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ABSTRACT

The effect of transplantation of umbilical cord-derived multipotent mesenchymal stromal cells (UC-MMSCs) to patients with demyelinating
diseases depends on the age of the recipient and can change under the influence of hormones or growth factors.

PURPOSE. To investigate the effect of exogenous melatonin and recombinant human fibroblast growth factor-2 (rhFGF-2) on the effects of
UC-MMSCs transplanted into aged mice with an experimental model of multiple sclerosis.

MATERIAL AND METHODS. 129/Sv mice, 15-17 months old, received the neurotoxin cuprizone with food for 3 weeks. From the 10" day of the
cuprizone diet, 5¢10° UC-MMSCs were injected intravenously. From the 11" day they received melatonin at 6° p.m. or rhFGF-2. The behavioral
parameters were evaluated in the open field test and rotarod test. In the brain, the activity of superoxide dismutase, catalase, glutathione per-
oxidase, glutathione reductase and the level of malondialdehyde (MDA) were assessed.

RESULTS. Cuprizone intake reduces the behavioral response in mice compared to the intact group. The transplantation of UC-MMSCs increases
the number of rearings and muscle tone in mice. Melatonin injections enhance the effects of cells on these parameters, as well as increase the
motor and emotional activity of animals. The injection of rhFGF-2 preserves the effect of cells on behavioral response and increases locomo-
tor activity in mice. After the injection of UC-MMSCs with melatonin or rhFGF-2, the content of MDA in the brain decreases and the activity of
antioxidant enzymes increases, this is more significant under the influence of melatonin.

CONCLUSION. Exogenous melatonin and rhFGF-2 improve the effects of transplanted UC-MMSCs on behavioral responses and brain antioxidant
defenses in aged mice with cuprizone diet. At the same time, the positive effect of the combination of cells with melatonin is more pronounced.

KEY WORDS: umbilical cord-derived multipotent mesenchymal stromal cells; melatonin; rhFGF-2; cuprizone,; demyelination, behavioral re-
sponse; oxidative stress
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One of the widespread disease of the central nervous system (CNS), The transplantation of multipotent mesenchymal stromal cells

multiple sclerosis, occurs mainly in young people, but recently it is in-
creasingly being detected in people over 50 years old [1]. Oxidative stress
and neuroinflammation are one of the pathogenetic links of functional
disorders of the nervous system in this disease, which manifestations
increase with age [2].
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(MMSCs) of various sources is increasingly used in treatment programs
for patients with multiple sclerosis [3, 4]. In particular, human umbilical
cord-derived MMSCs (UC-MMSCs) are capable of multilinear differentia-
tion, the production of anti-inflammatory cytokines and growth factors
(IL-10 and TGF-B), have a fairly good proliferative potential in vitro and



-~a -~a
=) =)
8 & a &
< !
| =]
& ¥ 3
€ L a
) h
(SR (SR
w 2]
w w

"?21"‘ TR T M T '?530 1?1 1t
CD90 FITC-A CD73APC-A

p

#

Count
P PO r
Count

w® ' ot o1 ST T

CD45 FITC-A CD34 APC-A

s 3
2

low immunogenicity [5-7]. At the same time, the effectiveness of UC-
MMSCs transplantation is not always evident, which may partly be due to
the different ages of the recipients [8, 9]. Thus, the authors found that the
survival and the ability for migration of MMSCs obtained from bone mar-
row or adipose tissue of young people after their administration into an
aged organism is less than in a young one. Using an experimental model
of demyelinating diseases, we have also shown a less pronounced posi-
tive effect of transplanted UC-MMSCs in aged recipient mice compared
to adult animals [10].

Itis known that hormones and growth factors can change the biologi-
cal properties of MMSCs and their therapeutic effect after transplantation
into an organism with disease. Thus, the pineal hormone melatonin af-
fects the differentiation, proliferation, migration, and survival of MMSCs
[11, 12]. In addition, this hormone regulates the biorhythms of many
body functions, exhibits neurotrophic, antioxidant, anti-inflammatory,
immunomodulatory and anti-apoptotic properties, thus affecting on some
links in the pathogenesis of multiple sclerosis [2, 13]. The production of
melatonin by the pineal gland decreases with aging of animals and the
development of demyelinating diseases, while exogenous melatonin ex-
hibits neuroprotective and remyelinating effects in such mice [12, 14-16].

