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Resume. Peculiarities of the reaction of indices of proteolytic and
fibrinolytic processes to hypobaric hypoxia under conditions of its
independent use and hypoxic preconditioning changes, stimulated
by influence of constant light,  in the the adrenal glands tissues in
immature female rats have been studied. It has been established that
modeling of the pineal gland hypofunction by means of a constant
illumination significantly influences upon the character of changes
proteolysis and fibrinolysis processes in the adrenal glands tissues
of immature female rats, caused by systemic hypobaric hypoxia at a
combined use of the indicated influences. Hypoxic preconditioning
of influences of constant lighting does not compensate shifts in
biochemical indices, stimulated by altered photoperiod duration.
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Introduction
Hypoxia is one of the condition of usual mode of

life and, at the same time, growth factor levels of
reactive oxygen species (ROS) [8]. Structural-func-
tional change of the adrenal glands as regulatory or-
gan of adaptive process is a typical manifestation of
organic reaction to hypobaric hypoxia.  The presence
of polyorganic, morpho-functional disturbances, for-
med at participation of the neuro-endocrine system
[5, 10] and the manifestations of which depend on the
age, sex and the presence of influence of other envi-
ronmental factors is a peculiar feature for systemic
adaptation to hypoxia. Hypoxia results in decrease of
energetic potential, macroergic phosphate and pyru-
vate dehydrogenase content [6]. Decrease in oxygen
delivery to the tissues occurs in all cases in final result
[12]. The intensity of the response of organs and
tissues of the body depends on the hypoxia level and
sensitivity of the tissue to hypoxia [14, 15]. 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 sen-
sitivity to hypoxia that may create protective effect
under various pathologies [4]. The nature of proteo-
lytic and fibrinolytic activity in peripheral tissues
changes in the process of reaction to a variety of
environmental factors, that may be both a mani-
festation of regenerative processes, and their invol-
vement in the mechanisms of apoptosis [7, 9].

Specific characteristics of the reaction proteolytic
and fibrinolytic activity in the adrenal glands tissues

under conditions of hypoxic preconditioning of effects
of the altered regime of illumination in immature fe-
male rats remain not studied.

The aim of the research
To study of specific characteristics of fibrinolytic

and proteolytic processes in the tissues of the adrenal
glands in immature female rats under ordinary con-
ditions of holding and hypoxic preconditioning by sys-
temic intermittent hypobaric hypoxia of changes, cau-
sed by permanent lighting.

Material and methods
Experiments were carried out on 48 female im-

mature white laboratory rats aged 1 month with an
average body weight of 0,052 kg. The changes of
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 2, 4 and 5). 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 [13]. Under hypoxic conditions
the animals were held for 2 hours daily during 14
days (group 3, 4 and 5). Photoperiod changes were
introduced on the next day after hypoxic exposure,
thus hypoxic preconditioning of effects of hypofunc-
tion epiphysis was used in group 4. Animals of group
5 were held at simultaneous action of hypobaric hy-
poxia and constant lighting. Intact rats (group 1) hol-
ding under conditions of natural light and normal
atmospheric pressure, were used as control ones.
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The following day after the completion of experi-
mental influence all animals were decapitated under
slight diethyl ether narcosis. The tissues of the adre-
nal glands 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. Determination of the total, enzymatic and
non-enzymatic fibrinolysis in the adrenal glands tis-
sues was performed according azofibrin lysis ("Simko
Ltd", Ukraine) [7], proteolytic activity was deter-
mined according azoalbumin, azokazein and azokol
lysis [1].

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 tissue of the ad-
renal glands (Table 1). In particular, lysis of low
molecular weight proteins (LMWP) in the tissue of
the adrenal glands decreased by 29% in comparison
with the control, lysis of hight molecular weight pro-
teins (HMWP) - by 27.9%. Lysis of collagen mostly

decreased the - by 43.5% compared with the group
that was under conditions of normoxia.

