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Abstract. It has been established, that immobilizing stress causes

decreasing of light cell's amount in pineal gland, which are the main

source of melatonin production like under usual lighting and like

under light deprivation. Light deprivation, that stimulates pineal

gland function, also provides activation of pre-melatonin

biosynthesis that increased production of endogenous melatonin.
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Introduction

An important role of the pineal gland as a syn-
chronizer of biological rhythms in humans and ani-
mals is contributed by the fact that the physiology,
biochemistry, morphology and ultrastructure of this
organ are widely studied in recent decades [1, p. 62-
66]. It is known, that the pineal gland is a part of
photoperiodic system that is able to perceive changes
in lighting of the environment through the impulses to
the retinohypothalamic tract - to suprachiasmatic
nucleus in particular, and in a lesser extent - to the
supraoptic nuclei of the hypothalamus. Changes of
lighting, temperature, and humidity of the geomag-
netic field will influence the own rhythms of chrono-
periodic system.

There were no predominance of any type of pi-
neal cells with maintenance of histological structure
of the gland and reduction of general number of the
pineolocytes, found during aging [4, p. 52-53].
Authors noticed some changes of the pineal gland
cytoarchitectonic in the form of nucleus polarization
because of follicle formation, found in 61% cases.

Ultramicroscopic restructuring of pinealocytes
under the influence of radiation and hyperillumination
was investigated by Logvinov S. The reduction in
endoplasmic reticulum and Golgi complex occur at
the early stages after hyperillumination of pineolo-
cytes with the normalization of their ultrastructural
organization after1-6 months [5, ñ. 71-75].

Stress response can counteract the negative ef-
fects of aging and the effects of moderate sublethal
stress may help to live longer. It is shown, that some
moderate stressors (radiation, heat and cooling shock,
hypergravitation, physical capacity) increase life ex-
pectancy, and hypergravitation reduces the degree of
behavioral aging. The underlying mechanisms of the
stress which increase the life span, have not been
studied yet. However, it has been shown, that they
can include metabolic regulation and induction of
stress proteins [6, ñ. 95-98].

Objective

In the literature there is not enough information
about the impact of the correction of immobilization
stress and prolonged darkness on micro- and ultra-
microscopic condition of the pineal gland, thereby the
objective of our study was to analyze the efficacy of
natural and synthetic chronobiotic - melatonin and
epithalon to restore post-stressed rearrangements in
the studied gland.

Material and methods

Experiments were carried out on 30 old (20-24
months) mongrel male albino rats weighting 280 to
360 g. Animals were kept under standard vivarium
conditions, at the controlled temperature and air hu-
midity; free access to water and food was provided.
We studied the ability of peptide bioregulators to
restore morphofunctional condition of the pineal
gland in case of its deprivation and under the inf-
luence of 1-hour immobilization stress.

Rats were divided into five groups by six animals
each. All stages of the experiments were carried out
in accordance with the main requirements of the
European Convention for the humane treatment of
animals.

Control animals of the 1st group were kept for 7
days under conditions of normal illumination perio-
dicity (12/12 h light/darkness cycle, group LD). Illu-
mination (50 lx in the cages) was provided from 8.00
until 20.00 with luminescent lamps. Rats of group 2
were kept for 7 days under conditions of continuous
darkness (group DD, induction of the pineal gland
hyperfunction). Animals of the 3rd group were kept
during the same period in constant darkness (light
deprivation, group DD, induction of the pineal gland
hyperfunction) and 1-hour immobilization stress. Rats
of group 4 were kept for 7 days under conditions of
continuous darkness and immobilization stress with
correction of epithalon in dosage 0,5mg/kg, but in the
fifth group (group DD+immobilization stress) animals
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received melatonin in dosage 2,5 mg/kg.
On the next day after termination of the 7-day-

long conditioning period, animals were decapitated
under Nembutal anesthesia (40 mg/kg i.p.). The
brains were immediately dissected and immersed for
20 h in a 10% formalin solution in phosphate buffer
(0.1 M, pH 7.2) at room temperature. After a stan-
dard procedure of dehydration and impregnation with
chloroform and paraffin, tissue samples were embed-
ded in paraffin.