Fibroblast growth factor-2 (FGF-2, basic FGF) alters the migration,
proliferation, and differentiation of MMSCs [17, 18]. This growth factor
also reduces the number of microglial cells and macrophages in the brain,
changes the activity of antioxidant enzymes, and improves behavioral re-
sponses in animals with experimental models of multiple sclerosis [19-
22]. The production of FGF-2 in MMSCs changes under the influence of
melatonin [23]. Therefore, a comparative analysis of the effects of the
combination of UC-MMSCs with melatonin or FGF-2 will provide additio-
nal information on the pathways of the effect of melatonin on the MMSCs
functions in demyelinating diseases in an aged organism.

PURPOSE. To investigate the effect of combined injection of UC-
MMSCs and melatonin or rhFGF-2 on behavioral responses, factors of
oxidative stress and antioxidant protection of the brain in aged mice with
an experimental model of multiple sclerosis.

MATERIALS AND METHODS

Animals. The studies were performed on male 129/Sv mice (genotype
H-2%) 15-17 months old from the vivarium of the State Institute of Genetic
and Regenerative Medicine of the NAMS of Ukraine. Mice of this strain
and age are sensitive to the effects of the neurotoxin cuprizone [10]. The
animals were kept under standard conditions, 12:12 light cycle with free
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access to food and water ad /ibitum. To obtain tissue for analysis, mice
were decapitated under ether anaesthesia in the morning. All experimen-
tal studies were carried out in accordance with the “European Convention
for the Protection of Vertebrate Animals, which are used for experimental
and other scientific purposes” (Strasbourg, 1986) and Article 26 of the
Law of Ukraine “On the Protection of Animals from Cruelty” (Ne 3447-1V,
dated 21.02.2006).

Experimental models. A previously described toxic cuprizone model
of demyelination was used in the study [24]. Aged mice received the neu-
rotoxin cuprizone [bis(cyclohexanone)-oxaldihydrazone] (Sigma-Aldrich,
Germany) with food daily (0.2 % of mass of the daily feed), for three
weeks. We have previously shown that in aged 129/Sv mice, administra-
tion of cuprizone according to this scheme leads not only to demyeli-
nation of neuronal axons, but also damage to the neurons in the central
nervous system (CNS), as well as the development of oxidative stress and
neuroinflammation in the brain [14].

Isolation and cultivation of UC-MMSCs. MMSCs were isolated from
the umbilical cord of a male fetus of a healthy woman after normal deli-
very (26 years old, the 39™ week of physiological pregnancy). The woman
signed an informed consent to provide the umbilical cord for research.
The primary cell culture of the umbilical cord was obtained by explant cul-
ture method. Under sterile condition, the vessels were removed from the
umbilical cord, and the tissue was minced into 2-3 mm fragments; after
that it was washed in phosphate buffered saline (PBS, BiolWest, France).
The resulting explants were cultured in flasks for adherent cells in a
DMEM/F12 nutrient medium (Biowest, France) supplemented with anti-
biotics (100 U/mL benzylpenicillin, 100 pg/mL streptomycin (Arterium,
Ukraine) supplemented with 10 % fetal bovine serum (HyClone, USA) at a
temperature of +37 °C and 5 % CO, [10, 25].

UC-MMSCs of the second passage were used for the transplanta-
tion into experimental mice. Upon reaching 70-80 % confluence of the
monolayer the cells were detached into suspension using a mixture of
trypsin and Versene solutions (Biowest, France) 1:1. The cells were ana-
lyzed for the expression of surface markers CD90, CD73, CD105, CD34,
and CD45. Immunophenotyping of cells by flow cytometry was performed
using mouse anti-human fluorochrome-labeled antibodies CD90-FITC,
CD73-APC, CD105-PerCP-Cy5-5, CD45-FITG, CD34-APC (BD Bioscience,
USA) on a BD FACSAria cell sorter (Becton Dickinson, USA). The popula-
tion of the obtained MMSCs was characterized by the immunophenotype
CD73+90+105*45-34- (Fig. 1), and also showed the ability to differentiate
in the multilinear direction in vitro. Adipogenic, osteogenic, and chondro-
genic induction was performed according to the recommendations of the
manufacturer StemPro® Differentiation Kits (Gibco, USA) [26].

