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Abstract

Introduction: Elevated plasma levels of uric acid (UA) are considered an independent risk factor for hypertension, diabetes, cardiovascular
disease, endothelial and vascular damage, obesity, and metabolic syndrome. Even physiological concentrations of soluble UA have been
proved to induce gene expression of macrophage-secreted inflammatory cytokines and stimulate production of reactive oxygen species in
mature adipocytes. UA is also described as a powerful endogenous plasma antioxidant, which reveals a paradox of duality for this parameter.

Aim: The aim of this study was to investigate the effect of UA on expression of antioxidant defense related enzymes in cultured J744A.1
macrophage cell line.

Materials and methods: Mouse macrophage J744A.1 cells were treated with uric acid at increasing concentrations of 200 to 800 uM.
Changes in expression levels of genes related to the metabolism of glutathione - glutamate-cysteine ligase, catalytic subunit (GCLc),
glutathione peroxidase 1 (GPx1), glutathione reductase (GR) and glutathione synthetase (GS) were analyzed. Gene expression levels
were calculated using the 224t method.

Results: When UA is applied in concentrations of 200 uM and 400 uM, cell viability did not change significantly. Higher, pathophysi-
ological concentrations of 600 uM, 800 uM UA, and 1000 uM of UA caused significant decrease in cell viability to 95.81% (p<0.01),
76.22% (p<0.001), and 18.01% (p<0.001), respectively. UA treatment in concentrations of 200 uM, 400 pM, 500 uM, and 800 uM in-
duced significant transcription levels of glutathione reductase — 8.14 (p<0.05), 7.15 (p<0.01), 22.07 (p<0.001), and 27.77 (p<0.01),
respectively, and of glutathione synthetase - 13.71 (p<0.01), 13.05 (p<0.05), 18 (p<0.01), and 48.60 (p<0.01) folds, respectively. GCLc
and GPxI1 genes were transcriptionally activated by higher (500 uM and 800 uM) concentrations of UA. For these UA concentrations
the measured levels of mRNA were 7.51 (p<0.05) and 12 fold (p<0.05) higher than the non-treated control for GCLc and 1.90 (p<0.05)
and 1.93 (p<0.01) for GPx1. Significant difference in the GCLc expression was found between the 200 uM and 500 pM (p<0.05) and
800 uM (p<0.01) treated cells. mRNA levels were significantly different between 400 uM and 800 uM (p<0.05) for both GCLc and GR
genes. Very strong correlation was found between GCLc and GR (0.974, p=0.005) and GS (0.935, p=0.020) expression and between GS
and GR (0.886, p=0.045) expression levels.

Conclusions: It appears that 500 uM and pathophysiological concentrations (800 pM) of UA induce antioxidant cell response in
J744A.1 macrophages proved by the indicative elevation GCL, GPx1, GR, and GS transcription. GR and GS can be stimulated even by
lower concentrations (200 pM and 400 uM) indicating that glutathione metabolism in macrophages is tightly regulated in order to keep
adequate GSH levels.

Copyright by authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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INTRODUCTION

Uric acid (UA) is a small, organic, heterocyclic compound
which is the final catabolite of purines derived from RNA
and DNA.I!' In general, it is considered that serum UA
values between 3.5 and 7.2 mg/dL (0.21-0.43 mmol/L) in
adult males and postmenopausal women and between 2.6
and 6.0 mg/dL (0.16-0.36 mmol/L) in premenopausal wom-
en are normal in many countries.?) However, the normal
UA levels could nonsignificantly vary depending on the
type analyzer and kits used in a given laboratory. There are
studies connecting UA levels with oxidative stress!®/ and
inflammation!*. Many studies have demonstrated that ele-
vated UA level in humans is an independent risk factor for
hypertension!®), diabetes!®), cardiovascular diseasel”), endo-
thelial dysfunction!®], coronary artery calcification!), vascu-
lar damage!'?, obesity and metabolic syndrome.!'!:'2) Some
reports reveal that physiological concentrations of uric acid
could induce gene expression of macrophage-secreted in-
flammatory cytokines, such as monocyte chemoattractant
protein-1 (MCP-1), and growth factors, such as platelet-de-
rived growth factor.[131°) Some experimental studies report
that UA stimulates the synthesis of proinflammatory cyto-
kines such as IL-1 beta, IL-6 and TNF-alpha.[!®)

