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Aim: To evaluate promotive effect of hyperthermia on the carcinostatic activity of synthesized omega-hydroxy fatty acids (wHFAs)
and their ethylesters agaist Ehrlich ascites tumor (EAT) cells. Methods: EAT cells were cultured with either o HFAs or their ethylester
derivatives in a water bath at either 37 °C or 42 °C for 30 min, followed by incubation in a CO, incubator for 20 or 72 h. Mitochond-
rial dehydrogenase-based WST-1 assay and trypan blue dye exclusion assay were then conducted after incubation. Morphological
changes were observed by scanning electron microscopy (SEM). Results: Omega-HFA having a saturated 16-carbon straight-chain
(wH16:0) was the most carcinostatic (at 37 °C — viability level: 60.0%; at 42 °C — 49.6% (WST-1)) among saturated and unsaturated
oHFAs with 12, 15 or 16 carbon atoms, when administrated to EAT cells at 100 pM for 20 h. Carcinostatic activity was markedly
enhanced by ethyl-esterization of saturated fatty acids, such as ®H16:0 (at 37 °C — 42.3%; at 42 °C — 11.2% , ibid) and ®H15:0
(at 37 °C — 74.6%; at 42 °C — 25.3% , ibid), and their unsaturated counterparts were extremely effective only in combination with
hyperthermia. Prolongation of the incubation period to 72 h at the same concentration increased appreciably their carcinostatic effect
(wH16:0 ethylesther: 1.3%; wH15:0 ethylesther: 8.0%). These values were also supported by dye exclusion assay. The carcinostatic
activity enhanced more markedly by hyperthermia (1.2%; 2.1%, ibid). SEM shows that ® H16:0 ethylester-exposed EAT cells under-
went extensive injury, such as deformation of cell structure or disappearance of microvilli. Conclusions: ®H16:0 ethylester possesses
high carcinostatic activity in vifro in combination with hyperthermia and may be utilized as potent anticancer therapeutic agent.
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We have investigated the anti-tumor effects of fatty
acids (R-COOH) [1, 2] and fatty alcohols (R-OH)[3, 4],and

MATERIALS AND METHODS
Materials. All -HFAs were kindly provided by

next those of hydroxyfatty acids (HFAs) (HO-R-COOQOH),
whereas HFAs, such as 12-hydroxyeicosatetraenoic
acid and 3-hydroxy analog, has been widely investigated
their metabolism of [5-7], but their anti-tumor effects
remain uncertain. Our results have shown that carcino-
static activity of free HFAs was low and increased by their
esterifization [8]. In the present study, we took notice of
hyperthermia which exhibits an anti-tumor effect on EAT
cells [1, 9, 10] and enhancement of carcinostatic activity
of wHFAs was examined with combination by hyperther-
mia. The examination were systematically carried out
using several methods under hyperthermia as follows:
1) carcinostatic effect of wHFAs and their esters on EAT
cells; 2) comparison of carcinostatic activities of ®HFAs
and aHFAs; 3) effect of long-term exposure to wHFAs;
4) morphological observation of treated cells by scanning
electron microscope (SEM).
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Abbreviations used: DHA — docosahexaenoic acid; EAT — Ehrlich
ascites tumor; wH16:0 — 16-hydroxyhexadecanoic acid; wHFAs —
omega-hydroxy fatty acids; wH15:0 — 15-hydroxypentadecanoic
acid; WST-1 assay — mitochondrial dehydrogenase activity.

Soda Aromatic Co., Ltd. (Tokyo, Japan), and aHFAs
were purchased from Sigma Chemical Co. (St. Louis,
MO). They were dissolved in ethanol and stored in a
freezer as test solutions. Table shows the w-HFAs and

derivatives examined in this study.
Table. Hydroxy fatty acids (wHFA and aHFA) and derivatives used in the
present study

Compound Abbreviation __ Purity
Free fatty acid
12-Hydroxydodecanoic acid wH12:0 97.0%
15-Hydroxypentadecanoic acid wH15:0 99.0%
16-Hydroxyhexadecanoic acid wH16:0, 97.0%
2-Hydroxyhexadecanoic acid aH16:0 98.0%
2-Hydroxyoctadecanoic acid aH18:0 98.0%
2-Hydroxyeicosanoic acid aH20:0 98.0%
15-Hydroxy-11-pentadecenoic acid wH15:1 92.7%
16-Hydroxy-9-hexadecenoic acid wH16:1 99.9%