To prepare for transplantation, the cells were washed twice with 10-
fold volumes of PBS and pelleted by centrifugation at 800 rpm for 10 min.
The viability of UC-MMSCs before transplantation assessed by the Trypan
blue staining was 96 % [27].

UC-MMSCs of the 2" passage were injected once into the tail vein
on the 10" day of the cuprizone diet at a dose of 5+10° cells per 50 pL
in saline. It was found that after 8-10 days of cuprizone diet in the brain
of mice of different lines, including 129/Sv, there was oligodendrocyte
apoptosis and changes in the structure of neurons and behavior [24, 28].
In addition, the therapeutic effect of human bone marrow-derived MMSCs
after transplantation into mice taking cuprizone has been shown [29].

Cell and Organ Transplantology| May 2021, Vel. 9, No.1 5



ORIGINAL RESEARCH

BLOCK 1 BLOCK 2

Intact group (standard diet) Intact group (standard diet)

Mice with cuprizone diet and
injections of 0.9 % saline
(control group)

Mice with cuprizone diet and
injections of 0.9 % saline
(control group)

Mice with cuprizone diet and
melatonin injections

Mice with cuprizone diet and
rhFGF-2 injections

Mice with cuprizone diet and one
injection of UC-MMSCs

Mice with cuprizone diet and
injections of UC-MMSCs and
rhFGF-2

Mice with cuprizone diet and one
injection of UC-MMSCs

Mice with cuprizone diet and
injections of UC-MMSCs and
melatonin

Melatonin (Sigma, USA) was dissolved in saline and administered to
mice intraperitoneally at the dose of 1 mg/kg at 6% p.m. daily, from the
11" to the 21 day of the cuprizone diet.

Recombinant human fibroblast growth factor-2 (rhFGF-2) expressed
in E. coli cells according to the standard procedure [21]. After the lysis
of bacterial cells, the resulting protein was purified by affinity chromato-
graphy using Heparin-Sepharose to a homogeneity (not less than 98 %).
The angiogenic activity of rhFGF-2 was evaluated in chick chorioallantoic
membrane (CAM) assay. RhFGF-2, dissolved in saline, was administered
to mice intraperitoneally at a dose of 20 pg/kg, starting from the 11" day
of the cuprizone diet, with an interval of 48 hours, a total of 7 injections.
This growth factor administration scheme has shown its effectiveness in
our previous studies on adult mice with a cuprizone model of demyeli-
nation [21].

Experimental groups. Aged mice were divided into 10 groups for two
blocks of experiments with cells and melatonin, as well as experiments with
cells and rhFGF-2 (Table 1). Each experimental group consisted of 10 mice.

All mice on the 21 day of cuprizone diet, as well as intact animals,
simultaneously underwent behavioral tests. The next day (the 22" day of
the experiment), all mice were decapitated and the brains were isolated
for biochemical studies.

Behavioral parameters of mice were studied in the “open field” test
and rotarod test [30]. In the “open field” test, we examined the horizontal
locomotor activity (a number of crossed squares), the exploratory beha-
vior (a number of rearings and explored holes), and the emotional activity
(number of fecal boluses and grooming). Mice of all groups were tested
for 3 minutes. The rotarod test enables to assess muscle tone, motor co-
ordination and balance of experimental animals. Data were presented as
the cumulative time (s) of mice latency on the rotarod at a rotation speed
of 10 rpm and 20 rpm.

The factors of oxidative stress and antioxidant protection of the brain.
The level of malondialdehyde (MDA) in the brain of mice was measured us-
ing a pQuant spectrophotometer (BioTek, USA) at a wavelength of 535 nm
by the intensity of staining of the trimethine complex, which is formed
between MDA and thiobarbituric acid, as described previously [10, 21].