Recent studies have indicated that UA acts as an endoge-
nous danger signal and at the same time triggers NOD-like
receptor protein 3-dependent inflammation. These effects
have been found to have important implications for sys-
temic inflammatory responses.!’”! Also, obesity is accom-
panied by macrophage adipose tissue infiltration, and mac-
rophage-secreted inflammatory cytokines, such as MCP-1,
affect the metabolism of adipocytes.!!®!

On the other hand, UA is described as a powerful en-
dogenous plasma antioxidant which reveals a paradox of
duality for this parameter. Uric acid cannot neutralize free
radicals such as hydrogen peroxide, hydroxyl radicals, O,",
and peroxynitrite and exhibits fewer antioxidant prop-
erties against radicals such as CH; (methyl radical) and
tert-butyl hydroxyperoxide.'") It plays an antioxidant role
only in a hydrophilic environment, hence its antioxidant
activity is established to be predominantly in the blood
plasma. Intracellularly, mainly in adipose tissue, its an-
tioxidant action is limited, thus uric acid could interact
with other radicals, and this could initiate a cascade of
reactions to generate superoxide forms. Further, UA or
subsequently formed radicals can activate NADPH ox-
idase-dependent signaling pathways, causing oxidative
stress and further activation of inflammatory processes
in adipose tissue.!

There is still a controversy whether high UA is a com-

pensatory mechanism to overcome increased oxidative
stress, which is an independent cause of cardiovascular dis-
easel?! and is a component of the inflammatory process.

Glutathione (GSH) is highly abundant in all cell com-
partments and is the major soluble antioxidant. Glutamate
cysteine ligase (GCL) is the first and rate-limiting enzyme
in glutathione biosynthesis and its activity is of high im-
portance for maintaining glutathione levels in the cells.!??!
The second step in GSH synthesis is catalyzed by GSH syn-
thetase (GS). The enzyme glutathione reductase (GR) is re-
sponsible for GSH regeneration - reduction of glutathione
disulfide to the sulthydryl form of glutathione. As an anti-
oxidant enzyme, glutathione peroxidase (GPx) is involved
in the reduction of organic hydroperoxides.

AIM

Our aim was to investigate the effect of UA on the metab-
olism of endogenous antioxidant glutathione by estimating
UA induced changes in the expression of glutamate-cyste-
ine ligase, glutathione peroxidase, glutathione reductase,
and glutathione synthetase in J744A.1 mouse macrophage
cell line.

MATERIALS AND METHODS

Cell line and subcultivation

J744A.1 mouse macrophage cells were obtained from the
American Type Culture Collection (ATCC). Cells were
grown in 75 cm? flasks at 37°C in a humidified chamber
with 5% CO, atmosphere. The complete nutrient medium
was comprised of phenol red-containing Dulbecco’s Modi-
fied Eagle’s medium (DMEM, Lonza) with 4.5 g/L glucose,
L-glutamine and supplemented with fetal bovine serum
(FBS, Sigma-Aldrich) to a 10% final concentration and
penicillin/streptomycin mixture to final concentrations of
100 U/mL for each of them.

Experimental procedure

J744A.1 mouse macrophage cells were collected and seed-
ed in six well flasks at the density of 2.5x10° cells/well.
The treatment solutions were prepared using phenol red
free DMEM medium containing 4.5 g/L glucose without
any supplementations. The uric acid was dissolved in the
cell-growing medium without any supplements to reach
the following concentrations: 200 M, 400 uM, 500 uM,
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800 pM, and 1000 uM. All concentrations were applied in
triplicate.