Processes of proteolysis in the tissues of the ad-
renal glands of females were undergone of opposite
changes by application of constant light. Thus,
LMWP lysis increased by 13.4%, lysis of azokazein -
by 14.4%, in comparison with the control one, and
only lysis of collagen underwent tendencies to dec-
rease. Simultaneous action of hypobaric hypoxia and
constant lighting led to increase of proteolysis indices
concerning all kinds of protein molecules by 25%, and
hypoxic preconditioning effect of a permanent lighting
coused the most of all experimental groups increase
the intensity of proteolysis, particularly in regard to
macromolecular proteins. At the same time, lysis of
collagen remained insignificantly higher in comparison
with the control one, as in the experiment without
preconditioning. Draws attention that intensity of
tissue proteolysis significantly increases under con-
ditions of constant illumination both with hypoxia and
against a background of normoxia, that may be an
evidence of intensification of elimination of oxidation-
modified protein molecules, formed by reduction of
antioxidant potential of tissue at melatonin deficiency.

The total fibrinolytic activity (TFA) in the tissues
of the adrenal glands of immature females at the
actions of a systemic hypobaric hypoxia increased
by 34.4% due to enzymatic fibrinolytic activity
(EFA), the growth rate of which reached 82.2%,
whereas non-enzymatic fibrinolytic activity (NFA)
index decreased by 22.8% (Table .2). However, the

Table 1
Reaction of proteolytic process in the adrenal glands tissues of immature female rats under

conditions of hypobaric hypoxia and modified duration of photoperiod (Ì±m)

¹ of 
group 

Conditions of 
research  

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

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

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

1 Natural lighting, 
normoxia, n=10 M±m 115,9±3,901 104,6±5,317 12,42±1,722 

M±m 82,145±6,400 75,448±5,287 7,022±0,704 
2 

Natural lighting, 
hypoxia, n=10 ð 0,003 0,006 0,014 

M±m 131,4±4,238 119,7±6,679 11,46±0,666 
3 Permanent lighting, 

normoxia, n=10 ð 0,026 0,072 0,261 
M±m 155,1±7,864 139,7±6,870 14,21±1,043 

ð 0,001 0,003 0,065 
ð1 0,048 0,112 0,086 

4 

Permanent lighting 
with hypoxic 

preconditioning, 
n=8 ð2 0,000 0,000 0,000 

M±m 145,1±5,864 134,7±6,030 13,27±1,087 
ð 0,001 0,003 0,362 
ð1 0,052 0,104 0,098 

5 

Permanent lighting, 
hypoxia  

(simultaneously) 
n=10 ð2 0,000 0,000 0,000 

 

Îðèã³íàëüí³ äîñë³äæåííÿ
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Table 2
Reaction of fibrinolytic process in the adrenal glands tissues of immature female rats under

conditions of hypobaric hypoxia and modified duration of photoperiod (Ì±m)

¹ of 
group 

Conditions of 
research 

 
TFA, ìêg 

àzofibrin/ 1 g of 
tissue per 1 hour 

NFA, ìêg 
àzofibrin/ 1 g of 
tissue per 1 hour 

EFA, ìêg 
àzofibrin/ 1 g of 

tissue per 1 
hour 

1 
Natural lighting, 
normoxia, n=10 M±m 20,13±1,139 9,170±0,608 10,96±0,660 

M±m 27,05±2,036 7,079±0,510 19,97±1,853 
2 

Natural lighting, 
hypoxia, n=10 ð 0,005 0,020 0,001 

M±m 21,08±0,390 10,47±0,334 10,62±0,202 
3 

Permanent lighting, 
normoxia, n=10 ð 0,224 0,056 0,335 

M±m 20,78±0,410 9,74±0,434 11,83±0,302 
ð 0,055 0,095 0,064 
ð1 0,072 0,495 0,002 

4 

Permanent lighting 
with hypoxic 

preconditioning, 
n=8 ð2 0,059 0,001 0,004 

M±m 23,08±1,385 10,45±0,913 12,62±0,563 
ð 0,048 0,099 0,060 
ð1 0,072 0,495 0,002 

