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Cis-dichlorodiammineplatinum (II), commonly known as cisplatin, is a widely used
anticancer drug. However, the therapeutic efficacy of the drug is limited due to various
dose-limiting side effects and development of acquired resistance. The resistance of ma-
lignant cells to cisplatin may be connected to elevated concentration of cellular thiols. To
verify this hypotheses, we compared the concentrations of low weight cellular thiols,
metallothionein (MT) and glutathione (reduced, GSH and oxidized, GSSG) and also the
metal-binding properties of MT in the two cell lines, known to be resistant (L1210R) or
sensitive (L1210S) to cisplatin. It was established that R-cells were characterised by hi-
gher concentrations of MTs and GSH, higher ratio of copper in the composition of MTs in
comparison to zinc than S-cells. The treatment by cisplatin provoked the decrease of the
GSSG concentration only in the S-cells without the changes in GSH concentration. Hence,
R-cells insensitivity to cisplatin can be related to higher levels of MTs and GSH. Reported
for the first time peculiar metal composition of MTs in R-cells can also give an advance to
these cells by particular oxidizing properties of copper-MT. These specific characteristics
of thiols in malignant cells could be useful for the indication of cisplatin resistance.
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INTRODUCTION

Cis-dichlorodiammineplatinum (ll), commonly known as cisplatin, is a widely used
anticancer drug [2]. However, the therapeutic efficacy of the drug is limited due to va-
rious dose-limiting side effects and development of acquired resistance [4]. In some
cases, the changes in low weight cell thiols namely metallothioneins (MTs) and gluta-
thione have been shown to be of importance in the occurrence of these side effects [3].
The involvement of these thiols in the response to cisplatin can be explained by the
possibility of their interaction with this electrophilic reagent [15, 33, 36]. Therefore in the
cells with the elevated level of MTs and glutathione, the efficacy of cisplatin as a drug
may be diminished [15].
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MTs are sulthydryl-rich proteins involved mainly in metal (zinc, copper and cad-
mium) homeostasis and detoxification [20]. They also can be the oxyradical scavengers
[8]. The synthesis of MTs is often induced when organisms are exposed to metals, es-
pecially Cd [20, 22]. Many other factors, among them oxidative stress agents, physical
stress and other natural phenomena may also induce their synthesis directly or via ef-
fect on the homeostasis of essential for MTs metals in the laboratory studies [8, 12, 13].

The relation between the level of MTs expression and carcinogenesis is discussed
in a few studies. Over-expression of MTs in intestinal tissue of colorectal cancer patients
was shown and considered as a prognostic marker for a poor overall survival. In gastric
cancer, however, MT expression in the gastric mucosais not of prognostic significance
[19]. In another studies, the high MTs expression, as detected by immunohistochemist-
ry, predicted a better response rate to chemotherapy whereas tumors lacking or demon-
strating low MT expression show a worse prognosis [9].

Reduced glutathione (GSH), an endogenous intracellular thiol-containing three-pep-
tide, plays a crucial role in numerous biochemical reactions, regulation of cellular sulfhy-
dryl status, transport, protection against free radicals and xenobiotics, and detoxification
of metals and electrophiles [33]. Therefore it probably can be implicated in the metabolism
of cisplatin via its binding causing alteration in the rate of its uptake and elimination. Dal-
ton’s lymphoma cells showed an increase in GSH concentration as compared to their
normal counterpart and its decrease after in vivo cisplatin treatment along with a decrease
of glutathione-S-transferase activity [21]. For the other hand, in certain cisplatin-resistant
cell lines, GSH is overexpressed [1]. Increased intracellular GSH have been correlated
closely with cisplatin resistance in PC12 cells and human ovarian cancer cell lines [24].

With respect to controversially results concerning the relation between the level of
cellular low mass thiols and resistance to cisplatin, it was of interest to compare MTs
and GSH levels and their characteristics in sensitive and resistant to cisplatin cell lines
in the attempt to identify probable utility of these indices as a biomarkers in cisplatin-
mediated cancer chemotherapy.

MATERIALS AND METHODS

Chemicals. 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB), GSH, bovine serum albu-
min, cytochrome c, insulin, phenylmethylsulfonyl fluoride, B-mercaptoethanol, RPMI
1640 medium, fetal bovine serum, EDTA, DEAE-cellulose, and Sephadex G-75 were
purchased from Sigma. All other chemicals were of analytical grade.

