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Introduction

Aim. Investigation of the effect of acidic and salt forms of natural yeast RNA oligoribonu-
cleotides and their complexes with D-mannitol (ORN-D-M) on the viability of cell cultures
of different origins. Methods. MTT assay, differential trypan blue staining. Results. A dose-
dependent inhibition of the viability of mouse melanoma B16 cells and human glioblastoma
U251 cells under the influence of ORN-D-M was established, as well as a dependence on the
treatment time. U251 cells were more sensitive to the effect of the drug: at 48-hour treatment,
the ICs, for this cell line was 1.0+0.3 mg/ml, whereas for B16 it was 2.5+0.4 mg/ml. At the
same time, the inhibition of non-malignant canine kidney MDCK cells was observed only at
high concentrations of the drug (ICs) — 6.1+1.1 mg/ml). The acidic form of ORN-D-M in-
hibited the viability of B16 and U251 cell cultures whereas the acidic form of ORN, salt forms
of Na-ORN and Na-ORN-D-M showed a significantly lower inhibition activity. Conclusions.
The acidic form of ORN-D-M has significant inhibitory activity against the malignant cells of
mouse melanoma B16 and human glioblastoma U251. The acidic form of ORN-D-M is a
promising drug for further antitumor studies in vitro and in vivo.

Keywords: natural oligoribonucleotides, ORN-D-M, anticancer activity, MTT assay.

Nucleic acids and their derivatives are promi-
sing immunotherapeutic agents that have
shown their effectiveness against different
types of cancer. In the 1970s, the FDA ap-
proved the Mycobacterium bovis Bacillus
Calmette-Guérin (BCQG) vaccine as an immu-
notherapeutic agent in the treatment regimen

for the patients with bladder cancer, which is
still used today [1, 2]; the clinical trials of this
drug were also conducted in monotherapy and
complex therapy of melanoma [3]. The studies
of the phenomenon of BCG antitumor activity
have shown, that the bacterial DNA, which is
a component of the drug, initiates innate im-
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munity responses, induces the synthesis of
type I IFN, and enhances the activity of
NK cells, which leads to inhibition of the tu-
mor growth [4, 5]. Another type of therapeutics
based on synthetic oligodeoxynucleotides rich
in CpG motifs (CpG ODN) has shown itself
not only as a potent immunoadjuvant but also
as an antitumor agent that activates the recep-
tor 9 (TLR9) in immune cells [6]. However,
there is little data on the use of oligoribonu-
cleotide-based therapy in the fight against can-
cer. One example is the use of artificially syn-
thesized ORN as an agonist for TLR 7/8, which
induced apoptosis in the colon carcinoma cells
[7]. Another instance is sodium nucleinate —
a sodium salt of low molecular weight yeast
RNA with impurities of proteins and DNA,
which showed its effectiveness in the combina-
tion therapy of melanoma with an immunocor-
rective effect of the CD3+ and CD4+ lympho-
cytes number, and was applied in the combined
therapy on the late cancer stages [8, 23].
Natural oligoribonucleotides obtained from
total yeast RNA in complex with D-mannitol
(ORN-D-M) have pronounced anti-inflamma-
tory and antioxidant activity, as well as im-
munoprotective effect on the innate immune
system, that was shown in various models of
inflammation, including influenza virus-in-
duced [9,10] and acute hepatotoxicity [11]. It
is known that tumor-associated inflammation
is not just an epiphenomenon, but it is cur-
rently considered the main factor in the malig-
nant progression [12], therefore, the anti-in-
flammatory agents take place in cancer thera-
py [13, 14]. The combination of anti-inflam-
matory and immunoprotective effects in one
pill makes ORN-D-M a promising agent for
anticancer therapy. Additionally, the drug is

produced on the basis of a cheap natural sub-
stance — yeast ribonucleic acid, which is a
significant advantage in contrast to the expen-
sive chemotherapy drugs. Therefore, we inves-
tigated the effect of ORN-D-M and its deriva-
tives on the viability of cell cultures of various
etiologies.