5 

Permanent lighting, 
hypoxia  

(simultaneously) 
n=10 ð2 0,048 0,001 0,002 

Note in tables 1 ³ 2: ð – criterion of probability of difference in comparison with group 1; ïîð³âíÿíî ç 
ãðóïîþ 1; ð1 - criterion of probability of difference in comparison with group 3; ð2 - criterion of probability 
of difference in comparison with group 2 

 observed increase of TFA in adrenal tissues under
conditions of constant illumination was insignificant.
Application of preconditioning of the effects of per-
manent lighting by hypoxia brought nearer the indices
of fibrinolytic activity of the adrenal tissue to the
indices of the control group, that may be indication of
compensatory preconditioning effect of interval hy-
pobaric hypoxia on damaging impact of permanent
lighting. Pronounced changes in the tissues of the
adrenal glands, probably testifies to reactivity of local
fibrinolysis in them due to active participation of the
hypothalamic-pituitary-adrenal axis to regulation of
adaptation [2].

Detected peculiarities of the reaction of the tis-
sues proteolysis and fibrinolysis indices in the adrenal
glands in immature female rats to the applied factors
and their combinations, indicate different intensity of
the process of adaptation under various conditions.
Conseqences of hypobaric hypoxia influence in case
of hypoxic preconditioning of photoperiodic changes
are leveled by hypofunction of the pineal gland, that
result in "normalization" of indices, that is their ap-
proaching 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 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 tissues of the adrenal
glands in immature female rats, that may testify to
intensification of elimination of oxidation-modified
proteoxidant capacity according to melatonin defi-
ciency.

2. The observed TFA increasing in tissues of the
adrenal glands under conditions of hypoxia by 34.4%
was caused by credible increase in enzymatic fib-
rinolysis by 82.2 % at simultaneously reducing the
intensity of NFA by 22.8 %.

3. Hypoxic preconditioning of permanent lighting
influence make the indices of fibrinolytic activity of
adrenal tissues closer to the level of indices of ani-
mals under natural lighting, that may be indication of
compensatory preconditioning effect of interval
hypobaric hypoxia on damaging impact of permanent
lighting. At the same time, changes in proteolytic
processes in the tissues of the adrenal glands, cau-
sed by hypofunction of pineal gland, failed to be com-
pensated by mean of hypoxic preconditioning.

Perspectives of the research
Mechanisms of parcipitation of fibrinolysis and
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proteolysis processes in their interaction with the
processes of peroxidation of lipids and proteins and
their role in ensuring adrenal glands reaction under
conditions of hypoxic preconditioning of the damaging
effects of the modified duration of photoperiod by
moderate hypobaric hypoxia at different stages of
preconditioning require further investigation and pro-
found analysis.
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Å.Â. ßñèíñêàÿ
Ðåçþìå. Èçó÷åíû îñîáåííîñòè ðåàãèðîâàíèÿ ïîêà-