Cells collection and cisplatin treatment. Mouse lymphocytic leukemic cells of L1210
line, sensitive and resistant to cisplatin action, were obtained from National Collection of
Cell Lines at the Institute of Experimental Pathology, Oncology and Radiobiology, Kyiv,
Ukraine. Both cell types were cultured in RPMI 1640 medium (Sigma Chem. Co, USA)
supplemented with 10% fetal bovine serum (Sigma Chem. Co, USA). Cells were maintai-
ned under standard cell culture conditions at 37 OC with 5% CO, in air at 100% humidity.

Cells were cultured in 96-well plate at 2x10° per well. Cisplatin (Ebewe, Austria)
was added to the culture medium at concentration of 10 ug/ml, and cells were incubated
for 24 h at 37°C. Yield and viability of cells before and after the cells treatment with cis-
platin were assessed by trypan blue exclusion method. Only cells with >95% viability
were used for the experiments.

All procedures of preparing cells lysates were carried out at 4°C.
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Metallothioneins assay. MTs were eluted by the size-exclusion chromatography on
Sephadex G-75 from thermostable solution of cells [31]. For the obtaining of thermostable
solution, the cellular suspension which contained 0.5x10° cells was homogenised in ice-
cold 10 mM Tris-HCI buffer, pH 8.0, containing 20 mM 2-mercaptoethanol and 0.1 mM
phenylmethylsulphonyl fluoride for the inhibition of proteolysis in a Teflon/glass homo-
genizer [7]. The homogenate was centrifuged at 10 000xg for 45 min at 4°C. after that
the supernatant was incubated under the 85°C for 5 min and subsequently centrifuged at
10 000xg for 45 min at 4°C. The obtained supernatant was subjected to chromatography
on a Sephadex G-75 column (1.5x50 cm) equilibrated with the same buffer at a flow rate
0.33 mixmin-'. Fractions (5 ml) were collected and analysed for absorbance at 280 and
254 nm (D,,, and D,,,). Column calibration was achieved by applying a mixture of the follo-
wing standards: serum albumin (67.0 kDa), cytohrome ¢ (12.3 kDa), insulin (5.8 kDa). The
fractions of MTs containing peak (total 10 ml) were pooled. The ultraviolet (UV) absorption
spectra were measured. The samples were also subjected to metals determination.

The MTs from L1210R cells were consequently applied to ion-exchange chroma-
tography (IOC) on a column (1.5x50 cm), packed with DEAE-cellulose. After removing
of non-bound proteins (in the volume of buffer 70 ml) elution was carried out in gradient
mode with 0—1.0 M NaCl in a 10 mM Tris-HCI (pH 8.0) containing 10 mM 2-mercapto-
ethanol and 1 mM 2-isopropanol at a flow rate of 0.5 mIxmin-'. The fractions of each
peak (15 ml) with high absorbance at 254 nm were pooled for the UV-spectra and the
metals determination.

Metals and metallothioneins level determination. To determine the concentration of
copper and zinc, pooled MTs fractions were dried for 24 h at 105°C, and then digested with
5 ml HNO, for 3 h at 105°C under pressure, using an acid-cleaned Teflon bomb until diges-
tion was complete. The content of Cu and Zn was evaluated by the atomic absorption
spectrophotometry against certified standards on the spectrophotometer C-115, (,Lomo”,
Russia). The reliability of these measurements towards selected elements was assessed
by analyzing ERM-CE 278 certified reference material, and the recoveries of metals were
between 90% and 110%. Metals concentration was expressed as nmolxmg™ of proteins.

The MTs concentration was estimated by metal summation [25].

Determination of glutathione concentration. Reduced (GSH) and total glutathione
(GSH + oxidized glutathione, GSSG) in GSH equivalents, were determined in the pro-
tein free cells suspension using 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB) by the me-
thod of Sedlak and Lindsay [28]. The cellular suspension was homogenized (1/5 w/v) in
0.1 M phosphate buffer containing 100 mM KCI, 1 mM EDTA, pH 7.4). After the remo-
ving of pellet by centrifugation the thiols were determined.

