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CHANGES OF DIURNAL ORGANIZATION
OF FREE-RADICAL MODIFICATION OF
MACROMOLECULES, ANTIOXIDANT
DEFENSE IN HEALTHY PEOPLE
EXPOSED TO PROLONGED
PHOTOPERIOD
Abstract. Prolonged artificial light period as a consequence of
civilisation, as proven, may disturb some physiological circadian
patterns. This may be a background for illnesses development.
The aim of investigation was to compare daily profiles of free radical
oxidation products and antioxidant patterns in people with usual
and disturbed sleeping regimen. 41 healthy volunteers were exami-
ned. 6 blood samples were taken during 24 h. 24 people had stable
sleep regimen from 11.00 p.m. to 7.00 a.m. (group 1); rest went to bed
systematically around 2.00-3.00 a.m. at least 3-4 days per week
(group 2).  Free radical oxidation products (malonyc dialdehyde,
products of free radical protein modification) and antioxidants
(restored glutathione content, activity of catalase, gluthathio-
neperoxidase, glutathione transferase) were measured by standard
biochemical methods. All results were approved statistically.
Maximal values of free radical oxidation metabolytes were inverse to
antioxidant activity profiles in both groups. But, we established that
daily profiles of all investigated parameters were violated in people
with late falling asleep. They had lower daily average levels of
antioxidants and higher - of products of macromolecules' free radical
modification. In addition, shift of acrophase of free radical oxidation

Key words: healthy volunteer, diurnal
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Introduction
Periodic changes of light and darkness cycles of

environment maintained establishment of circadian
rhythms of majority of organism's physiological
functions - from development up to aging, violations
appearance and diseases development. Significant
role of circadian system in regulation of vital
processes on a cellular level is a proven fact, and
rhythmic fluctuations of indices reflecting biological
processes are external manifestation of the men-
tioned regulation.

All life forms have developed endogenous mole-
cular circadian clocks to synchronize their beha-
vioural, biological, and metabolic rhythms to
environmental cues, with the aim to perform at their
best over a 24-h span. Hence, the coordinated circa-
dian regulation of sleep/wake, rest/activity, fasting/
feeding, and catabolic/anabolic cycles is crucial for
optimal health.

Sharp reorganization of natural environment of a
human being is a consequence of civilisation and
recent technical progress. Artificial illumination
causes prolonged activity and in some people -
inversion of regimens of sleep and activity. Chronic
sleep limitation is associated with significant
increases in a number of consequent problems:
sleepiness-related accidents, social disruption, and
psychiatric disturbances. Chronic exposure to shift

work has now been shown to be an independent risk
factor for the development of numerous chronic
diseases. But, people mostly suggest they have to
spend years in shifted regimen before organism will
change something on biochemical level. So, question,
whether systematically prolonged activity at dark
time may influence any biochemical parameters and
induce changes remains actual.

Aim: to compare daily profiles of free radical
oxidation products, antioxidant patterns in people with
usual and several months' disturbed sleeping regimen

Material and Methods
41 healthy volunteers who had no chronic patho-

logy of respiratory organs or gastro-intestinal tract,
cardiovascular system as well as no acute illnesses
during last 3 months were examined. All patients
were synchronized by meals intake time. 6 blood
samples (8 ml) were taken during 24 h. Female:male
ratio was 1:1, their average age - 33,7 ± 5,8 years. 24
people had stable sleep regimen from 11.00 p.m. to
7.00 a.m. (group 1); 17 went to bed systematically
around 2.00-3.00 a.m. 3-4 days per week for at least
3 months (group 2).

Free radical oxidation products (malonyc dial-
dehyde (MD), products of free radical modification
of proteins (PFPM)) and antioxidants (restored gluta-
thione (RG) content, activity of catalase, glutathione
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peroxidase, glutathione transferase) were measured
by standard biochemical methods. All trial
procedures were in agreement with standards of
Helsinki Statement (1975) and its amendment (1983).