Materials and Methods

For research, we used the acidic form of com-
mercial yeast RNA (Goodwill Associates Inc.,
USA), registered as a substance in the Ministry
of Health of Ukraine (Registration certificate
Ne UA/2810/01/01, order of the Ministry of
Health of Ukraine Ne 777 dated 04/06/2020),
which, according to the mass spectrometric
analysis 1s low-molecular-weight oligoribo-
nucleotides (ORN) with a dominant fraction
of 4—-6 b.p [9, 15]. As a complex of oligoribo-
nucleotides with D-mannitol (ORN-D-M) we
used the drug Nuclex from “Valartin Pharma”
Ukraine, which consists of yeast RNA from
Goodwill Associates Inc., USA, and D-man-
nitol (D-M). Sodium salts of oligoribonucleo-
tides (Na-ORN) and oligoribonucleotides
modified with D-mannitol (Na-ORN-D-M)
were obtained by titrating the corresponding
acidic forms of ORN and ORN-D-M with
NaOH to pH 7.0.

Cultivation of cells. The objects of the study
were the mouse melanoma tumor B16 cell line,
human glioblastoma U251 cell line and non-
tumor canine kidney MDCK cell line (obtained
from the collection of the Institute of Molecular
Biology and Genetics). The B16 and MDCK
cells were cultured in RPMI (Gibco, USA) and
U251 in DMEM (Gibco, USA) supplemented
with FBS (Gibco, USA) to a final concentra-
tion of 10 %, penicillin (100 U/mL) and strep-
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tomycin (100 pg /mL) (Sigma-Aldrich, USA)
at 37 °C in a humidified incubator with 5 %
CO,. When the cells reached 70-90 % conflu-
ency, they were reseeded at a dilution of 1:3—
1:5. To detach the cells from the surface of the
culture flask, they were washed with Versene
and incubated in 0.05 mg/mL trypsin (Gibco,
USA) for 10 min at room temperature. After
that, the cells were resuspended and transferred
to a culture medium. The culture was re-cul-
tivated every 2—3 days.

MTT assay. The assessment of cell viability
under the conditions of substances treatment
was carried out by the MTT technique. For
this, the cells were seeded in duplexes on a
96-well plate with a density of 8x103 cells/well
and left overnight for attachment. Later, the
culture medium was replaced by a serum-free
medium with the dissolved investigated drug
and incubated for 12, 24, 48 hours. We used
such concentrations of drugs: ORN-D-M, Na-
ORN, Na-ORN-D-M — 0.6-10 mg/mL; ORN
and D-M were used at the corresponding con-
centrations to its relative content (2.5 ORN : 1
D-M) in the ORN-D-M (Table 1).

Table 1. Relative content of ORN and D-M in the
ORN-D-M used in the experiments

ORN-D-M, mg/mL 06 | 1.2 | 25 5 10

ORN, mg/mL 04 (09| 18|36 | 72

D-M, mg/mL 02 103]07]| 1428

The influence of the medium pH on the vi-
ability of cells was determined by the incuba-
tion of cells for 48 hours in a medium with the
appropriate pH achieved by titration with HCI.
After the treatment, MTT 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide
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(0.75 mg/mL) (Sigma-Aldrich, USA) was
added to each well for the last 4 hours. During
this time, the reagent was regenerated by oxi-
doreductases present in living cells. Crystals
of the reduction product — formazan — were
dissolved in DMSO. The concentration of
formazan in the wells was determined by a
microphotometer ELx800 Absorbance Micro-
plate Reader (BioTek Instruments Inc., USA)
on 570 nm wavelength [16]. The number of
viable cells (in percent) was determined by the
ratio of the absorbance value between treated
and control untreated cells (O.D. of treated
group * 100 % / O.D. of untreated group).
A comparison of the drug effect on the cell
viability was carried out by the concentration
of half-maximal inhibition, which causes in-
hibition of the viability of 50 % of cells. ICs,
values were obtained using the method of
extrapolation of linear regression data on a
graph of the percentage of the viable cells
versus the dose (the concentration is given in
decimal logarithm) using the GraphPad
Prism 8.0.1 program [17].

Differential trypan blue staining. The num-
ber of live and dead cells was assessed using
a Horyaev chamber by staining trypsinized
experimental cells with 0.4 % trypan blue. This
dye is able to penetrate dead cells through a
damaged cell membrane [18].