Ester
15-Hydroxypentadecanoic acid ethylester wH15:0 ethylester 99.8%
16-Hydroxyhexadecanoic acid ethylester wH16:0 ethylester 99.8%
15-Hydroxy-11-pentadecenoic acid ethylester ®wH15:1 ethylester 99.8%
16-Hydroxy-9-hexadecenoic acid ethylester  wH16:1 ethylester 99.8%
Cells. Ehrlich ascites tumor (EAT) cells (RCB:
No. 0142) obtained from female ICR mice with transplant-
ed tumors were purchased from the Institute of Physical
and Chemical Research (RIKEN BioResource Center, Cell
Bank, Tsukuba, Japan). Cells were suspended in minimum
essential medium (MEM) (GIBCO, Labs, Life Technolo-
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gies, Inc., NY) supplemented with 10% fetal bovine serum
(FBS) (GIBCO, Labs, Life Technologies, Inc., NY).

Cell culture, exposure of tumor cells to ®wHFAs
and hyperthermia. Cells were suspended in culture
medium at a density of 2 X 10% (20 h cultures) or 2 x 10*
(72 h culture) cells/mL. Aliquotes (ul) of the test solution
were added to test tube. After the solvent was evapo-
rated by a jet flow of nitrogen gas, culture medium was
addedto aresidue (wHFA), and the sample was sonicat-
ed. The cell suspension and test substance were mixed
inaglass sample bottle (14 mmi. d. x40 mmlong). The
cells were finally adjusted to a cell density of 1 x 1050r
1 x 10*cells/mL. The suspension in a tightly stopped
tube was incubated in a water bath (Model BT-23,
Yamato Scientific Co., Ltd., Tokyo, Japan) at 37 °C or
42 °C for 30 min. Bottles were covered with glass caps,
and were then cultured in a humidified atmosphere of
5% CO, inairat 37 °Cfor 20 hor 72 h.

Cellviability assay. Cell viability was measured using
two different methods: 1) The redox indicator dye WST-1
[11, 12] (Cell counting kit, Dojin Chemicals, Kumamoto,
Japan) was used to detect the degree of mitochondrial
dehydrogenase activity. The cultured cell suspension
was transferred into a sampling tube and centrifuged.
The resultant supernatant was removed from the tube,
and 110 uL of WST-1 solution (8%) was added to the cell
precipitate, which was then suspended and transferred
into each of 96 wells of a microplate. After incubation at
37 °C for 1 h, diformazan formation was determined by
absorptionat450 nm [11, 12] using a plate reader (Bench-
mark, Bio-Rad Laboratories, CA); 2) Dye-exclusion assay
was performed after the cultured cells were treated as
described above. Freshly prepared trypan blue solutionin
MEM (0.2%, 60 uL) was added to 60 L of cell suspension,
and counts of living (unstained) and dead (stained) cells
were conducted under a microscope [13-15].

Morphological observation of cells incubated in
the presence of wHFA ethylesters in combination
with hyperthermia. Cells were incubated in the presence
of wH16:0 ethylester at 37 °C or 42 °C for 20 h. They were
then fixed with 2.5% glutaraldehyde and 2.0% parafor-
maldehyde in 0.1 M phosphate buffer (pH 7.2) at room
temperature for 2 h. Specimens were then placed in 0.1
M phosphate buffer overnight, postfixed with 1% osmium
tetroxide for 2 h, and then washed in re-distilled water
(RDW), followed by dehydration through a graded series
of ethanol. For scanning electron microscope (SEM) ob-
servation, samples were transferred to fert-butyl alcohol,
and dried using a freeze-drier (ES-2030, Hitachi, Tokyo,
Japan), sputter-coated with gold-palladium and examined
under a Hitachi S-2460N SEM operated at 5 kV [16].

Statistical analysis. Experimental values are rep-
resented as means + SD. Student’s t-test was used to
evaluate the significance of differences between groups,
and differences were considered significantat p < 0.05.

