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W. BapeHuk, kaHa. 6uon. Hayk, H. LeBuyk, ctya., H. PocnoBa, uHx., H. [13epXxuHckui, A-p 6uon. Hayk
KneBckui HaumoHanbHbIV yHuBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpanHa

CTPYKTYPHbIE UBMEHEHUA B TOJICTOM KULWWEYHUKE KPbIC NMPU OXKUPEHUU
M NPn Ero KOPPEKUMN YTPEHHUMU U BEHEPHUMW BBEOEHUAMU MENTATOHUHA

N3yyeHo enusiHue ympeHHe20 u eeyepHe20 esedeHusi Me/lamoHUHa Ha CMPYKMYypPHO-(YHKYUOHabHbIe U3MeHeHUs1 8 moJsicmolii KuuwKe KpbIC C
O)XUpeHUeM 8 ycrlo8usiXx eeceHHe-oceHHe2o0 ¢hpomonepuoda (12L:12D). [nsi amozao y Yyacmu XXU8OMHbIX 8bI38aslu OXUPEHUE 8bICOKOKasIopuliHol
duemoli 8 meyeHue wecmu Hedeslb, Noce 4e20 HOPMaslbHbIM XUBOMHbLIM U XXUBOMHBLIM C OXXUPEHUEM ympoM unu eevyepom daeasiu MesamoHUH
8 dose 30 m2/k2 8 meyeHue cemu Hedesb. Yepe3 13 Hedenb 6panu dea obpa3ya mosicmol Kuwku no 1 cM Kaxdblli Ha paccmosiHUU 3 cM om aHallb-
Ho20 omeepcmusi; ¢hukcuposanu ux 8 10 % ¢phopmanuHe u 8 gpukcamope KapHya; uzzomasnueanu napaguHosblie cpe3bl mosicmol KUWKU; OKpa-
wueasnu ux 2eMamoKCUJ/TUH-303UHOM, a/lbyUaHOBbIM CUHUM-KapMUHOM U/lu MoJsiyuGuHOEbIM CUHUM; MPOo80odusiu UX MUKPOCKOMNUYecKul u Mopgo-
Mempudyeckuli aHanu3. lToka3aHo, YMo MpuU OXUPeHUU Habodaemcs aunepakmueayusi cru3ucmoli 060104Ku MosIcMol KUWKU, peGyKyusi U yMeHbUWeHUe
aKmueHocmu KosloHoyumoe, 2unepmpogusi crusucmbix 60KkasoeuBHbIX KIEMOK U aKKyMynsiyusi 2paHysl 8 my4HbIX Kilemkax. YmpeHHee eeede-
HUe MeslamoHUHa XUPHbLIM KpbICaM HOpPMasu3yem coCcmosiHue cnu3ucmoti 060/104Ku, ocnabnsem pedyKyuro KOTOHOUUMO8, 0OHaKo ebi3bleaem
2unompodgputo 60kanosudHbIx Kiemok. BeyepHee esedeHue MeslamoHUHa 3Ha4umesibHO ocnabnsiem pedyKyuto KOJIOHOYUMoe, 00HaKo He ycmpa-
Hsiem Opyaux u3MeHeHull, 8bI38aHHbIX oxupeHuem. [Tpu amom esedeHue MeslamoHUHa (U ympeHHee, U 8e4epHee) KUBOMHbIM 6e3 O)KUPEHUs! 8bI3blea-
em akmueayuro csusucmoli 060/104Ku mosicmoll KUWKU, 2unepmpoghuro 60Kkaio8UGHbLIX K/TeMOK, yMeHbWeHUe akmueHOCMU KOJIOHOUUMOo8 U He
u3MeHsiem cocmosiHue my4Hbix Kiiemok. CriedoeamersibHoO, Heslb3s1 cdeslamb 0OGHO3HaYHO20 8bI800a O 803MOXXHOCIMU KOPPEKUUU Me/TamoOHUHOM 8CexX
CMPYKMypPHO-(YHKYUOHaIbHbIX U3MEHeHUli 8 moJsicmoli KUWKe, 8bI38aHHbIX OXupeHueMm. Xomsi ympeHHee eeedeHue MeslamoHuUHa umeso onpede-
JIeHHOe HopMarnu3ylouwjee eiusiHue Ha moJsicmyro KUWKy u 6b1710 6onee aghghekmueHbIM, YeM seyepHee eaedeHue.

Knroyeenie crnioea: MenamoHUH, oxupeHue, mosicmbil KUWEYHUK.