All surveys were conducted in compliance with
EEC Directive ¹ 609 (1986) and the Order of
Ukraine ¹ 281 dated 01.11.2000y. "On measures for
further improving the organizational norms of using
experimental animals". Experiments conducted in
accordance with Commission on Bioethics of Buko-
vinian State Medical University (Minute ¹3 dated
16.02.2005y.).

Discussion of observed results

The pineal gland of old rats with normal lighting
regimen was conical- or drop-shaped. Study of mor-
phofunctional state of pineal gland showed that
parenchyma doesn't maintain it shape, with minor
signs of age involution in a small number of apoptotic
cells, formed as a result of age load against a backg-
round of lower melatonin biosynthesis and reduced
concentration in the blood.

Pinealocytes are small, densely located. Pinea-
locytes which produce indols are intenensively dark,
with different shape, nucleoli are not visible. Cytop-
lasm is low-volumed, looks like a narrow transparent
bezel which is surrounding a small irregularly shaped
nucleus. Perikaryons of these cells are small,
basophilic stained. At histological examination of the
pineal gland it has been revealed that the ratio bet-
ween light and dark pinealocytes amounted to 1,77 ±
0,028 (light pinealocytes: 64 ± 0,9%, dark: 36 ±
0,9%). General morphological picture of intact ani-
mals corresponded to literature data on this (Fig. 1)
[6, pp. 96-98].

Submicroscopic examination under normal regime
of lighting showed that round-oval nuclei with large
osmiophilic nuclei are distinctive for the most pinea-
locytes. In karyoplasm round-oval nuclei containing
large nucleolus were found with significant number of
ribosomal granules beside them. They are scattered
around the nucleus. There is a small lump of hetero-
chromatin. Nuclear membrane is flat and has a relati-
vely uniform perinuclear space, but it is a local thi-
ckening, clear nuclear pores.

In cytoplasm various sized, rounded osmiophilic
granules of serotonin are found (Fig. 2). Tanks of
granular endoplasmic reticulum are expanded, they
form vacuole-like structure, large mitochondria with

Fig. 1. Morphological condition of the pineal gland

of old rat under casual lighting regime. Hematoxylin

and eosin. Îb.20õ, îc.10õ

Fig. 2. Ultrastructure of pinealocytes under casual

lighting regime. Oval-shaped nucleus (1) with

nucleolus. Serotonin granules (2).õ 10 000

osmiophilic matrix, ctistae are observed.
Exploring changes in pinealocytes under 7-days

constant darkness it has been found, that the ratio of
light and dark cells are not significantly different
from the averages in animals of the control group and
compose of 72± 1,3%:28 ± 1,2% (p>0,05) (Fig. 3). It
is even possible to observe the predominance of
light-active cells, thereby confirming the inclusion of
a protective mechanism in case of complete
darkness, stimulating endogenous melatonin as a
natural geroprotector (Fig. 4).

Examination of submicroscopic changes of the

pineal gland cells revealed euchromatin in
karyoplasm, small granules of heterochromatin.
Nuclear membrane is rough, forms a single deep
invagination under conditions of 24 hours darkness.

The cytoplasm is enriched by narrow tubules of
granular endoplasmic reticulum, but somewhere the
flake-shaped, electronically low dense fragments are
observed, considered to be melatonin granules.
Mitochondria have predominantly elongated shape
and moderate size. Part of organelles has a partially
enlightened matrix (Fig. 5). These ultrastructural
changes indicate the overload by melatonin.
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Fig. 3. Morphological condition of the pineal gland

of old rat under lighting deprivation. Hematoxylin and

eosin. Îb.20õ, îc.10õ

Fig. 4. The ratio between light and dark pinealocytes

in old rats under light deprivation

Fig. 5. Ultrastructure of the pineal gland under

constant darkness. Nucleus with invagination (1),

flake-shape melatonin granules (2) õ 9 000

Fig. 6. The ratio of light and dark pinealocytes of old

rats s under immobilization stress and light deprivation

Research under immobilization stress and pineal
gland hyperfunction showed a manifested reaction of
rats' pinealocytes on specified conditions of the
experiment. In particular, the ratio between light and
dark pinealocytes changed if compared with control
values at (56±1,2)% : (44±1,0)% (ð=0,0019) (Fig. 6).

