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A variety of lipid radicals are formed under oxidative stress development. The further oxidation
of these radicals leads to formation of numerous aldehydes. They can form postsynthetic modifications in
proteins and nucleic acids that disrupt their functions. In the present study aldehydes role in the formation
of oxidative stress parameters in rat thymocytes was investigated. Two models were used: iron-stimulated
oxidative stress and exogenous aldehydes exposure to thymocytes.

For oxidative stress induction, thymocytes (2x10° cells/ml HBSS, pH 7.2) were exposed to different
concentrations of FeSO, (20, 30, 40 uM) and ascorbic acid (100 uM) for 6 h. It resulted in increase of levels
of aldehydes 29 times (90 £ 6 nmol/10 cells), these changes led to increase of TBARS levels 4.4 times; the
levels of protein CO groups 10 times, cell mitochondrial activity and low-molecular weight SH groups were
decreased 1.5 and 2.3 times, respectively. Treatment with aldehydes acceptor dimedone (200 uM) significantly
decreased the levels of aldehydes 3.7 times, TBARS 1.6 times and protein CO groups 5 times. It was shown that
the levels of cell mitochondrial activity increase 1.4 times and the levels of SH groups 1.8 times.

To compare the effects of aldehydes in induction of oxidative stress, thymocytes (2x10° cells/ml HBSS,
pH 7.2) were exposed to 50-600 uM formaldehyde (FA), 50-600 uM glyoxal (GL), 50-600 uM methylglyoxal
(MGL), I-15 uM acrolein (ACR) for 6 h. TBARS levels were increased for FA 1.3 times and for other aldehydes
about 5-7 times. The levels of protein CO groups were increase for FA 3.7 times, for MGL 7 times, for GL 13
times, for ACR 22 times. Levels of SH groups were decreased for FA 1.5 times, for MGL 2.6 times, for GL 3
times, for ACR 9 times. A decrease of cell mitochondrial activity 1.5 times observe for all aldehydes. Obtained
results prove the aldehydes participation in the formation of oxidative stress parameters and their capability

to oxidative stress induction in the rat thymocytes.
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ndogenous aldehydes are formed in the or-
E ganism as by-products under lipid peroxida-

tion (POL) or non-enzymatic glycosylation
of proteins. POL, a complex process that occurs in
all cellular membranes and involves the interaction
of oxygen-derived free radicals with polyunsaturated
fatty acids, finally results in a variety of reactive
aldehydes. Glycation is a complex series of paral-
lel and sequential reactions, in which reducing free
carbonyl groups of carbohydrates react with the nu-
cleophilic amino groups of biomolecules, producing
a large number of various aldehydes. Reactive alde-
hydes formed during these ways are, for example,
saturated aldehydes (ethanal [1], propanal), non-satu-
rated ones (acrolein (ACR) [2], 4-hydroxynonenal
[3]) and dicarbonyls (glyoxal (GL), methylglyoxal
(MGL) [4]). Formaldehyde (FA) is an intermediate
product of amino acid catabolism.
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Aldehydes can alkylate amino groups of amino
acids and basics of nucleic acids; react with proteins
and peptides with further creation of stable interme-
diate products such as Schiff bases or N-hydroxyme-
thyl adducts. In addition, these carbonyl compounds
are able to form methylene bridges between close
parts in proteins, that causes defection in their activi-
ty [5, 6].

Due to formation of end products of glycosyla-
tion and POL, aldehydes participate in pathogene-
sis of diseases related to oxidative stress, such as
diabetic nephropathy, Parkinson’s, Alzheimer’s and
other diseases that Fig. 1 illustrated. [7, 8, 28].