Statistical analysis. The results were ana-
lyzed and illustrated using GraphPad Prism 8.0.1
software (GraphPad Software, USA). Values
are expressed as the mean (M) of at least three
independent experiments + standard deviation
(SD). Statistical significance was established
when comparing the control and experimental
groups using Student’s t-test.
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Results and Discussion Because the oligoribonucleotides presented

During the ORN-D-M treatment of malignant in the drug have acidic properties, the dissol-
cells B16 and U251, a dose-dependent inhibi- ving of this drug can cause a decrease in the
tion of viability was established using the MTT  nutrient medium pH. Therefore, we studied the
assay, as well as a dependence on the time of effect of different forms of these drugs at con-
treatment (Fig. 1, Table 2). The inhibition was centrations from 0.6 to 10 mg/mL on the pH
considered reliable if the percentage of viable of RPMI and DMEM media, on which the
cells was less than 70 % [19]. The most obvi- B16, U251, and MDCK cells were respec-
ous effect was found after long-term incuba- tively grown (Fig. 2). It was shown that ORN
tion: 48-hour treatment with the drug at a drugs at concentration >5 mg/mL caused a
concentration of 2.5 mg/mL caused a decrease  significant decrease in pH towards the acidic
in viability by on average 25 % compared to side, whereas all other drugs did not signifi-
the same dose during the 12-hour treatment. cantly affect the pH of RPMI and DMEM
U251 was more sensitive to ORN-D-M treat- media, which can lead to a significant effect
ment: the [Cs, value at 48-hour treatment was  on the growth of these cell cultures. It is im-
2.5 times lower than for B16. Treatment of the  portant to emphasize that after the addition of
non-malignant MDCK showed the decreased the acidic form of ORN-D-M to the investi-
cell viability at the highest concentration of gated media (RPMI and DMEM) their pH was
10 mg/mL. The use of lower concentrations of 7.2—7.8, which is optimal for cell growth
ORN-D-M and increasing the treatment time (Fig. 2).

did not reveal a significant effect. Additionally, Hereafter, we investigated the sensitivity of
non-malignant cells were the least sensitive to  these cell cultures to the fluctuations in the pH
the activity of the drug, as the ICs, index of  of the nutrient medium with the addition of the
ORN-D-M was 2.5-6 times higher compared studied drugs and their components, namely
to the malignant cell lines (Table 2). As the ORN, ORN-D-M, their sodium salts and D-M.
48-hour treatment caused the most pronounced Firstly, we analyzed a decrease in the pH of the
effect, this incubation time was chosen for nutrient media after the addition of the aforemen-

further experiments. tioned drugs at concentrations 0.6-10 mg/mL
A 125 B 125 C 125
B16 U251 MDCK —e— 12 hours
100 100 100 —8— 24 hours
= = N
;‘_2: 75 E‘, 75 é 75 —+— 48 hours
i i i
= = =
= 50 = 50 = 50
8 8 8
25 25 25
0 T T T T T 0 T T T T T 0 T T T
060 120 250 500  10.00 060 120 250 500  10.00 060 120 250 500  10.00
ORN-D-M concentration, mg/mL ORN-D-M concentration, mg/mL ORN-D-M concentration, mg/mL

Fig. 1. Dependence of cell viability of mouse melanoma (B16), human glioblastoma (U251), and non-malignant ca-
nine kidney (MDCK) lines on the dose and time of ORN-D-M treatment. MTT assay results are presented as M+SD
(n=6). * —p<0.05; * —p <0.01; *** — p <0.001 — compared to the 12-hour treatment
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A RPMI B

pH of medium
pH of medium

Concentration, mg/mL

Fig. 2. The effect of different forms of ORN at concentrations 0.6-10 mg/mL on the pH of RPMI and DMEM media.

and established that after adding the drug at a
concentration <5 mg/ml, the media pH decreased
but it was not critical for cell growth. ORN and
D-M were studied in the concentration range
corresponding to their relative content in ORN-
D-M — 2.5 ORN : 1 D-M. That is, ORN was
investigated in the range 0.4—7.2 mg/mL, and
D-M — in the range 0.2-2.8 mg/mL, since these
amounts are contained in 0.6-10 mg of ORN-
D-M.

To determine the effect of this slight de-
crease in pH on the growth of cell cultures, the
medium was titrated to the appropriate pH
values with HCI and the cells were incubated
for 48 hours. Additionally, to study the effect
of D-M, nutrient media were acidified to pH
levels observed after the addition of ORN-D-M
in different concentrations. It was shown that
acidification of the media to pH 6.8 had almost
no effect on the growth of the U251 culture,
as the cell viability was >90 %. Whereas, the
ORN-D-M treatment (5 mg/mL) of malignant
cells leads to significantly decreased cell via-
bility by 50 % compared to the HCI acidifica-
tion group. A similar trend was found when
studying the effect of ORN-D-M (5 mg/mL)
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on the B16 cells, although B16 cells were more
sensitive to acidification of the medium, and
at these conditions their viability decreased by
80 %. There was also an effect of the ORN on
the viability of these cell cultures under the
same conditions, but this effect was insignifi-
cant compared to the ORN-D-M. All studied
drugs at concentration <5 mg/ml slightly de-
creased the viability of the MDCK cells with
decreasing acidity of the medium caused by
the addition of HCI. However, an increase of
the concentration of the drugs to 10 mg/mL
led to the medium acidification pH 6.1 and a
catastrophic reduction in the cell viability
(Fig. 3).

