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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

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
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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 IBM PC Pentium III. 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 (pic.1).
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Pic.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 (pic. 2-3).
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Pic.2. Diurnal organization of glutathione peroxidase activity in healthy volunteers.
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Pic. 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 (pic.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

(pic.4).
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Pic. 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
(thythmicity 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) (pic.5,6).
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Pic. 5. Diurnal organization of malonic dialdehyde content in healthy volunteers.
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Pic. 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-c,
interleukin-6, interleukin-1B with higher blood content
at day time. Initial desynchronosis is characterised
by disappearing of night peak of interleukin-1f3 with
parallel increase of B-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.
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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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W3MEHEHHS CYTOYHOI OPTAHU3ALINU
MPOLIECCOB CBOBOTHOPA TUKAJTLHOM
MOJIN®UKALITA MAKPOMOJIEKYI,
AHTHOKCHUJIAHTHOI 3AIUTHI 3I0POBBIX
JIIOJE¥ ITPY ITPOJIOHTALIAH ®OTOIEPHOIA

Boiiuyk T.H., Hnawgyk T.A., Mukumsiok O.I1.

Pe3ome. IlokazaHo, 4TO MNpoOJOHTAIUsl IepHOIa
HCKYCCTBEHHOTO OCBEILICHHS KaK CJIEJICTBHE IMBIIN3ALMN MOXKET
BBI3bIBATh HapyIIEHHWE CyTOYHOWH OpPTaHM3allMH HEKOTOPBIX
(hu3MONIOrMYeCcKHX IoKa3aTenell. B cBoro ouepens, 3T0 MoXKeT
CTaTh OCHOBOW Pa3BUTHS psila 3a00JICBaHHH.

Llenblo McciTeIOBAHMS CTAJIO0 CPaBHEHUE CYTOYHBIX IPO-
¢unel TpoayKTOB CBOOOTHOPAINKAIBLHOTO OKUCICHUS U
QHTUOKCHUIAHTOB y JIOJeH, MpeObIBAIONIUX B yCIOBHAX
00BIYHOTO ¥ HAPYIIEHHOT'O PeKMMa HOYHOTO cHa. C 3TOM IeTbI0
obcnenoBano 41 310poBOro 10OPOBOIBIA. Y KaXIOr0 UX HUX
noiaydeHo 6 o0Opas3loB KpOBH B TeUeHHUE CYTOK. 24
00ciIeI0BaHHBIX MPHIEPKUBAINCH CTAOMIBHOTO peXuMa
HOYHOTO cHa - ¢ 23.00 mo 7.00 (rpynma 1); ocTanbHbIE
CHUCTEMAaTUYECKH JIOKWIHUCH craTh okouo 2.00-3.00 - He pexe,
4yeMm 3-4 pasa B Hezento (rpymma 2).

W3ydenue nmokasareseidl cBOOOAHOpaAMKAIBHONW MOIH-
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(buKanun MaKpOMOJIEKyY.I (MaJIOHOBOTO ajIbAETH/a U TIPOIYKTOB
CBOOOJHOpAaUKAIBHONH MOAM(PUKAINH OEIKOB), COCTOSHUSA
AHTHOKCHAAHTHOH 3alUTHI (COJepiKaHNe BOCCTAHOBICHHOTO
IJTyTaTHOHA, aKTHBHOCTH KaTasasbl, Ty TaTHOHIEPOKCHAA3BI 1
TIyTaTHOHTPaHC(pepas3bl) NIPOBEAEHO C UCIOJIb30BAHUEM
CTaHAAPTHBIX OMOXMMHYECKHX METOIUK. Bece pe3ynbraTs
OLICHEHBI CTATUCTHYECKH.

MakcuManbHble YPOBHH METa00OIUTOB CBOOOIHOpAIU-
KaJIbHBIX MPOIIECCOB OBIIIM MHBEPCHBIMHU B 00EUX I'pyIMax.
BBIsIBIICHBI H3MEHEHHS CYTOUHBIX PODHIICH BCeX HCCIeyeMbIX
rokasareliel y o0cieJoBaHHbIX BTOPOH I'PYIIIBI - C MO3AHUM
YXOZIOM KO CHY. Y HHX HaOJIO1aJIi CHIDKEHUE CPEIHECY TOUHOTO
CoJIepyKaHHsl aHTHOKCH/IAHTOB H MOBBIIICHHUE YPOBHS IPOJIYKTOB
CBOOOIHOPAAUKAIBHON MonupuKanuu Makpomosnekyn. Ila-
paJIeNbHO, Y MCCIEAYEMbIX BTOPOH IPYIIBI OTMEYAIN CIIBUT
akpo(as ¢ COMYTCTBYIOIUM CHI)KEHHEM KOHIIEHTpAalUu
AHTHOKCHJIAHTOB Ha MO3]HEee BeuepHee BpeMs. I10CKOIbKY HO4b
TIPUHSATO CYUTATH NIEPUOZOM BOCCTAHOBJICHHUS JUIsl OpPraHH3Ma,
ONMCAHHbIC HAPYIICHHS MOTYT OBITH NMPOSBICHUEM Jie-
CHHXPOHO3a B YCJIOBUSX HPOIJICHUS BPEMEHH aKTHBHOCTH U
MIPEBECTHUKOM CEPbE3HBIX ()AaKTOPOB pHCKA PA3BUTHS Ma-
TOJIOTHH.