The activity of antioxidant enzymes was measured in supernatants
of brain homogenates by the spectrophotometric method on a pQuant
spectrophotometer (BioTek, USA), as we described earlier [10, 21]. Su-
peroxide dismutase (SOD) activity was measured in conventional units
according to its ability to inhibit the reaction of adrenaline autooxidation
into adrenochrome at pH 10.2 per 1 mg of protein per 1 min; catalase
activity — in micromoles of utilized H,0, per 1 mg of protein per 1 min; ac-
tivity of glutathione peroxidase (GP) and glutathione reductase (GR) — in
nanomoles of oxidized NADPH per 1 mg of protein per 1 min. The protein
content in the brain was assessed by the Lowry method. All reagents are
Riedel-deHaen (Fluka, Germany).

Statistical analysis of the results was carried out using Student’s
t-test. The results were presented as the mean and the standard error of
the mean (M + SEM). The difference between the indexes was considered
statistically significant at p < 0.05. Statistica 7.0 software (StatSoft Inc.,
USA) was used for statistical analysis of the results.

EXPERIMENTAL GROUPS
INDICATOR INTAGT c“';:ﬁﬂ'f * CUPRIZONE + CUPRIZONE + ?:::Pl?nll\zng'::i:
(n=10) (CONTROL) M(El:"fﬂ;')'" U((:n'!"qgfs MELATONIN
(n=10) (n=10)

Behavioral testing
Number of crossings 50.9+6.1 225+51* 452 +4.1* 27.7+6.8* 545+ 10.1#&
Number of rearings 1.4+03 0.2 +0.06 * 04+02* 07+01** 1.0+0.37
Number of boluses 1.7+£0.3 03+0.1* 1.2 +0.3 0.1+0.05* 0.1+0.05*A
Number of explored holes 2704 08+02* 0602 05+0.1* 0.7+0.2*
Number of grooming 0.330.04 0.33+0.1 04+0.1 05+0.1 0.7 £ 0.1*#A
Rotarod, sec 86.0 £8.5 65.2 £5.7* 66.2 £4.2 90.6 £19.6 191.6 + 24.7*#7
Markers of oxidative stress in the brain
Malondialdehyde, nM/mg 40+02 48+0.2* 39+0.3* 49+0.3*" 4.2 +0.1%%
Superoxide dismutase, U/mg-min 15.2+0.3 11.9+1.3" 121 £1.2% 13.1+£0.9* 13.6 + 0.5*
Catalase, pM/mg-min 22+0.3 1.1+£0.1% 13+0.2* 1.4+0.2* 1.4+0.2*
Glutathione peroxidase, nM/mg-min 58+0.2 46+03* 55+0.2% 43+0.5*" 5.9+ 0.5%¢
Glutathione reductase, nV/mg-min 18.9+04 16.0+ 0.9* 20.0£1.2% 15.1+0.6*" 23.6 £ 3.2%¢
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RESULTS AND DISCUSSION

The effects of UC-MMSCs and melatonin administration on the be-
havioral response and oxidative stress in the brain of aged mice with
a cuprizone diet.

It was found that the values of most of the studied behavior para-
meters in mice with a cuprizone diet are lower than in the intact group
of animals (Table 2). After melatonin injections, the number of crossed
squares and boluses in experimental mice increases to the values of intact
animals.

After UC-MMSCs transplantation, the number of rearings is significant-
ly higher than in the control group, and the latency time on the rotarod test
does not differ from the values of the intact group. Injections of UC-MMSCs
in combination with melatonin lead to an increase in the number of crossed
squares, rearings, grooming and the rotarod latency time compared to the
control group. In this case, the number of squares and the latency time
on the rotarod exceed those in the group with the administration of cells
alone, and the number of grooming and the latency time on the rotarod
exceed those in the group with the administration of melatonin alone. That
is, in mice with a cuprizone diet, UC-MMSCs transplantation leads to an
increase in the exploratory activity and muscle tone, and the muscle tone
index reaches the values of the intact group. After the transplantation of
cells in combination with melatonin, the horizontal motor and exploratory
activity did not differ from those of intact animals, and some parameters of
emotional activity and muscle tone even exceeded them.

