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It is shown that immune organs respond to single y-radiation of 6.9 Gy in a cyclic manner.
Acute reaction characterized by spontaneous lymphocyte lysis in the thymus and spleen
develops on day 1 postirradiation and takes 3 and 7 days, respectively. This is followed by
enhancement of thymocyte mitotic activity and migration of young cells to the thymic
cortex and splenic lymphoid tissue. Twenty-one day postirradiation lymphoid cell popula-
tions in the thymus and spleen recover to 70-90 and 55-70%, respectively.
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Organs of the immune system are characterized by
high sensitivity to irradiation. Disturbances in the
thymus and other immune systems organs induced
by various types of radiation and their postirradiation
recovery have been previously described in detail
[1,5, 6,12]. However, peculiarities of the reaction of
different functional zones in these organs remained
usually beyond the scope of these investigations. The
dynamics of postirradiation reparative processes is
little studied. We have previously demonstrated a
cyclic pattern of reparative processes in the immune
system after exposure to some factors (toxicants)
{4,7,8]. In the present study we investigated changes
in cell populations of different thymic and splenic
functional zones in mice exposed to y-radiation in a
single dose of 6.9 Gy.

MATERIALS AND METHODS

Experiments were carried out on 48 adult male BALB/c
mice (8 mice per group). Experimental animals were
exposed to y-radiation (*¥Cs, 6.9 Gy) in a Svet appa-
ratus. Intact mice served as the control. The animals
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were decapitated 1,3,7,15, and 21 day postirradiation.
Standard histological techniques and methods of
morphometry analysis were used.

RESULTS

Single irradiation in a dose of 6.9 Gy induced marked
morphological alterations in lymphoid organs (thymus
and spleen) as soon as | day postirradiation. The
thymus in experimental mice was 2-3-fold smaller
than in the control. We observed inversion of layers
within thymic lobules, which disappeared only by the
15th days postirradiation. Cortical substance was
represented by naked stroma with groups of de-
structively changed cells and numerous macrophages
(10-fold more abundant than in the control).

In the spleen, lymphoid nodules with germinal
centers disappeared on day 1 and appeared again
only on day 15 postirradiation. On days 1-3, the
white pulp shrank 2-3-fold in comparison with the
control, but than it returned to the initial volume.
The marginal zone surrounding lymph nodes and
periarteriolar lymphoid sheath (PALS) was minor or
absent throughout the observation period. The red
pulp (on days 7-21 postirradiation) was markedly
shifted to the periphery, sinuses were enlarged and
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contained little or no lymphoid cells. Signs of karyo-
rhexis and karyopyknosis were seen in the spleen and
thymus throughout the experiment. Numerous cells
underwent apoptosis [10].

Morphometrical analysis showed activation of
destructive processes and complete inhibition of cell
mitotic activity (MA) in the thymus 1 day post-
irradiation. The most pronounced changes are seen
in the cortical zone 1 day postirradiation. The con-
tent of destructively altered cells in the subcapsular
and central zones increased 29- and 10-fold, respec-
tively (Fig. 1, a). Dividing and blast cells disappeared
(Fig. 1, b, ¢). Marked reduction in the number of
thymic lymphocytes (Fig. 1, d) was due not only to
cell death and disturbances of cell proliferation and
differentiation, but also to lymphocyte release into
circulation. One day postirradiation we observed con-
siderable influx of mast cells to the thymus increasing
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vascular permeability and facilitating migration pro-
cesses (1.72+0.86%).

The content of defective cells in deep cortical
layers increased, while the content of mature lympho-
cytes decreased until postirradiation day 3. The 3rd
day was the peak of acute reaction to irradiation
followed by gradual recovery of the spleen, char-
acterized by appearance of blasts and dividing cells
in the deep cortical layer. On day 7, we found only
few dividing cells in functional zones of the thymus.
In the subcapsular zone, MA did not returned to the
control even 15 days after irradiation. It should be
noted that the total number of immature cells (blasts
and large lymphocytes) in the subcapsular zone in-
creased on day 7 and to the 15th day attained 61
and 93% of the control, respectively, while the number
of small lymphocytes in the subcapsular and deep
layers attained 82 and 70% of the control, respec-
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Fig. 1. Content of destructively altered cells (a), biasts (b) mitotic figures (b), and small lymphocytes (d) in different functional zones of the
thymus of BALB/c mice exposed to single y-irradiation. 7) subcapsular zone, 2) cortical zone; 3) medullary zone. Here and in Fig. 2: ordinate
is content of cells, %.
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Fig. 2. Content of destructively altered cells (), blasts (b) mitotic figures (b), and small lymphocytes (d) in splenic structures of BALB/c
mice exposed to single y-irradiation. 1) lymphoid nodule without germinal center; 2) periarteriolar lymphoid sheath; 3) lymphoid elements of

the red pulp.

tively. After 21 day, the content of small lympho-
cytes in the cortex was recovered by 90%, while there
were still numerous defective cells, MA being 2-fold
lower than in the control (Fig. 1, a, b).

