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8-isoprostane as the main marker of oxidative stress

N. M. Herasymchuk

Kharkiv National Medical University, Ukraine

The purpose - is to generalize the data of experimental and clinical studies which have established that the basis of main
metabolic processes in humans are redox reactions. Among them, free-radical reactions, leading to the formation of peroxide
compounds, play a special role. Thus, it is important to determine the parameters of oxidative stress, its intensity that is necessary
for an adequate assessment of the body compensatory capabilities, the prognosis of the disease course and the effectiveness
of the treatment received.

Material and methods. The article describes the definition of the notion of oxidative stress, lists the most important oxidants
and the mechanisms of their damaging effects. The role of oxidative stress in a number of cardiovascular, pulmonary and
neurological diseases pathogenesis has been discussed, and oxidative processes activation during oocyte maturation in the
follicular fluid has been shown. Isoprostanes is a group of prostaglandin isomers which was discovered not long ago. The
author of this article shows the metabolism of arachidonic acid as the most widespread and important precursor of eicosanoids,
whose family includes isoprostanes. Isoprostanes appear in tissues and blood plasma as a consequence of membrane
oxidative degradation, reflecting the change in the membranes integrity and fluidity under OS conditions. They are present
in biological fluids, such as urine, blood, cerebrospinal fluid, and in exhaled air under normal conditions, increasing as OS
occurs. 8-isoprostane is isomeric to prostaglandin F2 allowing to estimate the level of free radicals production with a sufficient
degree of accuracy, reliability and reproduction of the study results and its amount is directly related to the level of free radicals
formed.

Conclusions. The results of previous studies have shown that the determination of 8-iso-PgF2a level serves as the gold
standard for determining the activity of oxidative stress in persons with the diseases described, as well as in patients with
diabetes mellitus, obesity, hypercholesterolemia and in smokers.

8-i30npocTaH AK OCHOBHMUII MapKep OKCMAATUBHOIO CTPecy

H. M. Tepacumuyk

MeTa po60Th — y3aranbHeHHs AaHNX eKCriepuMeHTanbHUX i KNiHIYHWX AOCAIMKEHb, SKUMW BCTAHOBEHO, LLIO B OCHOBI MPOBIAHNX
MeTabonivH1X NPOLECIB NMHAMHI NexaTb OKUCTHBANbHO-BIAHOBHI peakuii. Cepen HUX 0cobnmBy ponb BigirpatoTb BinbHOpaavKarbHi
peakLii, Lo NPU3BOASATH 40 YTBOPEHHS NEPEKNCHIX crionyK. OTxe, akTyanbHUM € BU3HAYEHHS NapameTpiB OKCMAATUBHOIO CTPECY,
110ro iHTEHCMBHOCTI, HEOOXIAHOT ANst aAEKBaTHOMO OL|HIOBAHHSI KOMNEHCATOPHUX MOXIMBOCTEN OpraHiamy, MporHo3y nepebiry
3aXBOPIOBAHHSA Ta €hEKTUBHOCTI JiKyBaHHS.

Marepianu Ta meToau. HaBefeHi BU3Ha4YEHHS MOHATTS OKCUAATMBHUIA CTPEC, Ha3BaHi HaMBaXMMBILLI OKCUOAHTY Ta MeXaHisMn
iXHBOI LLKiANMBOI Aji. OBroBOPEHO PONb OKCUAATUBHOMO CTPECY B NATOreHesi HU3KM CEPLEBO-CYANHHMX, NEreHeBMX i HeBPO-
NOMYHMX 3aXBOPIOBaHb, @ TAKOX NOKa3aHa akTWBaLlis OKUCHOBANbHUX MPOLECIB NpW L03piBaHHI SALEKMITUHW Y (oniKynsipHin
piauHi. 13onpocTanmn — HeLoaAaBHO BUSIBNIEHA rpyna i3omMepiB npocTarnaHayvHiB. MokasaHuin meTaboniam apaxiZoHOBOI KUCOTH
AK HAUMOLLMPEHILLOrO Ta HaMBaXNMBILLOTO NONepeaHMKa enko3aHoIgiB, 4O CIMEeNCTBA SKWUX HamnexaTb i30npocTaHu. 13onpoctaqu
3'ABNAOTLCS Y TKAHWHAX i NNa3Mi Sk HaCNigoK OKMCHOI AerpaaaLlii MembpaH, Nokaayroum 3MiHy LiNiCHOCTI Ta NANHHOCTI MeMbpaH
nig Aieto okeupaTuBHOro cTpecy. BoHm € B GionoriyHux pignHax (ceva, KpoB, CMIMHHO-MO3KOBA piaynHa) i B NOBITPI, LLO BUANXAETb-
Cs1, B HOPMarnbHVX YMOBaxX i NiABMLLYIOTLCS MPW OKCUAATUBHOMY CTpeci. 8-i30npocTaH isomMmepHWiA npoctarnananHy F2, wo aae
3MOry 3 OCTaTHIM CTYNeHeM TOYHOCTI, BipOriAHOCTi Ta BiATBOPEHHS pe3ynbTaTiB AOCHIMKEHHS OLIHUTK piBEHb MPOAYKLLT BiflbHNX
pazvkanis, i ioro KinbkiCTb MPSIMO NPOMOPLIiiHa PiBHIO YTBOPEHMX BiflbHUX paguKanis.

