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Introduction

Aim. To study the influence of melatonin and recombinant human fibroblast growth factor
(thFGF-2) on human umbilical cord multipotent mesenchymal stromal cells (hMMSCs) effects
at experimental demyelination. Methods. Adult mice were fed with neurotoxin cuprizone for
3 weeks. hMMSCs (5x10° cells) were injected on the 10th day of cuprizone diet. Injections
of melatonin or thFGF-2 were started on the 11th day of cuprizone diet. We used cell culture,
flow cytometric, spectrophotometric and histological methods, “open field” and “rotarod” tests.
Results. Under the cuprizone influence the motor-, emotional activities and muscle tone de-
creased. The malondialdehyde (MDA) content in brain increased while the activity of anti-
oxidant enzymes decreased. After injection of hMMSCs the number of crossed squares and
grooming activity increased while MDA content decreased. Melatonin and thFGF-2 injections
enhanced the effect of cells on grooming activity and increased the glutathione reductase activ-
ity. Melatonin also increased the number of boluses, muscle tone and glutathione peroxidase
activity. Conclusion. Melatonin and thFGF-2 improve the effect of hMMSCs in cuprizone-
treated mice. The effects of hMMSCs and melatonin combination is greater than that with
rthFGF-2.
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Multiple sclerosis is a progressing demyelinat-  disorders. In this disease, the oxidative stress
ing, neurodegenerative disease with the loco- and neuroinflammation factors damage the
motor, emotional, autonomic and cognitive nerve cells [1]. The transplantation of multi-
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potent mesenchymal stromal cells (MMSCs)
of various genesis is often used in the treat-
ment of multiple sclerosis [2, 3]. So, the hu-
man umbilical cord MMSCs (hMMSCs) cells
are capable of proliferation in vitro, multilinear
differentiation, synthesis of anti-inflammatory
cytokines and growth factors as well as of im-
munomodulation [4, 5]. According to our data,
the antioxidant effects of transplanted
hMMSCs are combined with the positive be-
havioural changes in experimental demyelin-
ation [6].

It is known that the majority of MMSCs die
within three days after their transplantation
into pathology-affected organisms [7]. The
pineal hormone melatonin influences the sur-
vival, differentiation, proliferation and migra-
tion of transplanted MMSCs [8, 9]. Melatonin
also exhibits neurotrophic, antioxidant, anti-
inflammatory, immunomodulatory and anti-
apoptotic properties [10, 11]. Noteworthy, the
melatonin production by the pineal gland is
reduced in the animal multiple sclerosis mod-
els whereas the injections of this hormone have
neuroprotective and remyelinating effects and
improve the central nervous system (CNS)
functioning [12, 13].

Fibroblast growth factor (FGF-2)/basic FGF
reduces the number of brain microglial cells
and macrophages and improves the locomotor
activity of the animals with induced demyelin-
ation [14, 15]. FGF-2 in the brain promotes
proliferation of the neural stem cells (NSCs),
inhibits apoptosis of neurons and activates
precursors of the myelin-synthesizing cells
[14, 16]. The antioxidant enzymes activity
changes under the influence of FGF-2 in ani-
mals with pathologies [17]. Besides, the migra-
tion, proliferation and differentiation of the
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MMSCs changed under the influence of FGF-
2 [16, 18].

Our purpose was to study (1) the effects of
hMMSCs transplantation on functional and
structural CNS changes, oxidative stress and
brain’s antioxidant defence factors in mice
using the model of demyelination (multiple
sclerosis); and (2) to assess the possibilities of
changing the above effects of these cells using
melatonin or FGF-2.

Materials and methods

Animals. The studies were conducted on
6—7 months old male 129/Sv mice (H-2b gen-
otype) (n = 80) from the Institute of Genetic
and Regenerative Medicine of NAMS of
Ukraine (IGRM). The animals were kept under
standard conditions with 12:12-h light/dark
cycle. Biological material was obtained from
animals after euthanasia by decapitation under
ether anesthesia. All experimental procedures
were carried out in accordance with the
European Convention for the Protection of
Vertebrate Animals used for experimental and
other scientific purposes (Strasbourg, 1986)
and were approved by the IGRM Bioethic
Commission.

