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HE GINGIVAL TISSUES REACTION ON
HYPOBARIC HYPOXIA ACTION
ACCORDING TO VARYING DURATION
PHOTOPERIOD IN IMMATURE FEMALE
RATS
Abstract. This study showed peculiarities of the reaction of proteolytic processes indices on hypobaric hypoxia, influenced by constant
light, in the gingival tissues in immature female rats. It has been
established that modeling of the hypobaric intermittent hypoxia
equal the altitude 4000 meters (2 hours per day for 14 days) decreases proteolysis intensity in the gingival tissues in immature female
rats. The pineal gland hypofunction by means of a constant illumination significantly influences upon the character of changes of the
proteolytic processes in the gingival tissues, caused by systemic
hypobaric hypoxia at a combined use of the indicated influences.

Introduction
In recent years it has become apparent in dental
research that in periodontal health and disease environmental factors play an important role in physiological and pathological situations [16]. Hypoxia, as an
environmental factor, is one of the condition of usual
mode of life and, at the same time, growth factor
levels of reactive oxygen species (ROS) [15]. The
presence of polyorganic, morpho-functional disturbances, formed at participation of the neuro-endocrine system [10] and the manifestations of which
depend on the age, sex and the presence of influence
of other environmental factors is a peculiar feature
for systemic adaptation to hypoxia. Hypoxia results in
decrease of energetic potential, macroergic phosphate and pyruvate dehydrogenase content [6]. The
intensity of the response of organs and tissues of the
body depends on the hypoxia level and sensitivity of
the tissue to hypoxia [13, 17]. Possibility of the development of cross-adaptation according to hypoxia
enables to use moderate hypoxic effects for the purpose hypoxic preconditioning of pathological changes
caused by other factors [3, 11]. Hypobaric hypoxia
influence upon expression of gene of sensitivity to
hypoxia that may create protective effect under various pathologies, including periodontal [4, 9]. The
nature of proteolytic activity in peripheral tissues
changes in the process of reaction to a variety of
environmental factors, that may be both a manifestation of regenerative processes, and their involvement in the mechanisms of apoptosis [7].
Hormones have potent effects on the major determinants of the developments and functions of oral
cavity organs and tissues including gingiva. They can
influence the periodontium at different life time. Peri-

dontal glucocorticoid system and its possible role in
the periodontum deseases are described, testosterone
receptors are found in periodontal tissues and results
showed that testosterone may have anti-inflammatory
effects on the periodontum [1]. Sex hormones play
an important role in periodontal health and disease. It
is clear that endogenous sex steroid hormones play
significant roles in modulating the periodontal tissue
responses [14].
Melatonin is the main hormone of the pineal gland
of the brain, which not only synchronizes the rhythms
of peripheral tissues but also has anti-stress and antioxidant defenses and provides the body adapt to the
dangerous effects of the environment, including
hypoxia [5], and it has a significant effect on the
reproductive system [8]. Among the endocrine
glands, which are studied in connection with
periodontal health and disease epiphysis does not
deserve enough attention of researchers.
Specific characteristics of the reaction proteolytic
activity in the gingival tissues in immature female rats
on hypoxic hypoxia under conditions of the altered
regime of illumination remain not studied.
The aim of the research
To study of specific characteristics of fibrinolysis
in the gingival tissues in immature female rats under
ordinary conditions of holding and hypoxic conditioning by systemic intermittent hypobaric hypoxia of
changes, caused by permanent lighting.
Material and methods
Experiments were carried out on 40 female immature white laboratory rats aged 1 month with an
average body weight of 0,052 kg. The changes of
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photoperiod duration were modeled by permanent
day-and-night lighting (500 lux light intensity) a model of decreasing of melatonin-producing function of
the pineal gland (group 3, and 4). Hypobaric hypoxia
was created in the flowing pressure chamber by
means rarefaction of air till the value corresponding
to a height of 4000 m above sea level with "lifting"
velocity 0.4 km / min [12]. Under hypoxic conditions
the animals were held for 2 hours daily during 14
days (group 2 and 4). Animals of group 4 were held
at simultaneous action of hypobaric hypoxia and
constant lighting. Intact rats (group 1) holding under
conditions of natural light and normal atmospheric
pressure, were used as control ones. The following
day after the completion of experimental influence all
animals were decapitated under slight diethyl ether
narcosis. The gingival tissues was taken out on cold
immediately after the decapitation and the weighted
samples were homogenized in 2.0 ml of cooled borate buffer (pH 9.0). The homogenate was used in
biochemical analysis. The proteolytic activity was
determined according azoalbumin, azokazein and