BucHoBku. Peaynbratv nonepeaHix A0CniLKeHb NokasyHoTb, LU0 BCTaHOBMNEHHS piBHA 8-iso-PgF2a (8-i3onpocTaHa) € 30notum
CTaHAaPTOM A1 BUSHAYEHHS aKTUBHOCTi OKCUAATUBHOTO CTPECY B OCIB i3 Ha3BaHNMM 3aXBOPIOBAHHSIMMU, & TaKOX B OGCTEXEHNX
0Cib, siKi XBOpi Ha LiyKpOBWiA AiabeT, OXVPIHHSA, rinepxonecTeprHeMito, B KypLiiB.

8-u3onpocraH Kak OCHOBHOM MapKep OKCUAATUBHOIO CTpecca

H. H. Tepacumuyk

Llenb pa6otbl — 0606LieHME AaHHbIX SKCNEPUMEHTabHBIX W KIMHAYECKIX UCCEnoBaHNI, KOTOPLIMA YCTAHOBMEHO, YTO B OC-
HOBe BedyLLMX MeTabonnyeckmx NpoLIECCOB YEMOBEKa NEXaT OKUCIUTENBHO-BOCCTAHOBUTENBbHbIE peakumu. Cpeay HUux ocobyio
pOnb UrpakT cBOGOAHOPaAMKAbHEIE peaKLmuy, BeAyLLve k 06pasoBaHmio NEPEKUCHBIX COBAMHEHNI. Taknm 06pa3oM, akTyanbHO
onpeneneHye NapamMeTpoB OKCUAATUBHOMO CTPECCA, Er0 MHTEHCUBHOCTY, HEOBXOAMMON [11151 alEKBATHOM OLIEHKM KOMMEHCATOPHbIX
BO3MOXHOCTEl OpraHuama, NporHo3a TeveHust 3a6onesaHns 1 adheKTUBHOCTY NEYEHNS.

Matepuans! u MeTogbl. MpeacTaBneHo onpenerexe NoHSTUS OKCUAATVBHBIA CTPECC, NEPEYMCIIEHBI BaXHELLIME OKCULAHTbI
1 MexaHU3Mbl UX NoBpexaaloLLero aeicTens. OBCyxaeHa porb OKCUAATUBHOTO CTPEecca B NaToreHese psifa Cepae4Ho-cocyam-
CTbIX, JIEFO4HBIX 11 HEBPOSOMMYECKIX 3aB0NeBaHuIA, a Takke NokasaHa akTUBALMS OKUCTIUTENbHbBIX MPOLIECCOB MpU A03peBaHmn
SNLLEKIETKN B hONMKYNSPHOI KnAKoCTU. M30npocTaHsl — HeaaBHO 0GHapYKeHHast rpyrnna N3oMepoB npocTarnananHoB. MokasaH
MeTabomn13M apaxigoHOBOI KUCMOTbI kak Haubonee LUMPOKO PacnpoCTPaHEHHOTO U BaXHOTO NPEALLECTBEHHUKA SKO3aHOWAOB,
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K CeMeVICTBy KOTOPbIX U OTHOCATCA N30MPOCTaHbI. V|3OI'IpOCTaHbI MOSIBNSOTCA B TKAHSAX U Nia3Me Kak CNeacTBUe OKUCIUTENBHOM
nerpagauumm MeM6paH, OTpaxasa n3sMeHeHue LIeNOCTHOCTU U TEKYYEeCTU MeMﬁpaH nog AeViCTBMEM OKCUAATUBHOTO CTpecca. OHun
NPUCYTCTBYIOT B B1ONOrMYecKIX KNOKOCTAX (MOHa, KpOBb, CMNHHO-MO3roBad )KI/I,ClKOCTb) Y B BblblXaeMOM BO3yxe B HOpMalb-
HbIX YCITOBNAX W NOBLILIAKOTCA NPU OKCUOAATUBHOM CTpECCe. 8-VI30I'IpOCTaH VI30MeprIl7I npocrarnaHgnHy F2, nossonsiowuii ¢
[I0CTaTO4HOW CTENEHBO TOYHOCTM, JOCTOBEPHOCTU 1 BOCTIPOM3BEAEHNS pesynbraToB UcCnenoBaHNs OLEHUTb YPOBEHb NPOAYKLUN
€BOOOAHbBIX paaukanos, 1 ero Konn4ecTeo NPsAMO NPONOpPLUUOHANbHO YPOBHIO 06paSOBaHHbIX €BOOOAHbBIX paaukanos.