For the determination of GSH, 100 pl of the protein-free supernatant was added to
3.9 ml of 0.4 M Tris-EDTA buffer (1.0 ml, pH 8.9) followed by 100 ul of Ellman’s reagent
(10 mM DTNB in methanol).

The determination of total glutathione in the protein free supernatant was carrying
out using sodium borohydride as reducing agent [14]. To 0.5 ml of protein free superna-
tant 0.5 ml of a 2% freshly prepared aqueous sodium borohydride was added and solu-
tion was incubated for 30 min at 40°C with occasional shaking. After reduction the ex-
cess of sodium borohydride was stopped by adding 0.3 ml 1 N HCI and mixing for 2 min
followed by addition of 1 ml acetone and mixing for 3 min. The pH was brought to about
pH 7.5-8 by adding 1 ml 1 M Tris-HCI buffer pH 8.5 containing 0.5 mg/ml EDTA followed
by addition of 0.1 ml of Ellman’s reagent.
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After 30 min of incubation at room temperature, the solutions were read at 410 nm
and the sulfhydryl content was calculated using a molar extinction coefficient of 1.36x10*
for GSH and 1.43x10* for total glutathione (GSH+2GSSG). The redox—index (RI) of
glutathione as the ratio of content GSH/(GSH+2GSSG) was calculated.

The protein’s content in cellular suspension was determined by the method of Low-
ry et al. (1951) using bovine serum albumin as the standard.

Statistical analysis.MTs chromatographic analyses were carried out in triplicate. All
measurements were expressed as means +SD of two repeat measuring for 4 samples
analysed. The comparative analysis was run by applying the Fisher’s test.

RESULTS

Metallothioneins analysis. Gel-filtration of the thermostable solution from both
L1210S and L1210R cells lines revealed two protein fractions (Fig. 1). For L1210R cells,
the ratio D,,/D,,, of high molecular weight and low molecular weight fractions were
1.35 and 1.98. For L1210S-cells, these parameters were 1.35 and 1.67, correspon-
dently. The low molecular weight fraction was identified as MT-containing fraction
based upon its spectral features (comparative high density ratio D,,,/D,,,), thermosta-
bility, and low molecular weight [20]. This peak was more abundant in the R-cells in
comparison with S-cells. The ion-exchange chromatography demonstrated the com-
prising of MT-containing fraction from two peaks that is the typical feature of animals’
MTs [20]. These peaks were designated as MT-1 and MT-2 (Fig. 2). More abundant
elution of MT-2 than of MT-1, the typical feature for mammals’ MTs [5], was observed.
All eluted MTs had the similarity of UV-spectra (Fig. 3) with high level of absorption in
the middle UV, indicating the presence of characteristic metals-thiolate clusters [20].
The concentration of MTs in R-cells (1.45+0.12 ugxmg' proteins) was almost 1.5 high-
er than in S-cells (0.95+0.08 ugxmg™" proteins). The evaluation of the composition of
metals in MTs (Fig. 4) showed that Zn:Cu concentration ratio was lower in R-cells than
in S-cells due to higher level of Cu in the composition of MTs.

The level of GSH and GSSG. R-cells were characterised by higher concentration
of GSH and GSSG but comparable value of RI of glutathione in comparison with S-cells

1.2 4
1 Fig. 1. Elution profile on Sephadex G-75 of the ther-
mostable extract from cells in 0.01 Tris-HCI
£ buffer, pH 8.0 at a flow rate 0.33 miIxmin-'.
c 0.8+ Arrows highlight the elution volume of mar-
b kers: 67.0 kDa, 12.3 kDa, 5.8 kDa. S—S-cells;
N 0.6 - R-R-cells. MTs-containing fraction which
g ' indicated by the bar, was pooled for ion-ex-
s _ change chromatography. Under the peaks
‘g 0.4 - the density ratio D,,/D,,, is designated
g Puc. 1. Mpoinb entovjii TepMocTabinlbHOro ekcTpakTy
KniTMH Ha cedpagekci G-75 B 0,01 Tpuc-HCI
0.2 1 6ydepi, pH 8,0, weuakicts entouii 0,33 mn/xs.
l Crpinkamun BkasaHo ob’em entovii MapkepiB:
0 - ——————— v 67,0 kda, 12,3 ka, 5,8 kda. S—S-kniTuHwu,
O = MmN O = M 1 R—R-kniTnHn. MeTanoTioHeiH-BMiCHI cbpaKuii,
S ~ « «~ < «~ o o o VeMo BKasaHi puckoto, 6ynun ob’efHaHi Anst ioHHO-
—L1210S =—=—L1210R 06MiHHOT XpomaTorpadii
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(Table). After treatment with cisplatin, the level of GSH in treated cells was the same as
in the untreated cells of an appropriate line. However, the decrease of GSSG level in
comparison with untreated cells was observed only in S-sells. Therefore among treated
cells, the RI of glutathione was higher in S-cells.