I. Vareniuk, Ph. D., N. Shevchuk, stud., N. Roslova, ingeneer, M. Dzerzhynsky, Dr. Sci.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

STRUCTURAL CHANGES IN RATS' COLON UNDER OBESITY CONDITIONS
AND ITS CORRECTION BY MORNING AND EVENING INJECTION OF MELATONIN

The effect of morning and evening administrations of melatonin on structural and functional changes in the large intestine of rats with obesity
under conditions of the spring-autumn photoperiod (12L:12D) was studied in this work. The obesity was caused with a high-calorie diet for 6 weeks.
After that, the morning or evening melatonin administrations were given to normal and obese animals at a dose of 30 mg/kg for 7 weeks. After 13
weeks, two specimens of the colon 1 cm each were taken at a distance of 3 cm from the anus; fixed in 10% formalin and in Carnua solution; paraffin
sections of the large intestine were made; stained them with hematoxylin-eosin, alcian blue-carmine, or toluidine blue. Microscopic and
morphometric analysis of these sections was performed. It has been shown, that obesity cause hyperactivation of the colonic mucosa, reduction of
colonocytes, hypertrophy of goblet cells and overaccumulation of granules in mast cells. Morning administration of melatonin to obese animals
normalizes the colonic mucosa, decreases the reduction of colonocytes, but causes the hypotrophy of goblet cells. Evening administration of
melatonin significantly decreases the reduction of colonocytes, but does not eliminate other changes caused by obesity. The administration of
melatonin (both morning and evening) to animals without obesity causes an activation of the mucosa, hypertrophy of goblet cells, reduction of
colonocytes, and does not change the state of mast cells. Consequently, it cannot make a clear conclusion about the possibility of correction of all
structural-functional changes in the large intestine during obesity by melatonin. Although, the morning administration of melatonin had some
normalizing effects on the colon and it was more effective than evening administration.

Key words: melatonin, obesity, large intestine.

UDC 576.3.616
N. Vedenicheva, Dr. Sci., G. Al-Maali, Ph. D., N. Bisko, Dr. Sci., |. Kosakivska, Prof.
M. G. Kholodny Institute of Botany of NAS of Ukraine, Kyiv, Ukraine,
L. Garmanchuk, Dr. Sci., L. Ostapchenko, Prof.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

EFFECT OF BIOACTIVE EXTRACTS WITH HIGH CYTOKININS CONTENT
FROM MICELIAL BIOMASS OF HERICIUM CORALLOIDES
AND FOMITOPSIS OFFICINALIS ON TUMOR CELLS IN VITRO

Phytohormones cytokinins are known to promote cell division in plants. Contrary, in animal's and human's tissues they in-
duce apoptosis and block the cell cycle of a wide spectrum of tumour cells. Therapeutic effects of cytokinins, specifically their
anticancer and immunomodulatory actions are similar to those of medicinal mushrooms. We detected cytokinins in mycelial bi-
omass of two species of medicinal mushrooms growing in vitro (Fomitopsis officinalis strain 5004 and Hericium coralloides
strain 2332) using HPLC-MS. Trans-zeatin, zeatin riboside, zeatin-O-glucoside and isopentenyladenine were found. Crude ex-
tracts and purified cytokinin fractions from mycelial biomass were tested on the growth and development of cultures of tumor
cells lines: Hela (MTT-assay), T24/83 (viability and level apoptotic cells) and HepG2 (consumption of glucose). The effect of cyto-
kinin fraction from mycelial biomass of Fomitopsis officinalis on pathogenic cells was higher compared to Hericium coralloides
one. The data obtained revealed a higher cytotoxic/cytostatic effect of the purified cytokinin fractions in comparison with crude
methanolic extracts; also higher apoptotic index was found. Under the influence of the test agents the intensification of glucose
uptake into cells was observed. This indicator was higher for crude mushroom mycelium extracts, whereas under the action of
purified fractions the glucose uptake rate was lower, thus decreased glycolysis level was recorded. Also, the effect of both crude
extract and purified fraction from H. coralloides mycelial biomass on glucose uptake in the conditioned medium was lower
against F. officinalis.These results confirm the assumption that biologically active substances of medicinal mushrooms with high
pharmacological potential include cytokinins.

Key words: medicinal mushrooms, mycelial biomass, cytokinins, HepG2, T-24/83 and Hela cells.

Introduction. Deadly side effects of artificially synthe-
sized drugs can be avoided only by means of natural prep-
arations or those that are as close as possible to them in
composition and structure of substances. Therefore, the
urgent task of today is to find alternative therapies using
natural biological raw materials. Macromycetes have
enormous potential in this regard. Medicinal mushrooms
have a wide range of medicinal properties. They exhibit

more than 130 therapeutic effects due to the content of
biologically active substances in fruiting bodies and cul-
tured mycelium that enhance innate and acquired immune
responses and demonstrate antitumor activity in animals
and humans [1, 2]. Polysaccharides and terpenoids are the
most studied among them. However, since the systematic
study of the biochemical composition of mushrooms, the
physiological and medical action of its components has