BbiBogbl. Pesynsrathl NpeablayLLyx ccrnefoBaHuin NokasbIBatoT, YTO YCTaHOBMEHME ypoBHs 8-iso-PgF2a (8-n3onpocTaHa)
— 301070 CTaHAAPT ANs ONpeferneHns akTUBHOCTY OKCUAATUBHOMO CTPECCa Y JINLL C ON1caHHbIMU 3a60oneBaHusIMK, a Takke
y 60OnbHbIX CaxapHbIM AnabeToM, OXMPEHVEM, TMNEPXONECTEPUHEMMEN, Y KYPUTbLLVKOB.

Introduction

According to the theory of free radical (peroxide) oxida-
tion, formulated by A. N. Bach, the oxidation of an organic
molecule by oxygen proceeds according to the principle of
a chain mechanism. The initiators of oxidation are always
free radicals — particles having an unpaired electron and
possessing a much greater reactivity capacity with respect
to their non-radical analogs. Many free radicals are cytotoxic
and lead to the development of pathological conditions.

All the functionally important free radicals (FR), which
are formed in the human body, contain oxygen. There are
a number of normal metabolic processes byproducts with
oxidative properties in the cell and the most important
among them are so-called “reactive oxygen species” (ROS),
which include the superoxide radical (O,), hydroxyl radical
(OH-), nitric oxide (NO'), peroxynitrite (ONOO"), hydrogen
peroxide (H,0,), hypochloric acid (HOCI) [1].

It is noted that the main forms of ROS are primarily
normal components of cellular metabolism and perform
the most important regulatory and metabolic functions
in the body. Free radical reactions are necessary for the
formation of many vital enzymes, as well as for the normal
function of the immune system and its components (neutro-
phils, macrophages, etc.). They are absolutely necessary
for the activation of many transcription factors involved in
the genes expression; they carry out the transduction of
hormonal and cellular signals and regulate the processes
of bioenergetics, oxidation of xenaobiotics, antimicrobial
defense, and cell division. Free radical processes underlying
the synthesis of many biologically active substances, such
as leukotrienes, purine deoxyribonucleotides, uric acid,
macroergic compounds, play an important role in regula-
tory processes. Sharp fluctuations of their concentration in
cells and tissues can cause many pathological conditions
in the body, the most significant of them are: activation of
proliferation genes, apoptosis genes, cytokine expression,
DNA damage, cytotoxicity, which in turn increases the
production of oxidants [1].

At the present stage, the term «oxidative stress» (OS)
means a state in which the amount of FR formed in the
body is significantly higher than the activity of endogenous
antioxidant systems that ensure their elimination. Oxidative
aggression of FR is restrained by a powerful antioxidant sys-
tem. Imbalance may be resulted from a lack of antioxidant
defense system (ADS) caused by impaired production or
distribution of antioxidants (AO) or an excess of ROS. OS
is a common pathway for vascular endothelium damage.

Violation of the balance between synthesis and elimina-
tion of ROS, such as superoxide anion (O2-) and hydrogen
peroxide (H,0,), affects the homeostasis of cellular oxida-
tive stress, plays an important role in the development of

arterial hypertension (AH). Uncontrolled generation of ROS
and their derivatives causes damage of proteins, nucleic
acids, enzymes, biomembranes and ultimately leads to the
pathological conditions development. OS leads to damage
of the most important polymers — nucleic acids, proteins,
lipids and cell mutations development, which can lead to
cell death or their malignant degeneration [1].

Direct determination of the oxidants level in vivo is
almost impossible, since these compounds are extremely
reactive and, therefore, short-lived molecules. Ideal OS
markers are lipid oxidation products, carbohydrates, pro-
teins and nucleic acids, whose lifespan ranges from several
hours to several weeks. One of the most specific biological
markers, allowing to estimate the level of FR production with
a sufficient degree of accuracy, reliability and reproduction
of the study results, is 8-iso-PgF2a (8-isoprostane, 15-F
(2t) -IsoP, iPF 2a-Il). The determination of 8-iso-PgF2a
level serves as the gold standard for oxidative stress in vivo
[3]. The kit is intended for the quantitative determination of
8-isoprostane in specimens of plasma, serum, urine, su-
pernatants of cell cultures and other biological fluids using
the competitive immune enzyme assay.

