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EFFECT OF ADHESIVE LLC CELL PRETREATMENT
BY OXAMATE ON THE SURVIVAL INDEXES AFTER
TRANSITION TO DE-ADHESIVE GROWTH

Background. The ability to metabolic reprogramming is a distinctive feature of metastatically active tumor cells. A clas-
sic example of metabolic reprogramming, characteristic of almost all malignant cells, is aerobic glycolysis. Therefore,
inhibition of glycolysis in tumor cells is considered a promising strategy for antitumor therapy. Aim. To generate Lewis
lung carcinoma (LLC) cell subpopulation after pretreatment by a lactate dehydrogenase (LDH) inhibitor — oxamate
in adhesive growth conditions, and then to study the metabolism of this subpopulation in the anchorage-indepen-
dent growth conditions. Materials and Methods. LLC cells were cultured without oxamate or with 17 mM oxamate
in the adhesive growth conditions with the following transition to the anchorage-independent growth conditions with-
out oxamate. A distribution of LLC cells by cell cycle phases, apoptosis rate, levels of reactive oxygen species (ROS),
E-cadherin, and vimentin were determined by flow cytometry. Glucose consumption and lactate production were de-
termined by spectrophotometry. Results. 48-h oxamate treatment in adhesive growth conditions resulted in a 30%
decrease of the total number of LLC cells compared to the control. In 72 h after the transfer of both oxamate-treated
and control cells into the anchorage-independent growth condition without oxamate, the number of viable cells pre-
treated with oxamate was reduced by 17% (p < 0.05) compared to the control cells. However, the distribution of cells
by cell cycle phases did not differ. In cells pre-treated with oxamate, the rate of glucose consumption decreased by 20%
(p <0.05), ROS generation was reduced by 17%, vimentin expression decreased by 10% while the rate of lactate produc-
tion was the same in oxamate-pretreated and control cells. Conclusion. The cytostatic effect of oxamate demonstrated
in adhesive growth conditions persisted for 72 h in the anchorage-independent growth conditions. The absence of dif-
ferences in the cell cycle phase distribution and a decrease in the ROS generation may indicate the initial stage of over-
coming the cytostatic effect of oxamate after 72 h of culturing LLC cells in anchorage-independent growth conditions.

Keywords: oxamate, glycolysis, lactate dehydrogenase, reactive oxygen species, anchorage-independent growth, glucose
consumption, lactate production, vimentin.

The metastatic cascade has an extremely complex | depends on many factors which are often not re-
and dynamic nature covering the entire body, from | lated to each other. The ability to metabolic repro-
the primary tumor to the metastases in distant or- | gramming is now recognized as a distinctive fea-
gans and tissues [1, 2]. Each stage of this cascade | ture of the metastatically active tumor cells [3].
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A classic example of metabolic reprogramming
is aerobic glycolysis characteristic of almost all ma-
lignant cells, which causes an increase in the rate of
glycolysis and lactate production even in the pres-
ence of oxygen (the so-called “Warburg effect”) [4,
5]. Such a metabolic shift provides survival advan-
tages for tumor cells, as they can produce energy
and maintain a high level of anabolic processes
even under short or long-term hypoxia. Moreover,
aerobic glycolysis can guarantee a high rate of syn-
thesis of intermediate products, which are neces-
sary as building materials for actively proliferating
cells. The intensification of lactate production,
in turn, significantly affects the tumor microenvi-
ronment, causing remodeling of the extracellular
matrix and contributing to the invasion and metas-
tasis of malignant cells [6]. Therefore, inhibition of
glycolysis in tumor cells is considered a promising
strategy for antitumor therapy [7, 8].

The enzyme lactate dehydrogenase (LDH) iso-
forms LDHA and LDGB belong to the class of oxi-
doreductases [9, 10]. LDHA is the main enzyme for
maintaining aerobic glycolysis, which supports the
regeneration of nicotinic amide dinucleotide
(NAD+) in the reaction of converting pyruvate into
lactate [11]. An increased expression of LDHA cor-
relates with intense malignant cell growth, large tu-
mor volumes, activation of metastasis, immuno-
suppression, and resistance to radiation and che-
motherapy [12—16]. LDHA inhibitors reduce the
tumor growth rate and lactate concentration in the
tumor microenvironment, which leads to a de-
crease in its acidity and activation of the immune
killer cells [17, 18]. On the other hand, LDHA
blockers with different mechanisms of action, such
as oxamate, dichloroacetate, and aminooxyacetate
can cause side effects in the human body due to
their nonspecificity [19]. The studies aimed at elu-
cidating the toxicity of LDH blockers have shown
that deficiency of the LDH enzyme has little effect
on the human body. Patients taking LDH blockers
feel discomfort that is not life-threatening and is
associated with such symptoms as muscle weak-
ness, fatigue, and myoglobinuria [20]. Therefore,
the targeted use of LDH blockers could be consid-
ered a potentially safe therapeutic strategy.

