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Immunohistochemical and morphometric analysis showed that epithalamin and epithalon pro-
duced similar effects on the functional morphology of the spleen in pinealectomized rats. Both
peptides prevented hyperplasia of lymphoid cells in follicular germinative centers induced
by pinealectomy and potentiated the decrease in extramedullary hemopoiesis. These findings
confirm the data on functional relationships between the pineal gland and immune system.
The effects of epithalamin and epithalon on cell and tissue homeostasis in the spleen of old
pinealectomized rats can be regarded as a manifestation of the general regulatory effect of

these peptides.
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The stability of media in the organism is maintained
by a complex of intricate reactions requiring close
relationships between the nervous, endocrine, and im-
mune regulatory mechanisms. The role of the pineal
gland (PG) in hormonal and immune regulation at-
tracts special attention due to a wide spectrum of bio-
logical effects of its main hormone melatonin and
some low-molecular-weight polypeptides [2,4,8,9,11].

It was established that cytomedins, peptide bio-
regulators mediating information exchange between
various cell groups and modulating their functional
activity, are present in PG [3]. Polypeptide preparation
of PG epithalamin demonstrated high biological ac-
tivity towards the reproductive, neuroendocrine, and
immune systems [1]. Epithalon, a tetrapeptide (Ala-
Glu-Asp-Gly) synthesized on the basis of epithalamin
amino acid composition, exhibits higher biological
activity [5]. Previous studies showed that epithalon
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inhibits metabolic processes in the duodenal mucosa and
hemo- and lymphopoiesis in the spleen [7]. It also
regulates the function of gastric endocrine cells in
pinealectomized rats [6].

We investigated the effects of epithalamin and
epithalon on cell and tissue homeostasis in the spleen,
a central organ of the immune system, under con-
ditions of separated effects of pinealectomy (PE) and
these drugs.

MATERIALS AND METHODS

The study was carried out on 35 male Wistar rats (7
groups, 5 animals each) aged 18 months, kept under
standard vivarium conditions with natural day/night
cycle and balanced rations in November-December.
Control group consisted of intact animals. In groups
1-6 PE was carried out under ether narcosis as descri-
bed previously [6]. Starting from day 21 postopera-
tion, the animals of groups 1 and 2 received daily (for
10 days) subcutaneous injections of isotonic NaCl (0.5
ml). Groups 3 and 4 animals were injected with epi-
thalamin (0.5 mg) in an equivalent volume according
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to the same protocol, and groups 5 and 6 received
epithalon (0.5 ug/rat). Controls were sacrificed simul-
taneously with groups 1, 3, and 5 animals. Functional
morphology of the spleen in groups 1, 3, and 5 was
examined on day 33 after PE (day 3 after the end of
drug treatment) and in groups 2, 4, and 6 on day 42
after PE (day 12 after drug treatment). The material
(spleen) was collected in the morning (10.00-12.00) at
natural light under Nembutal narcosis (50 mg/kg),
after which the animals were decapitated. Spleen frag-
ments were fixed for 24 h in acid Bouin fluid. Paraffin
sections (7 ) were mounted onto slides covered with
poly-L-lysine film (Sigma).

Spleen histology was studied on sections stained
with hematoxylin and eosin. Murine monoclonal anti-
bodies to proliferating cell nuclear antigen (PCNA)
diluted 1:50 (clone PC10, Calbiochem) and biotin-
streptavidin-peroxidase kit for detection of mouse im-
munoglobulins (ICN) were used for immunostaining
of proliferating cells. Ig-containing cells were iden-
tified with a kit for detection of rat immunoglobulins
(BioGenex).

Morphometric studies were carried out using Im-
star S.A. system for computer analysis of microscopic
images with applied Morphostar-2 and Colquant-2
software (Imstar S.A.) in accordance with the basic
stereology principles in morphometry. The following
stereological parameters were used: test area of | field
(mm?); total test area (test area of 1 field multiplied
by the number of fields); total field of structure sec-
tions (mm?); volumic density of structures (integral
indicator of the content of structures in a volume
of tissue, %), determined as the ratio of total area
of structure section to total tested area); mean area
of the structure section (u?); total number of struc-
ture sections on a section area; numerical density
(number of structure sections per unit of section
area). The structures were counted in each animal
in at least 60 visual test fields for 3 sections of each
tested organ.