azokol lysis [2].
Statistical analysis of the results was performed
by the method of variational statistics using Student's
test.
Experiments have been carried out in compliance
with the European Convention for the Protection of
Vertebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).
Discussion of the Results
Modeling of chronic hypobaric hypoxia under
conditions of natural light in immature female rats
resulted in a significant restructuring of the nature of
the processes of proteolysis in the gingival tissues
(Table 1). In particular, lysis of low molecular weight
proteins (LMWP) in the gingival tissues decreased
by 15,8 % in comparison with the control, lysis of
hight molecular weight proteins (HMWP) - by 42,8
%. Lysis of collagen mostly decreased the - by 59,2
% compared with the group that was under conditions of normoxia.

Table 1
Reaction of proteolytic process in the gingival tissues of immature female rats under conditions of hypobaric hypoxia and modified duration of photoperiod (Ì±m).

№ of
group

Conditions of
research

1

Natural lighting,
normoxia, n=10

2

Natural lighting,
hypoxia, n=10

3

Permanent lighting,
normoxia, n=10

4

Permanent lighting,
hypoxia
n=10

Lysis of LMWP,
мкg azoalbumin/1g
of tissue per 1 hour

Lysis of HMWP,
мкg azocasein/1g
of tissue per 1hour

Lysis of collagen,
мкg azocol/1g of
tissue per 1hour

M±m

43,71±3,09

37,38±2,90

8,53±0,847

M±m
р
M±m

36,82±6,52
0,187
70,08±5,37

21,36±1,80
0,000
46,03±3,78

3,48±0,331
0,000
15,33±1,17

р

0,000

0,049

0,000

M±m

47,90±4,12

25,10±1,97

4,970±0,406

р
р1
р2

0,222
0,002
0,051

0,001
0,000
0,037

0,001
0,000
0,000

Note in table 1: р – criterion of probability of difference in comparison with group 1; р1 - criterion of
probability of difference in comparison with group 3; р2 - criterion of probability of difference in comparison
with group 2