Metabolism of arachidonic acid as the most widespread
and important precursor of eicosanoids

Initially, isoprostanes were considered as biologically
inactive products of lipid peroxidation the level of which
in cells and tissues positively correlates with the level of
FR that catalyze the process of non-enzymatic lipid per-
oxidation. The importance of isoprostanes in biology and
medicine was discovered in 1990 [2].

8-isoprostane is a product of metabolism in reactions
of arachidonic acid peroxidation, isomeric to prostaglandin
F2 and its amount is directly proportional to the level of the
formed FR. This substance belongs to the family of eicosa-
noids, the formation of which occurs during non-enzymatic
(free radical) oxidation of phospholipids of cellular biomem-
branes [4]. This process does not depend on the enzymatic
activity of cyclooxygenase catalyzing the conversion of ara-
chidonic acid into prostaglandins. Eicosanoids, metabolites of
arachidonic acid, are inflammatory mediators responsible for
smooth muscle contraction, vasoconstriction / vasodilation,
increased vascular permeability, hypersecretion of mucus,
cough and inflammatory cell migration. These include pros-
taglandins, thromboxane, isoprostanes and leukotrienes (LT).
This is a very large family of highly active compounds with an
unusually wide spectrum of biological effects. In this connec-
tion, eicosanoids, inhibitors of their receptors and synthesis
enzymes, as well as their lipid precursors contained in plants
and some fish species, have a high therapeutic potential.
Due to their short half-life, which ranges from seconds to
minutes, special delivery systems or the synthesis of their
stable analogs are required for clinical use.
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Arachidonic acid is the most widely spread and probably
the most important precursor of eicosanoids. Arachidonic
acid is a 20-carbon (C20) fatty acid containing four double
bonds. For the synthesis of eicosanoids, first it is necessary
to release or mobilize arachidonic acid from membrane
phospholipids under the action of one or more types of
phospholipase A, (PLA,) enzymes. At least three phos-
pholipases can participate in the formation of arachidonic
acid from membrane lipids: cardiac PLA, (cPLA,), cytosolic
(cytoplasmic) and secretory.

To activate the first form, ionized calcium is not required.
The second and third enzyme isoforms are calcium-de-
pendent. Basically, they are involved in the process of
arachidonic acid releasing. In addition to these mechanisms,
arachidonic acid can also be released by the combined ac-
tion of phospholipase C and diglyceride lipase. These lipase
pathways are blocked by steroidal anti-inflammatory drugs.
After mobilization, arachidonic acid undergoes oxygenation
in four different ways: cyclooxygenase, lipoxygenase, P-450
epoxygenase and isoprostanic.

The isoprostanic pathway of arachidonic acid me-
tabolism, another potentially important pathway for the
metabolism of arachidonic acid, leads to the formation of
isoprostanes. Isoprostanes are prostaglandin stereoiso-
mers. Since prostaglandins have many asymmetric centers,
they have a large number of potential sterecisomers. Pros-
taglandin synthetase (cyclooxygenase) does not participate
in the formation of isoprostanes, therefore, aspirin and other
non-steroidal cyclooxygenase inhibitors do not affect the
isoprostanic pathway. The main mechanism of epimerization
is the peroxidation of arachidonic acid by FR. It occurs at
a time when arachidonic acid is still in the esterified form
in membrane phospholipids. Thus, unlike prostaglandins,
these stereocisomers are «deposited» in membranes. Iso-
prostanes appear in tissues and plasma as a consequence
of oxidative membrane degradation, reflecting the change
in the integrity and fluidity of membranes due to OS influ-
ence. They are present in biological fluids, such as urine,
blood, cerebrospinal fluid, and in exhaled air under normal
conditions, increasing as OS occurs [1].

The level of 8-isoprostane allows assessing OS and
antioxidant defense. It is also a reliable indicator of the
lipid-containing samples (serum, plasma, cellular speci-
mens) integrity. Its level increases with the age in healthy
individuals. The importance of the isoprostanic pathway is
associated with a relatively large number of these products
(there are 10 times more of them in blood and urine than
prostaglandins formed by the cyclooxygenase pathway), as
well as with their pronounced vasoconstrictive effect on renal
and other vessels. It is assumed that isoprostanes play a
significant role in the development of hepatorenal syndrome.

