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Abstract 

Vacha J., M. PospiSil, Jifina HoIa, Ja,romira Netikova: The Effect of 
Acute Gamma Irradiation of the Head on the Erythropoiesis in Various Regions of 
the Hemopoietic System in Mice. Acta vet. Brno, 54, 1985: 189-205. 

A decline of 59Fe incorporation into the heme fraction of the bone marrow of the 
skull to roughly 70 % of the physiological state took place in animals whose heads 
were irradiated with a dose of 16 Gy of 60Co-gamma radiation in the whole interval 
of 14-69 days post irradiation studied. A decline of 59Fe incorporation to roughly 
40 % took place in the shielded (non-irradiated) bones on the 14th day, post irradia
tion; however, a recovery followed, reaching the initial values between the 30th 
and 40th days after irradiation. While the depth of the postirradiation decline is 
about the same in all the bone regions shielded, the acral bones showed - in contra
distinction to the long ones - a marked overshoot above the control values (i. e., 
an indication of ectopic erythropoiesis) in the recovery phase. The main place of 
ectopic erythropoiesis was the spleen, however. The temporary decline of erythro
poiesis in the shielded regions, accompanied by anemization of the animal, could be 
interpreted as a result of worsened nutritional conditions in the framework of the 
»oral postirradiation syndrome«, compensated for by a wave of regenerating erythro
poiesis with the involvement of ectopic localities after the recovery of nutrition. 

Partial head irradiation, oral postirradiation syndrome, erythropoiesis in individual 
bones and spleen, heme iron. 

I 

In spite of its considerable practical importance, the question of the effects of irradiation of head' 
region on hemopoietic functions had been studied only rarely. Irradiation of the head of laboratory 
rodents induces a complex of symptoms including effects on the oral cavity and central nervous 
system. Quastler et a!. (1956) demonstrated the dependence of early mortality of mice on the 
extent of irradiated oral mucosa in the dose span of 14 to 40 Gy. Goepp and Fitch (1962,1963) 
proved that an important factor in the death of animals is starvation and dehydration. Damage 
to the mucosa of the posterior dorsum of the tongue and soft palate would appear to lead to a decre
ase in the intake of food and water after doses of 20 and 40 Gy. An important role of the »ora1 
syndrome« in the pathogenesis of changes taking place after the head irradiation does not exclude, 
however; participation of other factors connected with the damage to the central nervous system 
(Yoshii et a!. 1981). 

In contradistinction to the organs localized in the skull just mentioned, irradiation of the head 
affects only a small part of the hemopoietic system. In C57BL/I0ScSnPh mice, i. g., erythropoiesis 
in the skull (including the mandible) represents only 6.71 ± 0.59 % of the total marrow erythro
poiesis (Vacha et a!. 1982a). It is not surprising, therefore, that blood cell counts displayed no 
typical pattern after local head irradiation with doses in the range of 14-30 Gy in mice and rats 
and that the changes were not pronounced enough to explain the death of the anitnals (e. g., 
Quastler et a!. 1956). Known facts on the important role of inanition and dehydration in the 
pathogenesis of the oral syndrome enables us to suppose that the local irradiation of head predo
minantly affects erythropoiesis. Fasting depresses the basal metabolism and damps the production 
of erythropoietin (Krantz and Jacobson 1970; Caro et al. 1981). In addition the decrease of 
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water consupmption brings about relative polyglobulia, which suppresses erythropoiesis (Kil
bridge et al. 1969), possibly by some other mechanism than decreased erythropoietin production 
(Dunn 1978). Archambeau et a!. (1968) studied blood cell counts in mice fasting for five days 
and found a more pronounced depression of erythropoiesis in comparison with myelopoiesis. 
Abscopal effects were also, however, ascertained after local irradiation of one extremity, where 
erythropoiesis was depressed in the marrow of contralateral, shielded femurs (Wertz et a!. 1977, 
1978); analogical effects should obviously be taken into consideration with the local head irradia
tion, too. 