Liesivuori and Savolainen illustrated that alde-
hydes addition in vitro leads to the increase of reac-
tive oxygen species (ROS) and POL products, and
decrease of the level of glutathion [9]. For example,
the most reactive among non-saturated aldehydes
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Fig. 1. Formation of aldehydes and advanced glycation and lipooxidation end products (AGEs and ALEs) in

oxidative and monosaccharide stresses

ACR is formed endogenously under POL and poly-
amines metabolism [10]. ACR may induce oxidative
stress [11], react with proteins, phospholipids and
DNA accompanied by formation of Michael adducts
[12]. Mechanisms of the ACR action are not fully es-
tablished, but recent researches demonstrate that this
carbonyl compound is able to connect and cleavage
cell nucleophiles, such as reduced glutathione, lipo-
ic acid and thioredoxin [10]. It can attack free thiol
groups of cysteine and y-amino groups of lysine and
histidine with ACR-amino acid adducts and carbonyl
groups of proteins [13] formation. These conversions
lead to disturbance of protein functions.

GL and MGL are well-researched glycation
agents, which throughout modification of arginine
residues form cross-links in proteins and cause their
dysfunction [14]. The ability of MGL to induce oxi-
dative stress [15] was demonstrated by Desai, Chang
et al. on the different types of cells. These results
indicate that aldehydes, are formed on the crossing
of different metabolic ways, are very important for
research of these processes.
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Oxidative stress is one of the cell death induc-
tors. An increase of ROS production by cell causes
potential threat of oxidative damage to biomolecules.
Suspension of isolated thymocytes (non-fully dif-
ferentiated T-cells) is a useful model for research of
oxidative stress development. Maturation of T-cells
in thymus is a highly-organized process. Any de-
viation in it causes immune deficiency, autoimmune
reactions or cancer. These cells, in comparison to
other types of cells, are easily isolated, morphologi-
cally homogeneous and more sensitive to different
damaging influences of chemical or physical factors.
They are suitable for flow cytometry because of their
spherical shape and size.

Oxidative stress is implicated in the patho-
genesis of many chronic and degenerative diseases.
Carbonyl compounds increase or carbonyl stress is a
consequence of oxidative stress. Nowadays, the re-
search of aldehydes role during oxidative stress and
development of treatment aimed at carbonyl stress
decrease under pathologies related to oxidative and
carbon stresses, are important.
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The aim of this research is the investigation of
oxidative stress parameters formation and aldehydes
possibility to oxidative stress induction in rat’s thy-
mocytes. Two models were used: iron-induced oxi-
dative stress and exogenous aldehydes such as FA,
GL, MGL and ACR exposure to thymocytes.

Materials and Methods

Experiments were performed on thymocytes
obtained from Wistar rats of 80-100 g weight which
have been used for research. All manipulations with
animals followed the Guide for the Care and Use of
Laboratory Animals (1996) and followed Law of
Ukraine on Protection of Animals from Cruel Treat-
ment (published by Supreme Council of Ukraine,
2006, No 27, paper 230). Thymus glands were gen-
tly triturated in chilled Hanks’ balanced salt solution
(HBSS, Sigma, USA) supplemented with 10 mM
Tris-HCI (pH 7.2) to dissociate single cells. This so-
lution with cells was passed through a nylon mesh
and suspended for two times in HBSS centrifuged
at 1000 g for 5 min. Cell counting was performed
with 0.4% trypan blue (Sigma, USA) in Neubauer
hemocytometer.

In the first part of the research, for oxidative
stress induction freshly prepared 20, 30, 40 uM
FeSO, solutions in Tris-HCI (pH 7.2) and ascorbic
acid (100 uM) were added to thymocytes suspen-
sion (2x10° cell/ml HBSS, pH 7.2). Cells were incu-
bated at 37 °C for 6 hours. To separate the role of
aldehydes, the acceptor dimedone (200 pM, Sigma,
USA) prepared in distilled water was added.

In the second part of the research, freshly
prepared different-concentrated aldehydes solu-
tions: ACR (Sigma, USA) — 1, 5, 10, 15 uM, FA
(Alfarus, Ukraine) — 50, 200, 600 uM, GL (Alfarus,
Ukraine) — 50, 200, 600 uM, MGL (Sigma, USA) —
50, 200, 600 uM were added to the thymocytes sus-
pension (2x10° cells/ml HBSS, pH 7.2).