Models. Mice were given neurotoXin cu-
prizone ([bis(cyclohexanone)-oxaldihydra-
zone], Sigma, USA) with food daily (0.2 % of
mass of the daily feed), for three weeks [1, 19].

hMMSCs. Human MMSCs were obtained
from the umbilical cord of male full-term new-
born by explant isolation method. The explants
were cultured in DMEM/F12 nutrient medium
(Biowest, France) supplemented with 10 %
fetal calf serum (HyClone, USA) at +37 °C
and 5 % CO,. [6]. Second passage hMMSCs
have been used for transplantation into ex-
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perimental mice. The population of obtained
cells met minimum criteria for hMMSCs as
characterized by expression of CD73*/CD90*/
CD105* and the absence of CD45-/CD34- cell
markers. The MMSCs obtained also showed
the ability to differentiate in vitro in a multi-
linear direction (osteoblasts, chondrocytes and
adipocytes). The viability of cells for trans-
plantation was 96 %.

hMMSCs were injected once into the tail
vein of mice on the 10th day of cuprizone diet
at a dose of 5-10° cells per 50 ul of saline. It
was found that after 8-10 days of cuprizone
treatment there were signs of demyelination
and apoptosis of oligodendrocytes in the brain
as well as changes in the structure of neurons
and in the behavior of mice [1, 20].

Melatonin (Sigma, USA) was administered
to mice intraperitoneally at 6 p.m. daily at a
dose of 1 mg/kg from the 11th day until the
21th day of the cuprizone diet.

Recombinant human fibroblast growth fac-
tor (rhFGF-2) was obtained from E. coli ac-
cording to a standard procedure [21]. The pro-
angiogenic activity of rhFGF-2 was assessed
by [the] chick chorioallantoic membrane
(CAM) assay. RhFGF-2 was injected intra-
peritoneally (20 pg/kg) starting from the 11th
day of cuprizone diet, 8 injections with 48 h
interval.

Groups of mice: Block I: 1 — mice kept on
standard diet (intact group); 2 — mice recei-
ving cuprizone and solvent (saline) injections
(control group); 3 — mice receiving cuprizone
and hMMSCs injection; 4 — mice receiving
cuprizone, hMMSCs and melatonin injections.
Block II: 1 — mice kept on standard diet
(intact group); 2 — mice receiving cuprizone
and solvent (saline) injections (control group);

3 — mice receiving cuprizone and hMMSCs
injection; 4 — mice receiving cuprizone,
hMMSCs and rhFGF-2 injections. Each ex-
perimental group contained 10 animals.

This work does not include a group of
cuprizone-treated mice, which were injected
with melatonin or thFGF-2 only since these
studies were published previously [12, 15].
However, the common methodological ap-
proaches in the previous and present studies
allow us to compare the effects of melatonin
and rhFGF-2 when administered alone and in
combination with hMMSCs.

The behavioral reactions in mice were stu-
died in the “open field” test and rotarod test
[12]. In the “open field” test we evaluated:
horizontal locomotor, exploratory and emo-
tional activity. All mice were tested for 3 min-
utes. Rotarod test (test with a rotating cylinder)
allowed us to evaluate the motor coordination
and balance/muscle tone. The rotation speed
was changed sequentially from 10 rpm to
20 rpm. Data were presented as total time (s)
of keeping the mice on the rod.

Factors of oxidative stress and antioxidant
protection were determined, as described pre-
viously [12, 20]. The malondialdehyde (MDA)
content in brain homogenate was determined
by colour intensity of the trimethine complex
formed between thiobarbituric acid and MDA.
The antioxidant enzyme activities were mea-
sured in the supernatants of brain homogenates
by a spectrophotometric assay (nQuant spec-
trophotometer, Bio-Tek, USA).