KiioueBble c10Ba: 3710pOBbIe JOOPOBOJIBIIBI, CyTOYHbIE
PHTMBI, aHTHOKCH/IAHTBI.

3MIHHM JOBOBOI OPTAHI3ALIII TPOLIECIB
BLIbHOPA TUKAJBbHOI MOAU®IKAILTT
MAKPOMOJIEKYJI, AHTHOKCUJAHTHOI'O
3AXHMCTY 310POBHUX JIKOJEM 3A ITPOJIOHTALIIT
®OTOIEPIONY

boiiuyx T.M., Inawyk T.0., Mukumiwok O.11.

Pe3rome. [loka3zaHo, 10 pOJIOHTAMLIS MEPiOLy IITYYHOTO
OCBITJICHHS K HACJIiJIOK IUBLII3aMil MOXE CIPHUYUHSITH
nmopymeHHs 1000Boi opranizamii AeKoTpux (izioNoriyHUX
MMOKA3HUKIB. Y CBOIO YEPry, IIe MOKE CTaTH OCHOBOIO PO3BHUTKY
pAy 3aXBOPIOBAHbB.

MeTor0 KOCHiIKEHHS CTAJIO MOPIBHIHHS J000BUX MpoQiIiB
MPOJYKTIB BUTLHOPAJIUKAILHOTO OKHCIICHHS i aHTHOKCHJIAHTIB Y

JIofei, mo nepedyBaroTh 32 YMOB 3BUYafHOTO 1 MOPYIIEHOTO
PpeXuMy HIYHOTO CHY. 3 Li€l0 MeToI0 00cTexeHo 41 310poBoro
I0O0poBONBLS. Y KOXKHOTO 3 HUX 3a0paHo 6 B3ipLiB KPOBi
BIIPOJIOBX 00H. 24 00CTEKEHNX AOTPUMYBAIUCH CTA01TEHOTO
pexumy HigHOTO cHY - 3 23.00 mo 7.00 (rpyma 1); pemTa
cucTeMaTHYHO Jisiranu criatu Ois 2.00-3.00 - He pinme, Hix 3-4
pa3u Ha TWXKIEHb (Tpyma 2).

BuBYeHHS MOKa3HUKIB BIIbHOPAAUKAIBHOT MOAM(iKamii
MaKpoOMOJeKya1 (MaJIOHOBOTO aJIbJeTily 1 HpPOAYKTiB
BiTBHOpaAMKANbHOI MOAHMQiKanii O1TKOB), CTaHy aHTHOKCH-
JAHTHOTO 3aXHCTY (BMICT BiTHOBJIEHOTO TIIyTaTiOHY, aKTUBHOCTI
KaTaja3y, TIyTaTiOHIEePOKCUAA3H 1 TIIyTaTioOHTpaHCc(epasn)
TIPOBEEHO 3 BUKOPUCTAHHAM CTaHAAPTHUX O10XIMIYHMX METOAMK.
Bci pe3ynbrati OI[iHEHO CTaTUCTUYHO.

MaxkcumanbHi piBHI MeTabOJITiB BITBHOPAAUKAIbHUX
MPOIIECiB T2 AHTUOKCHIAHTIB Oy HHBEPCHUMH B 000X Ipymax.
Bussneno 3Mian 1060BUX mpodiniB BCiX HOCTIIKYBaHUX
MOKa3HUKIB y APYTidl Tpymi - 3 Mi3HIM BiAX0AOM A0 CHY. Y
00CTEKEHHX CIIOCTEPITralii 3HWKEHHS CEPeTHbOI000BOT0 BMICTY
AHTHOKCHAAHTIB 1 MABUIIECHHS PiBHA NPOAYKTIB BiIBHO-
panukanbHOi Mogudikanii Mmakpomonekyn. IlapanensHo, y
IOCTIKYBAaHUX IPYyToi rpynu BigMmidanu 3cyB akpodas i3
CYIYTHUM 3HIDKCHHSIM KOHICHTpAIl{ aHTHOKCHIAHTIB Ha Mi3HIN
BeuipHii yac. OCKINbKH HiY NPUHHATO BBAXKATH MEPiOIOM
BiIHOBJICHHS IS OPTaHi3My - ONHCaHI MOPYIICHHS MOXYTh
OyTH NPOSBOM JIECHHXPOHO3Y 32 YMOB IOJOBXKEHHS 4acy
AKTHBHOCTI 1 IEpeIBICHUKOM CEpHO3HUX (PaKTOPiB PHUIUKY
PO3BHTKY MaTOJIOTIi.

KuroueBble cjioBa: 310pOBi JOOPOBOIBII, 1000BI pUTMH,
AHTHOKCH/IQHTH.
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