Cell viability was assessed by flow cytometry
with ethidium bromide (Fisher BioReagents, Cana-
da). Ethidium bromide was added to cell suspension
to achieve a final concentration of 15 uM. Ethidium
fluorescence was measured after 15 min incubation
at room temperature by flow cytometer COULTER
EPICS XL (Beckman Coulter, USA, & = 488 nm),
determining intensity of fluorescence by FL-3 chan-
nel (620-630 nm). Ethidium fluorescence monitored
from 10000 events for every sample was analyzed by
FCS Express V3 Software. Samples were preserved
for no more than 1 h at 4 °C.
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Cells were washed twice by cold phosphate
buffer (pH 7.4), suspended in RIPA buffer (contained
20 mM Tris-HCI, 150 mM NaCl, 1 mM NaF, 0.5 mM
EDTA, 0.5 mM EGTA, 10 mM Na-pyrophosphate,
pH 7.5; 600 ul RTPA/107 cells), carefully mixed with
syringe using and lysed by incubation on ice bath for
30 min. After centrifugation at 12 000 g for 20 min
cell lysates were obtained.

Aldehydes concentrations in cell lysates were
determined by Purpald (Sigma, USA). The optical
density was measured spectrophotometrically by
pQuant (Biotek, USA) at 550 nm. Different-concen-
trated formaldehyde solutions were used for calibra-
tion [19].

Lipid peroxidation in cells was measured with
the thiobarbituric acid assay (TBARS) [16]. The op-
tical density was measured spectrophotometrically
at 532 nm by pQuant (Biotek, USA). The TBARS
were quantified using 1,1,3,3-tetracthoxypropane as
the standard.

Protein carbonyl groups were determined by
modified spectrophotometric method [20].

Protein level was evaluated by Lowry assay
(Peterson’ modification) [18].

The levels of low-molecular weight SH-groups
were determined in lysates with o-phthalaldehyde
(Fluka, Austria) assay by M. L. Hu [17]. Excitation
wavelength for o-phthalaldehyde was 360 nm and
emission was detected at 420 nm by FL80O0 (Biotek,
USA). Reduced glutation was used as standard (Sig-
ma, USA).

Cell mitochondrial activity was determined
by Alamar Blue (AB, Sigma, USA) reduction. AB
is a redox indicator, which determine the live cell
metabolic activity. The system includes redox non-
fluorescent indicator (resazurin), which is converted
in fluorescent form (rezorufin) as a result of chemical
reduction by living cells [21]. AB final concentra-
tion in a sample was 5 uM. Cells were incubated at
37 °C for 2 h. Fluorescence is monitored at 560 nm
excitation wavelength and 600 nm emission wave-
length by FL800 (Biotek, USA). Cell viability was
expressed as a percentage of the AB reduction in
control (100%).

Statistical analyses has been done with using
Student’s test (P < 0.05) and MS Excel 2007.

Results and Discussion

In this paper, iron-induced oxidative stress in
thymocytes was used to research the aldehydes in-
volvement in development of oxidative stress. Tran-
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sition metals act as catalysts during oxidative dama-
ge of biological macromolecules. Number of metals
such as iron, copper, cadmium, chrome, nickel and
vanadium are able to create active forms of oxygen
that lead to POL increase, DNA damage, sulthy-
dryl group depletion and calcium homeostasis dis-
turbance. It is well documented that iron, the most
abundant transition metal, can induce the generation
of free radicals, which attack important biomole-
cules including proteins, deoxynucleic acids, and li-
pid membranes and thus cause oxidative stress. H,O,
with iron can produce reactive HO" radicals or ferryl
intermediate by the Fenton reaction.

It was demonstrated that exposure of cells to
20, 30 and 40 pM FeSO, for 6 h resulted in sig-
nificant dose-dependent decrease of cell viability:
1.7 times, 2.2 times and 3.5 times, respectively, com-
pared with control. Obtained results were demon-
strated in Table 1.

Total levels of aldehydes increase at 20 uM
13.5 times, at 30 puM 23 times and at 40 pM 29
times compared with control were demonstrated.
This changes of levels of aldehydes led to dose-
dependent lipid peroxidation in thymocytes that was
indicated by increase in TBARS levels about 3-4
times. Levels of protein CO groups were increased
5 times, 8.3 times and 10 times, respectively, at 20,
30 and 40 pM FeSO, compared with control. Low-
molecular weight SH groups and mitochondrial ac-
tivity were decreased about 2 times and 1.5 times
compared with control. Thus, the obtained results
was proved oxidative stress development which was

accompanied by formation of active carbonyl com-
pounds such as aldehydes.