çàòåëåé ïðîòåîëèòè÷åñêèõ è ôèáðèíîëèòè÷åñêèõ ïðîöåññîâ â
òêàíÿõ íàäïî÷å÷íèêîâ íåïîëîâîçðåëûõ ñàìîê êðûñ íà
äåéñòâèå ãèïîáàðè÷åñêîé ãèïîêñèè â óñëîâèÿõ ñàìîñòîÿ-
òåëüíîãî å¸ ïðèìåíåíèÿ è ãèïîêñè÷åñêîãî ïðåêîíäèöèî-
íèðîâàíèÿ èçìåíåíèé, îáóñëîâëåííûõ âëèÿíèåì ïîñòîÿí-
íîãî îñâåùåíèÿ. Óñòàíîâëåíî, ÷òî ìîäåëþâàíèå ãèïîôóí-
êöèè ýïèôèçà ïóò¸ì ïîñòîÿííîãî îñâåùåíèÿ çíà÷èòåëüíî
âëèÿåò íà õàðàêòåð èçìåíåíèé ïðîöåññîâ ïðîòåîëèçà è
ôèáðèíîëèçà â òêàíÿõ íàäïî÷å÷íèêîâ íåïîëîâîçðåëûõ ñàìîê
êðûñ, âûçâàííûõ ñèñòåìíîé ãèïîáàðè÷åñêîé ãèïîêñèåé ïðè
óñëîâèè îäíîâðåìåííîãî ïðèìåíåíèÿ óêàçàííûõ âëèÿíèé.
Ãèïîêñè÷åñêîå ïðåêîíäèöèîíèðîâàíèå âëèÿíèé ïîñòîÿííîãî
îñâåùåíèÿ íå êîìïåíñèðóåò ñäâèãè áèîõèìè÷åñêèõ ïîêà-
çàòåëåé, îáóñëîâëåííûå èçìåíåíèåì äëèòåëüíîñòè ôîòî-
ïåðèîäà.

Êëþ÷åâûå ñëîâà: òêàíåâîé ïðîòåîëèç, òêàíåâîé ôèá-
ðèíîëèç, ôîòîïåðèîä, ãèïîáàðè÷åñêàÿ ãèïîêñèÿ, ãèïîê-
ñè÷åñêîå ïðåêîíäèöèîíèðîâàíèå, íàäïî÷å÷íèêè, íåïîëî-
âîçðåëûå ñàìêè êðûñ.
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Ðåçþìå. Âèâ÷åí³ îñîáëèâîñò³ ðåàãóâàííÿ ïîêàçíèê³â
ïðîòåîë³òè÷íèõ òà ô³áðèíîë³òè÷íèõ ïðîöåñ³â ó òêàíèíàõ
íàäíèðêîâèõ çàëîç ñòàòåâîíåçð³ëèõ ñàìèöü ùóð³â íà ä³þ
ã³ïîáàðè÷íî¿ ã³ïîêñ³¿ çà óìîâ ñàìîñò³éíîãî ¿¿ çàñòîñóâàííÿ òà
ã³ïîêñè÷íîãî ïðåêîíäèö³îíóâàííÿ çì³í, çóìîâëåíèõ âïëèâîì
ïîñò³éíîãî îñâ³òëåííÿ. Âñòàíîâëåíî, ùî ìîäåëþâàííÿ
ã³ïîôóíêö³¿ åï³ô³çà øëÿõîì ïîñò³éíîãî îñâ³òëåííÿ çíà÷íî
âïëèâàº íà õàðàêòåð çì³í ïðîöåñ³â ïðîòåîë³çó òà ô³áðèíîë³çó
â òêàíèíàõ íàäíèðêîâèõ çàëîç ñòàòåâîíåçð³ëèõ ñàìèöü ùóð³â,
âèêëèêàíèõ ñèñòåìíîþ ã³ïîáàðè÷íîþ ã³ïîêñ³ºþ çà ïîºä-
íàíîãî çàñòîñóâàííÿ çàçíà÷åíèõ âïëèâ³â. Ã³ïîêñè÷íå
ïðåêîíäèö³îíóâàííÿ âïëèâ³â ïîñò³éíîãî îñâ³òëåííÿ íå
êîìïåíñóº çñóâè â á³îõ³ì³÷íèõ ïîêàçíèêàõ, çóìîâëåí³
çì³íåíîþ òðèâàë³ñòþ ôîòîïåð³îäó.

Êëþ÷îâ³ ñëîâà: òêàíèííèé ïðîòåîë³ç, òêàíèííèé
ô³áðèíîë³ç, ôîòîïåð³îä, ã³ïîáàðè÷íà ã³ïîêñ³ÿ, ã³ïîêñè÷íå
ïðåêîíäèö³îíóâàííÿ, íàäíèðêîâ³ çàëîçè, ñòàòåâîíåçð³ë³
ñàìèö³ ùóð³â.
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