The viability of the treated cells was estimated using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (commonly abbreviated as MTT assay).!?>24 The as-
say is based on the ability of viable cells to reduce the yellow
MTT to purple insoluble formazan. At each well 100 pL of
MTT solution in phosphate buffer saline (pH=7.4) at con-
centration of 2 mgxmL! was added 20 hours after the start
of UA treatment. After a 4-hour incubation, the medium
was removed and 1 mL dimethyl sulfoxide was added to
each well for cell lysis. After thorough mixing, 100 pL were
transferred to 96 wells plates and the absorbance was mea-
sured at 550 nm wavelength using Synergy 2 plate reader
(BioTek). The viability of the treated cells was presented as
percentage of the viability of the non-treated cells, which
was considered 100%. Results were presented as mean +SD.
All treatments were performed in triplicate.

Gene expression analysis

Total RNA isolation was performed with TRI reagent
(Ambion) following the manufacturer’s protocol. RNA
(200 ng) was reversely transcribed with First Strand cDNA
Synthesis Kit (Thermo Scientific) containing oligo (dT)18
primer and reverse transcriptase. cDNA synthesis was per-
formed on Gene Amp PCR thermal cycler. Reaction con-
ditions were done in final volumes of 10 pL according to
the manufacturer’s guidelines. cDNA was dissolved after
synthesis by adding 30 pL of nuclease-free distilled wa-
ter to each sample. Primers for the examined GCL, GPx,
GR, GS genes for the quantitative real-time PCR (Table
1) were designed using real-time PCR Gene Expression
Design Tool (http://eu.idtdna.com/Scitools/Applications/
RealTimePCR/Default.aspx) and a commercially synthe-
sized one (Alpha DNA, Canada). Beta-actin was used as
endogenous control and primers were ordered from Sig-
ma Aldrich. As a template for real-time PCR, 0.39 puL of
cDNA was amplified in 5 pL final volume. Final primers’
concentration was 300 nM.

Two-step real-time PCR analysis was performed to es-
timate gene expression levels using KAPA Sybr Fast gPCR

Table 1. Primers sequences

F5ACG GCCAGG TCATCACTATTG 3

Actin beta
R 5CAA GAA GGA AGG CTG GAA AAG 3’
F 5AATGGAGGCGATGTT 3’
GClLe R 5 CAGAGGGTCGGATGG 3
F5 CCCCACTGCGCTCATGA 3
GPx1 R 5 GGCACACCGGAGACCAAA 3
F 5CACGGCTATGCAACATTCGC 3’
GR R 5TGTGTGGAGCGGTAAACTTTT 3
GS F 5CCCAAGTGGTCCAGTCTATC 3

R5TCACCAGTGTTGTTCCCTG 3

Kit. The reaction parameters were the following: enzyme
activation and denaturation at 95°C/3 min, amplification at
95°C/03 sec, annealing at 60°C/1 min, 45 cycles.

Gene expression levels were calculated using the 2"t
method?! and expressed as relative units (RU) compared
to the untreated controls where the level of gene expression
was considered to be equal to 1. Results were presented as
mean +SEM. Amplification products were examined for
nonspecific amplification by including an additional dena-
turation step in the real-time thermal cycler protocol. All
the measurements were performed in triplicate.

Changes in gene expression levels of glutamate-cysteine
ligase (GCL), glutathione peroxidase (GPx1), glutathione
reductase (GR) and glutathione synthetase (GS) genes were
analyzed by real-time qPCR on ABI PRISM 7500 (Applied
Biosystems).

Statistical analysis

Differences among all UA treated groups were analyzed
with one-way ANOVA, Tukey’s multiple comparisons test
on GraphPad Prism 6 software. Pearson correlation analy-
sis using GraphPad Prism 6 software was applied to evalu-
ate the causal links between the tested parameters. P values
less than 0.05 were considered significant.