Fig. 2. Chromatography profile of R-cells

metallothioneins on DEAE-cellulose 0.50
(1.5x50 cm) in gradient mode with
0-1.0 M NaCl generated from 500 ml 0.16 0.46
of 10 mM Tris HCI (pH 8.0) and 500
ml of 10 mM Tris HCI (pH 8.0) con- 0.42
taining 1 M NaCl at a flow rate of 0.5 €012
mixmin-'. Elution profile is shown by g 0.38
the solid line, a gradient of elution Y 2
buffer — by the dotted line & 0.34 8
. _— © 0.08 ©
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(1,5x50 cm) y rpapienti 0-1,0 M § 0.26
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500 mn 10 MM Tpuc-HCI (pH 8,0) 0.22
i 500 mn 1 M NaCl 8 10 MM Tpuc- '
HCl (pH 8,0 ), wBwMAKiCTb MOTOKY 0.00 0.18
0,5 mn/xs. I'Ipocbinb entouii 306pa- ’ 80 105 130 155 180
XEHWIN CyUINbHOW MiHie, rpagieHT
€MIIOBAHHS — MYHKTUPHOIO TiHiEK —-L1210R ---C(NaCl) V, ml
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Fig 3. UV-spectra of the thermostable proteins from S and R-cells (A) and of MT-1 and MT-2 isoforms from

R-cells (B)

Puc 3. Y®-cnektpu TepmocTtabinbHux 6inkis S- i R-knituH (A) Ta isodopm MT-1 i MT-2 R-knituH (B)
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25
2.6
4
2 -
(2]
c
©
° 151
(o}
g» 2.4
. 17 Fig. 4. The metals’ distribution in the metallothio-
g neins of S- and R-cells, nmolxmg of pro-
teins: numbers above the columns are
0.5 7 the Zn:Cu ratio
Puc. 4. Po3nogin meTtaniB y MeTanoTioHeiHax
0 - S- ta R-kniTuH, HMonb/Mr Binka: undpn

MTs MT-1 MT-2

Haj cToBnYMkamu dkasyloTb BifHOLUEHHS
L1210S L1210R  L1210R Zn:Cu y meTanoTioHeiHax
EHCu EZzn
Content of low molecular weight thiols in L1210 cell lines
BmicT HU3bKOMORNEKYNApPHUX TioniB y KniTUHax niHin L1210
Untreated cells Cis-Pt treated cells
Parameters
L1210S L1210R L1210S L1210R

GSH, nmolxmg™" proteins 55.1+2.2 86.2+4.12 57.2+1,3 82.1+7.22
GSSG, nmolxmg' proteins 64.315.4 84.2+16.12 16.2+3.2° 63.3+11.12
RI GSH 0.46+0.03 0.50+0.07 0.77+0.09° 0.56+0,08?

Comments: @ — the values for two cell sublines differ significantly; ®— the values for treated and untreated
cells differ significantly, always P > 0.05). ND — not determined.

MpumiTkn: 2 — 3HAYEHHs ANs ABOX KNITUHHMX CyBniHii BiporiaHo Bigpi3HAOTLCS; ®— 3HaYeHHs Anst 06pobne-
HMX Ta HeobpobneHux KNiTUH BiporigHo BiapisHsatoTbes, P < 0,05). ND — nokasHvK He BU3HaYanu.