For morphologic studies the histological
sections of cerebral cortex and hippocampus
were stained with toluidine blue. The brain
cellular degeneration was calculated as number
of injured neurons (picnotic, dark, deformed
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cells) in cortex and per 1000 pm by the length
of CA1 region of hippocampus. The area of
brain neuronal nuclei was calculated in only
non-degenerated neurons (mkm?).

Statistical analysis of the results was carried
out using #-student test and Mann-Whitney
U-test. Statistica 7.0 software (StatSoft Inc.,
USA) was used for statistical analysis of the
results.

Results

The effect of hMMSCs and their combination
with melatonin on behavior and parameters
of brain oxidative stress in cuprizone-treated
mice. We found a decrease in the locomotor,
emotional and exploratory activities in mice
on a cuprizone diet compared with the intact
group (Table 1). The number of crossed squares
and grooming acts significantly increased after

hMMSCs transplantation compared with the
control group, but only grooming acts reached
the values of intact mice. After injections of
hMMSCs and melatonin the numbers of bo-
luses and grooming were significantly higher
than in the group with cells transplantation
only and control group. The rotarod retention
time in mice treated with hMMSCs and mela-
tonin was practically the same as in intact
mice.

After cuprizone treatment the brain MDA
content increased and the glutathione peroxi-
dase (GPx) activity decreased as compared
with intact values (Table 1). After injection of
hMMSCs to cuprizone-treated mice the brain
MDA content decreased to the values of intact
group. The injections of hMMSCs and mela-
tonin led to a significant decrease in the MDA
content compared with control mice. Besides,

Table 1. Indices of behavior and brain oxidative stress in mice of experimental groups, M = m

Experimental groups of mice
Indicator Intact group | Cuprizone + saline Cuprizone + Cuprizone + hMMSCs +
(control) + hMMSCs + melatonin
Behavior
Number of squares 72.5+4.2 28.6+3.7* 40.8+£3.7*# 43.5+£5.2%#
Number of rearing 2.1£0.4 1.1+£0.2%* 1.0£0.1%* 0.9+£0.2%*
Number of boluses 2.5+0.3 0.7+0.1* 0.5+0.1* 1.5£0.3%#&
Number of “holes” 2.3+0.3 0.6+0.1* 0.6+0.2* 0.5+0.1*
Number of grooming acts 0.4+0.1 0.2+0.01* 0.4+0.1# 0.7+0.1#&
Remained on a rod, s 105.5+£12.2 72.5+8.4* 65.6+13.5* 88.5+15.1
Oxidative stress in the brain

Malondialdehyde, nmol/mg 4.5+0.5 7.3+0.8* 4.6+0.3% 5.1+0.6%
Superoxide dismutase, U/mg-min 14.6+0.8 15.4+0.8 15.8+0.6 16.4+0.6
Catalase, pmol/mg-min 0.9+0.2 0.8+0.1 1.0+0.2 0.8+0.1
Glutathione peroxidase, nmol/mg-min 7.8+0.5 4.4+0.3* 5.5+0.3* 6.8+0.4&
Glutathione reductase, nmol/mg-min 17.5£1.0 17.7+0.9 17.8£2.2 22.8+].8%#

Note: here and in table 2: p <0.05: * -vs intact group; # -vs control group; & - vs mice receiving cuprizone+hMMSCs
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the activity of GPx was higher than in the
group with only cells injection and the gluta-
thione reductase (GR) activity exceeded those
of control and intact groups.

Thus, hMMSCs transplantation positively
affected some altered behavior parameters and
the brain MDA content in cuprizone-treated
mice. The melatonin injections after hAMMSCs
transplantation enhanced their effect on the
behavior reactions and led to the positive
changes of the behavior parameters, which
remained unchanged after injection of
hMMSCs alone. The behavior improvement
was coincident with the MDA content decrease
and increase of brain antioxidant defence.

The effect of hMMSC+rhFGF-2 on be-
havior and brain oxidative stress in cupri-
zone-treated mice. The hMMSCs injection
into cuprizone-treated mice led to a significant
increase in the number of crossed squares and

grooming compared with control mice
(Table 2). After injections of hMMSCs and
rhFGF-2 the number of groomings exceeded
that not only in the control mice but also the
in animals receiving hMMSCs alone.

