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ABSTRACT

The transplantation of adipose-derived multipotent mesenchymal stromal cells (ADSCs) in Parkinson’s disease/parkinsonism is a promising 
area in their therapy. The effects of such cells may be influenced by the age of the donor and biologically active factors.

THE PURPOSE of the study is to compare the effect of transplanted ADSCs of donor mice of different age on the parameters of behaviour, 
oxidative stress and neuroinflammation in the brain of mice with an experimental model of parkinsonism; to evaluate changes in the effects of 
cells from older donors under the influence of exogenous hormone melatonin.

MATERIALS AND METHODS. The object of the study was adult (5-6 months) and aging (15-17 months) 129/Sv mice. Adult mice were injected 
once with the neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), and after 17 days – ADSCs of adult or aging donor mice at 
a dose of 700 thousand cells in the tail vein. Some mice received ADSCs of aging donors in combination with melatonin. Behavioural para-
meters were assessed in open-field, rigidity and rotarod tests; the relative content of macrophages was measured in the brain, malondialdehyde 
(MDA), the activity of antioxidant enzymes.

RESULTS. Under the influence of MPTP, the number of squares, rearings, body length and step length are significantly less than in the intact 
group, and muscle tone is higher; in the brain the content of MDA and macrophages increases and the activity of superoxide dismutase (SOD) 
decreases. After the transplantation of adult donor ADSCs, the parameters of body and step length increase significantly, but not to the level of 
intact mice; the activity of SOD, glutathione reductase (GR) and the proportion of macrophages increase in the brain. After the administration 
of ADSCs of aging donors, the values of behavioural parameters and the proportion of macrophages in the brain correspond to the control 
group (only MPTP), and the activity of SOD corresponds to intact animals. In mice treated with ADSCs of aging donors in combination with 
melatonin, the direction of changes in behavioural parameters, SOD and GR activity, macrophage percentage was similar to that observed after 
the administration of adult donor ADSCs.

CONCLUSION. The effects of ADSCs transplantation in mice with the MPTP model of parkinsonism depend on the age of the donor and are 
more pronounced in transplanted cells derived from adult mice. The effects of ADSCs from aging donors in combination with melatonin are 
consistent with those observed after administration of cells from adult donors.
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Parkinson’s disease (PD) is fairly common neurodegenerative pathol-
ogy of the central nervous system (CNS), which tends to increase steadily 
[1]. Although this disease is found mainly in people over 60 years, today 
it is increasingly diagnosed in the age period of active work ability, namely 
30-40 years. It has been proved that oxidative stress and neuroinflam-
mation are of great importance in the development of morphofunctional 
disorders of the nervous system in PD/parkinsonism [2, 3].

Among the new promising approaches to the treatment of PD/ parkin-
sonism is the transplantation of multipotent mesenchymal stromal cells 
(MMSCs) of different tissue origin (adipose tissue, bone marrow, umbili-
cal cord, etc.) [4]. MMSCs have been shown to be capable of multilinear 
differentiation, synthesis and secretion of neurotrophic factors, trophic 
effects on damaged organs and tissues, and exhibit immunomodulatory, 
anti-inflammatory and antioxidant properties [5-8]. Researchers and cli-
nicians are paying special attention to adipose-derived MMSCs (ADSCs) 
as one of the most accessible and safe sources.

However, the authors attribute the cases of insufficient effectiveness 
of transplanted ADSCs in CNS pathology to the age of these cell donors 
[9]. It has been established that with aging the proliferative, differentiating 
potential of MMSCs, their synthesis of growth, trophic factors and anti-
inflammatory cytokines decreases [10].

There are approaches to influence both the biological properties of 
MMSCs and the survival of these cells after transplantation into organ-
isms with various pathological conditions. In particular, it has been shown 
that the hormone melatonin in vivo alters the proliferation, migration and 
differentiation of MMSCs, promotes their survival after transplantation, 
and has anti-inflammatory, antioxidant and immunomodulatory proper-
ties [11, 12]. It is important that with age the synthesis of melatonin by 
the pineal gland decreases, while exogenous melatonin has a neuropro-
tective, antioxidant, anti-inflammatory effect in experimental parkinson-
ism [13, 14].