Concentration of 8-isoprostane in various diseases of
internal organs

8-iso-PgF2ais a stimulant for the proliferation of vascu-
lar smooth muscle and endothelial cells, strongly enhances
vasoconstrictor responses of renal and pulmonary vessels,
a stimulator of collagen hyperproduction in the hepatic fibro-
sis model, a mediator of hepatorenal syndrome and oxygen
toxicity in the lungs, and an inhibitor of platelet aggregation.

8-isoprostane reflects the cellular effects of OS and,
consequently, the airways inflammatory process. In recent
years, there has been an increasing interest in lung research

Zaporozhye medical journal. Volume 20. No. 6, November — December 2018

with non-invasive methods, including the measurement of
biomarkers in exhaled air and exhaled breath condensate
(EBC) [5,6]. These methods are safe, do not affect the lung
function and the level of exhaled mediators [5], which makes
them one of the epidemiological methods for pathological
processes examination (OS and inflammation) in the study
of respiratory diseases.

The concentration of 8-isoprostane in EBC was
increased in patients with remission of chronic obstruc-
tive pulmonary disease (COPD) compared with healthy
non-smoking subjects. Also, the level of 8-isoprostane in
EBC was increased in healthy smokers and in patients with
exacerbation of COPD. P. Montuschi et al. [5,7] showed that
the values of 8-isoprostane in patients with COPD, both
smokers and non-smokers, are 1.8 times higher than in
healthy smokers. In healthy non-smokers, the concentration
of this compound is 2.2 times lower than in healthy smokers.
There were no correlations between the level of 8-isopros-
tane and the forced expiratory volume in one second (FEV1)
value, smoking history, the cellular composition of sputum,
or the severity of dyspnea in COPD patients [8]. However, in
patients with a mild degree of bronchial asthma, an increase
in the concentration of 8-isoprostane in EBC was found to be
2-fold compared to healthy people, and in severe cases, its
level was 3 times higher than in patients with mild bronchial
asthma, regardless of inhaled glucocorticosteroid treatment.
After the treatment, its concentration decreased [8].

In children with mild asthma without the use of steroid
inhalers, the level of 8-isoprostane was 9.3 pg/ml vs 3.8
pg/ml, P < 0.01; in children received inhaled steroids, the
level of 8-isoprostane was 6.7 pg/ml vs 3.8 pg/ml, P < 0.01
in comparison with the group of healthy children. Prior to
treatment with prednisolone, 8-isoprostane concentrations
were higher in children with bronchial asthma (12.0 pg/ml,
P <0.001) than in healthy children (2.6 pg/ml, P < 0.001).
After the treatment with prednisolone, there was a significant
decrease in the concentration of 8-isoprostane to 8.4 pg/ml,
P =0.04, but the level of the latter was higher than in healthy
children (P < 0.001) [9]. The level of 8-isoprostane did not
correlate with the disease duration and the dose of steroids.
It follows that steroid therapy does not correct OS in children
with bronchial asthma, and, possibly, antioxidant therapy
will be useful for such patients.

Patients with bronchial asthma and concomitant gastro-
esophageal reflux (GER) had a higher level of 8-isoprostane
than without GER, and after treatment with proton pump
inhibitors, the level of 8-isoprostane decreased along with
the improvement in the condition.

The level of 8-isoprostane in EBC in patients with cys-
tic fibrosis was 3 times higher in comparison with normal
subjects 42.7 + 4.5 pg/ml vs 15.2 + 1.7 pg/ml, P < 0.005,
95 % confidence interval (Cl) 14.6 to 40.9) is negatively
correlated with FEV1 (r =-0.61, P < 0.005) [10].

Isola N. et al. showed that the 8-isoprostane content
in EBC of patients with idiopathic fibrosing alveolitis was
significantly higher and correlated with the severity of the
disease. The data presented indicate that measuring the
concentration of 8-isoprostane in EBC may be another
marker of OS in lung diseases.

Anumber of authors note that OS and lipid peroxidation
mean a lot in neurodegenerative diseases such as Alzhei-
mer’s disease, Huntington’s chorea, multiple sclerosis,
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Fig. 1. Blood serum of patients with hypertension compared with practically healthy subjects.
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Creutzfeldt-Jakob disease, Down’s syndrome (DS). It has
been proved that FR affect brain lipids, carbohydrates,
proteins and DNA, participate in the death of neurons in
neurodegenerative disorders, and affect many clinical
features of DS [11,12].

In the modern literature there are data on the increase
in the level of 8-isoprostane in scleroderma, alcohoalic liver
disease [13], coronary heart disease, arterial hypertension
(AH) [14] and progression of heart failure [15].