Dimedone was used to separate the alde-
hydes participation in formation of oxidative stress
parameters in rat’s thymocytes. Dimedone is used as
acceptor of aldehydes through complex al-dimedone
formation. In such way there occurred a decrease
of aldehydes concentration. Fig. 2 demonstrates the
mechanism of interaction between dimedone and al-
dehydes.

After dimedone addition a decrease of the to-
tal levels of aldehydes 3.7 times and 1.2 times at 20
and 30 uM FeSO,, respectively, were observed. At
40 uM FeSO, aldehydes level was not changed due
to high concentration of iron but there was a visible
tendency to a decrease that proved the effective ac-
ceptance of it. A decrease of other parameters were
observed. TBARS levels were decreased 1.6 times,
1.2 times and 1.3 times, protein CO groups levels 2
times, 5 times and 3 times compared with 20, 30 and
40 uM FeSO, without dimedone addition. SH groups
levels were increased 1.5 and 1.8 times at 30 pM and
40 uM FeSO,. Mitochondrial activity increase and
improvement of cell viability after dimedone addi-
tion were observed.

Thus, the application of dimedone has allowed
to separate the aldehydes participation in oxidative
stress development under iron-induced oxidative
stress in rat’s thymocytes. Dimedone, due to its ac-
ceptor features, may be used for decreasing the oxi-
dative stress development, where aldehydes play an
important role.

Table 1. Biochemical parameters of oxidative stress development in thymocytes under iron-induced

oxidative stress and dimedone addition, (n = 6)

Iron . C?u TBARS, Protein CO SH groups, Mltocl.lo.ndrlal Aldehydes,
. viability, ; groups, ; activity, ;
concentrations, nmol/10 nmol/10 nmol/10
% of dead nmol/mg % of Alamar
uM cells . cells . cells
cells protein Blue reduction

control 8+1 0.90 + 0.05 0.12+£0.01 0.45+0.01 100+ 5 3.1+0,3
20 14+£2 25+03*%  0.60+0.01* 0.24+0.01% 93+ 10 42 £ 5%
30 18 £ 5% 34+0.6* 1.00£0.03* 0.20 = 0.03* 85+ 8* 72 + 5%
40 28 + 6* 40+£09*  1.20+0.05* 0.19 £ 0.02* 65 + 9* 90 + 6*
20 + dimedone 13£3 1.5+04 0.30 £ 0.01**  0.24 £0.02 98 + 11 11.0 £ 0.5%*
30 + dimedone 22+3 2.5+0.6%%  0.20+0.01** 0.30 + 0.01** 95+ 13 60 £ 2%*
40 + dimedone 25+5%%* 3.1 £0.1%% 040 £0.01** 0.35+0.01** 90 + 9** 85+ 10

*P < 0.05 compared with control, **P < 0.05 compared with cells exposure to FeSO,.

64

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, Vol. 86, N 3



K. O. TOKARCHUK, O. V. ZAITSEVA

O O
0 |
V4
2 + R—C< (@
H |
0 OH H
OH HO

Fig. 2. The formation of complex between dimedone and aldehyde [29]

Ability of such exogenous aldehydes as FA,
ACR, GL, MGL to cause oxidative stress develop-
ment in thymocytes was investigated in the second
part of the research. Concentrations of exogenous
aldehydes have been selected according to literature
data and personal research.

ACR is highly reactive air pollutant, a metabo-
lic product of the anti-cancer drug and by-product of
lipid peroxidation. It is known that ACR is estimated
to reach concentrations up to 80 uM in respiratory
tract lining fluids as a result of smoking (Eiserich et
al., 1995) [22]. In vivo ACR concentrations in Alzh-
heimer’ disease brain are 2.5 nmol/mg in amygdale
and 5.0 nmol/mg in parahippocampal gyrus (Lovell
et al., 2001). /n vitro ACR concentrations from 25 to
100 uM are lethal to pulmonary artery endothelial
cells (Kachel and Martin, 1994), bronchiolar epi-
thelial cells [23] and both bronchial (Krokan et al.,
1988) and cardiac fibroblasts (Torasson et al., 1989).