Apart from reaction of the lymphoid component,
irradiation induced the appearance of eosinophils and
neutrophils in the thymic cortex. These cells usually
appeared in the thymus under pathological con-
ditions [11] associated with allergic reactions [14]

In the medullary zone of the thymus changes in
the number of lymphoid cells were less pronounced;
the number of destructively changed cells increased
3- and 7-fold on days 1 and 7, respectively, in com-
parison with the control (Fig. 1, a). By contrast,
reparative processes were more intense in this zone.
On postirradiation day 7 we observed a compensatory
burst of MA: the number of mitotic figures 4-fold
surpassed the control values and the content of blasts

increased. However, on day 15 the number of blasts
sharply decreased and on day 21 these cells were
completely absent. The content of small lymphocytes
in the medullary zone attained 80% of the initial level
and remained at this ievel to postirradiation day 21.

There are several stages in the reaction of splenic
lymphoid tissue in the postirradiation period (from
day 1 through 21, Fig. 2). The first stage (postir-
radiation day 1) is characterized by intense destruc-
tive processes in all structures (Fig. 2, a), which are
most pronounced in lymphoid nodules without ger-
minal centers (2.4-fold compared with the control)
and less active in the red pulp and PALS (1.8- and
1.4-fold, respectively).

The second stage is characterized by a decrease
in the number of immature cells (primarily, large
lymphocytes) and plasma cells on day 3 postirradia-
tion (Fig. 2, b, ¢). The number of plasma cells in
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the red pulp decreases 9-fold in comparison with the
control, while large lymphocytes completely disap-
pear. In lymphoid nodules and PLAS these changes
are less pronounced: the number of large lympho-
cytes and plasma cells decreases 1.3- and 2.0-fold in
the lymphoid nodules and 2.5- and 1.2-fold in PALS.

The third stage (postirradiation day 7) is the
most dramatic period: previous cytological changes
lead to a sharp depletion of all splenic structures with
small lymphocytes (Fig. 2, d), which is most pro-
nounced in the red pulp (3.6-folg compared with the
control) and less intense in lymphoid nodules with-
out germinal centers and PALS (2.6- and 2.4-fold,
respectively).

In lymphoid nodules without germinal centers
and PALS mitotic figures were noted only on day 1
and 7 postirradiation (0.9 and 0.2%, respectively),
while in the red pulp and PALS they were absent
throughout the observation period. In contrast to
previously reported enhancement of MA in other
organs of the immune system on day 7 postirradia-
tion [3,9], reproductive processes and lymphocyto-
poiesis in the spleen are markedly suppressed.

The rate of recovery of splenic lymphoid tissue
observed at the later stages is different in various
splenic structures. In particular, on day 21 the con-
tent of small lymphocytes in lymphoid nodules with-
out germinal centers attained 60% of the control
level, in the red pulp and PALS this parameter was
57 and 55%, respectively. The intensity of destructive
processes in lymphoid nodules without germinal
centers surpassed 2-fold that in the red pulp and
PALS. The appearance of lymphoid nodules with
germinal centers on day 15 postirradiation implies a
slight activation of reparative processes in the spleen,
but no mitotic figures in the germinal centers were
found up to day 21. The number of small lympho-
cytes in the marginal zone of lymphoid nodules
constitutes 70%, while the number of plasma cells is
6-fold below the control values. It should be also
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noted that the number of neutrophils and mega-
karyocytes in the red pulp considerably increased
during the observation period. This is probably due
to migration of these cells from the blood and bone
marrow (it was previously shown that cell structure
of the bone marrow is recovered by 90% to the 15th
day postirradiation [2]).

Thus, y-radiation in a single dose of 6.9 Gy
induces similar and cyclic changes in the thymus and
spleen. The recovery is more pronounced in the
thymic (70-90%) than in splenic (55-70%) structures.
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