DISCUSSION

Both MTs and GSH are composed of approximately one-third of cysteine. Both can
bind metal ions and other electrophiles, both have antioxidant activity and are induced
by oxidant stressors and metals [20, 33]. MTs can protect cells from apoptosis induced
by oxidative stress and metals. Shimoda et al. [29] revealed a strong linear negative
correlation between basal MT levels and etoposide-induced apoptosis in the human
tumor cell lines PLC/PRF/5, H460, and HepG2 (r=-0.991). Therefore, MTs may provide
a strategy for altering cellular resistance to chemotherapeutic compounds. Notably high
MTs level was observed in resistant cells BM1R2 [35]. The enhanced expression of MTs
was also reported in cisplatin resistant cells of the MTII subtype [34]. On the other hand,
Reeves and Saari [26] showed that cysplatin treatment increased kidney MTs in rats
even further, despite elevated MTs gave no protection from the toxic effects of the drug.
Farnworth et al. [11] showed that the resistance of L1210-PDD cells to cysplatin was not
associated with cross-resistance to group lIlb metals, whereas their sensitivity to cad-
mium did reflect the relative inability of the cells to synthesize MTs. Hence, the diagnos-
tic potential of cellular low weight thiols as a cancer marker is contradictory [3].

In the present study, the significantly higher concentrations of MTs and GSH in the
R-cells in comparison with S-cells were demonstrated. Moreover, despite common fea-
tures of MTs, the elevated Cu concentration in the R-cells indicates the antioxidant pre-
ferences of MTs in the R-lines. It is known that in the adult mammalian cells, the main
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MTs function is devoted to supplying of Zn storage, therefore the mechanisms of Cu
homeostasis are connected to other proteins [16, 27]. However, MTs of invertebrate
animals and calf of vertebrate animals are more related to Cu-dependent functions and
demonstrated more high reactivity [7, 10, 30].

Intracellular GSH content was found to be higher in cisplatin-resistant cells than
sensitive variant [6, 24]. Our data confirmed these observations concerning mouse lym-
phocytic leukemic L1210-cells. It was about 30% higher in the resistant cells, both in
treated and untreated in comparison to sensitive cells. But in controversy with these
data no significant differences were detectable between sensitivity and resistance to
cisplatin L1210 cell lines regarding glutathione level in other reports [17, 23]. The other
remarkable difference between two lines was the higher level of Rl of glutathione in R-
cells in comparison with S-cells. The reduction of GSSG in treated S-cells may indicate
the prevention of oxidising of GSH as the result of its conjugation to cisplatin and inabi-
lity to compensate the elevated utilisation of GSH in usual way [1].

Boubakari et al. [4] did not find correlations between concentrations of intracellular
GSH/GSSG in 14 human cancer cell lines growing in vitro and the cell growth inhibitory
activities of four Pt-complexes, particularly cisplatin despite the increased intracellular
levels of GSH in cancer cells have been implicated in the development of acquired re-
sistance to platinum antitumor agents [4]. Yasuno et al. [35] characterizing a cisplatin-
resistant human neuroblastoma cell line, BM1R2, show that glutathione-S-transferase
as well as MT could exert crucial roles on this resistance. These data confirm that the
GSH-dependent resistance in cancer cells is devoted to GSH related enzyme, glutathi-
one-S-transferase, that represents an integral part of the detoxification system protect-
ing cells by catalyzing the S-conjugation between the thiol group of GSH and the elec-
trophilic moiety of toxic substrates including cisplatin [21]. Due to a decreased level of
GSSG in the treated with cisplatin S-cells, these data may reflect the intensification of
GSH exploring in this reaction for the detoxification of cisplatin whereas in R-cells other
mechanisms are probably involved in this process.

Common mechanisms of resistance including the participation of both thiols were
observed in A2780 acquired cisplatin and ZD0473R (resistant) lines? as well as re-
duced drug transport and DNA platination, enhanced DNA repair, activated Cu, Zn-SOD
[2, 32]. These data agree with the reflecting of the same regularity for difference in MTs
and GSH level between sensitive and resistant cells in present study. In opposite, Hru-
bisko et al. [18] was found positive correlation between resistance to cisplatin and GSH
level in L1210 but not MTs.