We used our original method of the determination of the intensity of erythropoiesis (Vacha 
et a!. 1978) to the study of the effects of total-head irradiation on the production of red blood 
cells in individual shielded parts of the erythropoietic system. No extensive attempt was tnade 
to elucidate experimentally the underlying pathogenetic mechanisms. 

Materials and Methods 

Experimental Animals and Arrangement of Experiments 

Inbred male mice of the strain C57BL/I0ScSnPh were used, two months old at the time of 
Irradiation, with a mean body weight of 26 g. Standard pelle ted food and drinking water were 
provided ad libitum. The animals were kept in cages containing 20 individuals, ten of which were 
subjected to irradiation while the other ten formed the control group. Three types of experiments 
were performed on different groups of animals: studies of body weight and of peripheral blood 
parameters; study of circulating erythrocyte tnaSS volume; studies of 59Fe incorporation into the 
hemopoietic tissues and of changes in splenic weight. All experimental ani~ls were irradiated 
at the same time of year in order to take into account any seasonal fluctuations which may occur 
in the functions studied. Control values were always recorded in parallel. 

Irradiation 

For irradiation of the head a gamma source of 60CO (Chisostat, Chirana) was used. Irradiation 
of the head was made possible by a specially constructed chamber consisting of ten radially arranged 
segments for the fixation of the head in the field of irradiation and shielding of the rest of the body. 

Fig. 1 
. General view of the specially constructed irradiation chamber enabling irradiation of the head 

of the anitnal with the rest of the body shielded. 
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The shielding above the segments consisted of a 10 cm thick layer of lead; the internal (0.5 cm) 
walls of the segments and also the external and bottom shield (2 em) were also of lead (Fig. 1). 
The animals were placed with their necks in a gap in the central part of the segments and the 
irradiated area of the head was approximately delimited by the plane passing through the inferior 
edge of the occipital bone, i. e. the junction between the cervical vertebrae and the cranium (Fig. 2). 
Fig. 3 is instructive for the assessment of the extent of the irradiated area; it shows animals from 
the period in which the loss of pigmentation takes place in the irradiated hair. The focal distance 
of the gamma ray source from the centre of the head was 76 cm. The dose rate measured with a Victo
reen dosimeter was 1.2 -1.3 Gy/min. The residual exposure at the dose rate used was 4 % of the 
exposure outside the shield in the neck locality (in the centre of the fixation opening), 1 cm beyond 
the opening it was 2.5 %, and in the centre of the segment 1.1 %. The animals were irradiated 
under pentobarbital anesthesia (Pentobarbital Spofa), achieved by means of the i. p. injection 

Fig. 2 
Position of an anesthetized animal in one of the ten irradiation segments (viewed from above). 

of 75 mg substance per kg body weight approximately 10 min prior to placing the animals in the 
fixation chamber and starting irradiation. Control (sham irradiated) animals were also injected 
with pentobarbital and the mice were fixed in the chamber for the appropriate period without 
irradiation. In all experiments a dose of 16 Gy was used, producing 20 % lethality up to the 30th 
day after irradiation under our experimental conditions (PospiSil et al. 1985). Mortality of ani
mals was recorded at one-day intervals, body weight determined at weekly and monthly intervals. 

Peripheral Blood Cells 

Blood samples were obtained by means of a fine incision in the tail vein. Erythrocyte and leuko
cyte counts (per (1.1 blood) were made using a Coulter Counter, model ZF (Coulter Electronics, 
Ltd., England). Granulocyte and lymphocyte counts were made by differentiation of smears. 
The dynamic development of changes in blood cell counts was studied using repeated blood with
drawals from the same individuals, at 14-day intervals. 
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Fig. 3 
Bleached hair demonstrates graphically the demarcation 

line between the irradiated and the shielded areas. 
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Volume of Circulating Red Blood Cells 

Was determined by the method using the dilution of 59Fe labelled erythrocytes (Vacha 1975) 
on the 28th day post irradiation. The labelled red blood cells were obtained from donors injected 
i. p. with 18.5 X 104 Bq 59Fe citrate (Rotop, G. D. R.) four days previously and injected i. v. into 
the experimental animals. After 15 min blood was withdrawn and its radioactivity measured. 
Hematocrit was determined by the standard semi-micromethod. 