Exposure of various concentrations of ACR
to thymocytes was resulted in a dose-dependent
decrease in cell viability. After 6h exposure with
15 uM ACR, the cell death level increased 4.5 times
compared with control.

These results demonstrated the strongest toxic
effect of ACR compared to the other investigated al-
dehydes to thymocytes even in low concentration.
Based on these results, 1, 5, 10, 15 uM ACR were
used in research.

Exact concentrations of endogenous FA are
quite hard to determine, because it metabolises very
fast and non-metabolized one connects with tissue
proteins. Nakao, Umebaysh et al. defined that con-
centration of FA in blood is about 100 uM [24]. 50,
200, 600 uM FA were used in the investigation. The
obtained data demonstrated that FA has the lowest
cytotoxic effect to thymocytes compared with other
aldehydes, because the percentage of dead cells at
maximal concentration of FA (600 uM) decreased
4 times compared with control.
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Recent estimates of the concentrations of MGL
and GL in human blood plasma are in the range
of 100-120 nM [25] and cellular concentrations of
MGL 1-5 uM and GL 0,1-1 uM [26]. It is known that
MGL (> 10 mM) inhibits glycolytic enzymes (Leo-
nici et al., 1989). DNA crosslinking was observed
at 1.5 mM MGL in Chinese hamster ovary cells
[27]. The IC,, for MGL is 8.6 mM (for S. cerevisiae
strain BY4743), approximately 5-fold less than that
for glyoxal (IC,, of 45.5 mM) (Hoon et al., 2011).
Thornalley proposed that the effects of GL and MGL
on cultured cells and tissues using at concentration
> 10-fold higher than this are likely to be only of
relevance for acute intoxication and cytotoxicity
[28].

Thornalley in their experiments with £. coli
have used 0.2-1 mM MGL concentrations [27]. MGL
and GL in the amount of 50, 200, 600 uM were used
in our research. It has been demonstrated that after
exposure to 600 pM MGL and GL the level of dead
cells increased 4.4 and 4.8 times, respectively. These
results indicated the similarity of their cytotoxic ef-
fect.

The ability of investigated aldehydes to in-
duce oxidative stress development was determined
by change of such oxidative stress parameters as
TBARS, protein CO groups, low-molecular weight
SH groups, cell mitochondrial activity by AB reduc-
tion.

As shown in Table 2, TBARS level for FA was
increased only 1.3 times while for GL about 5-6
times, for MGL 13 times and for ACR 30 times com-
pared with control. The level of protein CO groups
in cell lysates was increased in the same way. The
lowest level of protein CO groups (about 3-4 times
increase) was observed after exposure to FA. De-
pending on concentration this parameter was in-
crease for GL 9-13 times, for MGL 5-7 times, for
ACR 22 times compared with control. Level of low-
molecular weight SH groups was decreased for FA
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Table 2. Biochemical parameters of oxidative stress development in thymocytes after 6 h aldehydes

exposure, (n = 6)