© Vedenicheva N., Al-Maali G., Bisko N., Kosakivska |., Garmanchuk L., Ostapchenko L., 2019
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begun recently, the list of such compounds is not compre-
hensive. Most likely, the medicinal properties of mush-
rooms are determined by the presence of a complex of
compounds that act jointly, enhancing the effect of each
other [3]. The active substances of medicinal mushrooms
probably include phytohormones, in particular, cytokinins,
whose therapeutic effect has been detected in the last
decade [4]. Cytokinins are polyfunctional hormones of
plants that are involved in regulating of their growth and
development in many aspects, in particular, positively regu-
lating cell division [5]. At the same time, in animal cell cul-
ture the addition of cytokinins is known to have an opposite
effect. Thus, cytokinin analogues have been found to block
cell cycle patern and inhibit the growth of many types of
human cancers [6, 7]. The therapeutic properties of cytokin-
ins were similar to those shown by medicinal mushrooms.
The ability to produce cytokinins is inherent in both fruiting
bodies [8] and mycelial culture [9] of many medicinal mush-
room species. Therefore, it can be assumed that the medici-
nal properties of mushrooms depend on the cytokinins syn-
thesized in their cells in combination with fungal specific me-
tabolites. However, medical cytokinins testing has only re-
cently begun, and detailed information is lacking today.
Species of basidiomycetes, which have been used in
traditional Chinese and European medicine for many cen-
turies, include the honeysuckle coral-like Hericium coral-
loides and the larch sponge Fomitopsis officinalis [10].
These are tree-destructive species with a large fruiting
body that cause wood rot. In H. coralloides, they contain a
complex of substances that are used as antidepressants,
antioxidants, in the treatment of Alzheimer's and Parkin-
son's diseases and a number of cancers, to fight insomnia
and impotence, to reduce blood cholesterol, etc. [11]. Ex-
tracts from F. officinalis fruiting body have a wide range of
antimicrobial and antiviral activity due to the content of

coumarins and triterpenoids, but the crude extract exhibits
the highest activity, in particular against Mycobacterium
tuberculosis and Yersinia pseudotuberculosis [12].

A necessary step to determine the nature of the biolog-
ically active substances of medicinal mushrooms is to in-
vestigate the effect of cytokinins produced by them on the
growth and development of pathogenic cells.

Materials and Methods.

1. Micelial biomass cultivation

Hericium coralloides (Scop.) Pers., strain 2332, and
Fomitopsis officinalis (Vill.) Bondartsev & Singer, strain
5004, from the IBK Mushroom Culture Collection were
studied (Fig. 1). Fungi strains were cultivated in 250 ml
Erlenmeyer flasks with 50 ml liquid medium in stationary
conditions (26 + 1° C) during 20 days in darkness. Inocula-
tion with physiologically active mycelium in proportion of
10 % to the total volume was carried out in accordance
with the method developed for Basidiomycetes [13]. Micro-
biological control of nutrient medium and inoculum material
purity was fulfilled before inoculation. For cultivation of
F. officinales 5004 the following liquid nutrient medium was
used: glucose — 30.0 g/l; NH4 NOs — 3.5 g/l; KCI — 0.5 g/l;
K2HPO4 — 1.0 g/l; MgSO4-7H20 — 0.5 g/l; beer wort (15° in
accordance with Baling method) — 115 ml; pH 5.0. For cul-
tivation of H. coralloides 2332 such liquid nutrient medium
was used: glucose — 25.0 g/l; peptone — 3.0 g/l; yeast ex-
tract — 3.0 g/l; KH2POs4 — 1.0 g/l; KeHPO4 — 1.0 g/l;
MgSO4-7H20 — 0.25 g/l; pH 6.5. Media acidity was main-
tained at necessary pH levels by 1 N KOH and 1 N HCI
solutions addition.

Mycelial biomass was separated from the culture me-
dium through filtration under vacuum followed by a double
rinsing with 50 ml of potassium-phosphate buffered sa-
line, pH 6.5.

Fig. 1. Fruiting bodies of Hericium coralloides (left) and Fomitopsis officinalis (right) in nature

2. Cytokinins purification

The sample (10 g of mycelial biomass) was homoge-
nized during 3 min using an electrical homogenizer
(Mechanika Precyzyjna, Poland) in 80 % methanol solu-
tion. Cytokinins were extracted with 80 % methanol (10 ml
per 1 g) thrice during 24 h at +4°C. The obtained extract
was evaporated under vacuum using the rotor evaporator
(Unipan, Poland) at +50°C to a water phase state. Water
residue was kept for 24 h in a freezer at — 20°C. After a fast
defrosting, it was centrifuged (pH 2.5, 15000 g, +4°C) for
30 min in the K 24 centrifuge (Janetzky, Germany). Super-
natant was fractionated with n-butanol (1:1 by volume) at
pH 8 and purified using the ion-exchange chromatography
on column 20x2 cm (Bio-Rad, USA) with Dowex 50Wx8
(Serva, Germany) in H*form, elution with 0.1 N ammonia.
Eluate was evaporated under vacuum to a dry residue,
which was dissolved in 1 ml of 96 % ethanol and applied

on thin layer chromatography plates Silicagel 60 Fas4
(Merk, Germany), run in solvent system isopropa-
nol:ammonia:water (10:1:1 by volume).