The MDA content in the brain of cuprizone-
treated mice with both the injection of
hMMSCs and their combination with rhFGF-2
decreased to the values of intact mice (Table 2).
The injections of cells and rhFGF-2 resulted
in an increase of brain GR activity compared
with the hMMSCs-treated mice.

Thus, injections of rhFGF-2 following
hMMSCs transplantation enhanced their ef-
fects on the groomings in cuprizone-treated
mice. This was combined with decreased MDA
content and increased brain GR activity.

The effect of combination of h(MMSCs and
melatonin or rhFGF-2 on the structural
changes in CNS of cuprizone-treated mice.

Table 2. Indices of behavior and brain oxidative stress in mice of experimental groups, M = m

Experimental groups of mice
Indicator Intact group Cuprizone + saline Cuprizone + Cuprizone +
(control) +hMMSCs +hMMSCs + rthFGF-2
Behavior
Number of squares 69.2+£5.2 16.5+1.9* 39.0+3.4%# 25.5+6.8*
Number of rearing 1.3+0.3 0.5+£0.2* 0.5+£0.2* 0.4+0.1*
Number of boluses 2.2+0.3 0.1+0.01* 0.1+0.01* 0.1+0.02*
Number of “holes” 2.0+0.3 0.4+0.1* 0.3£0.1* 0.3£0.1*
Number of grooming acts 0.5+0.1 0.1+0.01* 0.3+0.02% 0.8+0.2#&
Remained on a rod, s 110.1£13.2 66.8+14.2* 60.5+18.6* 61.0+£15.5*
Oxidative stress in the brain

Malondialdehyde, nmol/mg 3.7+0.3 7.8+0.5* 3.3+0.3* 3.4+0.4%
Superoxidedismutase, U/mg-min 12.2+0.9 11.9+0.8 12.5+0.6 13.2+0.7
Catalase, pmol/mg-min 0.8+0.1 0.9+0.1 1.2+0.2 0.9+£0.2
Glutathione peroxidase, nmol/mg-min 7.1£0.4 5.5+0.3* 5.3+0.4%* 6.1£0.2%*
Glutathione reductase, nmol/mg-min 15.6+1.7 14.8+1.5 14.6+1.3 19.2+1.8%
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A large number of dead (degenerated) neurons
were detected in the cerebral cortex and CA1
region of stratum pyramidale in all experimen-
tal groups compared with intact mice (Fig. 1).

The morphometric analysis of non-degen-
erated brain neurons revealed a significant
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increase in the area of nuclei after the use of
cuprizone (Fig. 2).

According to our earlier data, an increase
of the area of CNS neurons may be a manifes-
tation of their reactive changes to toxic influ-
ence of cuprizone [20]. In current study, the
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Fig. 1. The density of degenerated neurons in cerebral cortex (4), CA1l zone of hippocampus (B) in experimental
groups of mice (I — intact mice; 2 — cuprizone (control group); 3 — cuprizonethMMSCs group; 4 —
cuprizonethMMSCs+melatonin group; 5 — cuprizone+thMMSCs+rhFGF-2 group, * — P<0.05 vs intact group
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Fig. 2. Area of the nucleus of non-degenerated neurons in the cerebral cortex (A4), CA1 zone of hippocampus (B) in
experimental groups of mice (1 — intact mice; 2 — cuprizone (control group); 3 — cuprizone+thMMSCs group;4 —
cuprizone+ hMMSCs+melatonin group; 5 — cuprizonethMMSCs+rhFGF-2 group. ¥ — P<0.05 vs intact group;
# — P<0.05 vs control group; ## — vs cuprizonethMMSCs+melatonin group
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area of nuclei of non-degenerated neurons in
cortex and hippocampus after injection of
hMMSCs was similar to that of intact mice.
So, transplantation of hMMSCs can reduce the
structural changes of neurons in cerebral cor-
tex and hippocampus of cuprizone-treated
mice. The similar structural changes in the
brain demonstrated the combination of
hMMSCs with melatonin (cerebral cortex),
and with thFGF-2 (cortex and hippocampus).
However, the changes of indices in brain cor-
tex in case of the cell with melatonin combina-
tion were greater than those in case of the cell
combination with rhFGF-2.