. Mitochondrial
coﬁclgr??r};?izsns Cell viability, TBARS, gforl(l)lt)zmnfn(gl / SH groups, activity, % of
M " | % of dead cells | nmol/107 cells mg p;o tein nmol/107 cells Alamar Blue
reduction
Control 8x1 0.90 + 0.01 0.17 £ 0.01 0.45 £ 0.04 100+ 5
Formaldehyde
50 15+£2 1.00£ 0.05 0.35 £ 0.09* 0.37 £ 0.02* 99 £ 15
200 19 + 4* 1.17 £ 0.01 0.5+0.2% 0.30 £ 0.01* 86+ 8
600 32 £ 2% 1.19 £ 0.02* 0.63 £ 0.06* 0.29 £ 0.01* 75 £ 9%
Glyoxal
50 24 + 3% 2.30 £ 0.02* 1.6 £ 0.9% 0.21 £ 0.01* 72 £ 11%*
200 27 £ 1* 5.30 £ 0.02* 2.0+ 0.5% 0.20 = 0.01* 68 + 15*
600 35 £ 4% 430+ 0.01* 2.26 £ 0.05* 0.15+0.01* 63+ 7%
Methylglyoxal
50 20 + 6* 430+ 0.01* 0.8 £0.3*% 0.28 + 0.05* 85 £ 13*
200 26 + 1* 6.30 £ 0.04* 0.9 £0.4* 0.26 = 0.01* 83 £ 18*
600 38 £ 6* 4.10 £ 0.06* 1.2 £0.2% 0.17 £ 0.01* 77 £ 10*
Acrolein
10+3 2.50 £ 0.01* 0.47 £ 0.01* 0.13 £ 0.03* 96 +4
5 15£5 37+£0.2% 0.74 £ 0.01* 0.12 £ 0.02* 69 + 6*
10 24 + 8* 7.1 £0.1% 1.0 +0.3* 0.11 £0.02* 68 + 13%*
15 36 + 6% 1.6 £ 0.1% 3.70 £ 0.01* 0.05£0.01* 56 + 9%

*P < 0.05 compared with control

about 1.5 times, for MGL up to 2 times, for ACR
up to 9 times compared with control. Depending on
concentration of aldehydes, a decrease of mitochon-
drial activity was observed for FA up to 1.3 times,
for GL 1.3 times and for MGL 1.2 times, for ACR 1.7
times compared with control, which was accepted
as 100%.

The obtained results demonstrated that ACR is
the most toxic aldehyde from investigated ones to
thymocytes because it is a by-product of lipid per-
oxidation. FA demonstrates the least toxic effect,
because it does not belong to aldehydes which gene-
rated under oxidation processes development.

In summary, the results of the current study
demonstrated that aldehydes play the significant role
in formation of oxidative stress parameters under
iron-induced oxidative stress in rat’s thymocytes.
Elimination of aldehydes effect with dimedone using
has allowed to demonstrate change in the oxidative
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stress parameters and to prove participation of alde-
hydes in their development. Besides, it was charac-
terized the ability of such exogenous aldehydes as
ACR, GL, MGL and FA to induce oxidative stress in
thymocytes. A number of parameters were indicated
for research the oxidative stress development. They
are TBARS, CO groups of proteins, low-molecular
weight SH groups and mitochondrial activity of
cells. All investigated aldehydes to a greater or lesser
degree take part in formation of these parameters.

The obtained data proved the possibility of
aldehydes acceptors using for a decrease of car-
bonyl compounds negative effects under oxidative
stress development. It provides a basis for designed
medicines that may be acceptors of aldehydes. Such
medicines may be successfully used as components
of complex treatment programs for pathologies ac-
companied with oxidative stress.
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3a PpO3BUTKY OKCHUIATHBHOTO CTpPECy YT-
BOPIOIOTBCS  JMIAHI ~ paguKaigd,  ToAaibIIa
TpaHchopmalis SKUX TPU3BOAUTE A0 GOPMYBaHHS
YHUCIIEHHUX aJbIETiMIB, 10 € OJHUM i3 YMHHHKIB
HOCHUJICHHS IIOCTCUHTETHUYHUX Moudikariit
npoteiniB ta JIHK. MeTa po6oTu: 10ciaiuTu poib
aNBIETiAIB Y GOpMyBaHHI MTOKA3HUKIB OKCHUIATHB-
HOT'O CTpECy B TUMOLIMTAX I1ypa in vitro. J1as uporo
OyJ10 BUKOPHUCTAHO JBI MOJAEII: 3aJ11301HTyKOBaHUN
OKCHJIATUBHHH CTpec Ta 1HKyOaris eK30TeHHUX
aJbJIET11iB 13 TUMOLIMTAMHU.