Determining of 69Fe Incorporated Into Heme of Erythropoietic Organs 

The method of heme iron (labelled with 59Fe) extraction from the hemopoietic organs was 
used as an indicator of the intensity of erythropoiesis in irradiated and control animals. 59Fe-citrate 
diluted with saline was administered to the animals by intraperitoneal injection between 0630 
and 0730 hrs (59 Fe-citrate mfr. Rotop, G. D. R., each mouse received 7.4 x 104 Bq and 0.37-
-0.56 pg of elementary iron) on the 14th, 27th, 42nd, 55th and 69th days post irradiation. Six 
hours afterwards the animals were killed by spinal fracture, the spleen was cleaned and weighed. 
The skeletons were freed of soft tissues exploiting the necrophage activity of the beetle Dermestes 
v1tlpinus Fbr., kept in a laboratory colony as described by Grulich (1977). The samples (spleen, 
individual bones or their groups) were then mechanically homogenized in liquid nitrogen and 
subjected to double extraction by means of a mixture of ethyl acetate and acetic acid (3:1), followed 
by rinsing of the extract with hydrochloric acid in order to remove inorganic iron. The amount 
of extraction mixture was 2 x 3.5 ml for the spleen or a bone the size of the femur (details of the 
method see Vacha et al. 1978). The measurement of radioactivity was performed on a Nuclear 
Chicago gamma well spectrometer, range 0.5-1.4 MeV, efficiency 19 %. From each extraction 
sample 2 x 1 ml was used. The radioactivity measured was converted to % of the radioactivity 
administered and to the radioactivity of the whole bone group or the spleen. Values measured 
in irradiated animals were then converted to % of control values (± S. E.) and represented in 
Figs. 5-15 as full circles. 

Correction for Erythrocyte Content· in Hemopoietic Tissues 
The method of heme iron extraction removes the interfering influence of storage and other 

non-heme iron fractions in erythropoietic organs. It includes, however, heme iron of erythrocytes 
circulating in the vessels of these organs. If the radioactivity of an unit volume of peripheral blood 
erythroCytes 6 hrs after 59Fe administration is known (it is equal to 1.48 % of the administered 
radioactivity per 100 pi of erythroCytes, Vacha et aI. 1982b) and if the volume quantities ofperiphe
ral blopd erythrocytes in the individual bones and the spleen are also known (Vacha et al. 1980), 
the corresponding correction could be done. Changes of total erythropoietic activity during the 
postirradiation period were taken into account when calculating this correction, too. While the »abso
lute« values of the intensity of erythropoiesis (heme radioactivity in % of the radioactivity admini
stered) were somewhat lowered by this correction (by 6 % on average), the relative values (irra
diated animals in % of controls) remained effectively unchanged. Only bones with feeble erythro
poiesis (acral bones, the skull) witnessed some difference after this correction, see Figs. (corrected 
values are depicted with empty circles). 

Statistical methods 

Student's t-test and the non-parametric test of rank order were used (Roth et al. 1962). The 
values given in Figures are the means ± S. E. M. 

Results 

Changes In Body Weight 

of the irradiated mice in % of controls are depicted as asterisks in Fig. 4. Two mice 
died in the irradiated group - on the 13th and 14th days. Body weight of irradiated 
animals declines up to the 14th day after irradiation, then a partial recovery is evident, 
but control values are not regained during the experiment. 

The control animals exhibit a smooth growth. The differences in body weight be
tween irradiated and control animals are statistically significant at all intervals except 
the 36th day. 
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Peripheral blood cell counts in head-irradiated animals and their body-weight 
(in % of controls) plotted against time. Full line - erythrocytes, dashed 
line - lymphocytes, dotted line _ granulocytes, asterisks - body weight. 
Arithmetical Pleans ± S. E. are given. Statistical significance of differences: 

x - P < 0.05, xx - PP < 0.01. 
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Intensity of erythropoiesis (59Fe incorporation into heme) in the skull irra
diated with 16 Gy (in %of controls) during the postirradiation period. 
Empty circles • the radioactivity of circulating erythrocytes deducted, full 
circles - uncorrected values. Means ± S. E. are given. Statistical signifi-

cance of differences: x - P < 0.05, xx • P < 0.01. . 
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Fig. 6 
Intensity of erythropoiesis (59Fe incorporation into heme) in the shielded 
radii and ulnae (in % of controls) in mice head-irradiated with 16 Gy on 

day O. Other notes as in Fig. 2. 