RESULTS
Carcinostatic activity of wHFAs. Carcinostatic ef-

fects on cells cultured for 20 h after the treatmentat 37°C
or at 42 °C were measured using the mitochondrial dehy-

drogenase-based WST-1 assay (Fig. 1, a). The viability of
experimental samples was evaluated by taking the viability
ofthe untreated control group as 100%. Among saturated
wHFAs, only wH16:0 significantly reduced cell survival rate
(60.0%; n = 20, p < 0.01) at 37 °C. The other saturated
and unsaturated fatty acids had no effect on cell survival:
®H12:0 (96.0%); ®H15:0 (97.9%); ®H16:1 (95.4%); and
®H15:1(99.0%). Onthe other hand, hyperthermiaat42°C
reduced viability (cell survival rate) to 64.0% (n=20) when
compared to the control group (37 °C). Cell survival was
further reduced with ®H16:0 and hyperthermia (49.6%;
n= 20, p < 0.01), and thus the carcinostasis of these
agents was more marked than that of hyperthermia alone.
The other fatty acids were ineffective; ®H12:0 (n = 12,
59.9%), wH16:1 (n=12,54.9%), ®H15:0 (n =12, 64.4%),
and wH15:1 (n=12, 71.4%).

The results of the Trypan blue dye-exclusion assay
(Fig. 1, b) were nearly consistent with those of WST- 1
assay. Viability of EAT cells decreased t0 49.8% (n =6,
p <0.01)in ®wH16:0 at a dose of 100 uM as compared
with the control, whereas ®wH12:0 (n = 6, 92.5%),
®wH15:0 (n = 6, 80.5%), wH15:1 (n = 6, 84.1%) and
®wH16:1 (n =6, 96.8%) were scarcely carcinostatic at
the same dose at 37 °C. In addition, wH16:0 was the
only drug thatwas carcinostatic at both 37 °*Cand 42 °C,
while the other wHFAs were ineffective.

Of the wHFAs examined, wH16:0 was the most car-
cinostatic and had the largest number of carbon atoms.
This suggests that wH18:0 or ®H20:0 may be more
carcinostatic than ©wH16:0; however, we were unable
to obtain these wHFAs. Therefore, we understood that
carcinostatic intensity between wHFAs and aHFAs was
same, if the activity of ®H16:0 was almost equal to that
of aH16:0. The carcinostatic activity of aH16:0, aH18:0
and aH20:0 purchased instead of ®H16:0, ®H18:0 and
®wH20:0, respectively, was compared with that of wH16:0
(Fig. 2). At 37 °C, aH16:0 (n =6, 57.2%, p < 0.01) and
aH18:0 (n=6, 61.6%, p < 0.01) exhibited carcinostatic
activity similar to that (n=6, 59.2%, p < 0.01) of ®H16:0
at 100 uM, but aH20:0 (n =6, 85.5%) was less carcino-
static than wH16:0. At 42 °C, cell viability was reduced
to 62.4% in the absence of HFA and to 29.3% (n = 6,
p < 0.01) in the presence of wH16:0. Carcinostatic ac-
tivity of aH16:0 and aH18:0 was nearly equal to that of
®wH16:0, while aH20:0 exhibited lower activity.

Enhancement of carcinostatic activity of ®HFA
ethylesters. The carcinostatic effects of wHFA ethylest-
erson EAT cells (cultured for 20 h) were assessed by WST-
1 and trypan blue exclusion assay (Fig. 3, a and b) in the
same way as for free wHFAs. At 37 °C, carcinostasis was
markedly enhanced by the wHFA ethylester derivatives
of saturated fatty chains; wH16:0 ethylester was the most
potent, with cell viability decreasing to 42.3% on WST-1
assay (n=12, p < 0.001) and 46.7% on Trypan blue dye-
exclusion assay (n =6, p <0.001) at 50 uM. Carcinostatic
activity was followed in order by wH15:0 ethylester (74.6%
and 63.2%, respectively), wH16:1 ethylester (93.7%
and 81.9%, respectively) and wH15:1 ethylester (93.5%
and 96.8%, respectively). At 100 uM, wH16:0 ethylester
substantially diminished cell viability to 1.1% and 0.8% on
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WST-1 and Trypan blue dye-exclusion assays, respectively
(p < 0.001), followed by wH15:0 ethylester (2.7% and
1.2%, respectively; p < 0.001), wH16:1 ethylester (55.6%
and 54.4%%, respectively) and wH15:1 ethylester (81.0%
and 85.4%, respectively).
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Fig. 1. Cytotoxic effects of omega-hydroxyl fatty acids (wHFAs)
on Ehrlich ascites tumor (EAT) cells, as measured by mitochon-
drial dehydrogenase-based WST-1 assay. Cells were seeded
at a density of 1 x 10° cells/mL, incubated in the presence of
each wHFA at a dose of 100 uM at 37 °C or 42 °C for 30 min and
maintained by sequential culture at 37 °C for 20 h. a: Cell viability
as measured by the WST-1 assay. b: Cytotoxic effects of wHFAs
on EAT cells as measured by Trypan blue dye-exclusion assay
(cells were treated as for Fig. 1, a). Unstained and stained cells
in the presence of Trypan blue were counted as viable cells and
dead cells, respectively, under an optical microscope