Processes of proteolysis in the gingival tissues of
females were undergone of opposite changes by
application of constant light. Thus, LMWP lysis
increased by 1,6 times, lysis of azokazein - by 23,1
%, and lysis of collagen - increased by 1,8 times in
comparison with the control one. Compared with
indices of animals held in hypoxia only, all indicators
have increased even more: respectively by 1,9 times
for LMWP lysis, 2,2 times for HMWP lysis and
maximaly by 4,4 times for collagen lysis. Thas,
constant lighting is more stressful and damaging
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environmental factor then hypoxia level used.
Simultaneous action of hypobaric hypoxia and
constant lighting led to decrease of proteolysis
indicators concerning all kinds of protein molecules,
comparing to group of animals held in constant
lighting and normoxia, and indicators were practically
equal to group of animals held in hypoxia only,
excluding LMWP lysis, which intensity was higher,
then in only hypoxic condition. Thus, it can be
argued that hypoxia does a compensatory effect on
the lysis of hight molecular weight proteins and
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collagen, increased in melatonin deficiency caused by
constant illumination. But, low molecular weight proteins permanently are damaged by effect of the
constant lighting, in hypoxia as well as in normoxia
conditiones.
Draws attention that intensity of tissue proteolysis
significantly increases under conditions of constant
illumination both with hypoxia, that may be an evidence of intensification of elimination of oxidationmodified protein molecules, formed by reduction of
antioxidant potential of tissue at melatonin deficiency
[5].
Detected peculiarities of the reaction of the tissues proteolysis indices in the gingival tissues in
immature female rats to the applied factors and their
combinations, indicate different intensity of the process of adaptation under various conditions. Consequences of hypobaric hypoxia influence in case of
hypoxic conditioning of photoperiodic changes are
leveled by hypofunction of the pineal gland, that result in "normalization" of indices, that is their approaching to the control ones. However, this may be also
indicate of disturbance of adaptation process, that
subsequently may lead to the development of pathology.
Conclusions
1. Modeling of chronic hypobaric hypoxia under
conditions of natural light in immature female rats
resulted in a decreases of intensity of the lysis of
LMWP in the gingival tissues by 15,8 %, lysis of
HMWP - by 42,8 %, and lysis of collagen by 59,2 %
in comparison with the control.
2. Modeling of the decreased melatonin-producing
function of the pineal gland by application of constant
lighting resulted in significant increase of the activity
of proteolytic processes in the gingival tissues in immature female rats, that may testify to intensification
of elimination of oxidation-modified protein molecules, formed by reducing of tissues antioxidant
capacity according to melatonin deficiency.
3. Simultaneous action of hypobaric hypoxia and
constant lighting led to decrease of proteolysis indicators concerning all kinds of protein molecules,
comparing to group of animals held in constant
lighting and normoxia, and indicators were practically
equal to group of animals held in hypoxia only, excluding LMWP lysis, which intensity was higher, then in
only hypoxic condition, that probably indicates of the
hypoxic compensatory effect on the lysis of hight
molecular weight proteins and collagen in female rats
gingival tissues, increased in melatonin deficiency
caused by systemic effect of the constant illumination.

