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In the modern view neuroendocrine modulation of the protective functions of the body
ensures their optimization, which includes activity of the immune system [5, 6]. Its
disturbance in head injuries gives rise to early infectious complications, most frequently
pneumonia, which is often the cause of death [4, 12]. The disease develops against a back-
ground of activation of the hypothalamo-hypophyseo-adrenocortical system and of marked
leukocytosis; the degree of elevation of the blood level of glucocorticoid hormones and
the increase in the number of leukocytes depend directly on the severity of the head in-
jury [3, 4, 12, 14].

Activity of the immune system and its potential capacity are largely dependent on
the number of precursor cells supplied by the bone marrow.

The bone marrow is known to be the source of hematopoietic stem cells, the differen-
tiated progeny of which function actively in the immune system.

In severe mechanical trauma [7] phasic changes in migration of hematopoietic stem
cells are observed: stimulation of migration in the early period is followed by inhibi-
tion, immobilization stress intensifies the proliferative activity of hematopoietic stem
cells [3], and endogenous colony formation is depressed in burns [10]. The important role
of hypothalamic structures, thymus cells, and glucocorticoid hormones in the maintenance
of this bone marrow function has been established [1, 8, 13].

The aim of this investigation was to study the effect of closed head injury on func-
tion of the bone marrow, as the source of hematopoietic stem cells, assessed on the basis
of the intensity of endogenous colony formation in mice.

EXPERTMENTAL METHOD

Experiments were carried out on 772 male (CBA x C57BL)F, mice weighing 20-24 g. A
closed head injury of measured severity {(the model was developed in the Department of Gener-
al Pathology and Pathological Physiology, Research Institute of Experimental Medicine,
Academy of Medical Sciences of the USSR) was inflicted in the occipito-parietal region
of the mouse's head by a freely falling weight (25 g), sliding down a guide rod. In the
model of a mild head injury the weight fell from a height of 30 cm, and in the model of
a severe head injury it fell from a height of 65 cm; the mortality was 1.2 and 17.6%,
respectively. Several symptoms characteristic of this type of pathology were observed
in experimental head injury. Immediately after trauma, after transient excitation, during
the next 1-5 min the animals remained completely immobile, and during this time they did
not respond to painful stimulation and their muscle tone was lowered. This period was
followed by the development of tonic and chronic convulsions, lasting from a few seconds
to 2-3 min.

In some cases trauma was accompanied by bleeding from the nose and mouth, by auto-
nomic disorders, pareses and paralyses, and in some cases the injured animal died during
the first 20-25 min after trauma. Motor activity of mice which survived was partially
restored after 30-40 min, but even 4-5 h after trauma, these animals still differed con-
siderably (intact mice).
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Fig. 1. Changes in endogenous colony formation (a-c) and weight of
thymus (d) in mice with closed head injury of varied severity. a)
6.4 Gy, mild head injury; b) 9 Gy + screening of 1/3 of leg, severe
head injury; ¢, d) 6.4 Gy, severe head injury. Abscissa, time after
trauma; ordinate, number of macrocolonies (a-c), weight of thymus

(d) in percent of control. Number of animals shown on columns. Here
and in Fig. 2: unshaded columns — control, shaded — experiment.:

%p < 0.05, **p < 0.01, **%p < 0,001.

Different versions of endogenous and exogenous colony formation were used in the ex-
periments [11, 15]; sublethal total irradiation (6.4 Gy), lethal irradiation with protec-
tion of the bone marrow (9 Gy + screening of one-third of the leg), and injection of bone
marrow cells into irradiated mice. The mice were irradiated on the RUM-17 apparatus (vol-
tage 200 V, current 15 mA, dose rate 0.47 Gy/min, filters: 1 mm aluminum + 0.5 mm copper,
focal distance 50 cm) 1, 4, 8, and 30 days after closed head injury.

To study the effect of head injury on local conditions for splenic colony formation,
after 4 days the injured and control animals were given whole-body irradiation (9.2 Gy),
followed by intravenous transplantation of 5 x 10“ syngeneic bone marrow cells from intact
mice. Colony formation was evaluated by counting the number of 8-day macrocolonies in’
the spleen fixed in Bouin's fluid.

