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Abstract. This study showed the sex related dependence of the
reaction of proteolytic processes in tissues of the adrenal glands of
male and female immature rats held in systemic intermittent hypo-
baric hypoxia and constant lighting. The modelling of hypobaric
hypoxia combined with a varying length of the photoperiod (natural
duration of photoperiod and constant lighting) causes a different
changes of the proteolysis in the tissues of the adrenal glands of the
male and female immature rats with varying intensity depending on
the sex of animals and duration of photoperiod. Sex differences in the
response of tissue proteolysis indicators in the main organ of
adaptation process in immature animals indicate a genetic-depen-
dent peculiarities of reactivity of the response mechanisms of the
body on the action of environmental factors at their isolated and
combined impact.

SEX RELATED PECULIARITIES OF THE
ADRENAL TISSUE RESPONSE ON THE
HYPOBARIC HYPOXIA AT THE ALTERED
DURATION OF PHOTOPERIOD IN
IMMATURE RATS
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Introduction

Hypoxia is a condition in which the body as a
whole (generalized hypoxia) or a region of the body
(tissue hypoxia) is deprived of adequate oxygen
supply. Hypoxia is one of the conditions of usual mo-
de of life and, at the same time, growth factor levels
of reactive oxygen species (ROS) [15].  Structural-
functional change of the adrenal glands as regulatory
organ of adaptive process is a typical manifestation
of organic reaction to hypobaric hypoxia [14, 17].
The presence of polyorganic, morpho-functional dis-
turbances, formed at participation of the neuro-en-
docrine system [8] 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 [16]. Chronic hy-
poxia induces complex metabolic and endocrine
adaptations [11]. Hypoxia results in decrease of ener-
getic potential, macroergic phosphate and pyruvate
dehydrogenase content [5]. The intensity of the res-
ponse of organs and tissues of the body depends on
the hypoxia level and sensitivity of the tissue to hy-
poxia [13, 18]. 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, 9]. Hypobaric hypoxia influence
upon expression of gene of sensitivity to hypoxia that
may create protective effect under various patho-
logies [2].  A mild and non-dàmaging intermittent
hypoxia is used intentionally during altitude training to
develop an athletic performance adaption at both the
systemic and cellular level [3].

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 an-
tioxidant defenses and provides the body adapt to the
dangerous effects of the environment, including hy-
poxia [4], and it has a significant effect on the rep-
roductive system [7].

The nature of proteolytic activity in peripheral
tissues changes in the process of reaction to a va-
riety of environmental factors, what may be both a
manifestation of regenerative processes, and their
involvement in the mechanisms of apoptosis [6, 12].

Sexual dependence of the reaction of proteolytic
activity in the adrenal glands tissues under conditions
of hypoxic preconditioning of effects of the altered
regime of illumination in immature female rats remain
not studied.

The aim of the research

To study the sex related dependence of reaction
of proteolytic processes in the tissues of the adrenal
glands in immature rats under ordinary conditions of
holding and hypoxic conditioning by systemic inter-
mittent hypobaric hypoxia of changes, caused by
permanent lighting.

Material and methods

Experiments were carried out on 36 male and 40
female immature white laboratory rats aged 1 month
with an average body weight of 0,052 kg. Hypobaric
hypoxia was created in the flowing respiratory
chamber by means rarefaction of air till the value
corresponding to a height of 4000 m above sea level
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with "lifting" velocity 0.4 km / min [10]. Under hy-
poxic conditions the animals were held for 2 hours
daily during 14 days (group 2, 4). The changes of
photoperiod duration were modeled by permanent
day-and-night lighting (500 lux light intensity)   a mo-
del of decreasing of melatonin-producing function of
the pineal gland (group 3, 4). Photoperiod changes
were introduced on day before hypoxic exposure.
Animals of group 4 were held at simultaneous action
of hypobaric hypoxia and constant lighting. Intact rats
(group 1) were held under conditions of natural light
and normal atmospheric pressure, were used as
control ones.

The following day after the completion of expe-
rimental influence all animals were decapitated under
slight diethyl ether narcosis. The tissues of the
adrenal glands was taken out on cold immediately
after the decapitation and the weighted samples we-
re homogenized in 2.0 ml of cooled borate buffer
(pH 9.0). The homogenate was used in biochemical
analysis. Proteolytic activity was determined accor-
ding 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). In particular, lysis of low mo-
lecular 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. In adrenal
glands of immature male rats hypobaric hypoxia had
not probable effect on proteolysis under conditions of
natural light

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. More intensive increasing we observed in ma-
les. Thus, respectively LMWP lysis increased by
39,7%, lysis of HMWP and collagen lysis - by 1,7
times.