The mean area of lymphatic follicles, reactive
centers, and width of the marginal zone were evalua-
ted at the level of the maximum follicular diameters
determined by serial sections of the spleen. A test area
for study of the numerical density of PCNA-positive
nuclei, mitoses, and apoptosis of lymphocytes in cen-
ters of follicle multiplication included at least 2000
cell nuclei stained with hematoxylin. The ratio of mito-
tic activity and apoptotic death of lymphocytes was
evaluated using I,,, index (ratio of dividing cells to
cells dying by apoptosis). Lymphocytes dying by apo-
ptosis in follicular germinative centers were evaluated
by morphological criteria [14]. Test area for evalua-
ting numerical density of PCNA-positive nuclei in
zones of extramedullary hemopoiesis was at least
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I mm? and for volumic density of Ig-positive cells at
least 2.5 mm?.

The results were statistically processed using non-
parametrical Mann-Whitney’s U test.

RESULTS

Functional morphology of the spleen in control ani-
mals corresponded to normal (Fig. 1, Table 1). The
white pulp was presented by lymphoid periarteriolar
lymphatic sheath and round lymphatic follicles (Fig.
1, @). PCNA-positive nuclei were weakly immuno-
stained (Fig. 1, b). The marginal zones was presented
by perifollicular rings (70-90 u wide) densely packed
with reticular cells, large lymphocytes and macro-
phages. Small foci of myeloid hemopoiesis were si-
tuated in the subcapsular zone of the red pulp and
along the trabecules (Fig. 1, ¢) with high intensity of
immunostaining of PCNA-positive nuclei (Table 1).
Ig-containing cells were detected virtually in the entire
parenchyma with a trend to concentrate along the peri-
phery of marginal zones and in chains along the trabe-
cules (Fig. 1, d).

After removal of PG the most significant histolo-
gical changes were observed in the white pulp. One
month after PE the follicles and their germinative zones
increased in size, and by day 42 periarterial connec-
tions and individual follicles fused and formed rami-
fied cords. By this time the follicles and their multi-
plication centers enlarged almost 2-fold in comparison
with the control. Numerical density of dividing lym-
phocytes and the content of apoptotic cells essentially
increased in the follicular germinative centers. I,
increased by day 42 (Table 1), indicating a significant
shift of the dynamic equilibrium towards intensifica-
tion of lymphoid cell multiplication. Other picture of
myeloid hemopoiesis and spontaneous antibody-pro-
ducing cells was observed in the spleen of pinealecto-
mized animals. According to computer analysis, 1.5
months after PE the quantitative density of PCNA-
positive cells in zones of extramedullary hemopoiesis
decreased by 32% and of Ig-containing cells in the red
pulp by 28%.

In groups 3 and 5 the structure of the spleen ten-
ded to normal on day 3 after termination of epitha-
lamin and epithalon treatment. Lympbhatic follicles
became round and smaller than in group . In animals
receiving epithalamin numerical density of dividing
lymphoblasts during this period decreased by 37%
compared the corresponding parameter in group 1. In
animals receiving epithalon I, returned to normal
(Table 1). On the other hand, according to the results
of quantitative analysis both drugs seem to potentiate
a decrease in the cellular proliferative activity in zones
of extramedullary hemopoiesis (Table 1).
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Fig. 1. Functional morphology of the spleen in intact rat. Staining with hematoxylin and eosin {a) and biotin-streptavidin-peroxidase compiex
and poststaining with diaminobenzidine (b-d); X175 (a, ¢, d), x350 (b). a) histological structure of lymphatic follicle; b, ¢) immunohistochemical
reaction of cells with anti-PCNA antibodies in follicular germinative center (b) and in zones of myeloid hemopoiesis (c); d) immunoglobulin-
containing cells. GC: germinative center; MZ: marginai zone; RP: red pulp.