3. HPLC/MS analysis

Detection and quantification of cytokinins were per-
formed using the HPLC-MS system (Agilent 1200, USA).
Solid samples were dissolved in 200 ul of mobile phase
and 5pl aliquot was injected into Agilent Zorbax Eclipse
XDB-C18 column (4.6x250 mm, 5 ym). The column was
eluted with an isocratic solvents system metha-
nol:water:acetic acid (37:62.9:0.1 by volume) at a flow rate
of 0.5 ml/min and column temperature of +30°C. The frac-
tions eluted were directly passed through the mass spec-
trometer (Agilent 6120 Quadrupole LC/MS) in a combined
regime "multi mode" (electrospray and chemical ionization
at atmosphere pressure) of positive ionization. Data were
analysed and processed using the software Agilent Chem-
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Station, version B.03.01 online. Concentrations were calcu-
lated based on the peak areas for the endogenous com-
pounds relative to those determined for the internal stand-
ards. All experiments were carried out in three biological
replicates. HPLC-MS analysis was done in five analytical
replications. The data was processed by standard methods
of variation statistics using Microsoft Excel 2007 program.
Values of P < 0.05 were considered to be significant.

4. MTT-assay.

For in vitro screening of the epithelial line of Hela cells
(human cervical carcinoma) has been employed. Cell lines
were maintained in a RPMI medium (Sigma, USA) supple-
mented with 10% FBS, 2 mM L-glutamine and Penicillin-
Streptomycin solution at a final concentration of 50-
100 I.U./ml penicillin and 50-100 pg/ml streptomycin. After
cell inoculation into 96 well microtiter plates (Falcon, USA),
the cells were incubated at 37 °C, 5% of CO2, 95% air and
100% relative humidity for 24 h prior to addition of test
compounds. For a typical screening experiment, cells were
cultured in medium containing H. coralloides and F. offici-
nalis extracts with the growing concentration from 0.0156
to 500 mkg in 100 pL within 24 hrs. The initial plating den-
sity of cells was about 5 x 10* cells/mL in 100 uL plate vol-
ume. The test agents were added to cells in 100 yL of me-
dium, and cells were cultured for 24 hrs. It was used cells
at the about 70-80 % confluent growth. Proliferative pa-
rameters of the cultivated cells were defined as it was de-
scribed elsewhere [14] with the MTT-colorimetric method.
The biochemical essence of this method is based on the
fact that mitochondrial dehydrogenases of living cells are
capable to cleave tetrazolium rings with formation of insol-
uble purple crystals (formazan). MTT (20 pl) was added to

the culture medium 4 h before the termination of the cells
incubation in order to achieve the final concentration of 0.6
mM. Formazan crystals formed after the incubation with
MTT were dissolved in 100 pl of dimethylsulfoxide. The
plate was analyzed on the spectrophotometer at 540 nm.

5. Apoptotic and necrotic cells was determined in wells
counts were performed using a trypan blue (necrotic cells)
and by cytofluorimetry assay (apoptotic cells) dye after
incubation with agents in concentration 0,08 mg/ml as de-
scribed previously [15]. For them used cells line T24/83
(human bladder tumor).

6. Determination of glucose by glucose-oxidase method.

Determining the level of glucose in the incubation me-
dium of HepG2 cells (human hepatocellular carcinoma)
was performed using a standard set based on glucose-
oxidase reaction which we modified for culture medium of
cells. Initial cell concentration was about 1x10° cells/ml in
the sample volume of 200 pl. Determination was performed
according to the protocol of the manufacturer "Felicit-
Diagnostics" (Ukraine) [16].

Results and Discussion.

Analysis of mycelial biomass of two species of medici-
nal macromycetes resulted in finding the main cytokinins,
the presence of which is characteristic of most plants —
trans-zeatin zeatinriboside, zeatin-O-glucoside and isopen-
tenyladenine (Table 1). In H. coralloides 2332, the content
of free cytokinin — trans-zeatin — was the highest. In F. of-
ficinalis 5004, mycelial biomass was characterized by a
high concentration of the bound form, zeatin-O-glucoside.
The total cytokinin hormone content in H. coralloides was
almost four times higher than that of F. officinalis.

Table 1. Cytokinin content in mycelial biomass of medicinal mushrooms, ng/g FW

Mushrooms species t-Z* ZR* iPa* iP* Z0G* >
Hericium coralloides, | g44 151468 | 531,09426,1 0 348,60217,3 0 2044,47
strain 2332

Fomitopsis - officinalis, | g4 4443 7 146,2146,7 0 0 167,34+7,5 525,41
strain 5004

Notes.*t-Z — trans-zeatin, ZR — zeatin riboside; iPa — isopentenyladenosine,

iP — isopentenyladenine, ZOG - zeatin-O-glucoside

Modern science considers mushrooms as producers of
a wide range of compounds that can affect multiple pro-
cesses in the human body synergistically, so it is important
to study the combinations of molecules in fungal extracts
[17]. We have established the ability of mycelial biomass of
two species of fungi with a high pharmacological potential
to produce cytokinins in large quantities. Comparison of the
spectra of the pharmacological properties of medicinal
mushrooms and cytokinins suggests that cytokinins are
one of the components providing the therapeutic effect of
macromycetes. In this regard, cytokinin-containing mycelial
biomass fractions of H. coralloides and F. officinalis were
tested on cultures tumor cells lines: Hela (MTT-assay),
T24/83 (viability and level apoptotic cells) and HepG2
(consumption of glucose) The crude methanol extracts and

cytokinin fractions, purified to the stage of ion exchange
chromatography inclusive, were investigated.