3a BUKOPUCTAHHS TMEPIIOi MOMENI IS iHIYK-
1ii OKCHJATHBHOTO CTpECy CYCIEH3il0 THMOLMUTIB
(2x10° xmitua/mn HBSS, pH 7,2) inkyGysanu
6 romun 3 posuunom FeSO, (20, 30, 40 mxM) ta
ackopbinoBoro kwmcmoToro (100 mxM). Ilokasa-
HO IIiJIBUIIEHHSI 3arajbHOTO BMICTY aJIBJETiiB
B 29 pasiB (90 + 6 HM0ib/107 KIITHH; KOHTPOJIb
3,1+ 0,3 amonw/107 kiTHH), P IIbOMY piBeHb THK-
AKTHUBHUX MPONYKTIB miaBuINyeThcst B 4,4 pasa,
a piseab CO-rpym npoteiniB — B 10 pasiB. Pienb
MITOXOH/IPiaJIbHOT aKTUBHOCTI KJIITHH 3MEHIITYETHCS
B 1,5 pasa, a piBeHb HU3bKOMOJIEKYJISIpHUX SH-Tpym
B 2,3 pa3a. 3acTOCyBaHHsI PO3UMHY AakKLEOTOPY
anpneriniB aumeaony (200 MmxM) 3MeHIy€e piBeHb
anmpaeriaiB B 3,7 pa3za, TBK-akTHBHUX TIPOIYKTIB B
1,6 paza, CO-rpyn npoTeiHiB B 5 pasiB, IpH LbOMY
MITOXOH/IpiaibHa aKTUBHICTh MiJBUIIYEThCSA B 1,4
pa3sa, a piseab SH-rpyn B 1,8 pa3a.

Y pa3i  3acrocyBaHHA Apyroi  Mopeni
cycrnensiro tuMonutiB (2x10° xmitua/mn HBSS,
pH 7,2) iukyOyBanu 6 r0Jq 3 EK30ICHHUMU
anmpnerigamu: gopmanpreriqom (PA), rriokcanreMm
(IJI) ta merunrmiokcanem (MIJI) — y nmianmazoni
KoHUeHTpauid Bixg 50 mo 600 MM, axponeinom
(AKP) - 1-15 wMxM. PiBenp TBbK-akTuBHHX
npoaykTiB 30inbmyeThes st @A B 1,3 paza, ans
IHIMAUX anpAerigiB B 5-7 pasiB. Pieens CO-rpym
nporeiniB miaBumyeTbes 1 @A B 3,7 paza, ais
MIJI B 7 pasis, nus IJ1 B 13 pasie, nns AKP B
22 pasu. Piear SH-rpyn 3HmxkyeTbes ans GA B
1,5 paza, nist MI'JI B 2,6 paza, ans ['JI B 3 pasu,
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st AKP B 9 pasiB. Crnioctepiraerbesi 3HUKCHHS
MITOXOH/IpiaJIbHOI aKTUBHOCTI KJIITUH TPUOIU3HO
B 1,5 pasza ans Bcix anpaerifiB. Onepxani pe3ynb-
TaTH JOBOJSATH OE3MOCEPEIHIO YUaCTh albIeTi/liB y
(hopMyBaHHI MMOKA3HUKIB OKCUIATHBHOTO CTPECY B
TUMOLIUTAX UIypa.

KnmodoBi clioBa: OKCHIATUBHHH CTpecC,
aNbJeriau, JUMEI0H, TUMOILIUTH.

YUYACTHUE AJIBJAET'UJ10B
B OKCUJATHUBHOM CTPECCE
B TUMOLUTAX KPBICBI IN VITRO

K. A. Toxapuyx, O. B. 3aiiyesa

WucturyT 6noxumun um. O. B. [Nannannna
HAH VYkpaunsi, Kues;
e-mail: kate tokarchuk@ukr.net

[Ipu pa3BUTHM OKCHIATHUBHOTO cTpecca 00-
pas3yroTcsl JUIUJIHBIE paguKalbl, TpaHChopMaIus
KOTOPBIX PUBOJIUT K (POPMHPOBAHHUIO MHOXKECTBA
aJBJICTH]IOB, YTO U €CTh OJHUM M3 (AKTOPOB YCH-
JICHUST TIOCTCHHTETHYECKUX MOAH(UKAUK Tpo-
tenroB u JIHK. Ilens paGoTwl: ucciemoBaTh posib
aJbpIeTH/IOB B (QOpMUPOBAHUH TOKa3aTeled OKCH-
JIATUBHOTO CTpecca B TUMOLMUTAX KPBICHI in Vitro.
J7151 3TOrO OBIIIO UCMIOIB30BAHO JIBE MOJIEIIH: JKeJle-
30MHIYLIUPOBAHHBIA OKCUJATUBHBIA CTpECC U HH-
KyOarus 3K30T€HHBIX aJIBJIETH/IOB C THUMOIIUTAMHU
KPBICHI.