Taken together, the observed differences of cells lines allow considering a success-
ful exploitation of the usual molecular mechanisms of the metal detoxification with the
participation of low molecular weight thiols against cisplatin effect in L1210-cells. L1210
R-cells were characterised by higher levels of MTs and GSH and high ratio of copper in
MTs composition. These patterns suggest that enhanced synthesis of low molecular
weight thiols could be involved in the mechanism by which mouse lymphocytic leukemic
L1210-cells are resistant to cisplatin cytotoxicity. The expediency of the evaluation of
MTs and GSH to determine probable efficacy of the utilization of cisplatin as drugs has
been established.
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B3AEMO3B’A30K MIXK PESUCTEHTHICTIO 4O LUINCMNINATUHY
TA HU3bKUM PIBHEM HU3bKOMOJNEKYINAPHUX TIONIB
Y KINITUHHUX NIHIAX MALLAYOI NEUKEMIT L1210

I. ®anbywuHcbka', €. @insk?, O. Cmonsap', P. Cmolika?

" TepHoninbcbKull HayjoHanbHUl nedazoaiyHull yHieepcumem imeHi Bonodumupa Hamioka,
Haykoeo-0ocniOHa nabopamopisi nopieHsinbHOI bioximii i MonekynspHoi bionoaii,

8yn. M. KpusoHoca, 2, TepHoninb 46027, YkpaiHa

e-mail: Oksana.Stolyar@gmail.com; http://biochemlab.tnpu.edu.ua

2 [nemumym 6ionoeii knimuHu HAH YkpaiHu, eyn. [JpazomaHosa, 14—16, Jlbeie 79005, YkpaiHa

L{uc-gpnxnopogiaminnnatuHa (Il), BxuBaHa dapmMakonoriyHa HaseBa — LMCNNaTuH,
€ NOLUMPEHUM NPOTUNYXITMHHUM 3acobom. [MpoTe Moro TepaneBTUYHA AieBICTb 0OMexeHa
yepes pisHi 4o30niMiTyBasnbHi NOGIYHI €peKT i pO3BUTOK HAbYTOI pe3nCcTeHTHOCTI. Pe3auc-
TEHTHICTb MYXIMHHMX KIITUH A0 LMCNNaTtuHy MoXe OyTu CrpuYMHeHa MiaBULLIEHOK KOH-
LUeHTpauielo KNiTUHHUX Tionie. [Anga 3’acyBaHHA YMHHOCTI L€l rinoTe3n Mu nopiBHANM
KOHLEHTpaUil HU3bKOMOMNEKYNAPHMX KNITUHHUX TioniB meTanotioHeiHy (MT) i rmyTtaTtioHy
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(y BigHoBneHin (GSH) i okncHeHin (GSSG) popmax), a TakoxX MeTano3B’sa3yBarbHi Bnac-
TMBOoCTi MT y OBOX KNITUHHUX MiHisX, BiooMuX gk pesucteHTHa (L1210R) Ta yyTtnmea
(L1210S) go umcnnatuHy. byno BcTaHoBMNEHO, WO R-KNITUHU XapaKTepu3ytoTbCS BULLIOHO
KoHLUeHTpauieto MT i GSH, BuLLoo YacTkow Kynpymy B cknagi MT nOpiBHSHO 3 LMHKOM,
Hi>K S-kniTHK. OBpoBKa LUMCNNaTUHOM NULLEe Y S-KIMiTUHAaX BUKIMKaNa 3MEHLLUEHHST KOH-
ueHTpauii GSSG 6e3 3MmiH y kKoHUeHTpaLii GSH. OTxe, HedyTnuMBiCTb R-KNiTUH 4O UMC-
nnatuHy Moxe OyTu noe’sa3aHa 3 BUCokMM piBHeM MT i GSH. OcobnueocTi cknagy meTa-
niB y R-kniTnHax, siki bynu Big3HayveHi BnepLue, Takox MOXyTb 3a0e3nevmTy NesHi nepe-
Barn Ans umx KNituH 3 ornagy Ha ocobnuey 3aaTHicTb KynpyM-MT g0 okucHeHHs. Beta-
HOBIEHI CrneuundivHi XapakTePUCTUKM TIOMIB y MYXIMHHUX KITITUHAX MOXYTb OyTU KOpuC-
HUMW B iHOWKALIT pE3UCTEHTHOCTI A0 LMCNNaTuHY.

