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It is established that the sympathetic nervous system controls the production of hu-
moral regulators of hemopoiesis by bone marrow cells forming a hemopoiesis-induc-
ing microenvironment in mice treated with 5-fluorouracil. The suppressive effect of
catecholamines on the erythropoietic and colony-stimulating activities of the adhesive,
nonadhesive, as well as the whole fraction of the bone marrow is shown using cat-
echolamines and ganglioblocker in the period of restoration of hemopoiesis after cy-

tostatic treatment.
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As was established previously, the sympathicoad-
renal structures play an ambiguous role in the
response of the hemopoietic tissue to cytos-
tatic action [10]. In the present investigation the
role of the sympathetic nervous system was stud-
ied in the regulation of hemopoietin production
by bone marrow cells in myelodepression caused
by the administration of a massive dose of 5-fluo-
rouracil.

MATERIALS AND METHODS

Experiments were carried out on 670 male CBA
mice (Rassvet nursery, Tomsk) weighing 18-20 g.
For modeling the state of myelodepression the
animals were i.p. injected one time with half of
the maximum permissible dose (114 mg/kg) of 5-
fluorouracil. The ganglioblocker pentamine (6 mg/
kg), the a-adrenoblocker dihydroergotamine (3.9
mg/kg), or the b-adrenoblocker propranolol (5 mg/
kg) was injected s.c. in combination with 5-fluo-
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rouracil 3-5 min before and 5 h after the cyto-
static or on the 3rd day following its injection
(twice at an interval of 5 h). Control animals were
injected with an equal volume of saline (0.2 ml).
Mice were killed by dislocation of the neck at
different times after cytostatic treatment. The
spontaneous production by bone marrow cells of
erythropoietic activity (EPA) and colony-stimulat-
ing activity (CSA) was tested as described previ-
ously [13] in a modification reported elsewhere
[4]. For this purpose, unseparated, adhesive or
nonadhesive nucleated bone marrow cells were in-
cubated for 24h in culture medium of the follow-
ing composition: 90% RPMI-1640 (Sigma); 10%
FCS (Flow); 10 mM HEPES (Flow); 40 mg/liter
gentamicin (Serva); 280 mg/liter L-glutamine
(Sigma); 2.5x10° M 2-mercaptoethanol (Sigma).
Upon completion of the incubation, supernatants
were collected and stored at -20°C for no more
than one month.

The data were processed statistically using the
nonparametric Wilcoxon U and T tests [6]. An
integral index characterizing the influence of the
test preparation on the production of humoral fac-
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Fig. 1.

Levels of CSA (@, ¢) and EPA (b, d) production by cells of whole bone marrow fraction of CBA mice treated with

pharmacological antagonists of the sympathetic nervous system at different times after 5—fluorouracil administration. Here and
in Figs. 2 and 3: Ordinate: Level of activity, x10° cells; a, b) combined administration of preparations and 5—fluorouracil; ¢, d)

on the 3rd day after 5—fluorouracil. I} 5—fluorouracil; 2) ganglioblocker; 3) a—adrenolytic; 4) B —adrenolytic.

denotes significance

of differences compared with data of ! according to the Wilcoxon U test.

tors was calculated as reported elsewhere [8] ac-
cording to our modification:

where » is the number of periods of measurement;
Mi). is the value of the the jth index at the ith time
of measurement; and jlf{J (0) is the initial value.

RESULTS

The present investigation established that, upon
injection in mice in a high dose, 5-fluorouracil
significantly boosts the secretory activity of bone
marrow cells which make up the hemopoiesis-in-
ducing microenvironment (HIM). Thus, among
other processes an increase of EPA and CSA in
supernatants from the whole bone marrow fraction
was noted from the 6th day of the experiment
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Fig. 2.

Levels of EPA production by adhesive {a, ¢) and nonadhesive (b, d) bone marrow cells in CBA mice treated with

pharmacological antagonists of the sympathetic nervous system at different times after 5—fluorouracil administration.