Therefore, it was established that the de-
crease in pH of the medium after adding the
ORN-D-M was critical for the cells only at a
concentration of 10 mg/mL (pH 6.1); at lower
concentrations, acidification of the medium did
not have a negative effect on the cell viability.
The ORN have significantly less inhibitory
potential than in the complex with D-M, while
D-M does not affect cell growth.

Additionally, for the investigation of the
ORN-D-M effect on cancer cells in a neutral
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A ORN-D-M concentration, mg/mL B ORN-D-M concentration, mg/mL C ORN-D-M concentration, mg/mL
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Fig. 3. Comparison of cell viability of mouse melanoma (B16), human glioblastoma (U251), and non-malignant ca-
nine kidney (MDCK) lines after 48-hour treatment with: ORN-D-M at different concentrations; ORN at the corre-
sponding concentrations to its relative content (2.5 ORN : 1 D-M) in the amount of ORN-D-M indicated on the upper
X-axis; D-M at the corresponding concentrations to its relative content (2.5 ORN : 1 D-M) in the amount of ORN-D-
M indicated on the upper X-axis and with acidification of medium to the pH indicated on the lower X-axis; after
acidification of the medium with HCI to the pH values observed after the addition of the appropriate amount of ORN-
D-M indicated on the upper X-axis. MTT assay results are presented as M+SD (n = 6). * — p < 0.05; ** — p <0.01;
*** _ p <0.001 — compared to the HCI treatment group.

medium, the pH of the media was adjusted by
NaOH after the addition of ORN-D-M, or
ORN, and a 48-hour treatment was conducted.
As well, the effect of D-M on cancer cells in
a neutral medium was studied. In this case, we
found that general trends of dose-dependent

D-M in a neutral medium did not inhibit cell
growth (Fig. 4).

Furthermore, we investigated the activity
of the sodium salt form of the drugs — Na-
ORN-D-M and Na-ORN — on the viability of
the studied cell lines. This compound was used

inhibition of the cancer cell viability by the
ORN-D-M and ORN were maintained, and

in the combined therapy of different types of
cancer [20]. However, unlike acidic, salt forms

A 125 B 125 C 125
MDCK —e— ORN-D-M+NaOH
100 100 100 = DM
75 75 75 —o—  ORN+NaOH

Cell viability, %
Cell viability, %
Cell viability, %

T T T T T T T T T T I I i I I
0.60 1.20 2.50 5.00  10.00 0.60 1.20 2.50 500  10.00 0.60 1.20 2.50 5.00  10.00

ORN-D-M concentration, mg/mL ORN-D-M concentration, mg/mL ORN-D-M concentration, mg/mL

Fig. 4. Comparison of cell viability of the mouse melanoma (B16), human glioblastoma (U251), and non-malignant
canine kidney (MDCK) lines in neutral pH medium adjusted by NaOH after addition of ORN-D-M at different concen-
trations; ORN at the corresponding concentrations to its relative content (2.5 ORN : 1 D-M) in the amount of ORN-D-
M indicated on the X-axis; and D-M at the corresponding concentrations to its relative content (2.5 ORN : 1 D-M) in
the amount of ORN-D-M indicated on the X-axis. MTT assay results for 48-hour treatment are presented as M+SD
(n=6).* —p<0.05; ** —p <0.01; *** —p <0.001 — compared to the D-M treatment group.
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Fig. 5. Comparison of cell viability of the mouse melanoma (B16), human glioblastoma (U251), and non-malignant
canine kidney (MDCK) lines on the dose of Na-ORN-D-M and Na-ORN salts after 48-hour treatment. The MTT assay

results are presented as M+SD (n = 6).

of ORN-D-M did not inhibit cell growth in the
studied concentration range (Fig. 5).

We showed that the inhibitory properties of
ORN-D-M were preserved even at neutral pH.
However, the sodium salt of the compound did
not cause inhibition.