The PURPOSE of the study is to compare the effect of transplanted 
ADSCs of different age donor mice on the parameters of behaviour, oxida-
tive stress and neuroinflammation in the brains of mice with an experi-
mental model of parkinsonism; to evaluate changes in the effects of cells 
from older donors under the influence of exogenous hormone melatonin.

Animals. The experiments were performed on 63 female 129/Sv (hap-
lotype H-2b) mice of the age groups of 5-6 months (adults) and 15-17 
months (aging) from the vivarium of State Institute of Genetic and Rege- 
nerative Medicine of the National Academy of Medical Sciences of 
Ukraine. The mice were kept in standard vivarium conditions at a fixed 
light regime of 12:12 and free access to food and water ad libitum. Bio-
logical material for the experiments was obtained by decapitation of mice 
under ether anesthesia in the morning. All experiments were performed 
in compliance with the Law of Ukraine “On Protection of Animals from 
Cruelty”, “European Convention for the Protection of Vertebrate Animals 
Used for Experimental and Other Scientific Purposes” (Strasbourg, 1986).

Experimental models. The neurotoxin 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP), which after systemic administration to mice 
damages dopaminergic neurons of the substantia nigra of the midbrain 
and leads to motor disorders similar to the symptoms of PD in humans, 
was used to reproduce the model of parkinsonism [15, 16]. In the experi-
ment, MPTP (Sigma, USA) was administered to adult 129/Sv mice sub-
cutaneously at a single dose of 30 mg/kg in 0.9 % saline. We previously 
found that MPTP at this dose damages more than 70 % of dopaminergic 
neurons of the substantia nigra of this strain of mice 17 days after admi-
nistration [17, 18].

Isolation and cultivation of ADSCs. Isolation, cultivation and directed 
differentiation of ADSCs were performed according to standard protocols 
[19], as described in previous studies [20]. MMSCs from subcutaneous adi-
pose tissue of adult (ADSCs-1) and aging (ADSCs-2) mice were obtained 
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by mincing their adipose tissue in 0.1 % collagenase 1A solution. The resu-
lting mixture was resuspended, centrifuged, the supernatant was collec-
ted, and the cell pellet was resuspended in nutrient medium and seeded to 
culture flasks. Cultivation was performed in a nutrient medium containing  
10 % fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/mL penicillin, 
100 μg/mL streptomycin (all – Sigma, USA) at a temperature of +37 °C 
and 5 % CO2.

ADSCs of the 2nd passage were used for the administration to ex-
perimental animals. The affiliation of these cells to MMSCs was deter-
mined by the appropriate immunophenotype, as well as the ability to 
differentiate in osteogenic and adipogenic directions, which meets the 
minimum criteria for MMSCs [21]. ADSCs of the 2nd passage expressed 
marker antigens CD44, CD73, Sca-1 and CD90 on the surface, but did not 
express CD45 and CD34 [20]. Cell culture phenotyping was performed 
using monoclonal antibodies to membrane antigens conjugated to fluo-
rochromes, at a working concentration of 0.5 μg/mL (Becton Diskinson, 
USA). Immunophenotyping of cells was performed on a BD FACSAria 
sorter (Becton Diskinson, USA).

ADSCs-1 or ADSCs-2 of the 2nd passage were injected into the tail 
vein of mice once at a dose of 7·105 cells in 50 μL of 0.9 % saline, 17 days 
after a single injection of MPTP. Considering mentioned before [18], mice 
develop pronounced morphofunctional changes in the CNS during this 
period. Control group got one injection of 0.9 % saline into the tail vein of 
mice with a model of parkinsonism.

Melatonin (Sigma, USA) was administered to mice with a model of 
parkinsonism intraperitoneally, daily at 6 pm, at a rate of 1 mg/kg, starting 
the day after injection of ADSCs-2 (a total of 13-14 injections).

Experimental groups of adult mice. 1 – intact group; 2 – mice injected 
with MPTP and 0.9 % saline (control group); 3 – mice injected with MPTP 
and ADSCs-1; 4 – mice injected with MPTP and ADSCs-2; 5– mice inject-
ed with MPTP, ADSCs-2 and melatonin. We conducted earlier the studies 
in animals with a model of parkinsonism which received only exogenous 
melatonin, [13, 14]. There were 10 animals in each experimental group. 
Studies in all experimental groups of mice were performed in three weeks 
after transplantation of ADSCs.