(Fig. 1). This is attested to by the elevation (by
88 and 30% of the baseline level, respectively) of
the integral index values (Table 1). Nevertheless,
the capacity of cells to produce humoral regulators
of erythro- and granulocytopoiesis attained maxi-
mal values only toward the 10th-11th days of the
experiment (Fig. 1). Here, only EPA production
was reliably elevated (3-3.5 times). Separation of
bone marrow nucleated cells into fractions showed
that the secretory activity of nonadhesive cells was

ahead of the others (Figs. 2, 3) and exceeded the
baseline level 2-4-fold on the 7th-10th days after
5-fluorouracil administration. This may be partly
due to the accretion of lymphocytes, which report-
edly [7] migrate from the thymus to the bone
marrow, on the 6th and 9th days. At the same
time, the levels of EPA and CSA production by
adhesive nucleated cells were reliably higher (2-
and 5-fold, respectively) than the initial value by
the 10th-11th days (Figs. 2, 3). It should be noted
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Fig. 3. Levels of CSA production by adhesive (a, c¢) and nonadhesive (b, d) bone marrow cells in CBA mice treated with
pharmacological antagonists of the sympathetic nervous system at different times after 5—fluorouracil administration.

that the EPA content in adhesive cell-conditioned
medium is rather low virtually throughout the pe-
riod of observations (the value of the integral in-
dex is 91%, Table 1). There is no doubt that the
enhanced hemopoietic activity of HIM cells on the
7th-11th days after 5-fluorouracil administration is
largely responsible for the reported [7,10,12] dynam-
ics of postcytostatic repair of the hemopoietic tissue
in the bone marrow. The elevation of EPA and
CSA production is of a nonspecific nature and is an
obligatory component of the adaptive reactions of
stress-realizing systems of the macroorganism sub-
jected either to a myeloinhibiting or to a myelo-
stimulating action [3].

The modulating effect of sympathetic transmit-
ters on the functional activity of HIM cells for 5-
fluorouracil administration is also evident from our

experiments with adrenergic pharmacological an-
tagonists. For instance, for combined administra-
tion of a- or P-adrenoblockers with 5-fluorouracil
(the 1st scheme) the levels of EPA and CSA pro-
duction by nucleated cells of different bone mar-
row fractions either did not differ or were signifi-
cantly below the control values (Figs. 1, 2, 3,
Table 1). Similar changes were found previously by
us when adrenoblockers were administered accord-
ing to an analogous scheme under conditions of
immobilization stress [2,5], which are known to be
characterized by enhanced sympathetic activity [9]
and boosted control of HIM by the sympathetic
nervous system [11].

On the other hand, treatment with adrenergic
antagonists on the 3rd day after cytostatic admin-
istration (the 2nd scheme) resulted mainly in
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TABLE 1. Values of the Integral Index (in %
Production by Bone Marrow Cells of Different Fractions
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of Baseline Level) Characterizing the Effect of Preparations on EPA and CSA

5-Fluorouracil +

5 - Fluo-

5-Fluorouracil + «- S-Fluorouracil + -

; ganglioblocker ‘ adrenoblocker adrenoblocker
Integral index rouracil : * ; .
Scheme 1 | Scheme Il | Scheme I | Scheme Il Scheme 1 = Scheme IT

EPA production, i ;
whole fraction 188 130* : 296 : 147 194 125° _‘ 253
CSA  production, | : |
whole fraction 130 135 224° 186 213 139 260"
EPA production, ;
nonadhesive fraction 200 } 124 363 138° 230 161 323
CSA production,
nonadhesive fraction 197 137 186 118* 226 83 168
EPA production,
adhesive fraction 91 117 229 69 157 67 204
CSA production,
adhesive fraction 223 159 428" 191 324 154 313

Note. * indicates p<0.01, * indicates p<0.05 for the reliability of differences in comparison with the control (cytostatic alone}

according to the Wilcoxon T test.

stimulation of the hemopoietic activity of cells
forming the hemopoietic microenvironment throu-
ghout the observation period (Table 1). At indi-
vidual times (on the 7th and 10th days) the CSA
and, especially, EPA content was above (2-fold and
more) the corresponding values in the control (cy-
tostatic alone) (Figs. 1, 2). The described processes
evidently underlie the markedly accelerated resto-
ration of cell number in the erythroid and granu-
locytic components of myelopeiesis which we es-
tablished previously using the 2nd scheme of ad-
ministering adrenergic antagonists [10].

Thus, it may be concluded that for 5-fluorou-
racil administration the hemopoietic function of
bone marrow cells forming HIM is significantly
controlled by the sympathetic nervous system. This
is also confirmed by the results of experiments
with pentamine, which mainly blocks autonomic
ganglia {1] and, like adrenoblockers, affects the ac-
tivity levels in conditioned media (Figs. 1, 2, and
3, Table 1). The negative effect of catecholamines
on the HIM production of humoral regulators of
myelopoiesis during periods of cytostatic-induced
devastation with subsequent repair of hemopoietic
tissue (3rd-11th days) is beyond question. Further-
more, the initial functional integrity of the sym-
pathetic nervous system is essential to the forma-

tion of an adequate HIM response to the admin-
istration of massive doses of 5-fluorouracil.
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