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Abstract. The effect of a single-shot intraperitoneally administration
of melatonin in a dose of 1 mg/kg on the activity of Na+, K+ATPase
and 5'nucleotidase (5'N) in the forebrain of juvenile male white rats
has been investigated under conditions of acute hypoxia. Such studies
have been carried out against a background of a varying duration of
the photoperiod during one week. It has been established that
constant darkness prevents an inhibition of the activity of Na+, K+

ATPase caused by acute hypoxia inducing and promoting an
activation of 5'N. The administration of melatonin likewise constant
darkness against a background of acute hypoxia prevents a decrease
of the activity of Na+, K+ATPase and increases the activity of 5'N.
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Introduction
Mg2+dependent adenosine5'triphosphatase, which is

activated by sodium and potassium ions, (Na+, K+

ATPase, the sodium pump) [EC 3.6.1.37] and 5'nucle-
otidase [EC 3.1.3.5] are the proteins of the plasmatic
membrane, causing a high dependence of the functi-
oning of these enzymes on the membranous lipid set-
ting. This makes it possible to characterize the structural
functional state of the plasmatic membranes according
to the activity of the specified enzymes. Therefore,
Na+, K+ATPase and 5'nucleotidase are referred to
marker enzymes of the plasmatic membranes [4].
Furthermore, Na+, K+ATPase is a key enzyme of
neurons which defines the level of their functional
activity [7]. At the same time, adenosine is formed
under the action of 5'nucleotidase. It manifests neuro-
protective and antioxidant properties, favouring the
entry of oxygen and energy substances to the tissues
[10]. The effect of the pineal hormone melatonin on the
ATPase activity (including Na+, K+ATPase) was
demonstrated for the first time over twenty years ago [1,
2]. On the basis of such findings it was suggested that
there existed antioxidant activity in melatonin which
was later confirmed [2, 8, 15]. Our own trials [13]
corroborated the protective action of melatonin to the
activity of the marker enzymes of the plasmatic mem-
branes under conditions of acute hypoxia that is con-
ducive to the onset of oxidative stress and inten-
sification of free radical oxidation of macromolecules.

Purpose
Since a photoperiod is a modulator for the

formation of endogenous melatonin [5, 14], the object

of our research became a study of the influence of
melatonin on the activity of Na+, K+ATPase and
5'nucleotidase in the rat forebrain under conditions of
acute hypobaric hypoxia against a background of an
altered photoperiodic duration.

Material and methods
The experiments were carried out on 107 juvenile

male white rats aged 5,5–6,0 weeks and weighing
65–75 g. Only animals with average resistance to
hypoxia were used in the experiment. Acute hypoxic
hypobaric hypoxia, equivalent to the altitude of
12000 m was modeled in an altitude chamber. The
rats were kept on the “high-altitude plateau” up to the
second agonal inhalation followed by a “descent” to
the previous zero altitude. Thirty minutes prior to the
simulation of acute hypoxia part of the animals was
administered melatonin (“Sigma”, USA) intraperi-
toneally in a 0.1% ethanol solution in a dose of 1 mg/
kg of the body weight. Three different photoperiodic
modes were used during one week prior to the action
of acute hypoxia for the purpose of simulating
photoperiodic changes in the animals’ organisms.
The first group of rats (36 animals) was kept under
conditions of an ordinary change of the light and
dark phases of a 24 hour period during the spring-
summer period of the year. The Light-Dark ratio
made up 16 hours : 8 hours. The second group
(36 animals) was exposed to the action of constant
artificial lighting of 500 lux during a 24 hour period.
The third group (35 animals) was caged in constant
diurnal darkness. Access to the animals of the last
group was accomplished only under a faint red light
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(2 lux). The animals were decapitated in 30 minute
after discontinuing the effect of acute hypoxia. The
removed brain was rinsed in a cold physiological
solution and preserved in liquid nitrogen. The activity
of the enzyme was evaluated in the supernatant which
was available after centrifugation of a homogenate
weight of the forebrain at 900 g during 15 min. The
forebrain weight was homogenized in 0.25 M tris-HCl
buffer (pH 7.4). The activities of Na+, K+ATPase and
5'nucleotidase were determined on the basis of an
elevated amount of inorganic phosphate (Pi) in the
process of reaction and were expressed in nmol Pi that
was formed during one min per one mg of protein [9, 6].
The incubation medium of two ml in volume intended
for the assessment of the activity of Na+, K+ATPase
contained 50 mM tris-HCl buffer (pH 7.4), 3 mM ATP,
150 mM NaCl, 15 mM KCl; whereas for the evaluation
of 5'nucleotidase — 50 mM tris-HCl buffer (pH 7.4), 2
mM AMP, 1 mM MgSO4. A quantitative determination
of Pi was carried out by means of the colorimetric
method [3]. The content of protein was defined
according the method of O. H. Lowry et al. Statistical
processing of the obtained findings was fulfilled with
the aid of the program “STATISTICA 6.0”.