RESULTS

Results obtained from measuring cell viability are summa-
rized in Fig. 1 as mean values and show the general decline of
the cell viability of J744A.1 mouse macrophages after treat-
ment with elevating concentrations of UA. When UA was
applied at concentrations of 200 uM and 400 uM, cell viabil-
ity did not change significantly. When cells were treated ap-
plying pathophysiological concentrations of UA of 600 uM,
800 uM, and 1000 uM, cell viability decreased significant-
ly compared to an untreated control to 95.81% (p<0.01),
76.22% (p<0.001), and 18.01% (p<0.001), respectively.

Uric acid affected differently the expression of enzymes
involved in the metabolism of glutathione (Fig. 2). After
incubation with increasing concentrations of UA, the ex-
pression of GCL in the macrophage cell line elevated in a
concentration-dependent manner. Application of UA in
normal concentrations from 200 uM to 500 uM caused
2.11, 3.42, and 7.51 (p<0.05) fold change in GCLc expres-
sion. When applied in pathophysiological concentration of
800 uM, UA triggered 12-fold (p<0.05) elevation compared
to the untreated controls. Expression levels in the 500 uM
treated group differed significantly from the 200 uM treat-
ed group (p<0.05) and in the 800 uM treated group from
200 uM (p<0.01) and 400 pM (p<0.05). GPx1 mRNA levels
were 1.44, 1.93, 1.90 (p<0.05) and 1.93 (p<0.01) fold higher
in the 200 uM, 400 uM, 500 uM, and 800 pM treated groups,
respectively. There was no significant difference between all
the applied UA concentrations on GPx1 expression.

Glutathione reductase expression levels were increased
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Figure 1. Cell viability of J744A.1 mouse macrophages
treated with increasing concentrations of uric acid in cul-
ture medium. Cell viability is presented as [%] of viability of
non-treated cells, which is considered to be equal to 100%.
** p<0.01 - p value vs. control, ***p<0.001 - p value vs. control.
Results are presented as mean+SD.

Figure 2. Relative mRNA units of

studied  genes.

Uric Acid Effects in a Mouse Cell Line

8.14 (p<0.05) and 7.15 (p<0.01) folds in 200 uM and 400 pM
groups. Treatment with UA in 500 uM and in pathophysio-
logical concentration of 800 puM triggered 22.07 (p<0.001)
and 27.77 (p<0.01) fold change in the gene expression,
respectively.

There was a significant difference between the samples
treated with 400 pM and 800 uM of UA (p<0.05).

Application of 200 pM and 400 pM of UA increased sig-
nificantly the expression levels of GS 13.71 (p<0.01) and
13.05 (p<0.05) folds, respectively. Treatment with the high-
er concentrations of 500 pM and 800 M resulted in 18 fold
(p<0.01) and 48.60 (p<0.01) elevation of GS mRNA levels.
No significant difference between the effects of the applied
concentrations was established.

Very strong correlation was established between GCLc
and GR (0.974, p=0.005) and GS (0.935, p=0.020) expres-
sion and between GS and GR (0.886, p=0.045) expression
levels (Table 2).

Gene expression is calculated with the delta-del-

ta Ct method (224¢) where the value of mRNA in the control, non-treated group is considered to be equal to 1.
* p<0.05 - p value vs. control; ** p<0.01 - p value vs. control, ***p<0.001 - p value vs. control; a — p<0.05- p value vs. 200 uM; aa — p<0.01 - p
value vs. 200 uM; # -p<0.05 - p value vs. 400 uM. Results are presented as mean+SEM.
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Table 2. Correlation between relative mRNA levels of studied
genes

Relative gene

] GPx1 GR GS
expression
12, p-value 12, p-value 12, p-value
GCLc 0.721,0.169  0.974,0.005  0.935, 0.020
GPx1 0.733,0.158  0.654, 0.231
GR 0.886, 0.045
DISCUSSION

Cell cultures are a useful model for establishing molecular
mechanisms underlying the cellular effects of biologically
active compounds, such as metabolites, signaling mole-
cules, drugs etc. In our study, a J744.A1 mouse macrophage
cell line was used to illuminate some mechanisms of inter-
relationship between hyperuricemia and its possible effect
on the expression of oxidative stress-related genes.