The number of light active cells remains in enough
amount for reactive capacity to synthesize melatonin
as anti-stress factor (Fig. 7). Submicroscopically,
pinealocytes have small irregularly shaped nuclei
with lots of osmiophilic granules of heterochromatin
in karyolemma in the conditions of this experiment.

Perinuclear spaces are not big; amount of nuclear
pores is low. Unevenly thickened fragmented tubules
of granular endoplasmic reticulum and tanks of Golgi
complex are found in the cytoplasm. Oblong or
round-oval mitochondria have a few crystals in
moderate electronically densed matrix. There are only
a few melatonincontaining flaked-shaped structures.
Low functional activity of pinealocytes is confirmed
by described changes of submicroscopic structure

(Fig. 8).
After correction of the changes mentioned above

in pinealocytes with epithalon it has been found, that
ratio of light and dark pinealocytes had changed
toward to control group as (60 ± 1,6)%: (40 ± 1,5)%
(p = 0,035) (Fig. 9). A correction with melatonin sho-
wed more intensive recovery of light to dark pinea-
locytes ratio: (67±1,6) % : (32±1,5) % (ð=0,036) (Fig.
10). According to ultramicroscopic picture, the obtai-
ned received data corresponded to parameters of the
control group.

Thus, the results of our numerous studies showed
that the pineal gland and its own system of generation
and regulation of circadian rhythms in general, play
an important role in homeostasis and aging.

Conclusions

Above mentioned findings of the micro-and ultra-
microscopic changes in old rats' pineolocytes are
indicative of the fact, that light deprivation stimulates
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Fig. 7. Light microscopy of the pineal gland of old

rat under immobilization sterss and light deprivation.

Hematoxylin and eosin. Îb.20õ, îc.10õ

Fig. 8. Ultramicroscopic organization of

pinealocytes of old rats under immobilization sterss and

light deprivation. Abnormaly shaped nucleus (1),

granules of melatonin (2). õ 7 000.

Fig. 9.Correction of poststress changes of the pineal

gland with epithalon in old rat under light deprivation

and immobilization stress. Hematoxylin and eosin.

Îb.20õ, îc.10õ

Fig. 10. Correction of poststress changes of the

pineal gland with melatonin in old rat under light

deprivation and immobilization stress. Hematoxylin and

eosin. Îb.20õ, îc.10õ

the pineal gland function, provides geroprotective
effect, actively engaging precursors to melatonin
biosynthesis, thereby activating the production of
endogenous melatonin (free radical scavenger) in
pinealocytes of aging organism. The influence of im-
mobilization stress has negative effects on the mor-
phological characteristics of the pineal gland cells.

Perspectives of the further research

Furthermore, for a deeper understanding of the
processes occurring in pinealocytes of old rats under
the influence of immobilization stress, we are plan-
ning to study micro-and ultramicroscopic changes of
these cells under the conditions of light stimulation as
well.
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ÊÎÐÐÅÊÖÈß ÏÅÏÒÈÄÍÛÌÈ ÁÈÎÐÃÅÓËßÒÎÐÀÌÈ
ÌÈÊÐÎ- È ÓËÜÒÐÀÌÈÊÐÎÑÊÎÏÈ×ÅÑÊÈÕ