It was found that in the brain of aged mice with a cuprizone diet,
the content of MDA increases and the activity of all antioxidant enzymes
decreases in comparison with the intact group of animals (Table 2). After
the administration of melatonin in such mice, the MDA content and the
activity of glutathione peroxidase and glutathione reductase in the brain
did not differ from the values detected in intact mice.

After UC-MMSCs transplantation, the values of all the studied para-
meters remain unchanged, while the administration of cells in combination
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with melatonin leads to a significant decrease in the MDA content and
an increase in the activity of GP and GR in comparison with the control
groups and with the transplantation of cells only. At the same time, the
activity of GP and GR does not differ from that detected in mice with injec-
tions of melatonin alone.

Thus, the transplantation of UC-MMSCs into aged mice with a cu-
prizone diet has a positive effect on some parameters of behavioral re-
sponse. Melatonin injections after UC-MMSCs transplantation not only
enhance the positive effect of cells on a some of behavioral reactions,
contributing to their normalization (number of rearings), but also contrib-
ute to the appearance of manifestation after injection of cells alone (num-
ber of squares). A significant increase in muscle tone after the combined
administration of UC-MMSCs and melatonin requires further study with
the aim of a possible adjustment of melatonin doses. An increase in the
antioxidant protection of the brain of aged mice with a cuprizone diet was
shown after administration of UC-MMSCs in combination with melatonin.

The effects of UC-MMSCs and rhFGF-2 administration on the be-
havioral response and oxidative stress in the brain of aged mice with a
cuprizone diet.

We found that in mice that took cuprizone, the values of most of the
studied behavioral parameters decreased and remained so after injections
of rhFGF-2 (Table 3). In the group of mice transplanted with UC-MMSCs,
the number of rearings and latency time on the rotarod are significantly
higher than in the control group. The administration of UC-MMSCs and
rhFGF-2 leads to a significant increase in the number of squares com-
pared to mice not only in the control group, but also those injected with
cells or growth factor alone. In this experimental group, the number of
rearings is also greater than in mice with a cuprizone diet only. Thus,
the transplantation of UC-MMSCs in combination with rhFGF-2 led to an
increase in the decreased horizontal activity, but not to the level of intact
animals.

It was found that in mice taking cuprizone, the activity of most anti-
oxidant enzymes in the brain decreases against the background of an

EXPERIMENTAL GROUPS
INDICATOR INTACT CIGALNE CUPRZONE + (R M3Gs proferor
(n=10) (CONTROL) (n= 1&, (n=10) RHFGF-2
(n=10) (n=10)
Behavioral testing
Number of crossings 43.9+5.1 102+21"~ 125+1.2” 14118~ 26.0 £2.2 *#A
Number of rearings 1.2+0.2 03+01* 04+0.1* 06+0.1* 0.7+0.1 **A
Number of boluses 1.4+0.2 02+0.05" 0.3+£0.1* 0.2+0.05" 0.2+0.06 *
Number of explored holes 2804 07+02* 06+0.1* 07+02* 06+0.1"*
Number of grooming 05+0.2 04+0.1 05+0.1 06+0.2 05+0.1
Rotarod, sec 792+4.6 622+32~ 61.1+£2.8* 81.0+4.1%A 781 +£3.1%A
Markers of oxidative stress in the brain
Malondialdehyde, nM/mg 3.8+0.1 45+0.2* 51+03* 42+0.1*A 3.7 £0.2 #1
Superoxide dismutase, U/mg-min 14112 10711~ 10.0+£1.2* 93+£13* 16.0 £ 1.9 %A
Catalase, pM/mg-min 22+0.2 15+0.2* 1.3+0.1* 1.6+0.2* 1.5+0.1 *.
Glutathione peroxidase, nM/mg-min 52+04 48+0.3 5.0+0.3 45+0.5 56+04
Glutathione reductase, nM/mg-min 147+04 13.5+03 "~ 129+02 * 141+03 "~ 13.2+03*
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increase in the MDA content (Table 3). In the groups of mice that were
injected with rhFGF-2 or UC-MMSCs only, the values of all studied para-
meters remained unchanged. Whereas, the administration of cells and
rhFGF-2 leads to a significant decrease in the MDA content and an in-
crease in SOD activity in the brain. At the same time, the values of the
parameter do not differ from other experimental groups and correspond
to those of the intact group of mice.