J744A.1 is a differentiated mouse macrophage cell line
and cultured cells secrete inflammatory cytokines in the
nutrition medium. 2! This process is also observed in vivo,
e.g. it is known that obesity is accompanied by macrophage
adipose tissue infiltration and macrophages secrete abun-
dant inflammatory cytokines, which affect the metabolism
of adipocytes. On the other hand, obesity is also charac-
terized with increased UA levels.'!] Recent studies have
demonstrated that elevated concentrations of UA could
contribute to elevated production of inflammatory cyto-
kines by macrophages. Some experimental studies have
reported that UA stimulates the synthesis of proinflamma-
tory cytokines such as IL-1 beta, IL-6, IL-8, and TNF-al-
pha.l'622] Treatment of human umbilical vein endothelial
cells (HUVECs) with UA triggered inflammatory response
mediated by significant elevation of expression levels of IL-
1B, IL-6 and ICAM.[?728] A recent paper studied primary
human monocytes which were differentiated into macro-
phages and subsequently exposed to different concentra-
tions of uric acid. According to the study, UA had a direct
proinflammatory effect on human macrophages manifest-
ed by increased macrophage phagocytic activity, the pro-
duction of TNF-alpha and toll-like receptor 4 (TLR4), and
downregulated the urate anion transporter 1 expression.?”]
Uric acid is believed to contribute to the antioxidant
potential in plasma but within the cell it is rather pro-ox-
idant.[?%! Thus, serum UA levels were associated with the
levels of derivative of reactive oxygen species (d-ROM). [3%]
In previous studies, it was demonstrated that UA signifi-
cantly increased superoxide production in differentiated
adipocytes.! UA effects on cellular redox balance also
involve the glutathione system. Silva et al.’! established
significantly decreased GSH/GSSG ratio in vitro in human
neutrophils upon UA treatment. As antioxidant molecule,
glutathione participates in reactions of neutralization of
reactive oxygen species (ROS). Maintenance of high lev-

els of reduced glutathione (GSH) ensures adequate cellu-
lar response to impaired redox balance. Our experiments
demonstrated increased mRNA levels for GCL and GPx1
genes after incubation of J744A.1 cells with 500 uM and
800 uM of UA. Expression levels of GS and GR were elevat-
ed in all treatment groups (200-800 uM UA) as compared to
the non-treated group. These findings demonstrate that UA
treatment provokes the antioxidant system in macrophages
leading to increased expression of the enzymes involved in
the so-called glutathione system.

Up-regulated GCL expression to ensure GSH elevation
under conditions of inflammatory and oxidative stim-
ulation seems reasonable, as GCL activity is considered
especially important for maintaining GSH levels to provide
relevant antioxidant defense. In our study, application of
500 uM and 800 uM of UA elevated significantly the GCL
expression levels, thus providing a possible mechanism to
ensure glutathione synthesis under conditions of oxidative
stimulation by UA. GPx1 catalyzes the neutralization of
hydrogen peroxide and organic peroxides and thus pro-
tects cells from oxidative stress. Established increase in
GPx1 mRNA levels in our study is in accordance with the
position of the enzyme on the first-line defense against
oxidative stress. Its up-regulation is a part of adaptive
mechanisms of the cells.

All the applied UA concentrations (200 uM to 800 uM),
both normal and pathological, triggered significant in-
crease in the GR and GS mRNA levels. This stimulation
in the respective genes expression is possibly a part of the
same mechanism to provide appropriate antioxidant de-
fense by ensuring relevant GSH levels under conditions
of oxidative stimulation by UA. Thus, we may assume that
increased levels of all studied genes could be a result of the
glutathione depletion triggered by UA application.