Mathematical processing of the obtained data
was performed employing variation statistical analysis
on ²ÂÌ ÐÑ Ðåntium ²²². Significance of variations
changes was determined using paired Student's test
in case of normal distribution in data sets, non-
parametric paired Wilcoxon's T-test was used in
other cases. Results were considered as reliable
when significance quotient was less or equal to 0,05.
Rhythm parameters evaluation was done using
individual or group Cosinor-analysis by means of

Chronos-Fit software (Heidelberg, Germany, 2002).

Obtained results and discussion.
Changes of diurnal rhythm of GR in healthy

people systematically staying under prolonged
photoperiod conditions (group 2 vs 1) were detected;
they manifested with trend to mesor decrease
(15,2%, p<0,05), rhythm amplitude (18,1%, p<0,05)
and acrophase shift to day time (around 14.00).
Individual cosinor-analysis revealed abolishment of
circadian character of GR content variations in 1/3 of
group 2 subjects, despite the fact that circadian
properties in group data were preserved (ðiñ.1).
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Ðiñ.1. Diurnal organization of glutathione restored content in blood of healthy volunteers.
Profiles of activity of enzymes responsible for glu-

tathione metabolism (GT and GP) were synchronic,
in phase with GR in both groups (ðiñ. 2-3).
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Ðiñ.2. Diurnal organization of glutathione peroxidase activity in healthy volunteers.
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Ðiñ. 3. Diurnal organization of glutathione transferase activity in healthy volunteers.
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Investigation of catalase activity variations
throughout diurnal interval demonstrated similar
results: circadian periodicity, acrophase at evening
hours (around 00.00) in group 1 subjects (ðiñ.4).
Prolonged exposure to artificial illumination lead to

periodicity and circadian character disappearing in
majority investigated people of second group.
Maximal values shift to earlier hours was discovered
(ðiñ.4).
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Ðiñ. 4. Diurnal organization of catalase activity in healthy volunteers.
Systematic exposure of healthy volunteers to

prolonged photoperiod lead to abolishment of
circadian character of biological rhythms of MD and
PFPM in one-third of the group 2 subjects
(rhythmicity value remained within 72,0-80,0% in
rest, p<0,05); group chronogram preserved circadian

signs. Despite no significant difference was
discovered when comparing absolute values in
different time points, as well as average daily levels
of mentioned indices, cosinor-analysis revealed
acrophase shift to night hours  in group 2 (2.22 vs
16.00) (ðiñ.5,6).
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Ðiñ. 5. Diurnal organization of malonic dialdehyde content in healthy volunteers.
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Ðiñ. 6. Diurnal organization of products of free radical modification of proteins in healthy
volunteers

Obtained results and discussion.
As demonstrated, activity growth at physiological

rest time produces marked masking effects over

internal time-related organization of biological
parameters. These effects increase depending on
exposure duration. That may explain detected
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changes and differences from normal physiological
profiles in healthy subjects systematically exposed to
prolonged illumination conditions.

We observed acrophase shift of antioxidant enzy-
mes to day time, and products of free radical
modification of molecules - to later hours in target
population.  Several reasons may cause that: from
excess of physical activity up to absence or lower
efficacy of antioxidants induction by melatonin: its
synthesis and secretion are blocked by light directly
and immediately. Such reaction belongs to immediate
response type  ones, is adaptive by origin and must
not cause marked changes in organism in case of
shorter duration of unusual conditions (we observed
shift phase only with preserving circadian character
of biological rhythms of investigated values). Despite,
change of values of free-radical processes as
response for quite short photostimuli may indicate
that even short-lasting temporary disbalance of
physiological functions and environment may be
accompanied by activity of adaptive mechanisms and
manifests with tension of regulatory system and
lowering functional reserve sources.

Biological rhythms, being maintained genetically,
are well-synchronized and entrained by external
factors - light, food availability, temperature regimen
etc. Extreme external values cause their misbalance
that may lead to physiological or psychological stress,
decreased resistance to infections. That is maintained
by changes of cortisol and katecholamines expres-
sion rhythms and may be initial factor in a chain of
further biochemical interactions. Modern life aspects
altering biological rhythms in key periods of develop-
ment - in kids and teenagers - are suggested to be
extremely unfavorable and harmful.