Thus, the transplantation of UC-MMSCs has a positive effect on the
behavioral parameters of aged mice, altered by the cuprizone diet. Injec-
tions of rhFGF-2 after cell transplantation lead to an increase in horizontal
locomotor activity, and also retain the effect of cell administration on ver-
tical locomotor activity and muscle tone in mice. In addition, in aged mice
with a cuprizone diet, after administration of UC-MMSCs and rhFGF-2,
positive changes in the balance of factors of oxidative stress and antioxi-
dant protection of the brain are observed.

The effects of UC-MMSCs and melatonin in aged mice with de-
myelinating diseases.

Positive changes in the behavior of mice with a cuprizone diet af-
ter the transplantation of UC-MMSCs can most likely be associated with
their anti-inflammatory properties, in particular, the synthesis of IL-10, a
decrease in the manifestation of active gliosis in the brain [25, 31]. Ac-
cording to our data, in mice with a cuprizone diet, the number of active
macrophages in the brain decreases under the influence of cytokines with
an anti-inflammatory effect [28].

In this experiment, we showed that the effect of UC-MMSCs on the
behavior of aged mice with a cuprizone model of demyelination is en-
hanced in the case of their combination with melatonin, and, in addition,
there are positive changes in those parameters of behavior that were ab-
sent after the transplantation of the cells only. Considering the unidirec-
tional changes in the studied parameters in the groups with the adminis-
tration of melatonin only, as well as its combination with UC-MMSCs, it
can be assumed that the positive effects of such a combination are largely
associated with melatonin.

At the same time, melatonin is able to enhance neuro- and myelo-
genesis, which is due to its ability to penetrate the blood-brain barrier
and change the synthesis of brain-derived neurotrophic factor (BDNF),
viability, proliferation and differentiation of neural stem cells (NSCs), as
well as the content of myelin basic protein in oligodendrocytes [2, 32, 33].
We have previously shown an increase in neurogenesis in the brain of
aged mice on a cuprizone diet that received melatonin injections [14]. Ac-
cording to the literary data, antioxidant and anti-inflammatory properties
of melatonin are also important in demyelinating CNS pathology [13, 16].
The results of our experimental studies made it possible to establish the
activation of antioxidant enzymes (glutathione peroxidase and glutathione
reductase) in the brain of aged mice that received injections of both mela-
tonin alone and its combination with UC-MMSCs. We have previously
shown a combination, on the one hand, of positive changes in behavior, a
decrease in the number of altered neurons in the central nervous system,
and, on the other hand, a decrease in the number of active macrophages
and T-lymphocytes in the brain of aged mice treated with cuprizone and
melatonin injections [14].

The effect of melatonin on the biological properties of transplanted
MMSCs is known. Thus, it has been shown that melatonin protects
MMSCs from apoptosis, the death of which in the case of alone transplan-
tation reaches 80-90 % during the first 72 hours [34]. Under the influence
of melatonin, the production of such pro-inflammatory factors as TNF-a
and IL-6 decreases in MMSCs of various origins [12, 34]. This hormone
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regulates the expression of the NADPH oxidase gene in MMSCs, which
generates reactive oxygen species, and also activates the expression of
genes for antioxidant enzymes in these cells [11, 32]. Therefore, it can be
assumed that the above properties of melatonin are important for enhan-
cing the therapeutic effect of UC-MMSC transplanted into aged mice with
demyelinating pathology.

Effects of UC-MMSCs and rhFGF-2 in aged mice with demyelinating
diseases.

It was found that FGF-2 is a multifunctional growth factor with a pro-
nounced effect on angiogenesis, proliferation of NSCs and oligodendro-
cyte precursors in the brain [35]. We have previously found an increase
in the number of unchanged neurons in the brain, as well as in the motor
activity of adult mice treated with cuprizone and rhFGF-2 injections [21].