All of the studied enzymes work in an integrated way;,
which allows the cell to adapt to stressful conditions as-
sociated with impaired redox balance. The link between
the up-regulation of glutathione-related genes and UA
treatment may be redox and stress-sensitive transcription
factors. For example, UA-induced cytokine expression is
NF-xB-mediated.®?] Regulation of glutathione peroxidase
and GCL is also NF-xB-dependent.[3]

In our study, we established a very strong positive cor-
relation between mRNA levels of GCLc, GS, and GR on the
one hand, and between GR and GS on the other. A pos-
sible reason could be that these three enzymes are related
to maintenance of adequate reduced glutathione levels,
whereas GPx1 is involved in its direct consumption. Main-
tenance of high GSH levels seems to be of high priority to
the antioxidant defense system under UA treatment.

Limitations of the study

This study shows results from a cell culture experiment.
Hyperuricemia is a condition characteristic for a multi-
cellular organism and so the results may not obligatory
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be related to real pathophysiological conditions. However,
we still believe that this study reveals possible molecular
mechanisms underlying UA mediated processes in mac-
rophages that can be related to macrophage infiltration in
adipose tissue in obesity. One of the limitations of our
study is that we measured expression levels on transcrip-
tional level only and the activity and quantity of the studied
enzymes was not evaluated.

CONCLUSIONS

Treatment of J744A.1 macrophage cell line with 500 uM
and pathophysiological concentrations (800 uM) of UA
induces antioxidant cell response proved by the indicative
elevation of GCL, GPx1, GR, and GS transcription. GR
and GS can be stimulated even by lower concentrations
(200 uM and 400 puM) indicating that glutathione metab-
olism in macrophages is tightly regulated in order to keep
adequate GSH levels.
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Pe3tome

BBepeHue: [ToBblLIeHHbIT ypoBeHb MOUeBoil KucmoTsl (MK) B mmasMe cumTaeTcst He3aBUCUMBIM (PaKTOPOM PUCKA PasBUTHA TUIEP-
TEeH3MU, A1abeTa, CepiedHO-COCYVICTBIX 3a060/IeBaHMIl, SHAOTENNANBHOTO U COCYAUCTOrO MOBPEXKAEHN, OKUPEHNA 1 MeTabonnde-
CKOTO CMHJpOMa. BbIIo mokasaHo, 4To faxke QU3NMOMOTIIecKye KOHIIeHTpaluy pacTBopuMoii MK MHIYIMPYIOT 5KCIIPeccuio TeHOB
CEKpeTHpyeMbIX MaKpodaraMy BOCIAIUTENbHBIX [IUTOKMHOB U CTUMYIMPYIOT HPORYKIMIO aKTUBHBIX (OPM KMCTIOPOZA B 3PEbIX
agunonyrax. MK Taxke onmcpIBaeTcs KaK MOIIHbIN SH/JOTEHHbIJ aHTMOKCUAHT IUIa3Mbl, YTO OOHAPY>KMBAET IapalOKC IBOVICTBEH-
HOCTY 3TOTO ITapaMeTpa.

Lenb: Llenpio faHHOTO MCCIeRoBaHuA ObUI0 n3ydeHne BmusaHusa MK Ha skcrpeccuio pepMeHTOB, CBA3aHHBIX C aHTMOKCU/JAHTHOI
3alIlUTOI, B KY/IbTUBMPYEMBIX TMHUAX MaKpodaros J744A.1.