The anticancer effect of oxamate has been con-
vincingly demonstrated in colorectal cancer cells
[21], gastric cancer [22], medulloblastoma [23],
glioma [24], pancreatic [25], and non-small cell
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lung cancer cells [26]. However, numerous studies
have focused primarily on the effects of oxamate
in in vitro models of adhesive cell growth or solid
tumors. The influence of oxamate on cancer cell
dissemination has been poorly studied so far. There
are no data on the use of oxamate as neoadjuvant
therapy and its influence on cancer cells in free cir-
culation (i.e., potentially metastatic cells).

In the present study, we examined the action
of oxamate, an esoteric form of pyruvate, a com-
petitive inhibitor of LDHA activity. We have used
oxamate during cell culturing in adherent condi-
tions as an in vitro model of neoadjuvant therapy
for a solid tumor. The growth of cells in vitro
in non-adherent conditions served as a model
of anchorage-independent growth.

The study was aimed at generating Lewis lung car-
cinoma (LLC) cell subpopulation pretreated with
oxamate, which inhibited LDH in the conditions
of adhesive growth followed by further investigation
of some characteristics of this subpopulation in the
conditions of anchorage-independent growth.

Materials and Methods

Cell lines. Lewis lung carcinoma cells (LLC) were
obtained from the National Bank of Cell Lines and
Tumor Strains of the IEPOR NASU. LLC cells were
maintained in vitro in RPMI-1640 nutrient me-
dium (Biowest, France) supplemented with 10% fe-
tal calf serum (Biowest, France) and penicillin-
streptomycin (Biowest, France) at 37 °C in humid
conditions with 5% CO,.

Counting viable LLC cells. The number of cells
and their viability were estimated by a routine
method using a 0.4% solution of trypan blue and
a hemocytometer.

Anchorage-independent growth of cancer cells.
To prevent the adhesion of LLC cells to the sub-
strate during their incubation, the surface of Petri
dishes was treated with Poly(2-hydroxyethyl
methacrylate) polymer (PolyHEMA, Sigma-
Aldrich, USA). PolyHEMA was dissolved in 96%
ethyl alcohol at a concentration of 8 mg/mL, and
2 mL was applied to 60-mm dishes, then dried
at 41 °C for 10—15 days until the alcohol com-
pletely evaporated. Before planting tumor cells in
Petri dishes coated with polyHEMA, their surface
was washed twice with 2 mL of phosphate-buffered
saline (PBS).
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Evaluation of the cytotoxic/cytostatic effect of oxa-
mate on LLC cells in conditions of adhesive growth.
To evaluate the cytotoxic/cytostatic effect of oxa-
mate in vitro, 3 million LLC cells in 7 mL of
RPMI-1640 medium were seeded in 100-mm
dishes (without polyHEMA) and incubated over-
night under standard conditions. After pre-incuba-
tion, the medium containing 17 mM oxamate
(Sigma-Aldrich, USA) was added, and cells were
further incubated for 48 h. The cells incubated un-
der the same conditions with the addition of fresh
nutrient medium without oxamate served as a con-
trol. After 48 h of incubation with oxamate, the
number of viable cells was estimated using crystal
violet staining (Sigma-Aldrich, USA) and a StatFax
2100 spectrophotometer (Awareness Technology,
USA) at a wavelength of 595 nm.

Distribution of cells by cell cycle phases and the
level of apoptosis were estimated by flow cytofluo-
rometry. The cells were resuspended in a hypoto-
nic lysis buffer (0.1% sodium citrate, 0.1% Triton
X-100), which contained 5 pg/mL of propidium
iodide and RNase, incubated for 40 min at 37 °C,
and washed with PBS. DNA content was analyzed
using a flow cytometer (Navios EX Beckman Coul-
ter, USA) at an argon laser wavelength of 488 nm.
The number of apoptotic cells was estimated by the
sub-G0/G1 peak. The distribution of cells by the
cell cycle phases was determined by mathematical
modeling using the ModFit program.