In this study, we showed a positive effect of UC-MMSCs injections
in combination with rhFGF-2 on the locomotor activity of aged mice with
a cuprizone model of demyelination. One of the possible ways this com-
bination influences the behavior of mice is the change of the balance of
oxidative stress and antioxidant defense factors in the brain. Indeed, we
have established a decrease in MDA content and an increase in SOD acti-
vity in the brain of aged mice with a cuprizone diet. These results are con-
sistent with the data of other authors who showed the ability of FGF-2 to
exhibit an antioxidant effect in the pathology of CNS [22]. In addition, the
possibility of manifestation of the anti-inflammatory effect of rhFGF-2 in
the brain of aged mice on a cuprizone diet is not excluded. Other authors
and we have found that after FGF-2 injections, the number of microglial
cells and active macrophages in the brain of mice with demyelinating di-
seases decreases [21, 35].

Noteworthy is the fact that the FGF-2 production by MMSCs increases
under the influence of melatonin, which is accompanied by an increase
in angiogenesis and neurogenesis in the brain of animals with CNS di-
sorders [23]. When comparing the effects of combined administration of
UC-MMSCs with melatonin or rhFGF-2 to aged mice on a cuprizone diet,
both their common and specific features were found. In particular, it was
shown that both combinations of UC-MMSCs with the studied biologically
active factors are able to improve the therapeutic effect of the transplan-
ted cells in these mice. However, the positive effect of the combination of
UC-MMSCs and melatonin on the behavior and antioxidant protection of
the brain of aged mice on a cuprizone diet was found to be more signifi-
cant than the combination of cells and rhFGF-2. This can be confirmed by
the following results of our experiments. While in mice the transplantation
of UC-MMSCs in combination with rhFGF-2 led to a significant increase
(but did not normalize) horizontal locomotor activity, in the combination
of cells with melatonin, its restoration to normal values was observed, as
well as exploratory activity was restored. Although the administration of
UC-MMSCs in combination with both melatonin and rhFGF-2 was accom-
panied by a decrease in the content of MDA in the brain and an increase
in the activity of antioxidant enzymes, in the case of a combination of
cells with melatonin, an increase in the activity of enzymes was observed
more often than with rhFGF-2 (2 out of 4 studied enzymes, and 1 out of
3 enzymes, respectively). It should be noted that the same focus of posi-
tive changes in some parameters of behavior and oxidative stress in the
groups of experimental mice treated with UC-MMSCs both with melatonin
and rhFGF-2 gives grounds for assuming that the latter is involved in the
realization of such effects of melatonin.

The obtained results can be useful in the development of approaches
that increase the effectiveness of cell therapy for demyelinating diseases
in an aged humans.



CONCLUSION

Human UC-MMSCs transplantation has a positive effect on the exploratory activity and muscle tone of aged mice with a cuprizone model of
demyelination.

Melatonin injections after UC-MMSCs transplantation enhance the effect of cells on the behavioral responses of aged mice with a cuprizone
diet and, moreover, lead to the positive changes in the parameters of motor and emotional activity.

The injections of rhFGF-2 after the transplantation of UC-MMSCs lead to an increase in horizontal locomotor activity in aged mice with a
cuprizone model of demyelination.

In mice with a cuprizone diet, which were injected with UC-MMSCs in combination with melatonin or rhFGF-2, the malondialdehyde content in
the brain decreases and the activity of antioxidant enzymes increases.

The positive effect of the administration of UC-MMSCs in combination with melatonin on the behavior and antioxidant protection of the brain of
aged mice with a cuprizone model of demyelination is higher than that after the injection of cells and rhFGF-2.

N
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EdexTn koM6iHOBaHOTO BBeeHHS MYTbTUIOTEHTHIX
Me3eHXiMaTbHUX CTPOMATbHIX KIITHH NYIOBUHNI
MIOTUHU Ta MeNaToHiHy a00 ¢akTopa pocTy
¢$ibpo6macTiB-2 CTapiroYNM MUIIIaM 3 TOKCUIHOIO
KYIIPM30HOBOIO MOJE/III0 AeMi€miHi3alil

JTabynrenp L. @., Yrko H. O.}, Tonoposa O. K.'?, I[Toxoneuko 5. O.% ITaureneitmonosa T. M.},
Jiromenko 3. JI.!, Byrenxo I. M.!