Knro4oei crioga: umcnnaTuH, pe3avCTEeHTHICTb, METANOTIOHETH, MMyTaTiOH, KynpyM.

B3AUMOCBA3b MEXAY PESUCTEHTHOCTbBIO K LUUCIMITATUHY
N HU3KUM YPOBHEM HU3KOMOIJEKYINAPHbIX TUONOB
B KNETOYHbIX NMUHUAX MbILUMHOW NEMKEMWU L1210

I. ®anbpywuHckas', E. ®unsk®, O. Cmonsap', P. Cmolika?

" TepHononbckull HayuoHasnbHbIl nedazoaudeckull yHugepcumem umeHu Bnadumupa MHamroka,
Hay4Ho-uccriedogamersibckasi Tabopamopusi cpasHUMenbHoU buoXUuMuU U MOMEKYsipHOU buonoauu
yn. M. KpueoHoca, 2, TepHonone 46027, YkpauHa

e-mail: Oksana.Stolyar@gmail.com; http://biochemlab.tnpu.edu.ua

2 MHcmumym 6uonoeuu knemku HAH Ykpaunsl, yn. [JpazomaHosa, 14—16, Jlbeoe 79005, YkpauHa

Luc-gnxnopogmammuHnnatuna (Il), ncnonb3ayemoe capmakonormyeckoe HasBa-
HWe — UMCNNaTuH, SBMSETCS pacnpocTpaHeHHbIM NPOTMBOOMYXoneBbiM cpeacTeoM. Of-
HaKo ero TepaneBTU4ecKoe OeVCTBME OrpaHNYEeHO U3-3a PasnnyHbIX 40300rpaHnymBato-
LWMX NOOOYHbIX 3h(PEKTOB M pasBUTUS NPUOOPETEHHON pPe3UCTEHTHOCTU. PesncTeH-
THOCTb OMYXOJNEBbIX KNETOK K LUCMNAATUHY MOXET ObiTb Bbi3BaHa MOBbILLIEHHOW KOHLIEH-
Tpaumen KNeToYHbIX TMONOB. [N BbIICHEHWS CNpaBea IMBOCTY STOW MMNOTE3bl Mbl CPaB-
HUMW KOHLEHTPALMN HU3KOMOINEKYNAPHbBIX KIETOYHbIX TUOMOB MeTannoTtuoHemHa (MT)
n rmytatmoHa (B BoctaHoBrneHHow (GSH) n okucneHHon (GSSG) dopmax), a Takke me-
TannocesasbiBaroLwme ceoncTea MT B AByX KIETOYHBIX NIMHUSX, U3BECTHBIX KakK PE3UCTEH-
THas (L1210R) n yysctBUTEenbHas (L1210S) k umcnnatuny. beino ycraHosneHo, 4to R-
KINeTKN xapaktepusytoTca bonee BbiCOkon koHueHTpaumen MT n GSH, 6onee BbICOKON
gonew kynpyma B coctaBe MT no cpaBHEHMIO C LIMHKOM, YeM S-kneTku. ObpaboTtka uu-
CrnnaTMHOM Bbi3Basna YMeHbLUeHne KoHueHTpaumm GSSG 6e3 n3ameHeHus B KOHLEHTpa-
umn GSH Tonbko B S-knetkax. Takum 06pa3om, HeYyBCTBUTENBHOCTL R-KNEToK K uucnna-
TUHY MOXeT BbITb CBsidaHa C BbICOKMM ypoBHeM MT n GSH. OcobeHHocTu cocTaBa Me-
TannoB B R-kneTkax, OTMEYEHHbIE BMEpPBble, Takke MOryT obecneynTb onpederneHHble
npenmyLLiecTBa Ans 3TUX KIETOK, UCXOAA U3 YCUINEHHON CnocoBbHocTn Kynpym-MT K oku-
CMNEeHNI0. YCTaHOBMEHHbIE cneumduyeckne xapakTeprucTUKA TUOMOB B OMyXOneBbIX KneT-
Kax MoryT ObITb NOMNe3Hbl B UHAVKALIMN PE3UCTEHTHOCTU K LINCTINATUHY.

Knroveenble crnoea: uncnnatuH, pPe3nCTEHTHOCTb, METANNOTUOHENH, NyTaTUOH,
KyrpymMm.
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