The level of 8-isoprostane directly correlates with the
functional class of chronic heart failure with a strong linear
dependence [15]. A high level of matrix metalloproteinase
(MMP) can accelerate pathological ventricular remodeling
and increase the severity of chronic heart failure (CHF).
K. Kameda et al. showed the effect of OS on MMP activity
in the patients. The authors measured the concentration
of 8-is0-PGF2a and pericardial levels of MMP activity,
indicating their levels in tissues, in patients with coronary
heart disease who underwent coronary artery bypass graft
surgery (CABG). Immediately after a small pericardial inci-
sion, the undiluted pericardial fluid was obtained. MMP-2
and MMP-9 activity positively correlated with the pericardial
level of 8-iso-PGF2a (MMP-2, r = 0.55, P <0.0001, MMP-9,
r=0.52, P <0.001). Moreover, left ventricular end-diastolic
volume index (LVEDVI) also positively correlated with the
pericardial level of 8-iso-PGF2a (r = 0.34, P < 0.05) and not
with the left ventricular end-systolic volume index (LVESVI)
or the left ventricular ejection fraction (LVEF) [16].

We have previously found an increase in the con-
tent of 8-iso-PgF2a in the blood serum of patients with
hypertension compared with practically healthy subjects:
17.15 £ 3.12 pg/ml and 1.41 + 0.81 pg/ml, respectively,
where (P < 0.05). In this case, the level of 8-iso-PgF2a in
the presence of hypertension was 12.16 times higher than
that of the control group (Fig. 1).

When comparing the content of 8-isoprostane in sub-
jects with hypertension, depending on the level of blood
pressure, it was revealed that as the AH progressed,

the concentration of 8-isoprostane in the blood serum
increased: by 3.2, 7.1 and 18.4 times compared with the
controls (the 1st, 2nd and 3rd degree, respectively). The
obtained data testify not only to an increase in the activity
of 8-isoprostane in the serum, but also about state of OS
presence in hypertension, which is more pronounced in
persons with the 3rd degree AH with obesity. In patients with
hypertension who have obesity, the content of 8-isoprostane
increases by 14.9 times in comparison with those in the
control group. The dynamics of the studied indicator average
values in the course of combined antihypertensive therapy
decreases. The authors also noted that the level of 8-iso-
prostane does not depend on the duration of AH, but only
on the degree of increasing blood pressure (BP) [17-19].

It was proved that the level of 8-isoprostane is increased
in patients with acute myocardial infarction compared to
patients with stable angina pectoris and patients without
significant changes in coronary vessels and may be a
marker of atherosclerosis development [20].

At present, the number of people suffering from obesity
is still growing. Obesity is one of the reasons of atheroscle-
rotic cardiovascular disease.

Keaney et al. determined the correlation between the
body mass index (BMI) and 8-iso-PgF2a levels in urine in
nearly 3,000 participants in the Framingham Heart Study.
The results have shown that there is a strong link between
BMI and the levels of 8-iso-PgF2a in urine [21]. Also Davi
et al. in their study have found a correlation between
8-iso-PgF2a and obesity. In this study, the authors also
have noted that women with android obesity had higher
levels of 8-iso-PgF2a in the urine than women with gynoid
obesity (P < 0.001). Moreover, other authors have noticed
that a decrease in BMI leads to a decrease of 8-iso-PgF2 a
level in the urine [22]. Urinary of 8-epi-PGF2a was indexed
to creatinine as pg/mg creatinine.

G. Desideri, C. Ferry have found a significant increase
in the level of 8-isoprostane in obese individuals compared
with persons without it and after 16 weeks of intervention
measures involving calorie restriction and leading to weight
loss, the level of 8-isoprostane decreased with a parallel
decrease in the BMI [23].

A significant increase in the 8-isoprostane level has
been observed in a number of situations, which are char-
acterized by increased activity of oxidative processes, in
particular during tobacco smoking, diabetes mellitus and
hypercholesterolemia [14,24,25].

Morrow et al. studied the correlation between smoking
status and levels of free 8-iso-PgF2a in plasma. In an
experimental study with 16 smokers and 8 non-smokers
of the same age the levels of free 8-iso-PgF2a in plasma
of smokers’ samples (166 + 58 pmol/l) were significantly
higher (P = 0.02) than in non-smokers of the same age and
sex (90 £ 52 pmolll) [2].