Note: Data are means (n = 20-6); bars indicate S.D.; *p < 0.01.
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Fig. 2. Cytotoxic effects of hydroxyl fatty acid isomers (oHFAs
and aHFAs) on Ehrlich ascites tumor cells as measured by WST-1
assay. Cells were treated as described for Fig. 1, a

Note: Data are means (n = 6); bars indicate S.D.; *p < 0.01.

Hyperthermia at 42 °C enhanced carcinostasis, and
at 100 uM, even ®H16:1 and wH15:1 ethylesters dimin-
ished viabilityto 4.5% (n=12,p<0.001)and 12.9% (n =
12, p < 0.001), respectively (Fig. 3, a). Fig. 3, b shows
the cytotoxic effects of wHFA ethylesters ontumor cells,

as assessed by trypan blue assay. At 50 uM, cytotoxic
activity with wH16:0 ethylester decreased (11.2%, n =
12, p < 0.001), wH15:0 ethylester (25.3%, n =12, p <
0.01), wH15:1 ethylester (52.7%, ns) and wH16:1 ethyl-
ester (41.5%, ns). Inaddition, a majority of the observed
EAT cells exhibited fragmentation or cytolysis after
incubation with ®H16:0 ethylester (0.2%, p < 0.001) or
®wH15:0 ethylester (0.6%, p < 0.001) at 100 uM.
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Fig. 3. a: Cytotoxic effects of wHFA ethylesters at 50 or 100 uM
on EAT cells as measured by WST-1 assay. Cells were seeded
at a density of 1 X 10° cells/mL, incubated in the presence or
absence of wHFA ethylester at 37 °C or 42 °C for 30 min and
cultured at 37 °C for 20 h. b: Cytotoxic effects of wHFA ethylesters
at 50 or 100 uM on tumor cells at 37 °C or 42 °C as measured by
Trypan blue exclusion assay (cells were treated as for Fig. 2, a)
Note: Data are means (n = 12 and 6, respectively); bars indicate
S.D.; *p<0.01; **p < 0.001.

To examine the effect of long-term exposure to
markedly effective wH16:0 and wH15:0 ethylesters,
the cells were further cultured at 37 °C for 72 h and
subjected toWST-1 (Fig. 4, a) and Trypan blue assays
(Fig. 4, b), and the results showed good agreement.
Cell viability decreased markedly to 59.1% and 74.4%
(p < 0.001), respectively, with wH16:0 ethylester at a
dose of 25 uM, and in combination with hyperthermic
treatment, viability decreased to 30.2% and 18.2
(p<0.001), respectively. Addition of wH15:0 ethylester
at 25 uM resulted in small effectiveness either at 37 °C
or42°C. At 50 uM, they exhibited nearly perfect dimi-
nution of cell viability either at 37 °C or 42 °C.

After hyperthermia at 42 °C, extensive damage to
the cell surface was observed, as shown in Fig. 5, in
contrast to control cells with normal microvilli.

Furthermore, marked cell destruction and fragmen-
tation occurred when hyperthermia was combined with
®wH16:0 ethylester. There were no morphological differ-
ences in control cells at 37 °C and 42 °C (Fig. 5, a, d).
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Extensive damage to cells was observed at 37 °C with
®wH16:0 ethylester (Fig. 5, b, ¢), and this damage was
markedly accentuated when hyperthermia was com-
bined with wH16:0 ethylester (Fig. 5, e, f).
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Fig. 4. Cells were seeded at a density of 1 x 10* cells/mL, incu-
bated in the presence or absence of wHFA ethylester at 37 °C
or 42 °C for 30 min and cultured at 37 °C for 72 h. Cytotoxic
effects were measured by a: WST-1 assay, and b: Trypan blue
dye-exclusion assay
Note: Data are means (n = 12 and 6, respectively); bars indicate
S.D.; *p<0.01; **p < 0.001. _
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Fig. 5. Scanning electron micrographs of Ehrlich ascites tumor
cells exposed to wHFA ethylesters. Cells were incubated in the
presence of wH16:0 ethylester at a dose of 100 uM at 37 °C or
42°C for 30 min, cultured at 37 °C for 20 h, and were then conven-
tionally fixed and washed. Cells were again fixed with 1% osmic
acid, washed and dehydrated. Cells were coated with ions after
lyophilization, and cell shape was observed by SEM (x 6.0 K)