Results and discussion
In accordance with the obtained findings (Table)

the activity of Na+, K+ATPase decreased due to the
effect of acute hypoxia, most essentially under
conditions of constant lighting, remaining unchanged
under conditions of constant darkness. The activity of

5'nucleotidase exposed to acute hypoxia didn’t change
considerably under ordinary lighting conditions and
under constant darkness, whereas under conditions of
continuous lighting it increased. The administration of
melatonin without the effect of acute hypoxia did not
reliably change the activity of Na+, K+ATPase and
simultaneously elevated the activity of 5'nucleotidase,
especially under conditions of constant darkness. The
introduction of melatonin against a background of
acute hypoxia modulation eliminated the negative
influence of hypoxia on the activity of Na+, K+ATPase
and promoted an augmented activity of 5'nucleotidase.
Thus, the effect of acute hypoxia on the activity of the
marker enzymes of the forebrain cells depends on the
duration of the photoperiod. Constant lighting
decreases resistance of the rats’ forebrain neurons to
acute hypoxia at that, whereas constant darkness is
conducive to improved adaptation of the rats to acute
hypoxia. Simultaneously, melatonin counteracts the
inhibition of the Na+, K+ATPase activity of the forebrain
neurons in case of acute hypoxia and promoted an
increase of the activity of 5'nucleotidase.

The inhibited activity of Na+, K+ATPase in the brain
following the effect of acute hypoxia agrees with
bibliographical findings and arises due to ATP
deficiency as well as a probable destruction of neuronal
plasmatic membranes, as a result of the action of free
radicals [7]. At the same time, dependence of the effect
of acute hypoxia on the duration of the photoperiod may
be indicative of intensified resistance of neurons to acute
oxygen deprivation during darkness at the expense of the
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probable effect of melatonin. Such an assumption is
corroborated by our data associated with the administration
of melatonin which is synthesized in darkness [14]. An
analysis of the obtained findings connected with the
introduction of melatonin suggests that this hormone,
probably, stimulates the formation of adenosine in the brain
by way of augmenting the activity of 5'nucleotidase [13].
Acute hypoxia contributes to manifestations of such an
action of melatonin on the activity of 5'nucleotidase and
adenosine synthesis in the neurons of the brain. Adenosine
possesses marked protective and neuromodulating
properties, the ability to regulate cell energy homeostasis
[10], just like melatonin does [14, 15]. Therefore intensifying
adenosine synthesis under the action of melatonin may
characterize one of the many neuroprotective and
adaptogenic mechanisms of the effect the pineal hormone —
melatonin. Simultaneously, melatonin eliminates the
negative influence of oxygen starvation on the activity of
Na+, K+ATPase improving the functioning of neurons.
Melatonin may realize such an antihypoxic effect at the
expense of its marked antioxidant properties [8, 12, 15], that
counteract the breakdown of plasma membrane enzymes by
free radicals which are formed in acute hypoxia. The
obtained findings melatonin research are indicative of its
neuroprotective activity.

The conclusions
1. The constant darkness prevents an inhibition of

the activity of Na+, K+ATPase caused by acute
hypoxia inducing and promotes an activation of
5'nucleotidase.