The functional state of the CNS was studied in “open field” test, rigi-
dity and the rotarod tests as we described earlier [17, 18]. The open field 
test assessed horizontal motor, vertical motor, emotional and explorative 
activities. Mice of all groups were tested for 3 minutes. The rotarod test 
allows you to examine the coordination, balance and muscle tone of mice. 
The results were presented as the total time (seconds) of holding on the 
shaft at 10 rpm and 20 rpm.

Rigidity in animals was assessed by changes in body length and step 
length (mm). To assess the gait, the animal feet were treated with non-
toxic paints of different colours and the footprints were measured for the 
length of the step, the length and width of the foot (mm). The length of 
the step is one of the parameters of changes in the gait of animals and its 
decrease indicates a violation of muscle function [22].

Phenotyping of brain cells by markers CD3, CD11b was performed 
using monoclonal antibodies to mouse membrane antigens labelled with 
fluorochromes, at a working concentration of 0.5 μg/mL (Becton Dickin-
son, USA). 1·106 brain homogenate cells in 50 μL staining buffer (phos-
phate buffer containing 0.1 % sodium azide and 1 % FBS) were added to 
5 mL polystyrene tubes and monoclonal antibodies (1:50 dilution) was 
added to them. The cells were incubated for 20 min at 4 °C, and then 
washed in CellWash wash buffer, centrifuged at 200× g for 5 min while 
maintaining the temperature of 4 °C. Immediately before analysis, the 
suspension was passed through cellular filters with a pore diameter of 
70 μm. Measurements were performed on a laser flow cytofluorimeter-
sorter BD FACSAria (Becton Dickinson, USA) using the software BD FACS 
Diva 6.1.2.

Evaluation of oxidative stress and antioxidant protection of the brain. 
The content of malonic dialdehyde (MDA) was determined in brain ho-
mogenates by the Uchiyama method [23], with minor modifications. The 
principle of the method is to determine the colour intensity of the trime-
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RESULTS AND DISCUSSION

thine complex formed during the reaction between MDA and thiobarbitu-
ric acid and has a characteristic absorption spectrum with a maximum at 
a wavelength of 535 nm.

The activity of antioxidant enzymes was studied in the supernatants 
of brain homogenates by spectrophotometric method using μQuant spec-
trophotometer (Bio-Tek, USA), as we described earlier [18]. The activity 
of superoxide dismutase (SOD) was evaluated in conventional units for 
its ability to inhibit the autooxidation of adrenaline to adrenochrome at 
pH 10.2 per 1 mg of protein per 1 min. Catalase activity was determined 
from the kinetics of Н2О2 destruction and expressed in micromoles of 
utilized Н2О2 per 1 mg of protein per 1 min. The activity of glutathione 
peroxidase (GP) and glutathione reductase (GR) was measured by the de-
crease in NADPH in the combined glutathione reductase reaction with the 
addition of appropriate reagents to the reaction mixture and expressed in 
nanomoles of oxidized NADPH per 1 mg of protein per 1 min. The protein 
content in the brain was measured by the Lowry method (all reagents – 
Riedel-deHaën, Fluka, Germany).

Statistical analysis of the results was performed using the Student’s t 
test. The difference was considered reliable at a value of p < 0,05. Data are 
presented as arithmetic mean and standard deviations (M ± m) (data are 
presented as mean ± standard errors of the mean). Statistica 7.0 (StatSoft 
Inc., USA) was used for statistical analysis of the obtained results.

The effects of ADSCs of adult or aging donor mice and the combina-
tion of the cells with melatonin on the behaviour of mice with MPTP-
induced model of parkinsonism. 

It was found that in mice after the administration of MPTP (control 
group) the number of crossed squares, rearings, explored holes, body 
and and step length is less than in intact animals, while the retention time 
on the shaft is higher (Table 1).