It has been proved recently that melatonin
secretion alterations are strongly associated with
sleep disturbances in elder age population. Elder
patients suffer from insomnia more frequently
comparing younger ones, and that may be the reason
why they have higher average daily levels of pro-
inflammatory cytokines: tumor-necrotising factor-α,
interleukin-6, interleukin-1β with higher blood content
at day time. Initial desynchronosis is characterised
by disappearing of night peak of interleukin-1β with
parallel increase of β-endorfine; that may induce
euphoria-like states with under-estimation of situation
and inclination of physical and psychological
overloading. Desynchronization of cytokines and
cortisol synthesis may cause disintegration of internal
metabolic processes and increase exposure of the
organism (cardiovascular and locomotor systems, in
partial) to pro-inflammatory stimuli.

Conclusion.

Violation of regimen of illumination with
prolongation of activity at night time in healthy
volunteers leads to desorganization of biological
rhythms of antioxidant defence values, free-radical
processes. Disbalance in the investigated system may
be early bird of desynchronosis and initiator (risk
factor) for different pathology.

Perspectives of further investigations.
No exact data are described relating duration of

exposure to prolonged illumination, intensity, regularity
which may induce changes. Considering chrono-
biological regularities of the described biochemical
processes may serve as a background to further
understanding of shift work risks.
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ÈÇÌÅÍÅÍÈß ÑÓÒÎ×ÍÎÉ ÎÐÃÀÍÈÇÀÖÈÈ
ÏÐÎÖÅÑÑÎÂ ÑÂÎÁÎÄÍÎÐÀÄÈÊÀËÜÍÎÉ

ÌÎÄÈÔÈÊÀÖÈÈ ÌÀÊÐÎÌÎËÅÊÓË,
ÀÍÒÈÎÊÑÈÄÀÍÒÍÎÉ ÇÀÙÈÒÛ ÇÄÎÐÎÂÛÕ

ËÞÄÅÉ ÏÐÈ ÏÐÎËÎÍÃÀÖÈÈ ÔÎÒÎÏÅÐÈÎÄÀ

Áîé÷óê Ò.Í., Èëàùóê Ò.À., Ìèêèòþê Î.Ï.
Ðåçþìå. Ïîêàçàíî, ÷òî ïðîëîíãàöèÿ ïåðèîäà

èñêóññòâåííîãî îñâåùåíèÿ êàê ñëåäñòâèå öèâèëèçàöèè ìîæåò
âûçûâàòü íàðóøåíèå ñóòî÷íîé îðãàíèçàöèè íåêîòîðûõ
ôèçèîëîãè÷åñêèõ ïîêàçàòåëåé. Â ñâîþ î÷åðåäü, ýòî ìîæåò
ñòàòü îñíîâîé ðàçâèòèÿ ðÿäà çàáîëåâàíèé.

Öåëüþ èññëåäîâàíèÿ ñòàëî ñðàâíåíèå ñóòî÷íûõ ïðî-
ôèëåé ïðîäóêòîâ ñâîáîäíîðàäèêàëüíîãî îêèñëåíèÿ è
àíòèîêñèäàíòîâ ó ëþäåé, ïðåáûâàþùèõ â óñëîâèÿõ
îáû÷íîãî è íàðóøåííîãî ðåæèìà íî÷íîãî ñíà. Ñ ýòîé öåëüþ
îáñëåäîâàíî 41 çäîðîâîãî äîáðîâîëüöà. Ó êàæäîãî èõ íèõ
ïîëó÷åíî 6 îáðàçöîâ êðîâè â òå÷åíèå ñóòîê. 24
îáñëåäîâàííûõ ïðèäåðæèâàëèñü ñòàáèëüíîãî ðåæèìà
íî÷íîãî ñíà - ñ  23.00 äo 7.00 (ãðóïïà 1); îñòàëüíûå
ñèñòåìàòè÷åñêè ëîæèëèñü ñïàòü îêîëî 2.00-3.00 - íå ðåæå,
÷åì 3-4 ðàçà â íåäåëþ (ãðóïïà 2).