DISCUSSION

In the present study, the carcinostatic effects
of w-hydroxyfatty acids (wHFA)s and their ethylesters
were evaluated by assays for mitochondrial dehydroge-

nase activity and dye exclusion. The results revealed that
of free acids, H16:0 exhibited the highest carcinostatic
activity and of all free acids and their ethylesters, H16:0
ethylester had the most potent carcinostatic action.
Their carcinostatic effects were markedly enhanced
with elongating the cell culture period. The ethylester
at 50 uM almost perfectly diminishes the cell viability by
the exposure for 72 h, whereas the survial rate is 43.2%
in the culture for 20 h, and the carcinostatic activity is
exhibited even the low dose of 25 uM (Fig. 4). Moreover,
hyperthermia enhances markedly those effects.

SEM revealed extensive cellular destruction, such
as the disappearance of cell-surface microvilli and
deformed shape, in EAT cells incubated with wH16:0
ethylester (Fig. 5). Thus, the cytotoxic activity of hydroxy-
fatty acid compounds may be attributed to either their
surface-denaturing activity on the cellmembrane or their
destruction of cellular organelles after intracellular up-
take [5]. With regard to carcinostatic action, the present
results suggest that the activity elevates with increasing
carbon atom in contrast to the conventional concept ap-
plicable to fatty acids [5] and fatty alcohols [7].

Although wH16:0 having the largest number of carbon
atoms of the non-esterified compounds examined was
the most carcinostatic, its activity might be lower than that
of wH18:0 or wH20:0. With the examination using aHFAs,
our results suggest that the activities of aH16:0 and
aH18:0 was nearly equal to that of ®wH16:0 at either 37 °C
or 42 °C but aH20:0 was scarcely carcinoststic. In mea-
surement by GLC, H16:0 and its ethylester were foundin
the cells, but the others showing low- or no activity were
not [8]. The results suggest a close relation between their
intracellular uptake and carcinostatic activity. Their penet-
rative effects through cell membranes is considered to
be due to hydrophobicity or hydrophilicity by elongating
or shortening the carbon side chain-length. An increase
in molecular hydrophobicity may promote permeation of
HFAs through cellmembranes, but this may be disadvan-
tageous for intracellular uptake due to lower solubility in
extracellular fluid [4]. H16:0 and its ethylesther seem to
have an appropriate hydrophobicity-hydrophilicity bal-
ance, in addition to the detergent-like activity, efficiently
penetrates the cell membrane, and increases the intra-
cellular concentration, producing cytotoxic substances,
such as hydrogen peroxide and superoxide anions [17,
18], thus resulting in carcinostasis.

Thus, administration of hydroxyhexadecanoic acid
(H16:0) ethylester in combination with hyperthermia
could be considered as an attractive mean for treat-
ment of cancer.
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BJINAHUE 3TUNITEPUDPUKALNN, AJIUHDI LLEENMN,
CTENEHUW HEHACbBILWEHHOCTU UTUNEPTEPMUNA
HA KAHLEEPOCTATUYECKOE AEUCTBUE
OMErA-rmnaPOKCUJIMPOBAHHbIX )KUPHbIX KUCJ1OT