After transplantation of ADSCs-1 to mice with a model of parkin-

Parameter

Experimental group

Intact
(n=10)

MPTP + saline 
(control)
(n=10)

MPTP + ADSCs-1
(n=10)

MPTP + ADSCs-2
 (n=10)

MPTP + ADSCs-2  
+ melatonin

(n=10)
Number of crossings 57.2 ± 5.1 19.3 ± 3.2* 16.1 ± 3.1* 15.2 ± 2.1* 23.2 ± 2.1*&
Number of rearings 2.2 ± 0.7 0.2 ± 0.02* 0.3 ± 0.1* 0.2 ± 0.05* 0.3 ± 0.1*
Number of fecal boluses 2.0 ± 0.4 1.3 ± 0.3 1.5 ± 0.4 1.3 ± 0.3 1.5 ± 0.3
Number of explored holes 2.8 ± 0.8 0.3 ± 0.1* 0.4 ± 0.1* 0.3 ± 0.1* 0.3 ± 0.1*
Rotarod, sec 252.4 ± 22.2 429.1 ± 23.3* 428.4 ± 25.1* 495.5 ± 24.3* 393.4 ± 32.1*&
Body length, mm 98.2 ± 1.8 90.1 ± 1.1* 95.2 ± 1.3# 92.3 ± 1.4* 98.5 ± 1.8#&
Step length, mm 55.1 ± 4.2 32.1 ± 3.1* 42.3 ± 4.1*# 34.4 ± 2.1* 42.4 ± 2.5*#&
Foot length, mm 13.8 ± 0.4 13.7 ± 0.5 13.8 ± 0.6 14.0 ± 0.4 13.9 ± 0.4
Foot width, mm 8.0 ± 0.2 8.1 ± 0.1 8.0 ± 0.2 8.2 ± 0.3 8.0 ± 0.2

Parameter

Experimental group

Intact
(n=10)

MPTP + saline 
(control)
(n=10)

MPTP + ADSCs-1
(n=10)

MPTP + ADSCs-2
 (n=10)

MPTP + ADSCs-2  
+ melatonin

(n=10)
Markers of oxidative stress 

Malondialdehyde, nM/mg 1.6 ± 0.1 2.3 ± 0.2* 2.5 ± 0.3* 2.2 ± 0.1*  2.4 ± 0.2*
Superoxide dismutase, U/mg∙min 13.5 ± 0.3 12.5 ± 0.2* 15.9 ± 0.5*# 13.1 ± 0.4^ 15.3 ± 0.5*#&
Catalase, µM/mg∙min 2.7 ± 0.1 2.8 ± 0.2 2.6 ± 0.1 3.0 ± 0.3  2.5 ± 0.2
Glutathione peroxidase, nM/mg∙min 7.5 ± 0.5 7.4 ± 0.4 6.9 ± 0.3 7.2 ± 0.4 7.7 ± 0.5
Glutathione reductase, nM/mg∙min 18.9 ± 1.2 21.4 ± 1.4 23.3 ± 1.5* 22.4 ± 1.3 23.0 ± 1.4*

Markers of neuroinflammation
CD3+11b+, % 1.4 ± 0.2 1.9 ± 0.03* 2.1 ± 0.03#* 2.1 ± 0.2* 3.6 ± 0.2*#&

Table 1. Behavioral parameters in mice of experimental groups, M ± m

Table 2. Parameters of oxidative stress and neuroinflammation in the brain of experimental mice, M ± m

Note: * – p < 0.05 compared to the intact group; # – p < 0.05 compared to the control group; & – p < 0.05 compared to the group receiving ADSCs-2

Note: * – p <0.05 compared to the intact group; # – p <0.05 compared to the control group; & – p <0.05 compared to the group receiving ADSCs-2; ^ – p <0.05 
compared to the group receiving ADSCs-1

sonism, the values of body length and step length were significantly in-
creased compared to the control group, and body length – to the values 
of intact animals (Table 1).

After ADSCs-2 administration to mice, most values corresponded to 
the values of the control group (Table 1). At the same time, mice treated 
with ADSCs-2 in combination with melatonin had a significant increase 
in the number of squares, body and step length, as well as a significant 
reduction in shaft retention time compared to the group that received only 
cells; the length of the body did not differ from the values of intact animals 
(Table 1).