Evaluation of the rate of glucose consumption.
The concentration of glucose in the samples of the
incubation medium was estimated using an auto-
matic biochemical analyzer ChemWell 2910
(Awareness Technology, USA) and a commercial
kit for the determination of glucose content ac-
cording to the manufacturer’s instructions. Samples
were frozen as soon as possible at -20 °C for
further storage. The glucose consumption rate
(GCR) was estimated by the level of glucose in the
incubation medium and the number of cells
in a certain period according to the formula:

(Calt) - (Cgltin)) x V

GCR=2x
N(t;) + N(t;,,)

where Cgl(t;), Cgl(t,, ), C.(t;), C.(t;,;) are the
concentrations of glucose in the incubation
medium at t; and t;,; (two consecutive days
of cell growth), N(t;) and N(t,, ;) are the counts
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of cells on the corresponding consecutive
days of growth; V is the volume of the incu-
bation medium which in the study was equal
to 6 x 1073 L.

Evaluation of the rate of lactate production. The
level of lactate in the samples was determined on a
biochemical analyzer using a commercial kit for
the determination of lactate according to the ma-
nufacturer’s instructions. For this, samples of the
incubation medium were frozen as soon as possible
at —20 °C for further storage.

The lactate production rate (LPR) was calculated
by the level of lactate in the incubation medium
and the number of cells in a certain period accord-
ing to the formula:

(Cr(tiy) - (Cr(t)) x V
N(t;) + N(t;, )

LPR=2x

where C;(t,), C.(t,,.,) are the concentrations of
lactate in the incubation medium at ¢; and
t;.; — two consecutive days of cell growth,
N(t;) and N(t,, ;) are the counts of cells on cor-
responding consecutive days of growth; V'is the
volume of the incubation medium which in the
study was equal to 6 x 1073 L.

Expression level of E-cadherin and vimentin.
The expression of E-cadherin was determined using
Anti-CD324 (Alexa Fluor™ 488) Clone DECMA1
(Invitrogen, USA), and vimentin was determi-
ned using Rb mAb to Vimentin (EPR 3776) (Alexa
Fluor™ 647) (Abcam, UK). LLC cells were removed
from the Petri dishes by the Versene solution (Vet-
line Agroscience, Ukraine), washed twice with PBS
and resuspended in 0.1 mL of PBS with added la-
beled antibodies, incubated for 30 min, washed
with buffer, and analyzed on a flow cytometer.

Activity of production of reactive oxygen species
(ROS). Determination of the activity of ROS pro-
duction in tumor cells was carried out using
staining by 27,7 -dichlorofluorescein diacetate
(Sigma-Aldrich, USA). LLC cells after the anchor-
age-independent growth were washed twice with
5 mL of PBS, resuspended in 0.5 mL of a 20 uM
solution of 2",7"-dichlorofluorescein diacetate in
PBS, and incubated for 40 min at 37 °C in a CO,
incubator. After staining, the cells were washed
twice with PBS. Then samples were analyzed
by flow cytometry. The percentage of stained cells
(i.e., those producing ROS) and the intensity
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of their fluorescence (i.e., the content of intra-
cellular ROS) were determined.

Statistical methods. Statistical analysis of the data
was performed using descriptive statistics, Stu-
dent’s t-test and Mann — Whitney U-test, and
linear and non-linear regression analysis with the
use of Microsoft Excel (Microsoft, USA) and Ori-
gin 2020 (OriginLab, USA) software.

Results and Discussion

The cells before replacement in anchorage-inde-
pendent growth were pretreated with 17 mM oxa-
mate for 48 h in the adhesive growth conditions.
After that, the survival and level of cell apoptosis
as well as GCR and LPR were determined in the
control and experimental groups. After 48-h incu-
bation in adhesive growth, the cells were planted
on Petri dishes covered with polyHEMA (for mo-
deling an anchorage-independent growth) and in-
cubated for 72 h. The survival and level of cell
apoptosis, GCR and LPR, LDH activity, levels
of ROS generation, distribution by the cell cycle
phases, and the expression of E-cadherin and
vimentin were determined in both growth con-
ditions.