Erythrocytes, Lymphocytes and Granulocytes in Peripheral Blood 

195 

The numbers of these components per unit volume of blood are given asa percentage 
of control values in Fig. 4. The concentration of red blood cells is significantly enhan
ced on the 7th and 14th days post irradiation; a significant decline is marked on the 
28th day, then the concentration stabilizes at control values. The concentration of 
lymphocytes is significantly enhanced towards the end of our experimental period, 
i. e. on the 56th and 70th days post irradiation. The influence of local head irradiation 
manifests itself most profoundly in the peripheral granulocyte concentration, which 
is maintained in the irradiated group on a higher level and· significantly exceeds cont
rol values at most time intervals. 
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Fig. 7 
Intensity of erythropoiesis (59Fe incorporation into heme) in the shielded 
fore and hind feet (in % of controls) in mice head-irradiated with 16 Gy 

on day O. Other notes as im Fig. 2. 

Volume of Circulating Erythrocyte Mass 

on the 28th day post irradiation was 0.75 ± 0.03 m1 in irradiated and.0.87 ± 0.04 ml 
in control animals; it thus declined to 82.2 ± 5.2 % of the initial value (P < 0.05). 
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Intensity of Erythropoiesis in Individual Bone Groups and in the 
Spleen 

The results of the measuring of 69Fe incorporation into the heme in individual 
bones, bone groups and the spleen are depicted in Figs. 5 -14. The values ascertained 
in irradiated animals are presented as a percentage of values found in control (sham 
irradiated) animals representing 100 %. Abscissa denotes days after irradiation, the 
values corrected for the erythrocyte content are depicted as empty circles, non,:,cor
rected values as full circles. Five to ten animals were used in each group. Statistical 
significance of the differences in comparison with controls is denoted in Figs.: x -
P < 0.05, xx - P < 0.01. 
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Intensity of erythropoiesis (59Fe incorporation into 
heme) in the shielded tail vertebrae (in % of controls) 
in mice head-irradiated with 16 Gy on day O. Other 

notes as in Fig. 2. 
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Fig. 9 Intensity of erythropoiesis (59Fe incorporation into heme) in pelvis 
and femurs (in % of controls) in mice head-irradiated with 16 Gy 

day o. Other notes as in Fig. 2. 
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Fig. 10 Intensity of erythropoiesis (59Fe incorporation into heme) in humeri 
(in % of controls) in mice head-irradiated with 16 Gy on day O. 

Other notes as in Fig. 2. 
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Fig. 11 Intensity of erythropOiesis (59Fe incorporation into heme) in sternum 
and ribs (in % of controls) in mice head-irradiated with 16 Gy on 

day O. Other notes as in Fig. 2. 
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Fig. 12 Intensity of erythropoiesis (59Fe incorporation into heme) in scapulae 
and clavicles (in % of controls) in mice head-irradiated with 16 Gy 

on day O. Other notes as in Fig. 2. 
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Intensity of erythropoiesis in the skull (including the mandible, Fig. 5) remains stea
dily on the level corresponding roughly to 70 % of control values between the 14th 
and 69th days post irradiation. The description of the dynamics of non-irradiated 
bones could best be done in groups formed after the type of ferrokinetics taking place 
in them (V!lcha et al. 1984). Acral regions (radii and ulnae, fore and hind feet, tail 
vertebrae, Figs. 6-8) show a more or less marked overshoot of the erythropoiesis 
above the control values after the initial depression on the 14th day. In contrast to this, 
the strongly erythropoietic bones (humeri, pelvis and femurs, tibiae and fibulae, spine 
without tail) do not show a marked overshoot above the control values after the initial 
decline. Only some of these bone groups are depicted: the spine without tail behaves 
nearly identically to the pelvis and femurs - Fig. 9, while tibiae and fibulae are indistin
guishable from the humeri - Fig. 10. The heme iron incorporation more or less regula
rly rises from the value of about 40 % on the 14th day post irradiation towards the 
control value, which is reached on about the 40th day. The thoracic bones (sternum 
and ribs, scapulae and clavicles, Figs. 11 and 12) occupy a sort of middle position be
tween both groups mentioned above, with a mild overshoot above the control values 
on the 42nd day after irradiation. The dynamics of the erythropoiesis in the skeleton 
as a whole after head irradiation are shown in Fig. 13. Only the decline on the 14th and 
28th days post irradiation is statistically significant, the control value is attained 0 