Hcnons3ys mepByo MoJenb A8 WHAYKIUN
OKCHJIATUBHOT'O CTPECCa, CYCIEH3UIO0 THMOIIMTOB
(2x10° xkmerox/mMn HBSS, pH 7,2) unHkyOmpoBa-
mu 6 vacos ¢ pactsopom FeSO, (20, 30, 40 MmxM)
u ackopobunoBoit kuciotoit (100 mxM). Ilokaza-
HO YBEJMYEHHE OOIIEero cofepKaHus alberu-
1oB B 29 pa3 (90 + 6 umonb/107 KIETOK; KOHTPOJIb
3,1 £ 0,3 umonb/107 KIETOK), IPU 3TOM ypPOBEHBb
TBK-akTUBHBIX TPOAYKTOB yBeauuuBaercs B 4,4
pasa, a yposeab CO-rpynm npotentoB — B 10 pas.
YpOBEHb MUTOXOHJPUAJIBHON aKTUBHOCTH KJIETOK
yMeHbIaercad B 1,5 pasa, a ypoBeHb HH3KOMOJIE-
Kyasapueix SH-rpyn — B 2,3 paza. Mcnomns3oBa-
HUE pPacTBOpa akLEenTopa ajbAeTHIOB TUMeEI0HA
(200 MKM) cHmXaeT ypoBeHb ajbAeruioB B 3,7
pasa, ThbK-aktuBHbIX mpoxykToB B 1,6 pasza, CO-
TPYIII IPOTEUHOB B 5 pa3, IPU 3TOM MUTOXOHPH-
alibHasi aKTHBHOCTH yBenumduBaeTcs B 1,4 pasa, a
yposenb SH-rpyn B 1,8 paza.

IIpu npuMeHeHun IpyTroi MOJIEIN CYCIIEH3UI0
tumonutoB (2x10%mn HBSS, pH 7,2) unkyouposa-
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EKCITEPUMEHTAIJIBHI POBOTU

nu 6 4acoB C DK30T€HHBIMH aJIbJeTUAaMH: POpM-
anpaerugoM (DA), rmuokcanem (IJI) u meTunriu-
okcanem (MIJI) — B amanma3oHe KOHILEHTpALMI OT
50 no 600 mxM, akponennom (AKP) — 1-15 MxM.
[loxazano, uto ypoBeHb THK-akTUBHBIX TPOYKTOB
yBenuuuBaercs g QA B 1,3 paza, 11t ocTanbHBIX
anpAerusoB — B 5—7 pa3. Yposers CO-rpymi npo-
TeUHOB yBenumuyuBaeTcs nias @A B 3,7 pasza, mius
MIJI B 7 pa3, nns IJI B 13 pas, ans AKP B 22 paza.
VYposenb SH-rpymnn cuuxkaercs aiist @A B 1,5 pasa,
s MIJI B 2,6 pasa, nnst ['JI B 3 paza, nins AKP B 9
pas. HabmnronaeTcss cHUKEHHUE MHUTOXOHIPUATBLHOM
AKTHBHOCTH KJIETOK NMpHONIM3UTENnsHO B 1,5 pasa
JUIs BceX anbleruoB. [lomydeHHBIE pe3ysbTaThl
MIOJTBEP>K1AI0T HEMOCPEICTBEHHOE yUacTHE ajlb/ie-
0B B (QOpMUPOBAHUM TIOKa3aTejeld OKCHIATHB-
HOT'O CTpecca B TUMOIIUTAX KPBICHI.

KnoueBnie CJOBa: OKCHHaTHBHLIﬁ
CTpECC, aJIbACTHUAbI, TUMCIOH, TUMOLIUTHI.
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