Discussion

Influence of hMMSCs transplantation on the
behavior and oxidative stress in the brain of
cuprizone-treated mice Transplantation of
hMMSCs to the cuprizone-treated mice de-
creased the MDA content in brain and caused
certain positive morpho-functional changes in
CNS. Our morphological data are consistent
with the results of other authors [22]. The
antioxidant properties of hMMSCs in the de-
myelinating pathology were shown in [1, 23].
Anti-inflammatory properties of hMMSCs may
be also important in their positive effects in
cuprizone-treated mice. Thus, cuprizone led to
imbalances in pro- and anti-inflammatory cy-
tokines and activation of macroglia cells in the
brain [1, 12, 20]. However, after the injection
of hMMSC:s to the animals with demyelinating
pathology, a decrease in reactive gliosis in the
brain and behavior improving were estab-
lished [6, 24].

Effects of hMMS C+melatonin administra-
tion to cuprizone-treated mice. Because in the
current work the changes of some indices of

behavior in the group with hMMSCs +melato-
nin were similar to those in the cuprizone-
treated mice injected only with melatonin [12],
it was possible to suggest their connection with
the influence of hormone alone. Thus, melato-
nin affects the viability, proliferation and dif-
ferentiation of NSCs and increases brain-de-
rived neurotrophic factor expression, the num-
ber of differentiating neuroblasts in the brain,
which reduced under the influence of cuprizone
[25]. We also revealed activation of neurogen-
esis and myelinogenesis in the brain of cupri-
zone-treated mice after injections of melatonin
[12, 19]. In the current study, we observed a
positive effect of the hMMSCs on melatonin
combination to the reactive changes of non-
degenerated neurons in cerebral cortex.
According to the data of Anderson and co-
authors [26], the antioxidant and anti-inflam-
matory properties of melatonin are important
for its therapeutic effect in demyelinating pa-
thology of CNS. In the current work we ob-
served the activation of brain antioxidant en-
zymes only in the mice injected with hMMSCs
and melatonin. Our earlier results showed the
behavior improvement, activation of neurogen-
esis, and a decrease in the MDA content, the
number of macrophages in the brain of cupri-
zone-treated mice after melatonin injection [12].
It is a known fact that about 80 %—90 % of
MMSCs die within 72 hours after transplanta-
tion, which is connected with the influence of
oxidative stress, neuroinflammation and hy-
poxia in damaged tissues [7]. Melatonin pro-
tects MMSCs against apoptosis by acting as a
scavenger of free radicals, activating gene
expression of antioxidant enzymes, and inhi-
biting the production of tumor necrosis factor-a
and IL-6 in MMSCs [7, 8]. Additionally, me-
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latonin enhances the migration of MMSCs into
the damaged area and their effects on the neu-
rogenesis in CNS pathology [9, 27]. Apparently,
the above-mentioned properties of melatonin
may explain the enhancement of positive ef-
fects of hMMSCs in cuprizone-treated mice
after injections of cells and melatonin.

Effects of h(MMSCs+rhFGF-2 administra-
tion to cuprizone-treated mice. In this ex-
periment, injections of the cells with rhFGF-2
improve the emotional activity (grooming) of
cuprizone-treated mice. One of the possible
pathways for positive influence of FGF-2 in
CNS pathology is the change in the number
and/or activity of neuroinflammatory cells and
[the] antioxidant effect [17, 28]. According to
our earlier data, the amount of active macro-
phages in the brain of cuprizone-treated mice
decreased after injections of thFGF-2 [15]. In
the current work, the use of hMMSCs in com-
bination with thFGF-2 led to an increased
brain GR activity in such mice.