the 42nd day and held afterwards. 
The most pronounced and earliest recovery overshoot is to be seen in the spleen 

(Fig. 14, full line), reaching more than double control values. Changes in the weight of 
the spleen run qualitatively roughly parallel to its erythropoietic activity (Fig. 14, dash
ed line). Owing to the high recovery activity of the spleen, the total erythropoiesis 
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Intensity" of erythropoiesis (59Fe incorporation into heme) in the 
whole skeleton (in % of controls) in mice head-irradiated with 16 Gy 

on day O. Other notes as in Fig. 2. 
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(in the whole marrow and in the spleen, Fig. 15) recovers more swiftly and overshoots 
. more conspicuously than in the bone marrow alone (Fig. 13). Let us note that the 

spleen represents in the mice strain used in the rest state a relatively very small erythro
poietic component, namely about 9± 1 % of the total erythropoiesis (Vacha et al. 
1982a). 

A significant depression of erythropoiesis thus takes place after local irradiation of 
the head. Not only the »direct« damage of the exposed marrow of the skull and the 
mandible participate in this depression, but also a depression of erythropoiesis in the 
shielded, non-irradiated regions of the skeleton. In contradistinction to the »persisent« 
type of depression in the irradiated bones of the head, the depression of the total ery
thropoiesis is of a transient type and is abolished owing to a recovery effort, which is 
variably expressed in individual regions of the bone marrow and of the extramedullary 
erythropoiesis. 
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Fig. 14 
Intensity of erythropoiesis (59Fe incorporation into 
heme) in the spleen (in % of controls) in mice head
-irradiated with 16 Gy on day 0 (full line); weight 
of the spleen - dashed line. Other notes as in Fig. 2. 
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Discussion 

The intensity of erythropoiesis in the irradiated region of the haemopoietic system 
(i. e., in the skull) is steadily lowered to about 70 % of the initial value during the period 
monitored from the 14th to the 69th days. In view of the fact that the skull represents 
only 6.71 ± 0.59 % of the total marrow erythropoiesis in the mouse strain used in the 
rest state (Vacha et a1. 1982a), this decline cannot represent an important anemizing 
factor. The degree of depopulation of the erythropoietic tissue can be estimated 
at 5 X 10-8 after a dose of 16 Gy in the irradiated tissue (at Do of the stem cell = 
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Fig. 15 
Intensity of erythropoiesis (59Fe incorporation into heme) in the whole 
erythropoietic system (iIi % of controls) in mice head-irradiated with 

16 Gy on day O. Other notes as in Fig. 2. 

= 0.95 Gy, y = Yoexp (16/0.95) = yo.5 X 10-8). It can be deduced from this that the 
relatively high degree of erythropoiesis in the skull in the period mentioned is caused 
by a migration of erythropoietic stem cells from the shielded regions into the skull. 
That the erythropoiesis does not recover completely even by the 69th day post'irradia
tion, could conceivably be related to the marked destruction of the microenvironment 
of the bones of the head. 