The cytotoxic/cytostatic or proliferative effect (cell via-
bility) was estimated as a percent of live cells in compari-
son against control and expressed in term of median
growth inhibition (Glso, the compound's concentration that
causes 50 % decrease in the net cell growth or mitogenic
stimulation vs control). Higher activity was found for puri-
fied cytokinin fractions than for crude methanol extracts.
The inhibitory effect for both mushroom species after cy-
tokinin fractions treatment was in the range of 0,04-
0,08 mg/ml, whereas IC50 was not determined for crude
methanol extract due to large deviations in parallel meas-
urements (Fig. 2 and Fig. 3).



~34 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleBueHka ISSN 1728-3817

N
=)
o

% vs control

80

{D\JE

\

e ,+
¢ D/ \qE

T T T
1E-3 0,01 0,1

60

Concentration (mg/ml)

=)
n

—&— Fomipotsis officinalis|

% vs control
© o
S S

®
=3

704

=]

N

604

I=1

-

504

40

T T T
1E3 001 01
Concentration (mg/ml)

Fig. 2. Cytotoxic/cytostatic influence of F. officinalis cytokinin fractions (1) and crude methanol extract (2).
Typical photo MTT-test

120 4

100 +

&
\é
80 \Q/ %\
60 e\
40 \ /Q\

% vs control

20

1E-3 0,01 01

Concentration (mg/ml)

% vs control
N}
o
n

1S)
S
I

%_/ N ’+\¢\

60- LR
!
N

20

1E-3 0,01 0.1
Concentration (mg/ml)

Fig. 3. Cytotoxic/cytostatic influence of H. coralloides cytokinin fractions (1) and crude methanol extract (2).
Typical photo MTT-test



ISSN 1728-2748 BIONOrisa. 3(79)/2019 ~35~

To evaluate the level of apoptotic cells and percent vi-
ability the cells line of bladder tumor T24/83 was used.
The content of dead cells under the effect of the crude
extracts was 18,7+4,3% for H. coralloides and 24,3+3,3%
for F. officinalis, respectively; while it was 7,6+1,4% and
10,243,4% for the purified fractions for H. coralloides for
F. officinalis, respectively. However, the percentage of
apoptotic cells was higher for the purified fractions with
the addition of equimolar concentrations of the substanc-
es: 32,8+5,6 for H. coralloides and 34,4+1,3 for F. offici-
nalis, respectively, while for crude extracts of H. coral-

loides and F. officinalis these values were 27,0+1,6 and
23,412,8 respectively.

For metabolic pathways studies we used usually Hep
G2 cells. As can be seen from the data under the influence
of the test agents the intensification of glucose uptake into
cells was observed. This indicator was higher for crude
mushroom mycelium extracts, whereas under the action of
purified fractions the glucose uptake rate was lower (Table 2).
The effect of both crude extract and purified fraction from
H. coralloides mycelial biomass on glucose uptake in the
conditioned medium was lower against F. officinalis.

Table. 2. The effect of extracts from Hericium coralloides and Fomitopsis officinalis mycelial biomass
on consumption of glucose by HepG2 cells; (M £ m, n = 5, * — p <0.05 relative to control *-relative crude extract)

Test agent Glucose level (mkM) in conditional medium
Control 5,9+0,3
Hericium coralloides crude extract 1,940,1*
Hericium coralloides purified fractions 2,4+0,2*"
Fomitopsis officinalis crude extract 3,2+1,0*A
Hericium coralloides purified fractions 4,3+0,3*

Cytokinins are known to change morphology and disor-
ganize actin cytoskeleton of bladder carcinoma T24 cells,
block DNA synthesis and increase the level of cycline-
dependent kinase inhibitor and induce genes involved in a
negative regulation of the cell cycle in tumour cells of epi-
thelium [18-20]. Cytokinins also inhibit the human enterovi-
rus replication, show immunostimulating effects promoting
proliferation of natural killer cells, provoke apoptosis in my-
eloid leukemia HL-60 cells [21-23]. Thus, comparing the
data obtained with the literature, we can reasonably as-
sume that the inhibitory effect of fungal extracts on tumor
cells is associated with the presence of cytokinins in them.
Moreover, the cytokinin fraction from the F. officinalis my-
celial biomass exhibited greater activity compared to
H. coralloides one despite the higher cytokinin concentra-
tion in it. It has previously been found that aqueous and
ethanol fungal extracts from F. officinalis exhibit growth-
inhibition effect on different cancer cell lines (mouse sar-
coma, human hepatoma, lung cancer, colon cancer and
breast cancer) [24], whereas H. coralloides has another
medicinal properties. Perhaps, cytokinins act in complex
with different compounds in these mushrooms species.