Ileab: npoaHa M3upoBaTh yeuauBaommii 3¢ dekT runeprepMiun Ha KAHIIEPOCTATHYECKYI0 AKTHBHOCTh CHHTE3HPOBAHHBIX OMera-
TUIPOKCHIMPOBAHHBIX KUPHBIX KUCJIOT (0WHFAS) # X 3TH/I0BBIX 3(hHPOB MO OTHOIIEHHIO K KJIETKAM ACIHUTHOM OIyX0/M Dpimxa
(EAT). Memoou:: knetku EAT unakyouposaym ¢ o HFAs wim ux 3TiiI()MpHBIMA NPON3BOAHBIMEA HA BoAAHO# Oane mpu 37 °C wm
42 °C B Tevenne 30 Mun ¢ rabHeimmM Ky bTusuposanem B CO, nnkydaTope na npotszkennn 20 uim 72 4, 110CIIe 4€ro aHATM3UPO-
BAJIM JKM3HECTIOCOOHOCTH KJIETOK MeToiaMu aHan3a WST-1, 0CHOBAaHHOTO HA AKTHBHOCTH MHTOXOHIPHAJIBHBIX AETHIPOTeHA3, H 110
BKJIIOYEHHIO TPHIIAHOBOTO cuHero. Mopdoaornyeckue n3MeHeHHs KJIETOK ONpeIeJIs/iv ¢ UCNOJIb30BAaHMEM CKAHUPYIOMIEH 37IeKTPOH~-
HOii MUKpPOCKOTNHU. Pe3yavmamot: nipu KyJbtuBamuu KieTok EAT B mpucyrcrsun 100 pM coenumennii B Tedenne 20 1 omera-HFA
¢ HacbimeHHoi 16-yrieponuoii npsiMoii nenbio (wH16:0) nposBisiyi HanGoiee BhIPAZKEHHbIH KAHIEPOCTATHIECKHIT () ekT (mpn
37 °C ypoBeHb xKu3HecnocodHocTH coctasui 60,0%; npn 42 °C — 49,6% (WST-1)) o cpaBHEHHIO ¢ TAKOBbIM HACHIIEHHBIX M HEHA-
connennsix ®HFAs, conepxkammx 12, 15 nim 16 atomoB yriepoaa. KannepoctaTHaecKkasi AKTHBHOCTb 3HAYHTEILHO BO3PACTAJIA IPH
STHIBTEPHMUKALMH HACHIIIEHHBIX JKUPHBIX KMCJIOT, TaKUX Kak ®wH16:0 (npu 37 °C — 42,3%; npu 42 °C — 11,2%, ibid) u ©H15:0
(nipu 37 °C — 74,6%; nipn 42 °C — 25,3% , ibid), B TO BpemMs KaK MPOM3BOIHbIE HEHACBHIIEHHBIX KUCIOT ObLTH BbICOK03(deKTHB-
HbI TOJIbKO B KOMOMHALMH C THIIEPTEPMHEEii. YBe/lMueHre nepruoaa MHKY0AIMH KJIETOK 0 72 4 MPH TOW Ke KOHIEHTPAIMH BEleCTB
NPUBOJIIIO K 3HAYMTEJLHOMY YBEIMUEHHIO NX KAHIEPOCTATHYECKOrO AeiicTBus (3THioBblii 3¢up oH16:0 — 1,3%; sTrsnosblii a¢up
®H15:0 ethylesther — 8,0%), moxTBepKAEHHOr0 JAHHLIMH OKPACKH TPHIAHOBBLIM CHHMM. IIpHMeHeHNe runepTepMUH TAKKE YCH-
JIMBAJIO KaHIepocTaTHIecKoe aeiicTBue coenunennii (1,2%; 2,1%, ibid). Pe3yabTaTsl uccienoanus metonom SEM mokaszam, 910
KieTkn EAT, unkyoupoBanHble ¢ 3THI0BBIM 2(hrpoM ®H16:0, pa3pymaiorcs ¢ HapymieHHeM KJIeTOIHO# CTPYKTYPbI H HCY€3HOBEHIEM
MHKPOBOJIOKOH. Bb1600b1: B KOMOMHAIMM C TMnepTepMueii dTHIoBbIi 3¢hup ®H16:0 nposBasieT BHICOKYI0 KAHIIEPOCTATHIECKYIO
AKTUBHOCTb in Vitro, 4TO TOBOPUT O BO3MOXKHOCTH NPUMEHEHHS COEIHHEHHS B TEPANMM OMYXO0JIEBbIX 3200/ 1€BAHMIA.

Karouegoie ca06a: IPOTUBOOMYX0J1€BAS AKTUBHOCTD, ®-THIPOKCHIMPOBAHHDBIE KMPHbIE KHCJIOTHI, runepTepmus, anams WST-1,
CKAHUPYIOIIAS 3IEKTPOHHAS. MUKPOCKOIIHS.
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