Metabolism of LLC cells during incubation with
oxamate in adhesive growth conditions. The data
showed that in adhesive growth conditions, the to-
tal number of cells and the number of viable cells

Table 1. Survival of LLC cells incubated with or without
oxamate in adhesive growth conditions

Number of cells (x10°)
Group
Total Viable Dead
Control 12.69 £0.82 {11.95+0.73 |0.74 £ 0.23
Experimental | 8.91 +£0.76*| 8.52 +0.59*|0.39 + 0.18*

Note: * n = 4, *difference is statistically significant (p < 0.05)
compared to the control.

after incubation with oxamate significantly de-
creased by 30% and 29%, respectively, compared to
the control (Table 1). The number of dead cells ac-
counted for 5.88% and 4.38% of the total number
of cells in the control and experimental group, re-
spectively. The percentage of apoptotic cells was
also insignificantly different between the groups
(6.7% in the control vs. 7.8% in the experimental
group). Therefore, in the given incubation condi-
tions, 17 mM oxamate exerts a cytostatic effect on
LLC cells. This effect could be explained by the fact
that LDH is an enzyme that selectively catalyzes the
reduction of pyruvate to L-lactate in combination
with the oxidation of NADH to NAD+. A decrease
in the concentration of NAD+ in the cytosol inhib-
its glycolysis and, as a result, suppresses cancer cell
proliferation.

The rate of glucose consumption was found to be
different between the groups. The addition of oxa-
mate significantly reduced the rate of glucose con-
sumption by 20% and the rate of lactate production
by 14% (Table 2). Based on the stochastic ratio of
lactate/glucose, two molecules of lactate can be
formed from one molecule of glucose, and the con-
version factor will be equal to 2. In this case, all the
glucose entered the cell will be processed into lac-
tate without supplying glucose to the pentose phos-
phate pathway and the formation of intermediates

Table 2. Metabolic parameters of LLC cells incubated
with or without oxamate in adhesive growth conditions

Metabolic parameter
Glucose Lactate production
Group consumption, actaie pro 6u.c o
. pmol / (10° viable
umol / (10° viable cells x h)
cells x h)
Control 0.39 £0.01 0.48 £ 0.01
Experimental 0.31 £0.01* 0.41 £ 0.01*

Note: * n = 4, *difference is statistically significant (p < 0.05)
compared to the control.

Table 3. Survival of LLC cells in anchorage-independent growth conditions
after pre-incubation with oxamate in adhesive growth conditions

Number of cells (x10°)
Group
Total Viable Dead Apoptosis
Control 3.48 £ 0.18 3.26 £0.16 6.35+0.38 10.47 £0.78
Experimental 2.88 £ 0.16* 2.71 £0.14* 5.90 +0.28 11.25+£0.82

Note: * n = 4, *difference is statistically significant (p < 0.05) compared to the control.
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necessary for proliferation. In our experiments, the
coefficient of conversion of glucose to lactate was
1.23 and 1.34 in the control and experimental
groups, respectively. This result evidences a de-
crease in the efficiency of aerobic glycolysis asso-
ciated with a decrease in the use of glucose for the
synthesis of glycolytic intermediates necessary for
proliferation.

Metabolism of LLC cells in conditions of anchorage-
independent growth after preincubation with oxa-
mate. After incubation of LLC cells with oxamate
in adhesive growth conditions, the cells were re-
moved and seeded into polyHEMA-coated dishes.
The parameters of survival and metabolic plasticity
were determined on the 3rd day of anchorage-in-
dependent growth. The data showed that after 72 h
of growth in the experimental group (pre-incu-
bated with oxamate in adhesive growth condi-
tions), the total number of cells and the number of
viable cells were significantly lower (by 17%) com-
pared to the control group (Table 3). The number
of dead cells in the control and experimental
groups was equal to 6.35% and 5.91% of the total
number of cells, respectively. The percentage of
apoptotic cells did not differ significantly between
the groups and did not exceed 11%. Since there was
no significant difference in the number of dead
cells and cells in a state of apoptosis, and the rate of
cell proliferation in the experimental group was
lower, it can be assumed that the cytostatic effect of
oxamate persisted under anchorage-independent

Table 4. Cell cycle distribution of LLC cells in anchorage-
independent growth conditions after pre-incubation
with oxamate in adhesive growth conditions

Distribution of cells by cell cycle phases, %
Group
G1/G0 S G2/M
Control 3492 +0.14 | 48.58 +0.16 | 16.50 + 0.08
Experimental | 34.37 £ 0.17 | 48.51 £ 0.18 | 17.12 + 0.09

growth conditions even after its absence in the in-
cubation medium.