Conclusion. In the present study the influence of ex-
tracts from two species of medicinal Basidiomycetes myce-
lial biomass on tumor cells of different origin was exam-
ined. The data obtained revealed a higher cytotox-
ic/cytostatic effect of the purified cytokinin fractions in com-
parison with crude methanolic extracts; also higher apop-
totic index and decreased glycolysis were recorded. These
results confirm the assumption that biologically active sub-
stances of medicinal mushrooms with high pharmacologi-
cal potential include cytokinins.
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KuviBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LLleBueHka, KuiB, YkpaiHa

BMNJINB BIONION4YHO AKTUBHMX EKCTPAKTIB 3 BACOKUM BMICTOM LINTOKIHIHIB
3 MILENIAJIbHOI BIOMACW HERICIUM CORALLOIDES
TA FOMITOPSIS OFFICINALIS HA NYXNUHHI KNITUHW IN VITRO

Bidomo, wjo ¢himoz2opMoHU YUMOKiIHIHU cmuMynoromb nodin KNiMuH y PocyiuH. Y mKaHuUHax meapuH i JIl0OUHU Haenaku, 80HU iHOyKyromb
anonmo3s i 61oKyromb KAimuHHUU YUK WUpPOKO20 criekmpa nyxsuHHUX KnimuH. TepaneemuyHa 8isi yUMOKiHiHI8, 30KpeMa iXHs npomunyxauHHa
ma imyHomodynroroya Oisi, aHanoziyHa Oil nikapcbkux 2pubie. Mu eusieunu yumokiHiHu e MiuenianbHili 6iomaci deox eudie nikapcbkux 2pubie,
supouweHoi in vitro (Fomitopsis officinalis wmam 5004 ma Hericium coralloides wmam 2332). BusieneHo mpaHc-3eamuH, 3eamuHpu6o3ud, 3eamuH-
O-2n110k03ud ma izoneHmeHinadeHiH. [locnidxeHo ennue HeoYUWEHUX eKcmpakKmie ma o4uuwieHux ¢hpakyili yumokiHivie 3 MiyenianbHoi 6iomacu
Ha picm i po3eumok Kynbmyp niditi nyxnuHHux knimuH: Hela (MTT-aHanis), T24/83 (xumme3damuicms i pieeHb anonmomu4Hux knimuH) ma HepG2
(3aceocHHs 2s1l0K03u). BusienneHo 6inbw eucoKy yumomokcu4Hy/yumocmamuyHy Oiro oyuweHuUx gppakuili YUMOKiHiHie NopieHSAHO 3 HeoYuweHu-
MU MemaHOJSIbHUMU eKcmpakKmamu; makox 6yno 3agpikcoeaHo euwuli anonmomuyHuli iHdekc. 1id ennueom AocnidxyeaHux azeHmie crocmepi-
2asocs nocusieHHsl No2JIUHaHHs 2J1I0KO3U € KnimuHu. Leli nokasHuk 6ye euwum O Heo4duuweHUX ekcmpakmie miyeniro 2pubie, modi sik nid diero
oyuweHuUx ¢hpakuyili weudKkicms Mo2/IUHaHHS 2/1F0KO3U 6yria HUX4Y0to, peecmpyeascsi 3HUXeHUl 2nikoni3. Takox ernnue sik cupo2o eKkcmpakmy,
mak i o4uweHoi ¢ppakuyii miyeniansHoi 6iomacu H. coralloides Ha no2nuHaHHS 2/1I0KO3U 8 KOHOUYioHoeaHOMY cepedosuwsi 6ye MeHWUM 8iOHOCHO
F. officinalis. Bnnue yumokiHiHosux ¢ppakyili 3 miyenianbHoi 6iomacu Fomitopsis officinalis Ha namozeHHi knimuHu 6ye euwuM MOPIi8HSIHO 3
Hericium coralloides. Lji pesaynbmamu niompumytoms npunyuwieHHsi, wjo do cknady 6ios102i4HO aKMUBHUX PEYOBUH JliKapCcbKux 2pubie 3 8UCOKUM
ghapmakos102i4HUM MOMeHYiaioM exo8simb YUMOKIHIHU.

Knro4voei cnoea: nikapcbki 2pubu, miyenianbHa 6iomaca, yumokiniHu, HepG2, T-24/83 ma Hela knimuHu.
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BIMNAHWE BUOJTIOMMYECKU AKTUBHbIX 3KCTPAKTOB
C BbICOKUM COOEP>XAHMEM LUUTOKUHNHOB C MULIENTMANIbHOU BUOMACCbDI HERICIUM CORALLOIDES
N FOMITOPSIS OFFICINALIS HA ONYXOJIEBbIE KINETKW IN VITRO