Obata et al. did not find a correlation between the
levels of 8-iso-PgF2a and the age of smokers, the duration
of smoking and the number of cigarettes smoked per day,
but they found a weak negative correlation between urine
isoprostane concentrations and the age of nonsmokers
and the time since quitting in ex-smokers [26]. A strong
positive correlation between levels of 8-iso-PgF2 a in urine
and smoking status has also been detected by Keaney et
al. (P <0.0001) [21].
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An increase in the synthesis of lipid peroxidation in
diabetes mellitus (DM) leads to an increase in 8-isoprostane,
which in turn promotes the oxidation of arachidonic acid
products that have a vasoconstrictive effect. Gopaul et al.
[27] analyzed the levels of 8-iso-PgF2a in non-insulin-de-
pendent diabetes mellitus (NIDDM, type 2 diabetes) and
compared them with these indices in healthy individuals.
Plasma levels of 8-iso- PGF2a in samples from individuals
with diabetes (n = 39) were higher (0.49-2.16 nM) than in
the control group (n = 16) (0.02—0.63 nM).

Davi et al. [28] obtained similar results, but in the pro-
cess of immunoreactive 8-iso-PGF2 a measurementin urine
samples, because the collection of urine is non-invasive and
isporostanes are very stable [29]. Levels of 8-iso-PGF2a
in urine of patients with NIDDM (n = 62, 419 + 208 pg/mg
creatinine) were significantly higher (P = 0.0001) than in
healthy age groups (208 + 92 pg/mg creatinine).

The authors also studied the levels of 8-iso-PgF2a in
patients with insulin-dependent diabetes mellitus (IDDM,
type 1 diabetes). Urinary 8-iso-PGF2a levels were also
higher (n = 23. 400-146 pg/mg creatinine) in these patients
compared with the control group (197 + 69 pg/mg creatinine,
P =0.0001).

Davi et al. also noted that in children and adolescents
with type 1 diabetes the level of 8-isoprostane is increased
at an early stage of the disease and decreases as the
disease progresses [30]. The indices of 8-isoprostane
are greater in the group of patients with type 2 diabetes
combined with non-alcoholic fatty liver disease (NAFLD)
than without it and also in comparison to healthy individ-
uals. A decrease in this index against the background of
NAFLD initial manifestations therapy has been noted,
which could serve as a prognostic favorable factor for
diagnostics, prognosis of NAFLD and further studies for
treatment regimens improvement. An increase in the level
of 8-isoprostane, which is associated with an increase in
the basic indices of protein and lipid metabolism, and a
decrease in this indicator in patients with type 2 diabetes
combined with NAFLD during treatment (including drugs
affecting endothelial dysfunction in therapy scheme) char-
acterize this parameter not only as a known indicator of
0S, but also as a marker of atherogenesis [31].

G. Davi et al. showed that excretion of 8-iso-PgF2a with
the urine was significantly higher (P < 0.001) in patients
with hypercholesterolemia than in age- and sex-matched
control subjects (473 + 305 pg/ml vs 208 + 95 pg/mg cre-
atinine). Its excretion rate was directly proportional to the
level of low density lipoprotein (LDL) cholesterol and was
inversely proportional to the vitamin E content in LDL. The
dose-dependent suppression of enhanced production of
8-iso-PgF2a by vitamin E supplementation could promote
the beneficial effects of antioxidant treatment [24].

Reilly et al. have studied the levels of isoprostanes in
the urine of patients with homozygous familial hypercholes-
terolemia (HFH) and moderate hypercholesterolemia (HC).
There were no significant correlations between 8-iso-PgF2a
in urine and age, sex and history of lipid-lowering agents
use in patients with HFH [25].

Ciuntu Angela presents the results of urinary concen-
tration of 8-isoprostane determination in 50 children with
different forms of primary glomerulonepbhritis. Children with a
steroid-sensitive nephrotic syndrome (SSNS) had complete
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remission during the first 4 weeks, rarely during 8 weeks
off corticosteroid therapy. Patients with steroid resistant ne-
phrotic syndrome (SRNS) represented long-term proteinuria
(3 g/d L up to 6-8 weeks of treatment with prednisolone at a
dose of 2 mg/kg/24 hours (maximum 60 mg/24h), followed
by a pulse therapy with prednisolone at a dose of 20-30
mg/kg/24 h N3 (maximum 1 g for the course of treatment).

The concentration of 8-isoprostane in urine was 3.4
times higher in the group of patients with steroidresistant
nephrotic syndrome (SRNS) in the phase of clinical
manifestations (up to 129.28 + 8.80 ng/mM creatinine)
and 1.5 times higher in patients with steroid-sensitive
nephrotic syndrome (SSHNS) (up to 56.68 + 3.83 ng/mM
creatinine), and in children with chronic glomerulonephritis
(CGN) mixed type, the concentration of this indicator was
3.5 times higher (up to 131.71 = 13.15 ng/mM creatinine)
in comparison with the group of healthy children (37.65 +
1.26 ng/mM creatinine). During the period of this disease
remission the concentration of 8-isoprostane in the urine
remained high. Hence, the determination of 8-isoprostane
urinary concentration is an OS marker in patients with
chronic kidney disease [32].

