromal cells in the microenviron-
ment. However, the restoration of cell complex for-
mation, stimulation of CSA production by adher-
ent nucleated cells, and increase in proliferative ac-
tivity of granulomonocytopoietic precursors in
5-fluorouracil-treated mice under the influence of
haloperidol are followed by the inhibition of CFU-

GM growth and development of severe damage to
the local regulatory system. It may be suggested
that the inhibitory effect of CNS dopamine on the
hemopoietic tissue decreases after antimetabolite
administration.
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TABLE 1. Effect of Haloperidol on the Number of Segmented Neutrophils (×109 cells/liter) in the Peripheral Blood of CBA/
CaLac Mice after Cytostatic Treatment (n=12, X±m)

Intact control Physiological saline 4.514±0.441 3.679±0.389

1 Physiological saline 1.364±0.114* 3.134±0.372
Haloperidol 1.481±0.147* 2.502±0.432*

2 Physiological saline 0.968±0.085* 1.366±0.268*
Haloperidol 1.104±0.167* 3.144±0.381+

3 Physiological saline 0.147±0.059* 2.914±0.329
Haloperidol 0.206±0.037* 2.433±0.326

4 Physiological saline 0.099±0.023* 1.144±0.168*
Haloperidol 0.077±0.011* 0.277±0.043*+

5 Physiological saline 0.511±0.224* 0.523±0.072*
Haloperidol 0.886±0.061* 0.196±0.025*+

6 Physiological saline 8.064±0.468* 0.401±0.057*
Haloperidol 5.203±0.496+ 0.175±0.018*+

7 Physiological saline 11.553±0.912* 1.106±0.167*
Haloperidol 9.086±0.779* 2.571±0.309+

Note. p<0.05: *compared to the intact control; +compared to cytostatic-treated animals with no haloperidol administration.

Period, days 5�FluorouracilCyclophosphamideIn vivo preparation
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