In the cell cycle investigation, no differences
were detected between two groups in the cell cycle
phase distribution (Table 4).

A high rate of glucose consumption is charac-
teristic of cancer cells since the activation of aerobic
glycolysis provides intermediates that are necessary
for cell proliferation. The rates of glucose consump-
tion and lactate production in LLC cells after 72 h
of anchorage-independent growth did not differ
significantly between the groups (Table 5). Also,
the LDH activity in the experimental group did not
differ from the activity in the control group. This
fact additionally indicated that within 3 days after
exposure to oxamate, cells practically restored their
glycolytic metabolism.

We have revealed that 99% of cells produced
ROS on the 3rd day of growth in anchorage-inde-
pendent conditions in both groups. However, the
intensity of ROS production in the cells of the ex-
perimental group significantly decreased by 17%
compared to the control (Table 6). Since the rate of
glucose consumption did not change compared
to the control values, and the amount of ROS
decreased, it can be assumed that this is due to the
redistribution of glucose and its redirection toward
the production of glutathione in the pentose phos-

Table 5. Metabolic parameters of LLC cells in anchorage-
independent growth conditions after pre-incubation
with oxamate in adhesive growth conditions

Metabolic parameter
Glucose Lactate pro-

Group consumption, duction, LDH activity,
pmol / pmol / U/10° viable

(106 viable (106 viable cells

cells x h) cells x h)

Control 0.33+0.01 | 0.56+0.01 |10.40£0.57
Experimental | 0.34 £0.01 | 0.55+0.01 | 10.94 + 1.31

Table 6. ROS production and expression of E-cadherin and vimentin in LLC cells in anchorage-independent
growth conditions after pre-incubation with oxamate in adhesive growth conditions

Intensity of production, a.u.
Group
ROS E-cadherin Vimentin
Control 197.80 £ 10.12 7.15+£0.71 75.50 £ 1.54
Experimental 161.80 = 9.08* 8.61 £ 0.63 68.10 £ 2.13*

Note: * n = 4, *difference is statistically significant (p < 0.05) compared to the control.
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phate pathway rather than the formation of glyco-
lytic intermediates necessary for proliferation. This
may also explain the persistent decrease in prolife-
ration observed in non-adherent cells that were
pretreated with oxamate.
Epithelial-mesenchymal transition (EMT) is
thought to facilitate cancer cell migration and me-
tastasis. It has been shown that LDH participates
in the regulation of genes involved in the activation
of EMT, in particular, Snail, Slug, E-cadherin,
N-cadherin, vimentin, and fibronectin [27].
Our studies of E-cadherin expression by LLC
cells did not reveal any difference. A decreased vi-
mentin expression in the experimental group could
indicate a reduction in the in the migration ability
of LLC cells after incubation with oxamate, which
persists after 72 h of incubation in anchorage-inde-
pendent growth conditions. A decrease in mesen-
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chymal marker expression can reduce cell moti-
lity and metastatic potential, which indicates
the promise of using LDH inhibitors in cancer
therapy.
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conditions, LLC cells are capable of overcoming the
action of oxamate applied in doses equal to ICs,.
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be incomplete blockade of LDH activity, which
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tains the rate of aerobic glycolysis.
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[HCTUTYT eKcIlepMMeHTa/IbHOI aTOJIOTii, OHKOJIOTiI Ta pafiobiomnorii
im. PE. KaBenipkoro, HAH Ykpainn, Kuis, Ykpaina

BIUIVIB IIOTIEPETHbOT OBPOBKI OKCAMATOM K/IITHH LLC HA [TOKA3HVKN
BVDKMBAHOCTI ITICJIA ITEPEXOY OO HE3AJIEJXKHOTO BII CYBCTPATY POCTY