The effects of combined administration of
hMMSCs+melatonin or +rhFGF-2 in cupri-
zone-treated mice, had common features and
some peculiarities. The common feature was
the enhancement of hMMSCs effects on the
grooming frequency and GR activity in the
brain. It was found that melatonin increased
the b-FGF production by the MMSCs in ani-
mals with CNS pathology [27]. This is most
likely why we observed unidirectional chan-
ges in some indices when using a combination
of hMMSCs with melatonin as well as with
rhFGF-2. The particular feature of the effects
of injection of cells with melatonin consists
in more pronounced positive changes in the
behavior and antioxidant protection in the
brain of cuprizone-treated mice.
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Conclusion

Transplantation of the hMMSCs has a positive
impact on the morpho-functional changes in
CNS and manifestations of oxidative stress in
the brain of adult mice with the cuprizone
model of demyelination. The injections of
melatonin or thFGF-2 after the hMMSCs
transplantation improve the therapeutic effect
of the cells in cuprizone-treated mice. The ef-
fects of h(MMSCs and melatonin combination
on behavioral responses and brain antioxidant
protection is greater than that of the cells with
rhFGF-2. The research results can be useful in
the development of approaches to the cell
therapy for demyelinating pathology.
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MenatoHiH i pakTop pocty (pidpodaacTin-2
NOCUJIIOIOTH eeKTH MYJIbTHIIOTEHTHHX
Me3eHXiMaJIbHUX CTPOMAJIbHUX KJIITHH MyNOBUHU
JIIAWHM Yy MUIIIEH i3 KynpHU30HOBOIO MO/IEJLIIIO
nemieainizamii

I. @. Jlabynens, H. O. YTKo, O. K. Toioposa,
C. I. CaBockko, S. O. IToxoneHko,
T. M. IlanTeneiiMmonosa, I. M. Bytenko

Merta. /locnianTH BIUIMB MEJIATOHIHY 1 peKOMOIHAaHTHOTO
(hakTopy pocty ¢idbpobnacriB-2 monuan (thFGF-2) na
e(eKTH MyIBTUTIOTCHTHIX ME3EHXIMAJIbHUX CTPOMAIbHHX
Ki1iTHH mynoBuHu monuan (MMCK-IT) npu excniepumen-
Taxp Hil gemieninizamii. Meromm. JJopocni My oTpu-
MyBaJI HEMPOTOKCUH KyNPHU30H BIPOJOBX 3 THIKHIB.
MMCK-IT (5x105 knitun) BBoanm Ha 10 1eHb KynpH30-
HOBOI jieTH, MenatoHid a6o thFGF-2 — 3 11-ro gus
puiioMy KynpH30HY. BUKOpHCTOBYBaJIMCS CTaHIApHTHI
METOIIMKN KyJIBTYpajibHi, CeKTpodoToMeTpuyHi, mpo-
TOYHOT IUTOMETPIi, TICTOJIOTiYHI, TECT «BIIKPHUTE TTOJIE» 1
«porapon tect». Pesyasraru. I1ix BrmmmBoM Kynpu3oHy
3MEHIIIyBaJIaCh PyX0OBa, EMOIliifHA aKTUBHICTB 1 M’ SI30BUI
TOHYC; Y TOJIOBHOMY MO3Ky 3pOCTaB BMIiCT MaJIOHOBOTO
miampaeriny (M/IA) i magana akTHBHICTE aHTHOKCHIAHT-
Hux epmentis. [Ticns BBenenass MMCK-IT uucno niepe-
CIYCHUX KBaJIpaTiB i BMUBAHb ITiJBHUIIYBAJIOCh, & BMICT
MJA 3menmryBaBes. In’exuii menaroniny i thFGF-2 no-
CUITIOBAJIM €(PeKT KJIITHH Ha YKCJIO BMUBAHB 1 ITiJIBUIILY-
BaJIM aKTUBHICTh INIIOTATIOHPEAYKTa3H. MeIaToHIH TaKOX
TIIBUIITYBaB YMCIIO OOJIOCIB, M’ SI30BHI TOHYC 1 aKTHBHICTb
DIroTaTioHnepokeuiasy. BucHoBku. Menaronid i thFGF-2
riokpantyBan epexrn MMCK-IT y muineit i3 Kynpuso-
HOBOIO JieToro. Edekt komOiHallii KITHH 3 MeJTaTOHIHOM
BUpasHimwmi, Hix i3 thFGF-2.
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MenaTtoHuH U ¢pakTop pocta ¢pudpodaacToB-2
ycrnJuBaKoT 3¢ ¢eKThl MyJIbTHIOTEHTHBIX
Me3eHXHMAJIbHBIX CTPOMAJIBHBIX KJIETOK
NYNOBMHBI YeJI0BEKA y MbIIIeii ¢ KynpH30HOBOM
MOEJIbI0 JeMHeTUHN3ANHI