'Y «Incmumym eememuunoi ma pezernepamusroi meoununu Hayionanvroi axademii meouunux nayx Yxpainu», Kuis, Yxpaina
2Incmumym monexynapuoi 6ionozii ma eenemuxu HayionanvHoi akademii nayk Ypainu, Kuis, Yipaina

EchekT TpaHcnnaHTauii MysbTUIOTEHTHUX ME3EHXIMAbHUX CTPOMAnbHuX knitut nynosuny (MMCK-IT) moguuv npu femieninidyioyii natonorii
3a/1eXWTb Bif BiKY PELMITIEHTA | MOXE 3MIHIOBATUCA Mif BI/IMBOM rOPMOHIB a60 POCTOBUX (YaKTOPIB.

META — gocnigntn BraMB €K30reHHOro MENAatoHiHy | PeKOMOIHAHTHOro ghaktopa pocTty hibpobnactis-2 nwgnun (rhFGF-2) Ha egektu
MMCK-IT, TpaHcrnaHToBaHUX CTAPI0YUM MULIAM 3 EKCTIEPUMEHTASIbLHOK MOJEII0 PO3CISHOI0 CKIEPO3y.

MATEPIAJIN TA METOAN. Muwwi ninii 129/Sv y Biyi 15-17 mic oTpumyBanu 3 iKero HepOTOKCUH Kynpu3oH npotarom 3 TmxHis. 3 10-i jobu
Kynpu3oHoBoi gietv Beoguin MMCK-IT (500 tuc. knitux) 1 pas, 3 11-i gobu — menatorin o0 18.00 abo rhFGF-2. [Jocnigxysann noBesiHKoBI
Peakuii B TeCTi «BigKpUTE N0Ne» | «POTaPOS-TECT». B ronoBHOMY MO3KY BU3HAYann akTUBHICTb CYNepoKCUs ANCMyTa3u, Katanasu, rTaTioH
nepokcnaasu, rTaTioH peaykTasu 1a piBeHb ManoHoBoro giansaerigy (M4A).

PE3YJIbTATH. lNpuiiom Kynpi3oHy 3HWXKYE MOKa3HUKN MOBEAIHKOBUX DEAKLi MULLE Y MOPIBHAHHI 3 IHTAKTHOK rpynoro. TpaHcnnaHTayis
MMCK-IT nigBuiyye 4ncio CTiOK | M S30BUIA TOHYC. IH EKLIT MENATOHIHY NOCUIIOIOTb BIIAINB KIITUH HA 3a3HA4Y6HI NOBEAIHKOBI MOKA3HUKY,
a TaKOX 30iNbLLYIOTb PYXOBY | EMOUINIHY aKTUBHICTb TBAPWH. IH €KLii rThFGF-2 36epiratoTb eQheKT KNITUH Ha MOKA3HNKM MOBEAIHKY | MIABNLLYIOT
PyXoBYy akTuBHicTb MuLLei. llicns BeegeHHs MMCK-I1 3 menatoHiHom abo rhFGF-2 B ronoBHomy mo3Ky 3HmxyeTocs BmicT MIA i 3pocTae
aKTUBHICTb aHTNOKCUJAHTHUX (DEPMEHTIB, MPUYOMY OifibLL BUPAXKEHO Mif BISINBOM MEJIATOHIHY.

BUCHOBKW. Ex3oreHHmii MenatoHid i rhFGF-2 nokpatyytote egbektn TpaHcnnantoBaHnx MMCK-IT Ha noBesiHKy i aHTMOKCMAAHTHWI 3aXNCT
rO/I0BHOTO MO3KY CTapito4nx MULLEN 3 Kynpu30oHOBOK JiETor. [1pn 4bOMY NO3UTUBHUI BISIUB KOMOIHALIT KITITMH 3 MENATOHIHOM 6ifbLL By-
DPaXXEHNH.

KJIOYO0BI CJI0BA: mynbTUNOTEHTHI ME3EHXIMArIbHI CTPOMAsbHI KIITUHU MYNOBUHN, MENATOHIH, rhFGF-2; Kynpu3oH, AemMieniHi3alis,; noBesiH-
KOBI peaKuii; OKcugaTuBHWIA CTPec
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