CraH nuTaHHA. 3[aTHICTD O METaOOTIYHOTO IMepPeIpOrpaMyBaHHs € BOK/IMBOI OCOONMMBICTIO METaCTATUYHO aK-
TUBHUX NyX/IMHHUX KITHH. KIacu4HVM HpUKIaioM Takoro IepelnporpaMyBaHH:A, sIKe € XapaKTepHUM I Oilb-
IIOCT] 37I0AKICHUX KIIITVH, € aepoOHuMii rikonis. Tomy iHribyBaHHA IMIKOMI3y y HYXIMHHUX KITITMHAX BBaXKa€TbCA
HepCIIeKTUBHOIO CTPaTeTi€lo y IpoTUNyXINHHiN Tepamnil. Mera. OtpuMaru cyononyanito kaitun LLC, ska npossse
CTIKICTD [0 iHriOyBaHHA JIAKTATAETifpOreHasy OKCaMaTOM IIpU aire3UBHOMY POCTi, @ TAKOXK JOCTIAUTY MeTaboi3M
i€l cybmomysanii mij 9ac pocry, He3ane)XHOMY Bijf 3akpirieHns. Marepianu ta MeTogu. BusHadeHHs KIITHHHOTO
LUKy, AIIONTO3Y, aKTUBHMX (OPM KICHIO, E-KafirepuHy i BIMEHTIHY 3a JOIIOMOTOIO IIPOTOYHOI fuToMeTpii. OnTmd-
Ha CHeKTPOQOTOMETpis BUKOPUCTOBYBAIACS /s BU3HAUEHHs CIIOKMBAHHSA ITIIOKO3M Ta HPOAYKYBAHHS JIAKTATY.
Pesynbratu. [locmimkenHs BIumBy okcamary (17 MM) Ha agresmBHuit pict kmitua LLC mokasany 3MeHIIEHHS
3arasbHOI KifbKOCTi KmiTvH Ha 30% depes 48 rop (p < 0,05) mOpiBHAHO 3 KOHTpO/IeM. BifcoTok MepTBUX KIiTUH He
BifIpi3HABCA MK jBoMa rpynamy. OTpuMaHi laHi BKa3yl0Th Ha IMTOCTAaTUYHY [Iil0 OKCaMaTy B 103i 17 MM Ha KIiTVHM
LLC npu apresusHomy pocTi. [ToTiM KIiTvHY 3 IpUEOGAHOIO CTIMKICTIO KO Ail OKCaMaTy K afre3BHOMY poCTi 6ymm
nepeMillleHi B YMOBM He3aJIeXKHOTO Bifl 3aKpilUIeHHA pocTy 0e3 okcamary. JocmipkeHHA BIDKMBAHOCTI IIUX KITITHH
II0KAa3a/I0 3MEHIIeHH Ki/IbKOCTI >KMBUX KITUH Ha 17% (p < 0,05) yepes 72 rop, mopiBHAHO 3 KoHTponeM. He momide-
HO Bif]MiHHOCTel y pO3NOAiI KIiTHH 3a asaMyt KITHHHOTO LUKIY MDK ABOMa rpymamu. [IIBUAKICTD CIIOXXMBAHHS
I[JIIOKO3M B IOCTiAHIN rpymi sHusmIacst Ha 20 % (p < 0,05), a MBUAKICTD MPOAYKIIII IAKTATy He BiffpisHsIacs Bif KOHTp-
ONIbHMX 3HaueHb. [eHepallis akTMBHMX GOPM KUCHIO B JOCTifHIi rpymi 6y/aa sHibkeHa Ha 17% (p < 0,05), a excripecis
BiMeHTMHY Ha 10% (p < 0,05) B HOpIiBHAHHI 3 KOHTPONbHOW0. BucHOBOK. InTocTaTnuynmit edekt Okcamary, BUsABIIe-
HMIT TIPY afTe3UBHOMY POCTi, TPOJOBXYETHCSA 72 TO, B YMOBaX POCTY He3a/IeXXHOTO Bifl 3aKpillyIeHH:A 6e3 JofaBaHHA
okcaMmary. BifcyTHicTb BigMiHHOCTeN y azax KIITMHHOIO LYKy Ta 3HIDKEHHA FeHepaliil akTMBHUX (OPM KIUCHIO
xaiTrHaMy LLC MoXke CBIfUMTY IIPO TOYATKOBY CTAZ{0 IOAOMAHHA Ty X/IMHHYMM K/IITVHAMY IUTOCTATIYHOTO BIUINBY
OKCaMaTy 4epes 72 rop.

KnrouoBi cnoBa: okcamar, ITKOJIi3, TaKTaTAerigporeHasa, akTUBHI GopMM KIMCHIO, He3a/IeXXHNIT Bifi cy6CcTpaTy picT,
CIIO>KMBAHHA IJIIOKO3M, IPOAYKIIif TaKTaTy, BIMEHTHUH.
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