Simultaneous action of hypobaric hypoxia and
constant lighting led to increase of proteolysis indices
concerning all kinds of protein molecules: LMWP

Table

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

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

№ of 

group 

Conditions 

of 

research 
Sex 

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 

male, n=8 83,94±3,26 65,97±4,077 7,567±0,512 

female, n=10 115,9±3,901 104,6±5,317 12,42±1,722 1 

Natural 

lighting, 

normoxia,  
p 0,000 0,000 0,014 

male, n=9 82,15±6,400 75,458±5,287 7,022±0,704 

female, n=10 76,06±4,90 63,30±4,59 7,72±0,536 2 

Natural 

lighting, 

hypoxia,  р 0,230 0,050 0,220 

male, n=10 117,3±15,24 114,7±16,2 13,21±2,14 

female, n=10 131,4±4,238 119,7±6,679 11,46±0,666 3 

Permanent 

lighting, 

normoxia,  
р 0,200 0,390 0,227 

male, n=9 115,7±8,33 105,9±9,97 8,29±0,826 

female, n=10 145,1±5,864 134,7±6,030 13,27±1,087 5 

Permanent 

lighting, 

hypoxia   
р 0,006 0,015 0,001 

Note: р – criterion of probability of difference in comparing of male and female groups under same 

experimental conditions. 
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lysis increased by 25% in female and by 37,8 % in
male, lysis of HMWP increased by 28% in female
and by 60,5 % in male, compering with the control
one. Accordingly, simultaneous action of hypobaric
hypoxia permanent lighting coused the most of all
experimental groups increase the intensity of pro-
teolysis, particularly in regard to macromolecular
proteins. At the same time, lysis of collagen remained
insignificantly higher in comparison with the control
one and substantive hypoxia.

The detected peculiarities of the reaction of the
tissues proteolysis indices in the adrenal glands in
immature rats to the applied factors and their com-
binations indicate sex related dependence of the sen-
sitivity of the immature rats to the separated action of
medium non-damaging intensity of environmental
factors and different intensity of the process of adap-
tation under various conditions, and equalization of
reaction of male and female immature animals both
to the simultaneous action of influences.

Conclusions

1. A sex dependent difference in the activity of
proteolytic processes in the adrenal glands in imma-
ture rats was found. In intact male rats intensity of
proteolysis is significantly lower than in female rats.

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 tissues of the adrenal
glands in both male and female immature rats, that
may testify to intensification of elimination of oxi-
dation-modified protein molecules, formed by redu-
cing of tissues antioxidant capacity according to me-
latonin deficiency. Simultaneous action of hypobaric
hypoxia permanent lighting caused the most of all
experimental groups increase the intensity of pro-
teolysis, particularly in regard to macromolecular
proteins.

3. The reaction of the tissues proteolysis indices
in the adrenal glands in immature rats on the applied
factors and their combinations indicates sex related
dependence of the sensitivity of the immature rats to
the separated action of non-damaging intensity of
environmental factors, and equalization of reaction of
male and female immature animals both to the cri-
tical simultaneous action of influences.

Perspectives of the research

The sex related dependence of mechanisms of
reaction of proteolytic processes in their interaction
with the processes of peroxidation of proteins and
their role in adaptive restructuring of the adrenal
glands tissues under conditions of hypoxic pre-
conditioning of the damaging effects of the modified

duration of photoperiod by using of moderate hypo-
baric hypoxia require further investigation and comp-
rehensive analysis.
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ÑÒÀÒÅÂ² ÎÑÎÁËÈÂÎÑÒ² ÐÅÀÃÓÂÀÍÍß ÒÊÀÍÈÍ
ÍÀÄÍÈÐÊÎÂÈÕ ÇÀËÎÇ ÑÒÀÒÅÂÎÍÅÇÐ²ËÈÕ ÙÓÐ²Â

ÍÀ Ä²Þ Ã²ÏÎÁÀÐÈ×ÍÎ¯ Ã²ÏÎÊÑ²¯ ÇÀ ÇÌ²ÍÅÍÎ¯
ÒÐÈÂÀËÎÑÒ² ÔÎÒÎÏÅÐ²ÎÄÓ

Î.Â. ßñ³íñüêà

Ðåçþìå. Äîñë³äæåííÿ ïîêàçàëî ñòàòåâ³ îñîáëèâîñò³
ðåàêö³¿ ïðîòåîë³òè÷íèõ ïðîöåñ³â â òêàíèíàõ íàäíèðêîâèõ
çàëîç ñòàòåâîíåçð³ëèõ ñàìö³â ³ ñàìèöü ùóð³â, çà ä³¿ ñèñòåìíî¿
ïåðåðèâ÷àñòî¿ ãèïîáàðè÷íî¿ ã³ïîêñ³¿ òà ïîñò³éíîãî îñâ³ò-
ëåííÿ. Ìîäåëþâàííÿ ãèïîáàðè÷íî¿ ã³ïîêñ³¿ â ïîºäíàíí³ ç
ð³çíîþ òðèâàë³ñòþ ôîòîïåð³îäó (ïðèðîäíèì òà ïîñò³éíèì
îñâ³òëåííÿì) âèêëèêàº çì³íè ïðîòåîë³çó ð³çíî¿ ³íòåíñèâîíñò³
â òêàíèíàõ íàäíèðêîâèõ çàëîç ñòàòåâîíåçð³ëèõ ñàìö³â ³ ñàìèöü
ùóð³â çàëåæíî â³ä ñòàò³ òâàðèí ³ òðèâàëîñò³ ôîòîïåð³îäó.
Ñòàòåâ³ â³äì³ííîñò³ â ðåàêö³¿ ïîêàçíèê³â òêàíèíîãî ïðîòåî-
ë³çó â êëþ÷îâîìó îðãàí³ àäàïòàö³éíîãî ïðîöåñó â íåçð³ëèõ
òâàðèí âêàçóþòü íà ãåíåòè÷íó ïðèðîäó ñòàòåâèõ îñîáëè-
âîñòåé ðåàêòèâíîñò³ ìåõàí³çì³â ðåàãóâàííÿ îðãàí³çìó íà ä³þ
ôàêòîð³â çîâí³øíüîãî ñåðåäîâèùà ïðè ¿õ ³çîëüîâàíîìó òà
êîìá³íîâàíîìó âïëèâ³.