In separate series of experiments, and at the same times, the following parameters
were determined in the injured, unirradiated animals: body weight, weight and cell com-
position of the thymus, cell composition of the bone marrow, and number of reticulocytes
in the peripheral blood (in blood films stained with azure II [9]).

The results were subjected to statistical analysis by Student's t test.

EXPERIMENTAL RESULTS

The experiments showed that the number of endogenous colonies in animals with closed
head injury was significantly reduced, and the severity of the effect depended on the sever-
ity of trauma (Fig. la, b). The clearest depression of colony formation was found in the
model with sublethal irradiation: on the 4th day after head injury the number of endogen-
ous colonies was 11.9 * 2 in the experiment compared with 25.5 * 1.8 in the control (p <
0.001; Fig. le). 1If irradiation was not uniform, a clear tendency was observed for colony
formation to be depressed 1 and 4 days after trauma (Fig. 1b).

Meanwhile injection of bone marrow cells into lethally irradiated mice on the 4th
day after head injury was not accompanied by any significant changes in the level of endog-
enous colony formation: the number of splenic colonies was 25.1 * 0.6 (n = 14) in the
experiment and 28.2 * 1.4 (n = 14) in the control (p > 0.05), against a background of zero
endogenous colony formation.

In head injury the local conditions of colony formation in the spleen are evidently
not significantly altered, but the main disturbances take place at the bone marrow level,
leading to severe inhibition of endogenous colony formation at this particular stage of
the investigation.

The results obtained by different methods of cloning indicate depression mainly of
proliferative activity of medullary colony-forming cells after head injury, although the
possibility of inhibition of their migration under these conditions cannot be ruled out.
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Fig. 2. Time course of changes in body weight, weight of thymus,
cell content of bone marrow and thymus, and number of circulating
reticulocytes in mice with severe closed head injury. a) Body
weight; b) weight of thymus; c) ratio of weight of thymus to body
weight; d) cell content of bone marrow; e) cell content of thymus;
f) number of reticulocytes in blood; abscissa, time after trauma,
seven experimental and seven control animals used at each time;
ordinate, numerical value of parameter studied.

In experiments on injured, unirradiated animals changes similar to those in various
stress reactions were observed [3]: a decrease in the cell content of the bone marrow on

the 1st day, and a decrease in the cell content and weight of the thymus, and so on (Fig.
2).

The clearest changes were discovered in the thymus on the 4th day after severe head
injury: the weight of the thymus was reduced by half, its cell content by more than two-
thirds, and the ratio of the weight of the thymus to body weight also fell sharply (Fig.
2b, ¢, e).

A similar decrease in weight of the thymus was observed in sublethally irradiated
injured animals compared with the intact control, although in the latter the weight of
the thymus also was reduced following the action of ionizing radiation. It is important
to emphasize that under these conditions a significant decrease in weight of the thymus
was observed from the 1st through the 8th day after head injury (Fig. 1d), i.e., in the
period of depression of colony formation.

At the same time, a decrease in the number of circulating reticulocytes was observed
in the injured, nonirradiated animals, the decrease in their number being greatest (by
607 compared with the control, p < 0.01) 4 days after head injury (Fig. 2f).

The parameters, when studied 30 days after head injury, did not differ significantly
from the control animals (compare Figs. 1 and 2).

Thus in the early period after closed head injury inhibition of the hematopoietic
function of the bone marrow is observed, as shown by reduction of endogenous colony forma-
tion and a decrease in the number of reticulocytes in the blood of the injured animals.
Changes in bone marrow function reached a maximum on the 4th day after injury, when the
weight and cell content of the thymus were sharply reduced.

Early changes in colony formation after head injury (1st-4th day after trauma) were?
opposite to the changes in this parameter in immobilization stress [3] or after mechanical
trauma associated with crushing of the limb [7], when migration and proliferation of
hematopoietic stem cells were stimulated. Similar inhibition of colony formation is ob-
served in thermal burns with marked toxemia and a high corticosteroid level [1] or 8 days
after injury to the posterior hypothalamus [8].