ÈÇÌÅÍÅÍÈÉ ÏÈÍÅÀËÜÍÎÉ ÆÅËÅÇÛ
ÂÛÇÂÀÍÍÛÅ ÑÒÐÅÑÑÎÌ ÏÎÄ ÂÎÇÄÅÉÑÒÂÈÅÌ

ÑÂÅÒÎÂÎÉ ÄÅÏÐÈÂÀÖÈÈ

Þ. Â. Ëîìàêèíà, Ð. Å. Áóëûê

Ðåçþìå. Ïðè èçó÷åíèè ìîðôîëîãè÷åñêèõ èçìåíåíèé

øèøêîâèäíîé æåëåçû íàìè óñòàíîâëåíî, ÷òî èììîáè-

ëèçàöèîííûé ñòðåññ ïðèâîäèò ê óìåíüøåíèþ êîëè÷åñòâà
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ñâåòëûõ êëåòîê, êîòîðûå ÿâëÿþòñÿ îñíîâíûì ìåëàòîíèíï-

ðîäóöèðóþùèì èñòî÷íèêîì, êàê ïðè îáû÷íîì îñâåùåíèè,

òàê è ïðè ïîëíîé òåìíîòå. À ñâåòîâàÿ äåïðèâàöèÿ, ÷òî

ñòèìóëèðóåò ôóíêöèþ ýïèôèçà ìîçãà, îáåñïå÷èâàåò àêòè-

âàöèþ áèîñèíòåçà ïðåäøåñòâåííèêîâ ìåëàòîíèíà, óâå-

ëè÷èâàÿ òåì ñàìûì ïðîäóêöèþ ýíäîãåííîãî ìåëàòîíèíà.

Êëþ÷åâûå ñëîâà: ïèíåàëüíàÿ æåëåçà, õðîíîïå-

ðèîäè÷åñêàÿ ñèñòåìà, ìåëàòîíèí, ýïèòàëîí, ìèêðîñêî-

ïè÷åñêàÿ ñòðóêòóðà.

ÊÎÐÅÊÖ²ß ÏÅÏÒÈÄÍÈÌÈ Á²ÎÐÃÅÓËßÒÎÐÀÌÈ
Ì²ÊÐÎ- ÒÀ ÓËÜÒÐÀÌ²ÊÐÎÑÊÎÏ²×ÍÈÕ ÇÌ²Í

Ï²ÍÅÀËÜÍÎ¯ ÇÀËÎÇÈ ÂÈÊËÈÊÀÍ² ÑÒÐÅÑÎÌ ÇÀ
ÓÌÎÂ ÑÂ²ÒËÎÂÎ¯ ÄÅÏÐÈÂÀÖ²¯

Þ. Â. Ëîìàê³íà, Ð. ª. Áóëèê

Ðåçþìå. Ïðè âèâ÷åíí³ ìîðôîëîã³÷íèõ çì³í øèøêîïî-

ä³áíî¿ çàëîçè íàìè âñòàíîâëåíî, ùî ³ììîá³ë³çàö³éíèé ñòðåñ

ïðèçâîäèòü äî çìåíøåííÿ ê³ëüêîñò³ ñâ³òëèõ êë³òèí, ÿê³ º

îñíîâíèì ìåëàòîí³í-ïðîäóêóâàëüíèì äæåðåëîì ÿê ïðè

çâè÷àéíîìó îñâ³òëåíí³, òàê ³ ïðè ïîâí³é òåìðÿâ³. À ñâ³òëîâà

äåïðèâàö³ÿ, ùî ñòèìóëþº ôóíêö³þ åï³ô³çà ìîçêó, çàáåçïå÷óº

àêòèâàö³þ á³îñèíòåçó ïîïåðåäíèê³â ìåëàòîí³íó, çá³ëüøóþ÷è

òèì ñàìèì ïðîäóêö³þ åíäîãåííîãî ìåëàòîí³íó.

Êëþ÷îâ³ ñëîâà: ï³íåàëüíà çàëîçà, õðîíîïåð³îäè÷íà

ñèñòåìà, ìåëàòîí³í, åï³òàëîí, ì³êðîñêîï³÷íà ñòðóêòóðà.

Âèùèé äåðæàâíèé íàâ÷àëüíèé çàêëàä Óêðà¿íè
“Áóêîâèíñüêèé äåðæàâíèé ìåäè÷íèé óí³âåðñèòåò”,

ì. ×åðí³âö³
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