2. The administration of melatonin likewise
constant darkness against a background of acute
hypoxia prevents a decrease of the activity of
Na+, K+ATPase and increases the activity of
5'nucleotidase.
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ÂÏËÈÂ ÌÅËÀÒÎÍ²ÍÓ ÍÀ ÀÊÒÈÂÍ²ÑÒÜ
ÌÀÐÊÅÐÍÈÕ ÔÅÐÌÅÍÒ²Â ÍÅÉÐÎÍÀËÜÍÈÕ

ÏËÀÇÌÀÒÈ×ÍÈÕ ÌÅÌÁÐÀÍ ÇÀ ÓÌÎÂ ÃÎÑÒÐÎ¯
Ã²ÏÎÊÑ²¯ ² Ð²ÇÍÎ¯ ÒÐÈÂÀËÎÑÒ² ÔÎÒÎÏÅÐ²ÎÄÓ

². ². Çàìîðñüêèé
Ðåçþìå. Äîñë³äæåíî âïëèâ îäíîêðàòíîãî âíóòð³øíüî÷å-

ðåâíîãî ââåäåííÿ ìåëàòîí³íó â äîç³ 1 ìã íà êã ìàñè ò³ëà íà àê-
òèâí³ñòü Na+, K+ÀÒÔàçè ³ 5'íóêëåîòèäàçè ó êë³òèíàõ ïåðåäíüî-
ãî ìîçêó ñòàòåâîíåçð³ëèõ ñàìö³â á³ëèõ ùóð³â çà óìîâ ãîñòðî¿
ã³ïîêñ³¿. Òàê³ äîñë³äæåííÿ áóëè ïðîâåäåí³ íà ôîí³ çì³íåíîãî
âïðîäîâæ òèæíÿ ôîòîïåð³îäó. Âñòàíîâëåíî, ùî ïîñò³éíà òåì-
ðÿâà ïîïåðåäæàº ïðèãí³÷åííÿ àêòèâíîñò³ Na+, K+ÀÒÔàçè, ÿêå
âèêëèêàºòüñÿ ãîñòðîþ ã³ïîêñ³ºþ, òà ñïðèÿº àêòèâàö³¿ 5'íóêëå-
îòèäàçè. Ââåäåííÿ ìåëàòîí³íó òàê ñàìî, ÿê é ïîñò³éíà òåìðÿ-
âà, íà ôîí³ ãîñòðî¿ ã³ïîêñ³¿ çàïîá³ãàº çíèæåííþ àêòèâíîñò³
Na+, K+ÀÒÔàçè òà ï³äâèùóº àêòèâí³ñòü 5'íóêëåîòèäàçè.

Êëþ÷îâ³ ñëîâà: Na+, K+ÀÒÔàçà, 5'íóêëåîòèäàçà, ïå-
ðåäí³é ìîçîê ùóð³â, ìåëàòîí³í, ãîñòðà ã³ïîêñ³ÿ, ôîòîïåð³îä.
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È. È. Çàìîðñêèé
Ðåçþìå. Èññëåäîâàíî âëèÿíèå îäíîêðàòíîãî âíóòðè-

áðþøíîãî ââåäåíèÿ ìåëàòîíèíà â äîçå 1 ìã íà êã ìàññû òåëà
íà àêòèâíîñòü Na+, K+ÀÒÔàçû è 5'íóêëåîòèäàçû â êëåòêàõ
ïåðåäíåãî ìîçãà íåïîëîâîçðåëûõ ñàìöîâ áåëûõ êðûñ ïðè
îñòðîé ãèïîêñèè. Òàêèå èññëåäîâàíèÿ áûëè ïðîâåäåíû íà
ôîíå èçìåíåííîãî â òå÷åíèå íåäåëè ôîòîïåðèîäà. Óñòà-
íîâëåíî, ÷òî ïîñòîÿííàÿ òåìíîòà ïðåäóïðåæäàåò óãíåòåíèå
àêòèâíîñòè Na+, K+ÀÒÔàçû, âûçâàííîå îñòðîé ãèïîêñèåé, è
ñïîñîáñòâóåò àêòèâàöèè 5'íóêëåîòèäàçû. Ââåäåíèå ìåëà-
òîíèíà òàê æå, êàê è ïîñòîÿííàÿ òåìíîòà, íà ôîíå îñòðîé
ãèïîêñèè ïðåäîòâðàùàåò ñíèæåíèå àêòèâíîñòè Na+, K+

ÀÒÔàçû è ïîâûøàåò àêòèâíîñòü 5'íóêëåîòèäàçû.
Êëþ÷åâûå ñëîâà: Na+, K+ÀÒÔàçà, 5'íóêëåîòèäàçà,

ïåðåäíèé ìîçã êðûñ, ìåëàòîíèí, îñòðàÿ ãèïîêñèÿ, ôîòî-
ïåðèîä.
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