Èçó÷åíèå ïîêàçàòåëåé ñâîáîäíîðàäèêàëüíîé ìîäè-
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ôèêàöèè ìàêðîìîëåêóë (ìàëîíîâîãî àëüäåãèäà è ïðîäóêòîâ
ñâîáîäíîðàäèêàëüíîé ìîäèôèêàöèè áåëêîâ), ñîñòîÿíèÿ
àíòèîêñèäàíòíîé çàùèòû (ñîäåðæàíèå âîññòàíîâëåííîãî
ãëóòàòèîíà, àêòèâíîñòè êàòàëàçû, ãëóòàòèîíïåðîêñèäàçû è
ãëóòàòèîíòðàíñôåðàçû) ïðîâåäåíî ñ èñïîëüçîâàíèåì
ñòàíäàðòíûõ áèîõèìè÷åñêèõ ìåòîäèê. Âñå ðåçóëüòàòû
îöåíåíû ñòàòèñòè÷åñêè.

Ìàêñèìàëüíûå óðîâíè ìåòàáîëèòîâ ñâîáîäíîðàäè-
êàëüíûõ ïðîöåññîâ áûëè èíâåðñíûìè â îáåèõ ãðóïïàõ.
Âûÿâëåíû èçìåíåíèÿ ñóòî÷íûõ ïðîôèëåé âñåõ èññëåäóåìûõ
ïîêàçàòåëåé ó îáñëåäîâàííûõ âòîðîé ãðóïïû - ñ ïîçäíèì
óõîäîì êî ñíó. Ó íèõ íàáëþäàëè ñíèæåíèå ñðåäíåñóòî÷íîãî
ñîäåðæàíèÿ àíòèîêñèäàíòîâ è ïîâûøåíèå óðîâíÿ ïðîäóêòîâ
ñâîáîäíîðàäèêàëüíîé ìîäèôèêàöèè ìàêðîìîëåêóë.  Ïà-
ðàëëåëüíî, ó èññëåäóåìûõ âòîðîé ãðóïïû îòìå÷àëè ñäâèã
àêðîôàç ñ ñîïóòñòâóþùèì ñíèæåíèåì êîíöåíòðàöèè
àíòèîêñèäàíòîâ íà ïîçäíåå âå÷åðíåå âðåìÿ. Ïîñêîëüêó íî÷ü
ïðèíÿòî ñ÷èòàòü ïåðèîäîì âîññòàíîâëåíèÿ äëÿ îðãàíèçìà,
îïèñàííûå íàðóøåíèÿ ìîãóò áûòü ïðîÿâëåíèåì äå-
ñèíõðîíîçà â óñëîâèÿõ ïðîäëåíèÿ âðåìåíè àêòèâíîñòè è
ïðåäâåñòíèêîì ñåðüåçíûõ ôàêòîðîâ ðèñêà ðàçâèòèÿ ïà-
òîëîãèè.

Êëþ÷åâûå ñëîâà: çäîðîâûå äîáðîâîëüöû, ñóòî÷íûå
ðèòìû, àíòèîêñèäàíòû.
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îñâ³òëåííÿ ÿê íàñë³äîê öèâ³ë³çàö³¿ ìîæå ñïðè÷èíÿòè
ïîðóøåííÿ äîáîâî¿ îðãàí³çàö³¿ äåêîòðèõ ô³ç³îëîã³÷íèõ
ïîêàçíèê³â. Ó ñâîþ ÷åðãó, öå ìîæå ñòàòè îñíîâîþ ðîçâèòêó
ðÿäó çàõâîðþâàíü.