Table 2. 1Cs, values for the studied drugs under the
treatment of different cell lines

Substance Cell line Mean IC5y+ SD, mg/mL
B16 2.5+0.4
ORN-D-M U251 1.0£0.3
MDCK 6.1+1.1
Bl16 7.2+0.5
ORN U251 9.4+0.4
MDCK >10
Bl16 >5
D-M U251 >5
MDCK >5
Bl16 >10
Na-ORN-D-M U251 >10
MDCK >10
Bl16 >10
Na-ORN U251 >10
MDCK >10

Mouse melanoma — B16, human glioblastoma — U251,
canine kidney — MDCK
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It is known that the MTT assay reflects the
activity of cellular oxidoreductases, which, in
addition to cell damage and death, can be af-
fected by oxidative stress, cellular metabolic
and energy disturbances [21]. However, some
substances are capable of directly reacting with
the MTT reagent in a cell-free medium [22].
Therefore, we performed a differential count of
live and dead cells using trypan blue staining
after treatment with ORN-D-M in concentra-
tions: 2.5-5 mg/mL for B16 and 1-2 mg/mL
for U251. Using this method, the dose-depen-
dent and time-dependent statistically significant
decrease in the number of living cells during
ORN-D-M treatment was confirmed, as well as
an increase in the percentage of dead cells: for
the B16 line during 48-hour treatment under the
condition of using the highest concentration of
the drug, and for the U251 line — in all groups
(Fig. 6). The ICs, value after 48-hour treatment
was in the range of 2.5-5 mg/mL for B16 and
1-2 mg/mL for U251, which correlates with the
data obtained using the MTT assay. Thus, it was
established that the nature of this drug activity
is manifested in both reducing the proliferation
of cells and promoting their death.

Based on the obtained results, it was proved
that ORN-D-M shows a dose-dependent and
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time-dependent inhibition of the viability of
tumor cells of different origins —mouse mela-
noma B16 and human glioblastoma U251
(Table 2). At the same time, ORN-D-M had a
lower level of viability inhibition of the non-
malignant canine kidney MDCK line — the
IC5, was 2.5—6 times higher compared to the
values for the malignant cells. It was estab-
lished that RNA components of this drug have
lower inhibitory properties. This indicates that
the binding between D-mannitol and oligori-
bonucleotides (5 mg/mL) leads not only to a
significant decrease in the acidity of the envi-
ronment, but also to an increase in the inhibi-
tory activity of this acidic form of RNA against

U251, 48 hours

ORN-D-M concentration, mg/mL

B16, 48 hours

N Live

@8 Dead

5 5

0%

ORN-D-M concentration, mg/mL

Fig. 6. The percentage ratio of live
and dead cells number of mouse
melanoma (B16) and human glio-
blastoma (U251) under conditions of
24- and 48-hour ORN-D-M treat-
ment (total number of control intact
cells was taken as 100 %). The re-
sults are presented as M+SD (n = 6).
Statistical significance compared to
the control untreated group: * —
p < 0.05; ** — p < 0.01; *** —
p<0.001

N

the studied tumor cells. At the same time, the
salt forms of complexes of the RNA with
D-mannitol do not have such activity, even at
very high concentration of 10 mg/mL (Table 2.).
Previously we have shown that the ORN-D-M
at concentrations up to 5 mg/mL does not have
a cytotoxic effect on MDCK and RK-13 cell
cultures, thus the ORN-D-M inhibition of the
growth of tumor cell lines B16 and U251 at
concentrations up to 5 mg/mL may indicate a
specific antitumor effect of this drug [23, 24].
According to the literature, natural nucleic
acids do not exhibit cytotoxic activity against
tumor cells in vitro, as it was shown in the
study of the effect of a salt form of DNA from
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salmon milt on Ehrlich ascites carcinoma cells,
although an antitumor effect of this drug was
observed in the same animal model [25].
However, some salt forms of synthetic nucleic
acids have direct inhibitory activity. For in-
stance, the treatment of different glioma cell
lines by a synthetic analog of double-stranded
viral RNA — polyinosinic-polycytidylic acid
(Poly (I:C)) showed the viability inhibition only
in the fourth-grade astrocytoma line [26].
Synthetic analogue of a salt form of CpG ODN
inhibits the viability of breast cancer cell
lines — MB231 and SKBR3 with an ICj, of
about 1.8 mg/mL [27]. It can be assumed that
acidic forms of these drugs could have more
effective anti-cancer activity, especially in com-
bination with D-mannitol, which we plan to
study in the future.