The results are in agreement with data on the role of the thymus in the regulation

of the colony-forming ability of bone marrow following exposure of the body to destabilizing
factors [3, 13].

The changes discovered in bone marrow function may be among the important causes of
the reduced resistance of the body to infection in the early period after head injury.
The pathophysiological model developed by the writers can be used in the search for ways
of correcting the disturbances noted above.

1487



LITERATURE CITED

1. G. I. Bezin, B. B. Moroz, 0. O. Romashko, and R. V. Petrov, Byull. Eksp. Biol. Med.,
No. 10, 494 (1978).

2. G. P. Burgman, E. P. Yurishchev, V. S. Snigirev, and Kh. B. Aide, Problems in the
Pathogenesis and Treatment of Head Injury [in Russian], Moscow (1978), p. 60.

3. P. D. Gorizontov, O. I. Belousova, and M. I. Fedotova, Stress and the Blood System
[in Russian], Moscow (1983).

4. Yu. V. Zotov and V. V. Shchedrenock, Surgery of Traumatic Intracranial Hematomas and
Foci of Pulping of the Brain [in Russian], Leningrad (1984).

5. E. A. Korneva, Vestn. Akad. Med. Nauk SSSR, No. 3, 63 (1985).

6. E. A. Korneva and V. A. Shekoyan, Regulation of Protective Functions of the Body [in
Russian], Leningrad (1982).

7. V. K. Kulagin and V. I. Aleksandrov, Byull. Eksp. Biol. Med., No. 5, 45 (1982).

8. V. A. Lesnikov and E. N. Isaeva, Abstracts of Proceedings of the 4th All-Union Sym-
posium on Regulation of Immune Homeostasis [in Russian], Leningrad (1986), p. 12.

9. A. Ya. Lyubina, L. P. Il'icheva, T. V. Katasonova, and S. A. Perosova, Clinical
Laboratory Investigations [in Russian], Moscow (1984).

10. A. E. Pereverzev, Hematopoietic Colony-Forming Cells and Physical Stress Factors [in
Russian], Leningrad (1986).

11. R. V. Petrov and R. M. Khaitov, Radiobiologiya, No. 1, 69 (1972).

12. V. M. Ugryumov, Severe Closed Head Injury [in Russian], Leningrad (1974).

13. V. P. Shakhov, A. M. Dygai, A. V. Mikhlenko, et al., Patol. Fiziol., No. 5, 24 (1986).

14, E. V. Shmidt and I. V. Gannushkina, Vestn. Akad. Med. Nauk SSSR, No. 12, 47 (1984).

CHANGES IN AMINO ACID METABOLISM IN DJUNGARIAN HAMSTER FIBROBLAST
CELL CULTURE BECOMING RESISTANT TO COLCHICINE

L. V. Moroz, F. V. Donenko, UDC 616-006.04-018.1-02:615..277.
N. B. Borovkova, and A. R. Kushelev* 31-07:616-006-008.934.66

KEY WORDS: colchicine; fibroblasts; amino acids.

Multiple drug resistance (MDR) is one of the best studied forms of resistance of tumor
cells to cytostatics. The MDR phenomenon is characterized by reduced accumulation of the
cytostatic in tumor cells, its active transport from the cell, the presence of P glyco-
protein on the cytoplasmic membrane of resistant cells, and abolition of resistance by
Catt antagonists [1, 2]. However, despite our greater knowledge of the mechanisms of MDR,
in practice its overcoming is attended by unsolved problems. The use of Catt antagonists
leads to selection of cells with a higher level of resistance [3, 4]. The use of anti-
bodies against P glycoprotein of resistant cells is not accompanied by the destruction
of this cell population, for the number of antigenic determinants on the cell falls below
the threshold level [5]. Attempts to find differences in metabolism of sensitive and re-
sistant cells have proved unsuccessful [6].

In the present investigation an attempt was made to find differences only in con-
sumption of low-molecular-weight sources of nitrogen (amino acids) from the incubation
medium. This approach is preferable, for analysis is restricted to a small class of com-
pounds that are essential for life and activity of the cells.
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