The dominant finding was the transient depression of erythropoiesis in the shielded 
regions of the hemopoietic system, manifested in the 14th and the 30th days after 
irradiation of the head. There is no need to explain this observation by other mecha
nisms than by the known effect of starvation and dehydration originating as a result 
of irradiation of the head region. The papers cited in the Introduction showed that de
crea~ed consumption of food and liquids depresses production of erythropoietin and 
secondarily also erythropoiesis. This explanation is consistent with both the changes 
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found in body weight of the irradiated animals and the dynamics of the peripheral 
erythrocytes. The decline of the body weight on about the 10th day after head·irradia
tion is probably a result of the onset of ulcerative changes in the oral cavity (Goepp 
and Fitch 1962). Also the timing of the deaths on the 13th and 14th days post irradia
tion testifies to the prominent role of the oral syndrome. On the other hand, the reco
very of body weight from the 21st day after irradiation probably derives from the 
renewal of food intake and water consumption after the regeneration of the epithelium 
of the oral cavity (Goepp and Fitch 1963). The rise in total eryt~opoiesis (Fig. 15) 
takes place parallelly with body weight recovery and verifies the close connection be
tween the dynamics of erythropoiesis and the nutritional state of the organism. 

The rise in the concentration of erythrocytes in the peripheral blood above the 
control values on the 7th and 14th days after irradiation is evidently a result of dehydra
tion of the organism and the subsequent hemoconcentration. The decline in this para
meter on the 28th day post irradiation could be understood as a result of recovery of 
the equilibrium of body fluids (i. e., of the cessation of hemoconcentration after. over
coming the results of the oral syndrome) and as a result of delayed manifestation of the 
supression of the marrow production. This is confirmed by the decline of the mass of 
circulating erythrocytes in this period. 

The participation of the individual marrow regions in the repair of erythropoiesis 
under the conditions of Qur experiments does not appear to be incidental. In an earlier 
paper (Vacha et al. 1984) we categorized bones according to the ferrokinetic parame
ters into a group with a high heme production per unit weight (humeri, pelvis, femurs, 
tibiae, fibulae, spine without tail), an intermediate group (sternum, ribs, scapulae) 
and a group with a very low erythropoiesis per unit weight (acral bones, skull). In the 
present' experiments it is the bones with a low physiological level of erythropoiesis 
which manifest the most conspicuous recovery overshoot above the control level on 
the 42rid day post irradiation and later. It is probable that these bones are sites of 
ectopic erythropoiesis under conditions of enhanced demands for its recovery. An 
extreme case of ectopic erythropoiesis is the spleen, of course, the cellular production 
of which is not limited by an a priori determined tissue volume as in the case of the bone 
marrow and the hemopoiesis of which is directed towards erythropoiesis, in contra
distinction to the marrow. 

Another possible mechanism of anemization of the animals whose head was irradiated 
is the, competition of erythropoiesis with leUkopoiesis for the common stem cell. 
A markedly enhanced level of granulocytes (and also of lymphocytes in the later 
period) testifies to this possibility (Fig. 4). The granulocyte reaction itself could be 
a result of an infection process within oral syndrome, but the influence of damage 
to higher control cent:t:es is not excluded. Fedorov et al. (1980) observed inhibition 
of erythropoiesis and stimulation of granulopoiesis after destructive interference 
with the hypothalamic region. 

In is worth mentioning that long-term observation of our head-irradiated animals 
showed stunting of growth and in the period six months aftedrradiation the occurrence 
of a renewed decline in body weight, wasting and late mortality, not accompanied 
by a disturbance of-the function of marrow hemopoiesis (PospUil et a1. 1984). 

Ucinek akutniho ozafeni hlavy mysi gama 'paprsky na erytropoesu v rUznych 
castech hemopoetickeho systemu 

V celem sledovanem intervalu 14~69 dni po ozafeni hlavy my§i davkou 16 Gy 
gama paprsky ze zdroje 60CO byl pozorovan pokles inkorporace 59Fe do hemove frakce 
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kostni dfene lebky zhruba na 70 % fysiologickych hodnot. U stinenych (neozarenych) 
kostnich lokalit doslo 14. den po ozareni k poklesu tohoto ukazatele zhruba na 40 %, 
pak v§ak nasledovala reparace dosahujici vychozich hodnot mezi 30. a 40. dnem 
po ozareni. Zatimco hloubka postiradiacniho poklesu je ve vsech stinenych oblastech 
zhruba stejna, vykazuji akralni kosti (na rozdil od dlouhych kosti koncetin) ve fazi 
uzdravy vyrazny prekmit nad kontrolni hodnoty, tj. naznak ektopicke erytropoesy. 
Hlavnim mistem ektopicke erytropoesy vsak zustava slezina. Doeasny pokles erytro
poesy ve stinenych oblastech, doprovazeny anemisaci zvifete, je pravdepodobne du
sledkem zhorsenych nutricnich podminek v ramci tzv. »oralniho postiradiacniho 
syndromu«(; pokles je po uprave nutricnich pomeru kompensovan vlnou regenerace 
s aktivaci ektopickych lokalit erytropoesy. 