Anumber of authors determined the level of 8-isopros-
tane, as a marker of OS in women with infertility. Female
infertility is an urgent problem of our time, which causes
the development and necessity of improving additional
reproductive technologies. The most effective of these is in
vitro fertilization (IVF). The main and integral stage of IVF is
controlled ovarian stimulation. This part can be character-
ized as key and challenging, because with the purpose of
follicular pool formation, stimulation of the follicular cohort
development and obtaining the maximum number of oo-
cytes, the follicular apparatus is medicated. This is possible
only under condition of preserved woman’s reproductive
potential, an ovarian reserve, an indicator that reflects the
size of the resting follicle pool and the quality of the oocytes.
According to recent research, oxidative processes are ac-
tivated in the follicular fluid during oocyte maturation, and
when superovulation is induced, the peroxide oxidation of
lipids and proteins increases dozens of times.

There are powerful levers of antioxidant system in
the body. One of the effective components of antioxidant
defense is melatonin. Melatonin is a thymus hormone
secreted at night and regulates a number of important
central and peripheral functions. Shcherbina N. A., Gradil
O. G. studied the content of melatonin and 8-isoprostane
in the serum and follicular fluid against the background of
controlled ovarian stimulation in 66 infertile patients who
were divided into two equal in number groups. The control
group consisted of 33 healthy women of reproductive age.
It has been found that melatonin has a pronounced anti-
oxidant effect, thereby increases the number of oocytes
obtained from the bad responders, and 8-isoprostane is a
reliable indicator of OS and the antioxidant system status in
blood serum and follicular fluid. The level of 8-isoprostane
in the follicular fluid was 363.00 + 64.38 pg/ml and 318.98
+83.17 pg/ml, respectively, in the examined patients of two
equal in number groups versus the 8-isoprostane value of
188.01 £ 10.50 pg/ml in the control group. Its level had a
strong inverse correlation with the level of melatonin and
the number of oocytes obtained after controlled ovarian
stimulation [33].
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Alcohol and antioxidant status of patients with breast
cancer (BC)

According to epidemiological studies, alcohol con-
sumption correlates with the risk of breast cancer. How-
ever, the exact mechanisms of this connection are still
being discussed. The Postmenopausal Women'’s Alcohol
Study was designed to evaluate the effects of moderate
alcohol consumption on the level of antioxidants and
OS markers.

The study involved 53 postmenopausal women, who
for a period of 8 weeks were prescribed a certain diet with
one of the products: 15 or 30 g of alcohol per day or a
placebo. The level of antioxidants, vitamin E (alpha and
gamma-tocopherol), selenium and vitamin C was deter-
mined at the beginning and the end of the observation
period. The level of 15-F (2t) -IsoP isoprostane obtained
as a result of peroxidation was also determined. This
indicator serves as a marker of OS and conditions that
promote carcinogenesis. After excluding the influence of
body mass index and serum cholesterol level, a significant
decrease in the level of alpha-tocopherol by 4.6 % and an
increase in the level of 8-isoprostane by 4.9 % in the group
who took 30 grams of alcohol per day were revealed. The
intake of alcohol had no effect on the other antioxidants
level. As can be seen, even moderate alcohol consumption
in postmenopausal women leads to an increase in the level
of OS markers [34].

Conclusions

Thus, the determination of OS parameters and its intensity
is necessary for an adequate assessment of the organism
compensatory capabilities, the prognosis of the disease
course and the effectiveness of the treatment received.
8-isoprostane can serve as a reliable marker of OS level in
the body with various pathologies.

It is important that the determination of 8-isoprostane
concentration is possible both by an invasive method in
plasma or serum, in the follicular fluid, in the pericardial
fluid and non-invasively in the condensate of exhaled air,
in the urine. The latter can be often repeated and applied
to children, including newborns, and patients with severe
disease, when more invasive procedures are impossible.

Unfortunately, not every patient can be examined for
determining the level of 8-isoprostane, as the main marker
of OS due to its cost.

Despite active research into the assessment of balance
between FR and the antioxidant defense system and the
continuous search for new markers of redox reactions, the
reasons needed to understand the correlation between OS
and pathological processes in the body have not been fully
revealed. Important medical-social and economic aspects of
cardiovascular system, respiratory organs, kidney diseases,
diabetes mellitus, obesity, hypercholesterolemia justify the
prospectivity of studies of key links of the processes that
form a universal pathophysiological picture and contribute
to the improvement of pathogenetic approaches of modern
drug therapy.

This is the basis for further study of this issue.
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