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Combined stimulatory effect of antiserotonin drug and erythropoietin on the bone marrow 
erythropoiesis was studied under conditions of cytostatic myelosuppression. The stimulatory 
effect of erythropoietin on regeneration of the hemopoietic erythroid stem increased, if sero-
tonin mediation in the CNS was disordered before induction of cytostatic myelosuppression. 
The stimulatory effect of a combination of cyproheptadine and epocrine (experimental group) 
signifi cantly surpassed that of cyproheptadine and epocrine monotherapies. The increase in the 
content of erythroid elements in the blood system of experimental animals was due to recovery 
of the structural and functional integrity of the hemopoietic tissue (at the expense of reduction 
of the suppressive effect of CNS serotonin on the formation of erythroid hemopoietic islets) and 
simultaneous stimulation of division and maturation of erythroid precursors with epocrine.

Key Words: erythropoiesis; erythropoietin; serotonin; hemopoietic islets; 5-fl uorouracyl

Institute of Pharmacology, Tomsk Research Center, Siberian Division 
of the Russian Academy of Medical Sciences. Russia. Address for 
correspondence: mmu7@inbox.ru. M. Yu. Minakova

Recombinant human erythropoietin preparations are 
used for the treatment of anemias of different origin, 
including those caused by cytostatics [2,8]. However, 
long-term therapy with these drugs leads to inevitable 
exhaustion of the pool of erythropoiesis precursors 
and, hence, to the development of complications [9]. 
This fact largely restricts the use of drugs on the basis 
of erythropoietin, endogenous regulator of erythron.

It should be noted that the development of cyto-
static anemia is caused by not only suppression of mi-
totic processes and maturation of erythroid precursors. 
Stubborn destructive changes in the hemopoietic tis-
sue, disorders in cell-cell interactions, and suppression 
of the erythropoietin system contribute to the develop-
ment of anemias [3]. Study of the distant mechanisms 
of hemopoiesis regulation revealed a relationship be-
tween activity of cells of the hemopoiesis-in ducing 

micro environment (HIM) and monoaminergic structures 
of the CNS [5,6]. Tropism of the erythroid hemopoietic 
stem to drugs modifying serotoninergic structures was 
found. These data suggest that recovery of the structural 
and functional integrity of the hemopoiesis erythroid 
compartment can appreciably potentiate the effect of 
synthetic analogs of endo ge nous erythropoietin on the 
erythron suppressed by cytostatics.

We studied the possibility of potentiation of the 
stimulatory effect of epocrine towards erythropoiesis 
suppressed by 5-fl uorouracyl by cyproheptadine (an-
tiserotonin drug).

MATERIALS AND METHODS

Experiments were carried out on 2-2.5 month-old fe-
male CBA/CaLac mice (n=550; certifi ed fi rst-category 
conventional inbred mice from breeding center of In-
stitute of Pharmacology).

Cytostatic myelosuppression was induced by a 
single intraperitoneal injection of 5-fl uorouracyl (fl uo-
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ropyrimidine antimetabolite) in 1/3 MTD (76 mg/kg). 
Cyproheptadine (antiserotonin drug; Serva) in a dose 
of 30 mg/kg was intraperitoneally injected 30 min be-
fore the cytostatic. The drug was dissolved in sterile 
saline directly before injection. Starting from the next 
day after cytostatic injection, the animals received 
daily subcutaneous injections of epocrine (recombi-
nant human erythropoietin, epoietin-α; Institute of 
Ex trapure Biopreparations) in a dose of 10 U/mouse 
for 5 days. Controls were injected with saline in an 
equivalent volume (0.2 ml) in all experimental series 
according to similar protocols. Intact animals served 
as the reference group (basal values).

Reticulocyte count in the peripheral blood was 
measured on days 2-7 and 12 after injection of the cy-
tostatic. The animals were then sacrifi ced by cervical 
dislocation under ether narcosis and erythrokaryocytes 
in the bone marrow were counted [4]. Structural and 
functional organization of the bone marrow was stud-
ied by enzymatic isolation of hemopoietic islets (HI) 
and subsequent evaluation of their quantitative and 
qualitative composition [11].

The data were statistically processed by standard 
methods of variation statistics. The signifi cance of 
differences was evaluated using Student t test or non-
parametric Mann—Whitney U test.

RESULTS

The content of erythrokaryocytes in the bone marrow 
was reduced after 5-fl uorouracyl injection throughout 
the entire period of observation; the drug caused the 

development of pronounced reticulocytopenia in the 
peripheral blood on days 2-6 of experiment (Fig. 1). 
Suppression of the erythroid stem was caused by in-
hibited formation of macrophage-positive, erythroid, 
and erythrogranulocytic (mixed) HI over the entire 
period of the study (Fig. 2). Secretion of humoral re-
gulators of erythropoiesis by adherent cells of HIM 
was disordered, the erythropoietin system was sup-
pressed, and serotonin-dependent proliferative acti-
vity and intensity of differentiation of erythroid pre-
cursors were inhibited under these conditions [3,6]. 
It is noteworthy that addition of recombinant human 
erythropoietin to the culture of nonadherent murine 
myelokaryocytes treated with cytostatics stimulated 
production of colony-forming erythroid units (CFU-E) 
[6]. Obviously, erythroid precursors retain high reac-
tivity to erythropoietin (one of the leading regulators 
of the erythron).