,IJ;eit:cTBHe oCTporo 06JIYlleHHJI rOJIOBbl MWlleH raMMa-JIYllaMH Ha 

3PHTPOD033 B pa3JIHlIHI>IX YllacTKax reMaTOD03THlIeCKOH CHCTeMbl 

B 'relleHHH qeJIOI'O lIIepHO~a Ha6JIlO~eimH B wHTepBaJIe OT 14 ~o 69 ~HH 
nOCJIe 06JIyqeHHJI rOJIOBbI MblmeH ~030H 16 fp raMMa-JIyqeH OT nCTOllHHKa 

60Co Ha6JIlO~aJIOCb CHH)K'eHHeHHKopnopaqHH 59Fe B reMOBYlO cPpaKqHlO 

KOCTHoro M03['a lIepena npW6JIH3HTeJIbHO Ha 70 % cPu3HOJIOrHlIeOKID( Bem1-

lIHH. Y 3KpaHHpoBaHHbIX (lHeo6JIYlIeHHblX) yqaCTKaXCKeJIeTa Ha 14 ~eHb nOCJIe 

06JIYlIeHHH Ha'cTyuHJIO CHH)KeHHe 31'01'0 rrOKa3aTeJIH rrpH6JIH3J!ITeJIbHO Ha 

40 %, n01'OMCJIe~OBaJIO BocCTaHOBJIeHUe, ~OCTHralOI.I.\ee HCXO~HbIX BeJIHlIMH 

Me)K~y 30 H 40 ~HeM nOCJIe 06JIYQeHHH. B TO BpeMH KaK rJIy6wHa nOCTHp

pa~lImqHoHHO'ro 'CHH)KeHHJI BO ,Bcex 3<KpaHHpoBaHHbIx 06JIacTJlx 6bIJIa rrpH6JIlII-

3HTeJIbHO O~HHa'KOBOH, y a'KpaJIbHbIX KocTeH (B OTJIWlIHe OT ~JIHHHbIX KOCTeH 

KOHellHOCTeH) IHa6JIlO~aJI'CH B <i>a3e BbI3~OpOBJIeHHH BbFpa3'HTeJIbHbIH BbI6poc 

Ha~ ypOBeHb KOHTPOJIbHbIX BeJIHlIHH, T. e. HaMellKBaHHe 3KTOI11llQ'ecKoro 3PK

Tpono33a. OCHOBHbIM MeCTOM 3KTOnWlIeCKoro 3pHTpon033a OCTae1'CH Hce )Ke 

CeJIe3eHKa. BpeMeHHOe CHH)KeHHe 3puTpon033a B 3KpaHHpoBaHHbIx 06JIaCTHX, 

cOnpOBO)K~aeMOe aHeMu3aqHeH )KKllOTHOJ'O, HBJIHeTCH no DceH BepoHTHO'CTH 

CJIe~CTBH'eM yXy~llIeHHbIx YCJIOBHH cHa6)KeHMH B paMKaX T. H. «OpaJIbH01'O 

nOCTHppa~HaqH'O'HH01'OCJ11H~'POMa»; 'CHlII)KeHUe nOCJIe BO'OCTaH'O'BJIeHHH cHa6-

)KeHHH KOMneHCJ.1pyeTcH 'BOJIHOH pereHepaqHH C aKTJ1'BJ.1pO'BaHJ.1eM 3KTOn03TJ.1-

lIe'CKID( YllaCTKoB 3pHTpOn033a. 
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