H. @. Jlabynen, H. A. Ytxo, E. K. Tormoposa,
C. H. CaBocsko, S. O. [Toxonenko,
T. H. TTanTeneiimonosa, I. M. Bytenko

Heas. VccnenoBarh BIMSHUE MENAaTOHWHA U PEKOMOU-
HaHTHOTO (pakTopa pocta GUOpPoOIacTOB-2 YeIOBEKa
(thFGF-2) na 3¢ ¢eKTsI MyTbTUIIOTEHTHBIX ME3eHXUMAITh-
HBIX CTPOMAaJBHBIX KJIETOK ITYITOBUHBI YeJIOBEKa
(MMCK-II) npu SKCIeprMeHTaTBHOM JeMUCITTHI3AINH.
Metoabl. B3pocibpie MbIIIM NOTyYad HEHPOTOKCUH Ky-
npu3oH B TeueHue 3 Henenb. MMCK-IT (5x105 kietok)
BBOAWIM Ha 10 neHb KyNpU30HOBOM JUETHI, MEJATOHUH
nmn thFGF-2 — ¢ 11-ro ausa npuema xynpusoHa. Taxxe
HCTIONB30BAIMCH CTaHJAPTHBIE METO/b! KyJIbTypabHON
paboTeL, crieTpodOTOMETPHS, IPOTOYHON ITATOMETPHS,
THCTOJIOTHH, TECT OTKPBITOE TIOJIE» U «POTAPOI TECT».
Pesynbrarsl. [log BaustHHMEM KyNpH30Ha yMEHBIIAIAch
JIBUTATEIbHAS, SMOIIMOHATBHAS AKTHBHOCTD U MBIIIICIHBIN
TOHYC; B TOJIOBHOM MO3T€ POCIIO COAep KaHUe MAJIOHOBO-
ro auansaeruaa (MZIA) v magana akTHBHOCTh aHTHOKCH-
nmaHTHBIX (hepmeHToB. [locne BBenernrst MMCK-IT uncio
MIepeCceueHHbBIX KBAIPaTOB M YMBIBAHWUH IOBBIIIAIOCH, a
coaepkanre M/IA ymensianocs. IHbeKIMM MeIaToHu-
Ha u thFGF-2 ycunmmBam >¢dekT KIeTok Ha YUCiio yMbl-
BaHWH W TOBBINIANN aKTHBHOCTH IIFOTATHOHPETYKTA3HI.
MenartoHUH TaKKe TOBBIIIAN YHUCIIO0 OOTIOCOB, MBIILICYHBIH
TOHYC ¥ aKTUBHOCTh DITFOTaTHOHITEPOKCHIa3b1. BHIBOIBI.
Memnarornn u thFGF-2 ymyumamm s¢dexrst MMCK-ITy
MBIIIEH ¢ KyNPU30HOBOH aueTod. D hekT KoMONHALH
KIJIETOK C MEJIaTOHUHOM 3HauuTenbHee, 9eM ¢ thFGF-2.

KawueBbie cJoBa: kynpuzon, MMCK, menaronus,
FGF-2, noBeaenue, OKCUIATUBHEIN cTpecc
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