Treatment with epocrine after 5-fl uorouracyl led 
to a statistically signifi cant increase in the count of 
erythroid cells in hemopoietic tissue (days 4, 6, 7, 12; 
Fig. 1). A signifi cant increase in reticulocyte count in 
the peripheral blood was observed starting from day 2 
until the end of the experiment. It is noteworthy that 
the cell composition of hemopoietic erythroid stem 
normalized on days 6, 7, and 12 of experiment. Ac-
cording to modern concepts, burst-forming erythroid 
units (BFU-E) and CFU-E cannot proliferate without 
erythropoietin, and hemoglobin synthesis in erythro-
blasts does not start without it [1,10,12,13]. No doubt, 
the stimulatory effect of epocrine in our experiments 
is linked with stimulation of functional activity of 

Fig. 1. Effects of cyproheptadine, epocrine, and a combination of both on the time course of erythrokaryocyte count in the bone marrow 
(a) and reticulocyte count in the peripheral blood (b) in CBA/CaLac mice surviving after 5-fluorouracyl injection. Here and in Fig. 2: 1) injec-
tion of 5-fluorouracyl with saline; 2) course of epocrine after 5-fluorouracyl; 3) 5-fluorouracyl after cyproheptadine; 4) combined treatment 
with cyproheptadine and epocrine under conditions of 5-fluorouracyl treatment. Here and in Fig. 2: dark symbols: p<0.05 compared to 1; 
*p<0.05 compared to 2; +p<0.05 compared to 3.
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erythropoiesis precursors. The fact that erythropoietin 
preparation did not infl uence the structural and func-
tional integrity of the bone marrow throughout the 
entire study supports this conclusion (Fig. 2).

Cyproheptadine also stimulated erythropoiesis re-
generation after 5-fl uorouracyl treatment. This was 
seen from accumulation of erythrokaryocytes in the 
bone marrow (days 4, 6, 7, 12) and reticulocytes in 
the peripheral blood (days 2, 4-7, 12; Fig. 1). In con-
trast to epocrine, the effect of antiserotonin drug was 
mainly due to de novo formation of cell complexes 
with central macrophage element (days 2-4, 7), as well 
as formation of erythroid (days 2-4, 12) and mixed HI 
(days 2-4, 6, 7, 12; Fig. 2). Cyproheptadine suppres-
sion of CFU-E growth in culture of nonadherent mye-
lokaryocytes of animals injected with 5-fl uorouracyl 
confi rms the key role of this mechanism [6].

Blocking of postsynaptic serotonin C2 receptors 
followed by erythropoietin injection resulted in a more 
intense recovery of the erythroid stem cell count in 
comparison with that in animals treated with epocrine 
and cyproheptadine (days 3-12; Fig. 1). As early as on 
day 4, the content of erythroid cells in the bone mar-

row virtually did not differ from the initial level, and 
erythropoiesis hyperplasia developed by day 5. More 
active release of reticulocytes into peripheral blood 
resulted in the development of manifest reticulocytosis 
on days 6, 7.

The study of local mechanisms of combined ef-
fect of cyproheptadine and epocrine showed active 
recovery of the structural and functional integrity of 
the bone marrow in mice injected with 5-fl uorouracyl. 
The drugs promoted accumulation of macrophage-
positive (days 2, 4-7), erythroid (days 2, 7), and less 
so of erythrogranulocytic cell complexes (days 2, 4, 
6, 7, 12; Fig. 2). The formation of additional foci of 
erythroid hemopoiesis was followed by the develop-
ment of bone marrow erythropoiesis hyperplasia and 
blood reticulocytosis. It is noteworthy that erythroid 
HI cells in the experimental group were presented 
by medium and late polychromatophilic normoblasts, 
oxyphilic normoblasts, and reticulocytes. Interest-
ingly that the counts of nuclears in HI in control 
groups was signifi cantly lower than in the experi-
ment, no reticulocytes were detected in mice treated 
with cyproheptadine.

Fig. 2. Effects of cyproheptadine, epocrine, and their combination 
on the time course of macrophage-positive (a), erythroid (b), and 
erythrogranulocytic (c) HI in the bone marrow of CBA/CaLac mice 
surviving 5-fluorouracyl injection. Ordinate: HI content (�103 cells) 
in the bone marrow.
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Hence, violation of serotonin mediation in CNS 
before induction of cytostatic myelosuppression by 
5-fl uorouracyl and subsequent treatment with eryth-
ropoietin abolished suppression of the bone marrow 
erythropoiesis and promote intensive recovery of re-
ticulocyte count in the peripheral blood and even de-
velopment of reticulocytosis. The stimulatory effect 
in experiment (combination of cyproheptadine and 
epocrine) was higher in comparison with recovery 
of suppressed erythropoiesis in animals treated with 
epocrine or cyproheptadine.

The effect of CNS serotonin on HI under con-
ditions of 5-fl uorouracyl treatment is “destructive”. 
Our previous study demonstrated a suppressive ef-
fect of serotonin in vitro on mitotic activity of animal 
erythroid precursors under conditions of 5-fl uorou-
racyl treatment [6]. Hence, we hypothesize a “sero-
tonin” mechanism of anemia development in cytostatic 
treatment. It is realized at the level of committed he-
mopoietic precursors and local regulation system (HI 
formation). The use of drugs reducing activity of the 
serotoninergic system in therapy of cytostatic anemias 
seems to be advisable.
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