MN3eecmHo, Ymo ghumo20pMOHBLI UUMOKUHUHBI cmuMynupytom desieHue K/iemok y pacmeHul. U Hanpomue, 8 mKaHsiX XXUBOMHbIX U Yyesloeeka
OHU UHAyyupyrom anonmo3s u 610KuUpyroMm KIemo4HbIl YUK/ WUPOKO20 crieKkmpa oryxosieebix Kiemok. Tepaneemuyeckoe delicmeue YUMOKUHU-
HO8, 8 YacCMHOCMU UX MPOMUuUEBOoOINyx0/ieeoe U UMMYHOMOOynupyoujee delicmeue, aHa/mo2uyHo delicmeuro slekapcmeeHHbIx 2pu6oe. Mbl o6Ha-
PYXUunu yumoKUuHUHbI 8 MuuesnuanbHol 6uomacce dsyx sudoe siekapcmeeHHbIX 2pubos, ebipaujeHHol in vitro (Fomitopsis officinalis wmamm
5004 u Hericium coralloides wmamm 2332). BbisiesieHo mpaHc-3eamuH, 3eamuHpu60o3ud, 3eamuH-0-2/110K03ud u usoneHmeHunadeHuH. Uccnedo-
8asiu enusiHUe HeoYUWeHHbIX 3KCMPaKMoe U OYUWeHHbIX ¢hpaKyull yUMOKUHUHO8 U3 MuyesuanbHol 6uomMacckbl Ha pocm u pa3sumue Kynbmyp
nuHull onyxoneenbix knemok: Hela (MTT-aHanu3), T24 / 83 (u3Hecnoco6HocmMb U ypoeeHb anonmomuYyeckux kemok) u HepG2 (yceoeHue anto-
Ko3bl). BbisieanneHo 6osiee ebicokoe yumomokcuyeckoe / yumocmamu4veckoe delicmeue OYUWEeHHbIX hpakyuli YUMOKUHUHO8 MO CPasHeHUlo C
HeoYUWeHHbIMU MemaHOJ/IbHbIMU 3KCmpakmamu; makxe anonmomudyeckuli uHOeKkc 6bin 3aghukcupoeaH ebiwe. 100 enusiHueM uccredyembix
azeHmoe Habnodanock ycuseHue rno2sowWeHuUsi 2/1l0Ko3bl 8 Kiiemku. dmom nokazamesib 6bin ebiwe Ot HeOHYUWEHHbIX 3KCMpakmoe muuyenus
2pubos, mozada kak nod delicmeueM OYUWEHHbIX hpaKyuli CKOPOCMb M02JIOU4eHUST 2/TI0KO3bl Obisla HUXe U pe2ucmpupo8asicsi MOHUXEeHHbIU a/u-
konu3s. Takxe eflusiHue KaK CbIpo20 3KCmpaKkma, mak u oJuuw,eHHol ¢pakyuu muyenuansHol 6uomaccsi H. coralloides Ha noznoujeHue 2/110K03b1 8
KOHOUYUOHUpoBaHHOU cpede 6bl10 MeHbWwe No cpasHeHutro ¢ F. officinalis. BnusHue yumokuHUHOBOU (hbpakyuu u3 mMuyenuasabHol 6uomacchbl
F. officinalis Ha namozeHHbIe knemku 6bi10 ebiwe Mo cpasHeHuto ¢ H. coralloides. dmu pe3ynbmamsi noddep)xuearom npednosioxeHue, Ymo e
cocmae 6uos102u4eCcKU aKmuBHbIX 8ew,ecme siekapcmeeHHbIX 2pu608 ¢ 8bICOKUM hapMaKo/102uYeCKUM MomeHyuaaoM 8xo0sim YUMOKUHUHBI.

Knroyeenie cnoea: nekapcmeeHHble 2pubbl, MuyenuanbHasi 6uomacca, YumokuHuHbl, HepG2, T-24/83 u Hela knemku.
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ERECHTITES HIERACIFOLIA (L.) RAF. EX DC. (ASTERACEAE BERCHT. & J. PRESL) -
HOBUX BUO AOBEHTUBHMUX POCJIMH AN ®JIOPU KMIBCbKOINO Mnorniccsa