Perspectives of the research
Mechanisms of parcipitation of proteolysis processes in their interaction with the processes of peroxidation of lipids and proteins and their role in
ensuring gingival tissues reaction under conditions of
hypoxic preconditioning of the damaging effects of
the modified duration of photoperiod by moderate
hypobaric hypoxia require further investigation and
comprehensive analysis.
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ÐÅÀÊÖÈß ÒÊÀÍÅÉ ÄÅÑÅÍ ÍÅÏÎËÎÂÎÇÐÅËÛÕ
ÑÀÌÎÊ ÊÐÛÑ ÍÀ ÄÅÉÑÒÂÈÅ ÃÈÏÎÁÀÐÈ×ÅÑÊÎÉ
ÃÈÏÎÊÑÈÈ ÏÎÄ ÂËÈßÍÈÅÌ ÈÇÌÅÍÅÍÍÎÉ
ÄËÈÒÅËÜÍÎÑÒÈ ÔÎÒÎÏÅÐÈÎÄÀ
Ð.Ð. Äìèòðåíêî, Ã.È. Õîäîðîâñêèé, Å.Â. ßñèíñêàÿ
Ðåçþìå. Èçó÷åíû îñîáåííîñòè ðåàãèðîâàíèÿ ïîêàçàòåëåé ïðîòåîëèçà â òêàíÿõ ä¸ñåí íåïîëîâîçðåëûõ ñàìîê êðûñ
íà äåéñòâèå ãèïîáàðè÷åñêîé ãèïîêñèè â óñëîâèÿõ ñàìîñòîÿòåëüíîãî å¸ ïðèìåíåíèÿ è îäíîâðåìåííî ñ ïîñòîÿííûì
îñâåùåíèåì. Óñòàíîâëåíî, ÷òî ìîäåëèðîâàíèå ãèïîáàðè÷åñêîé ïðåðûâèñòîé ãèïîêñèè, ýêâèâàëåíòíîé âûñîòå 4000 ì
íàä óðîâíåì ìîðÿ (ïî 2 ÷àñà åæåäíåâíî â òå÷åíèå 14 ñóòîê)
ñíèæàåò èíòåíñèâíîñòü ïðîöåññîâ ïðîòåîëèçà â òêàíÿõ ä¸ñåí
íåïîëîâîçðåëûõ ñàìîê êðûñ. Ãèïîôóíêöèÿ ýïèôèçà,
îáóñëîâëåííàÿ ïîñòîÿííèì îñâåùåíèåì, çíà÷èòåëüíî âëèÿåò
íà õàðàêòåð èçìåíåíèé ïðîöåñà ïðîòåîëèçà â òêàíÿõ ä¸ñåí
íåïîëîâîçðåëûõ ñàìîê êðûñ, âûçâàííûõ ñèñòåìíîé ãèïîáàðè÷åñêîé ãèïîêñèåé ïðè óñëîâèè îäíîâðåìåííîãî ïðèìåíåíèÿ óêàçàííûõ âëèÿíèé.
Êëþ÷åâûå ñëîâà: òêàíåâîé ïðîòåîëèç, ôîòîïåðèîä,
ãèïîáàðè÷åñêàÿ ãèïîêñèÿ, òêàíè ä¸ñåí, íåïîëîâîçðåëûå ñàìêè
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êðûñ.
ÐÅÀÊÖ²ß ÒÊÀÍÈÍ ßÑÅÍ ÑÒÀÒÅÂÎÍÅÇÐ²ËÈÕ
ÑÀÌÈÖÜ ÙÓÐ²Â ÍÀ Ã²ÏÎÁÀÐÈ×ÍÓ Ã²ÏÎÊÑ²Þ
Ï²Ä ÂÏËÈÂÎÌ ÇÌ²ÍÅÍÎ¯ ÒÐÈÂÀËÎÑÒ²
ÔÎÒÎÏÅÐ²ÎÄÓ
Ð.Ð. Äìèòðåíêî, Ã.². Õîäîðîâñüêèé, Î.Â. ßñ³íñüêà
Ðåçþìå. Â äàíîìó äîñë³äæåíí³ âèâ÷åí³ îñîáëèâîñò³
ðåàãóâàííÿ ïîêàçíèê³â ïðîòåîë³çó â òêàíèíàõ ÿñåí ñòàòåâîíåçð³ëèõ ñàìèöü ùóð³â íà ä³þ ã³ïîáàðè÷íî¿ ã³ïîêñ³¿ çà
óìîâ ñàìîñò³éíîãî ¿¿ çàñòîñóâàííÿ òà ïîºäíàíî ³ç ïîñò³éíèì
îñâ³òëåííÿ. Âñòàíîâëåíî, ùî ìîäåëþâàííÿ ã³ïîáàðè÷íî¿
ïåðåðèâ÷àñòî¿ ã³ïîêñ³¿, åêâ³âàëåíòíî¿ âèñîò³ 4000 ì íàä
ð³âíåì ìîðÿ (ïî 2 ãîäèíè ùîäåííî ïðîòÿãîì 14 ä³á) çíèæóº
³íòåíñèâí³ñòü ïðîöåñ³â ïðîòåîë³çó â òêàíèíàõ ÿñåí ñòàòåâîíåçð³ëèõ ñàìèöü ùóð³â. Ã³ïîôóíêö³¿ åï³ô³çà, çóìîâëåíà
ïîñò³éíèìî îñâ³òëåííÿì, âïëèâàº íà õàðàêòåð çì³í ïðîöåñó
ïðîòåîë³çó â ÿñíàõ ùóð³â çà ñèñòåìíî¿ ã³ïîêñ³¿ ïðè ïîºäíàíí³
çàñòîñîâàíèõ âïëèâ³â.
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