Ìåòîþ äîñë³äæåííÿ ñòàëî ïîð³âíÿííÿ äîáîâèõ ïðîô³ë³â
ïðîäóêò³â â³ëüíîðàäèêàëüíîãî îêèñëåííÿ ³ àíòèîêñèäàíò³â ó

ëþäåé, ùî ïåðåáóâàþòü çà óìîâ çâè÷àéíîãî ³ ïîðóøåíîãî
ðåæèìó í³÷íîãî ñíó. Ç ö³ºþ ìåòîþ îáñòåæåíî 41 çäîðîâîãî
äîáðîâîëüöÿ. Ó êîæíîãî ç íèõ çàáðàíî 6 âç³ðö³â êðîâ³
âïðîäîâæ äîáè. 24 îáñòåæåíèõ ïäîòðèìóâàëèñü ñòàá³ëüíîãî
ðåæèìó í³÷íîãî ñíó - ç  23.00 äo 7.00 (ãðóïà 1); ðåøòà
ñèñòåìàòè÷íî ëÿãàëè ñïàòè á³ëÿ 2.00-3.00 - íå ð³äøå, í³æ 3-4
ðàçè íà òèæäåíü (ãðóïà 2).

Âèâ÷åííÿ ïîêàçíèê³â â³ëüíîðàäèêàëüíî¿ ìîäèô³êàö³¿
ìàêðîìîëåêóë (ìàëîíîâîãî àëüäåã³äó ³ ïðîäóêò³â
â³ëüíîðàäèêàëüíî¿ ìîäèô³êàö³¿ á³ëêîâ), ñòàíó àíòèîêñè-
äàíòíîãî çàõèñòó (âì³ñò â³äíîâëåíîãî ãëóòàò³îíó, àêòèâíîñò³
êàòàëàçè, ãëóòàò³îíïåðîêñèäàçè ³ ãëóòàò³îíòðàíñôåðàçè)
ïðîâåäåíî ç âèêîðèñòàííÿì ñòàíäàðòíèõ á³îõ³ì³÷íèõ ìåòîäèê.
Âñ³ ðåçóëüòàòè îö³íåíî ñòàòèñòè÷íî.

Ìàêñèìàëüí³ ð³âí³ ìåòàáîë³ò³â â³ëüíîðàäèêàëüíèõ
ïðîöåñ³â òà àíòèîêñèäàíò³â áóëè èíâåðñíèìè â îáîõ ãðóïàõ.
Âèÿâëåíî çì³íè äîáîâèõ ïðîô³ë³â âñ³õ äîñë³äæóâàíèõ
ïîêàçíèê³â ó äðóã³é ãðóï³ - ç ï³çí³ì â³äõîäîì äî ñíó. Ó
îáñòåæåíèõ ñïîñòåð³ãàëè çíèæåííÿ ñåðåäíüîäîáîâîãî âì³ñòó
àíòèîêñèäàíò³â ³ ï³äâèùåííÿ ð³âíÿ ïðîäóêò³â â³ëüíî-
ðàäèêàëüíî¿ ìîäèô³êàö³¿ ìàêðîìîëåêóë.  Ïàðàëåëüíî, ó
äîñë³äæóâàíèõ äðóãî¿ ãðóïè â³äì³÷àëè çñóâ àêðîôàç ³ç
ñóïóòíèì çíèæåííÿì êîíöåíòðàö³¿ àíòèîêñèäàíò³â íà ï³çí³é
âå÷³ðí³é ÷àñ. Îñê³ëüêè í³÷ ïðèéíÿòî ââàæàòè ïåð³îäîì
â³äíîâëåííÿ äëÿ îðãàí³çìó - îïèñàí³ ïîðóøåííÿ ìîæóòü
áóòè ïðîÿâîì äåñèíõðîíîçó çà óìîâ ïîäîâæåííÿ ÷àñó
àêòèâíîñò³ ³ ïåðåäâ³ñíèêîì ñåðéîçíèõ ôàêòîð³â ðèçèêó
ðîçâèòêó ïàòîëîã³¿.

Êëþ÷åâûå ñëîâà: çäîðîâ³ äîáðîâîëüö³, äîáîâ³ ðèòìè,
àíòèîêñèäàíòè.
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