The antitumor activity of nucleic acids is
associated with their influence on the immune
defense, namely, their ability to act as the
agonists for Toll-like receptors, which are
mainly expressed in the cells of the innate im-
mune system. The activation of these receptors
leads to the initiation of T-cell immunity, con-
tributes to the maturation of dendritic cells,
and induces the secretion of cytokines, fol-
lowed by the formation of tumor-specific
T-helpers and cytotoxic T-lymphocytes [28].
Therefore, the study of the mechanism of the
inhibitory action of acidic forms of nucleic
acids, their complexes with D-mannitol and
especially ORN-D-M, on malignant cells is an
important issue for further research.

Conclusion

Our studies established that the acidic forms
of natural oligoribonucleotides in complex
with D-mannitol, unlike their salt forms, show
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an inhibitory effect against some tumor cell
lines, namely the mouse melanoma B16, and
human glioblastoma U251. At the same time,
non-malignant MDCK cells are less sensitive
to the inhibitory action of the drug.
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BnimB npupoaHuX 01iropudoHyKJIe0THIiB
Y KoMmIjiekci 3 D-MaHIiTOI0M HA KUTTE3AATHICTH
KYJIbTYP KJIITHH Pi3HOT0 MOXOI:KeHHS

I. M. Kpaesceka, 3. FO. Tkauyk

Meta. BUBunTH BIIMB KUCIIHX 1 COTIEBUX (HOPM TPUPOJ-
HUX OJIroprHOOHyKIIeoTHIIB ApikmkoBoi PHK, Ta X komr-
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nekciB 3 D-maniTomom (OPH-D-M) Ha >KHTTE3MATHICTH
KyJIbTYyp KIITHH pPI3HOTO NOXO/KeHHA. MeTtoau.
MTT-ananiz, qudepentiiiine dpapOyBaHHS TPUTAHOBUM
cuHiM. Pe3yabraTu. BeraHoBICHO 10303aeKHE iHTiOY-
BaHHS JKUTTE3AATHOCTI KJIITHH MelranoMu Muin B16 ta
nriobnmactomu sronuan U251 mi BILIMBOM KHCIOT (hopMu
OPH-D-M, a Takox 3aJIe)KHICTh Bix dacy OOpOOKH.
Kumitnana minis U251 BusiBHiiacst OiTbII 9y TIMBOIO 10
BIUIMBY LILOTO Npenapary: npy 48-roauHHIi 06poO1i no-
ka3HuK [Csy ms i€l minii cranoBus 1,040,3 mr/mi, Tomi
sx it B16 — 2,5+0,4 mr/mit. Pasom 3 1ium, 1HriOyBaHHS
HE3JIOSIKICHUX KJIITHH HUpKK codakn MDCK criocrepira-
JIOCs JIMILE TP 3aCTOCYBaHHI BHCOKHX KOHLICHTpALi
npenapary (ICsy — 6,1+1,1 mr/m). Ilpenapar OPH naii-
SICKpaBillle peallizyBaB CBOIO iHT1OyIOUy aKTHUBHICTh Ha
JKUTTE3IATHICTh KynbTyp KimithH B16 1 U251 nume y
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KoMIuTekci 3 D-maniTonom i B kuciit opmi. Toxi sk fioro
cknanoBa OPH B kuciit popmi, consoBa hopma Na-OPH
i conmboBa (hopma B komruiekci 3 D-manitonmom Na- ORN-
D-M, moka3yBainy 3Ha4HO HIDKYY iHTIOYIO9y aKTHBHICTB.
Bucnosku. Kucna hopma 1pimKoBHX OJropruOOHyKiIe-
OTHJIIB Y KOMIUTEKCi 3 D-MaHITOIOM Ma€ CyTT€EBY iHTiOy-
FOU9Y aKTHBHICTIO IIIOJ0 KUTTE3MATHOCTI 3IOSKICHUX KITi-
THH MHIIAY0i MeraHoMu B16 Ta miio0gacTOMH JTFOOWHA
U251, mo poOuth 1ei npenapar nepcrneKTHBHAM ISt
MTOAABIINX TOCTIIPKEHBb HOTO IIPOTUITYXJIMHHOL 1111 in Vitro
iin vivo.

KnamouyoBi cioBa: npuponati omiropnOoHyKICOTHH,
OPH-D-M, npotumyximHHa akTHBHICTE, MTT-TecT.

Received 19.03.2023



	_Hlk137207387
	_Hlk137459753
	_Hlk137117195
	_Hlk136858441
	_Hlk136859438