Martepuanbl u meToabl: Kietku MpIHbIX Makpodaros J744A.1 o6pabaTbiBany MOYeBOIt KMUCIOTOM B BO3PACTAIOIX KOHIIEHTpa-
myAx ot 200 pM mo 800 uM. ITpoaHanM3MpOBaHBI MI3BMEHEHNUS YPOBHS 9KCIPECCUM TEHOB, CBA3aHHBIX C METaOONMM3MOM [Ty TaTUOHA
- IJIyTaMaT-LYICTeMHINTasbl, KaTamutudeckoit cyobemuunibl (GCLc), ryTaTnonnepokcnpassl 1 (GPx1), mryrarnonpenykrassl (GR)
u rryTatuoHcuHTeTasbl (GS). YpOBHM 3KCIIPeccUu TeHOB PacCUMTHIBATIN C UCTIONb30BaHMEM MeTofia 2-44Ct,

Pesynbratbl: [Tpu npumeHenun MK B koHuenTpamysax 200 uM n 400 uM >X13HeCHOCOOHOCTD K/IETOK CYILIECTBEHHO He MEHSIACh.
Bonee Bbicokme marodusnonorndeckye KonneHtpanuyu 600 uM, 800 pM YK n 1000 uM MK BbI3bIBa/mM 3HAYUTEIbHOE CHIDKEHME
XKM3HECIIOCOOHOCTH KIeTOK 70 95.81% (p<0.01), 76.22% (p<0.001) u 18.01% (p<0.001) coorBeTcTBeHHO. O6padoTka MK B KOHIIeH-
Tpanuax 200 uM, 400 pM, 500 pM u 800 uM BbI3bIBa/Ia 3HAUMTETbHBIE YPOBHM TPAHCKPUILIUM [Ty TaTNOHPENYKTa3sl — 8.14 (p<0.05),
7.15 (p<0.01), 22.07 (p<0.001) m 27.77 (p<0.01) cOOTBETCTBEHHO, a IlyTaTMOHCUHTEeTa3bl — 13.71 (p<0.01), 13.05 (p<0.05), 18 (p<0.01)
1 48.60 (p<0.01) pas coorBercTBeHHO. [enbl GCLc 1 GPx1 TpaHCKPUITLIMOHHO aKTUBMPOBAIUCH 6071ee BbicokuMu (500 uM 1 800 uM)
koHueHTpanysiMu MK. Ilnst atux xoxuentpauuit MK nsmepenssie yposuyu MPHK 6b1u B 7.51 (p<0.05) u B 12 pas (p<0.05) Bbitie,
4yeM B HeobpaboTanHoM KoHTpose it GCLc, n 1.90 (p<0.05) u 1.93 (p<0.01) mms GPx1. 3HauntenbHas pasHuia B skcrpeccun GCLc
6bI1a 0OHApy)KeHa MeX/y KIeTKamy, obpaboTanHbsMuy 200 pM u 500 uM (p<0.05) u 800 puM (p<0.01). Yporru MPHK 3HaunTtennuo
pasmryanuch Mexpy 400 pM 1 800 uM (p<0.05) xak mns renos GCLc, tak u A renoB GR. OueHb cwibHas Koppernanysa 6bina 06-
Hapy>keHa Mexxny akcrpeccueit GCLc n GR (0.974, p=0.005) n GS (0.935, p=0.020), a Taxoke Mexny ypoBHAMu skcupeccuu GS u GR
(0.886, p=0.045).

3akntoueHue: ITo-Bupumomy, 500 uM u naTothSMOHorI/meCKI/Ie koHuenTpanuu (800 pM) MK MHAIYIVMPYIOT aHTVOKCU/JAHTHBIN Kile-
TOYHBIII OTBET B Makpodarax J744A.1, 4To MOATBEpXK/aeTcs XapakTepHbIM nosblieHreM Tpanckpumniym GCL, GPx1, GR u GS. GR
1 GS MOTYT CTUMYIMPOBATHCA faxke Oomee HUSKMMM KoHIeHTpanmsamu (200 uM u 400 uM), 4To yKasbIBaeT Ha TO, YTO MeTabOMI3M
IlyTaTHMOHA B MaKpodarax >k€CTKO peryamMpyeTcs i MOfiiep>KaHuns afileKBaTHbIX ypoBHeit GSH.
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