Êëþ÷îâ³ ñëîâà: òêàíèííèé ïðîòåîë³ç, ôîòîïåð³îä,
ã³ïîáàðè÷íà ã³ïîêñ³ÿ, íàäíèðêîâ³ çàëîçè, ñòàòåâîíåçð³ë³ ñàìö³
òà ñàìèö³ ùóð³â.

ÏÎËÎÂÛÅ ÎÑÎÁÅÍÍÎÑÒÈ ÐÅÀÃÈÐÎÂÀÍÈß
ÒÊÀÍÅÉ ÍÀÄÏÎ×Å×ÍÈÊÎÂ ÍÅÏÎËÎÂÎÇÐÅËÛÕ

ÊÐÛÑ ÍÀ ÄÅÉÑÒÂÈÅ ÃÈÏÎÁÀÐÈ×ÅÑÊÎÉ
ÃÈÏÎÊÑÈÈ Â ÓÑËÎÂÈßÕ ÈÇÌÅÍÅÍÍÎÉ

ÄËÈÒÅËÜÍÎÑÒÈ ÔÎÒÎÏÅÐÈÎÄÀ

Å.Â. ßñèíñêàÿ

Ðåçþìå. Â ðåçóëüòàòå èññëåäîâàíèÿ ïðîäåìîíñòðè-
ðîâàíû ïîëîâûå îñîáåííîñòè ðåàêöèè ïðîòåîëèòè÷åñêèõ
ïðîöåññîâ â òêàíÿõ íàäïî÷å÷íèêîâ ñàìöîâ è ñàìîê íåïî-
ëîâîçðåëûõ êðûñ ïîä âëèÿíèåì ñèñòåìíîé ïðåðûâèñòîé
ãèïîáàðè÷åñêîé ãèïîêñèè è ïîñòîÿííîãî îñâåùåíèÿ. Ìîäå-
ëèðîâàíèå ãèïîáàðè÷åñêîé ãèïîêñèè â ñî÷åòàíèè ñ ðàçëè÷íîé
äëèòåëüíîñòüþ ôîòîïåðèîäà (åñòåñòâåííûì è ïîñòîÿííûì
îñâåùåíèåì) âûçûâàåò èçìåíåíèÿ ïðîòåîëèçà â òêàíÿõ
íàäïî÷å÷íèêîâ íåïîëîâîçðåëûõ ñàìöîâ è ñàìîê êðûñ ñ
ðàçëè÷íîé èíòåíñèâíîñòüþ â çàâèñèìîñòè îò ïîëà æèâîòíûõ
è ïðîäîëæèòåëüíîñòè ôîòîïåðèîäà. Ïîëîâûå ðàçëè÷èÿ â
ðåàêöèè ïîêàçàòåëåé òêàíåâîãî ïðîòåîëèçà â âåäóùåì îðãàíå
ïðîöåññà àäàïòàöèè ó íåïîëîâîçðåëûõ æèâîòíûõ óêàçûâàþò
íà ãåíåòè÷åñêè îáóñëîâëåííûå ïîëîâûå îñîáåííîñòè
ðåàêòèâíîñòè ìåõàíèçìîâ ðåàãèðîâàíèÿ îðãàíèçìà íà
äåéñòâèå ôàêòîðîâ îêðóæàþùåé ñðåäû ïðè èõ èçîëèðî-
âàííîì è êîìáèíèðîâàííîì âîçäåéñòâèè.

Êëþ÷åâûå ñëîâà: òêàíåâîé ïðîòåîëèç, ôîòîïåðèîä,
ãèïîáàðè÷åñêàÿ ãèïîêñèÿ, íàäïî÷å÷íèêè, íåïîëîâîçðåëûå
ñàìöû è ñàìêè êðûñ.

Âûñøåå ãîñóäàðñòâåííîå ó÷åáíîå çàâåäåíèå
“Áóêîâèíñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò”,

ã. ×åðíîâöû

Clin. and experim. pathol.- 2016.- Vol.15, ¹1 (55).-P.168-171.
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