In group 4 (PE+epithalamin) histological structure
of the spleen and a number of quantitative parameters
on day 42 corresponded to the variants observed in
group 3. There was just a trend to an increase in the
lymphocyte proliferative activity in follicular germi-

native centers, which was seen by the results of stai-
ning for PCNA and numerical density of mitoses.
However an increase in the count of apoptotic cells
was paralleled by a decrease in [, in these animals
(Table 1). The intensity of myeloid hemopoiesis and
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count of Ig-positive cells decreased. Similar morpho-
functional changes in the spleen was observed in group
6 animals treated with epithalon. On the other hand,
on day 12 after the end of epithalon treatment, dege-
nerative changes were detected in the marginal zones.
Perifollicular rings were narrowed (Table 1), often
looked blurred, somewhere with only reticular skele-
ton. Decreased intensity of myeloid hemopoiesis in the
red pulp of these animals was paralleled by a recipro-
cal increase in the numerical density of PCNA-posi-
tive cells and a corresponding direction of I, in folli-
cular germinative centers (Table 1).

Hence, hyperplasia of lymphoid cells, inhibition
of myeloid hemopoiesis, and decreased count of Ig-
containing cells are objectively recorded effects of PE
in the spleen. Complex analysis showed that the ef-
fects of epithalamin and epithalon on the functional
morphology of pinealectomized animals were similar-
ly directed, and according to some quantitative para-
meters identical. Both peptide regulators inhibited lym-
phoid cell hyperplasia and possibly potentiated a de-
crease in extramedullary hemopoiesis. Comparative
analysis of these drugs efficiency suggests that epitha-
lamin is longer acting. It is probable that the increase
in the lymphocyte proliferative activity and degenera-
tive changes in the marginal zones 12 days after the
end of epithalon treatment are caused by decompen-
satory reaction of lymphopoiesis on the inhibitory
effect of this drug in pinealectomized animals.

These results confirm the findings of other authors
on the functional relationships between PG and im-
mune system [10,12,13]. It is now well known that
immunocompetent cells can express cytokins, neuro-
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peptides, tissue growth factors, and receptors to many
signal molecules. This confirms the concept that the
immune system is an important and indispensable
component in the maintenance of homeostasis. We
consider that effects of epithalamin and epithalon on
the morphology and function of the spleen in pinealecto-
mized old animals can be regarded as a manifestation
of the general regulatory effect of these peptides.

REFERENCES

1. V. N. Anisimov, V. Kh. Khavinson, and V. G. Morozov, Us-
pekhi Sovrem. Biol., 113, No. 6, 752-762 (1993).

2. E. B. Arushanyan and L. G. Arushanyan, Probl. Endokrinol.,
37, No. 3, 65-68 (1991).

3. B. I. Kuznik, V. G. Morozov, and V. Kh. Khavinson, Cyto-
medines [in Russian], St. Petersburg (1998).

4. E. S. Rom-Bugoslavskaya, Probl. Endokrinol., 27, No. 2, 81-
88 (1981).

5. V. Kh. Khavinson and S. V. Myl’nikov, Byull. Eksp. Biol.
Med., 130, No. 12, 651-653 (2000).

6. V. Kh. Khavinson, V. V. Popuchiev, [. M. Kvetnoi, et al,
Ibid., 129, No. 4, 420-422 (2000).

7. V. Kh. Khavinson, V. V. Yuzhakov, I. M. Kvetnoi, et al,
Ibid., 131, No. 3, 338-346 (2001).

8. V. N. Anisimov, A. V. Arutjunynan, and V., K. Khavinson,
Neuroendocrinol. Lett., 22, No. 1, 9-18 (2001).

9. V. N. Anisimov, S. V, Mylnikov, and V. K. Khavinson, Mech.
Ageing Dev., 103, No. 2, 123-132 (1998).

10. E. Beskonakli, S. Palaoglu, S. Aksaray, et al., Neurosurg.
Rev., 24, No. 1, 26-30 (2001).

11. E. Damian, Endocrinologie, 27, No. 2, 57-64 (1989).

12. G. J. Maestroni, J. Pineal Res., 14, No. 1, 1-10 (1993).

13. K. Skwarlo-Sonta, Neuroendocrinol. Lett., 20, No. 3-4, 151-
156 (1999).

14. A. H. Wyllie, Atlas Sci. Immunol., 1, No. 3-4, 192-196 (1988).