lMoeidomneHo npo 3Haxidky Erechtites hieracifolia (L.) Raf. ex DC. (Asteraceae Bercht. & J. Presl) — Hoeo2o eudy adeeHmue-
Hux pocsiuH dns ¢nopu Kuiecbkozo [lMoniccs, 3aghikcoeaHo2o Ha mepumopii YopHobunbcbko020 padiayiliHo-ekos102iyHo20 6io-
cghepHo20 3anoeidHuka ma HayioHanbHo20 npupodHozo napky "lonociiecbkuii”. Bud nieHiYHOaMepPUKaHCBLKO20 MOXOGXEHHS,
3a Yyacom 3aHeceHHs1 — KeHoghim, 3a crnoco6oM 3aHeCeHHs1 — KceHogim, 3a cmyneHeM Hamypanisayii — konoHogim. Ynepwe 8
pezioHi docnidxeHb lio2o susienieHo 8 2018 p. Ha mepumopii 6iocghepHO20 3anoegiOHUKa: Ha MiGHIYHIU OKOMUYi KOMUWHBLO20
c. InoeHuys leaHkiecbkozao p-Hy Kuiecbkoi 06s1. 32000M, y 2019 p., eud eidmivyeHull wie Ha d8ox dinsiHKkax 3anoeiOHUKa: 8 OKoJu-
ysix konuwHix cin KnueuHu ma Kam'siHka uyiei obnacmi. 3azanom 3aghikcoeaHo noHad 30 pocnuH eudy, Ik eecemamueHuX, sIKi
cymmeeo rnepeesaxaromb, mak i 2eHepamueHux. PocnuHu eiomivyeHi criopaduyHo Ha 2asisieuHax COCHOB020 Jlicy ma Jsicoeux
dopozax y cknadi HecghopMosaHUX POCIIUHHUX y2pyrnoeaHb. Y cepnHi 2019 p. esud eusiesieHO MakKox Ha mepumopii HayioHanb-
Hoz20 npupodHozo napky "lMNonociieckbkuli” (CessmowuHcbko-binuyaHcbke €iddineHHs1), e PoC/IUHU Pocyiu MOOOUHOKO abo Heae-
nukumu epynamu no 5-10 ocobuH. HuHi Ha docnidxeHux 06'ekmax NnpupodHo-3anoeioHo20 ¢hoHAy siOmiyeHo 6/1u3bko 60 ekzem-
nnspie eudy. Ha mepumopiro Kuiecbkozo lMoniccsi eud nompanue, iMO8IpPHO, KiZlbKa poKie momy, 3aHeceHHsI POCJIuUH eidbyearo-
cs1 asmomazicmparnsimu, siki 0OHU euKopucmosyromb sik eimpoei kopudopu, 3o siKux npusisi2arome Jlicoei Macueu, a MaKox 3a
dornomMoz2or0 mpaHcrnopmy; He 8UKI/THOYEHO, W0 po3cesieHHs1 diacrop 30ilicHiogasocs U 3a dorromozoro nmaxie. CknadeHo Kap-
mocxemu nowupeHHs1 eudy e peczioHi. HasedeHo OaHi npo nepeuHHuUli i emopuHHuUl apean E. hieracifolia, ekonoeo-
gimoyeHomu4Hy npuypo4eHicmb pocsiuH. PekoHcmpylioeaHO OCHOBHiI emanu 3aHeceHHsI ma nodasibwoao Po3Mo8ClOOKeHHS
eudy e YkpaiHi, Akuli nowuproemscs nepedycim y 3axiOHux ma nieHi4HuUXx palioHax KpaiHu U eusiesisie meHOeHYit0 o akmueHo20
nowupeHHs e iHwi pezioHu. B €eponi Hanexums 0o iHeasiliHux eudie, sAkuli nidnsi2cae KOHMPOJIO 3a MOWUPEHHSIM.

Knroyoei cnoea: Erechtites hieracifolia, eud adeeHmueHux pocnuH, gpriopucmuyvHa 3Haxidka, Kuiecoke lNoniccs, YkpaiHa.

Betyn. OcTaHHiM Yacam B YKpaiHi cnocTepiraeTbecs ak-
TMBHE MOLUMPEHHSA HU3KU BUAIB afBEHTUBHUX POCMWH, 30-
Kpema i TUX, WO HanexaTb OO rpynu iHBasiiHux. Bpaxosy-
04U iXHIA HeraTMBHWI BMNNUB Ha OOBKINMs, Taki BMan no-
TpebyoTb MOHITOPUHIY Ta PO3pPOOKN 3axodiB KOHTPOSIO 3a
IXHIM noganbLUUM po3noBCOMKEeHHsAM. [1o Takmx, 3okpema,
Hanexutb Erechtites hieracifolia (L.) Raf. ex DC. (Aster-
aceae Bercht. & J. Presl), Buag niBHiYHOaMepmkaHCbLKOro
noxoaXeHHs [6]. PocnvHn BUAay NpoAyKYyTb BEMUKY Kifb-
Kictb (8o 30.000) HaciHHS 3 ofgHiei pocnvHm [14, 16], ske
30epirae 3gaTHICTb OO0 NPOPOCTaHHA MNPOTArOM BOCbMU
pokiB [13]. YTBOpIOtOUM mMacoBi 3apocTi, E. hieracifolia, 30-

kpema B [MonicbkoMy NpMpPOAHOMY 3anoBiAHUKY, HA YaCTUHI
NICNANOXEXHUX AINAHOK LWiMbHICTL MOro Monynsauin ckna-
nae 60-80 ocobuH/M?, WO NPU3BOAUTL A0 36iAHEHHS dro-
PUCTUYHOrO Pi3HOMAHITTS MICOBMX LIEHO3IB, MepeLuKomKa-
04N MPUPOLAHOMY BiAHOBMEHHIO MPOPOCTKIB Ta NiApOCTy
JepeBHOro Ta TpaB'sHO-YarapHWYKOBOro SApycis. JliMiTyto-
YMMU PaKTOpaMU MOro MOLUMPEHHSI € piBEHb OCBITIEHHS,
BMIiCT MiHepanbHOro asoTy Ta BoOnorictb rpyHTy [5].
B €Bponi uei BUO BU3HAHUI iHBA3IMHUM, SKUIA Mignsarae
koHTponto EPPO. OkpiM TOro, pocnvHu OTPYMHi, OCKiNbKn
MicaTb niponiauguHoBi ankanoign [5]. 3asHavaeTbcs, WO
E. hieracifolia € cepepn rocnogapiB HemaTod pPOOVHM
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