Thus, motor and non-motor behavioural disorders were observed in 
mice under the influence of neurotoxin MPTP. After the transplantation of 
ADSCs from adult donor mice to such mice, some behavioural parame-
ters (body and step length) improved significantly. A similar effect on CNS 
function was after the transplantation of ADSCs from aging donor mice. 
However, the administration of such cells in combination with melatonin 
led to positive changes in motor activity, the values of which did not dif-
fer from those after the administration of ADSCs from adult donor mice.

The effects of ADSCs of adult and aging donor mice, as well as the 
combination of the cells with melatonin on the parameters of oxidative 
stress and neuroinflammation in the brain of mice with MPTP-induced 
model of parkinsonism. 

It was found that in mice under the influence of MPTP the content 
of MDA in the brain increased compared to intact animals and did not 
change after the administration of ADSCs-1 or ADSCs-2, as well as the 
combination of cells with melatonin (Table 2).

The activity of SOD in the brains of mice in the control group was 
significantly reduced compared to intact animals, whereas after the ad-
ministration of ADSCs-1 it became higher than in animals of the intact 
and control groups. After ADSCs-2 transplantation the SOD activity in the 
brains of mice did not differ from that in intact animals, whereas after 
the use of cells in combination with melatonin it was higher than in the 
groups of intact, control mice and those animals that received only cells.

GR activity in the brain of mice injected with ADSCs-1 or ADSCs-2 in 
combination with melatonin is significantly higher than in intact animals.
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The proportion of CD3+11b+ cells in the brain increases significantly 
after the administration of MPTP compared to the intact group and re-
mains increased in other experimental groups of animals (Table 2). In 
the group of animals receiving ADSCs-1 and ADSCs-2 in combination 
with melatonin, the values of the parameter exceeded those in the control 
group.

Thus, in the brain of mice with MPTP model of parkinsonism, an in-
crease in MDA content was observed against the background of declining 
SOD activity. The proportion of macrophages in the organ also increased 
under the influence of MPTP. The transplantation of ADSCs-1 led to a 
significant activation of SOD and GR production and an increase in the 
content of macrophages in the brain of mice with parkinsonism. A similar 
effect on these parameters was exerted by transplanted ADSCs-2 in the 
combination with melatonin, whereas after self-administered cells, the 
activity of only SOD changed.

The effects of MPTP on behaviour, oxidative stress factors, antioxi-
dant protection and neuroinflammation in the brain of mice. 

In our experiment, the study was performed on a toxic MPTP model 
of parkinsonism. Other authors as well as we found that a single injection 
of neurotoxin MPTP at a dose of 30 mg/kg allows mice to reproduce the 
late stage of this pathology, which is characterized by significant damage 
to the structure of the substantia nigra and other parts of the brain, as 
well as motor and non-motor behaviour [15-18 ]. We have now confirmed 
that significant changes in motor, research activity, and muscle tone are 
observed in mice under the influence of MPTP.

An important pathogenetic link of morphofunctional brain damage in 
PD/parkinsonism is oxidative stress, which develops against the back-
ground of declining activity of antioxidant enzymes [2]. It is shown that 
one of the factors of oxidative stress that leads to such damage is MDA. 
The latter is formed as a result of peroxidation of polyunsaturated fatty 
acids and is able to react with nucleic acids, phospholipids and amino 
acids. We found that after the administration of MPTP, the content of 
MDA in the brain of mice increases significantly, which coincides with a 
significant decrease in the activity of SOD.

According to the literature, the toxic effects of MPTP on neurons of 
the substantia nigra and other parts of the brain may also be mediated 
by the products of neuroinflammatory cells such as activated microglia/ 
macrophage cells and T-lymphocytes [15, 16]. In particular, there has 
been shown the damaging effect of pro-inflammatory cytokines (TNF-α, 
IL-1β, IFN-γ), which are synthesized by cells of activated microglia/mac-
rophages, on the neurons in CNS [3]. We found that in the brain of mice 
with MPTP model of parkinsonism, the proportion of СD3+11b+ cells, 
which are phenotypically related to activated macrophages [24], increas-
es significantly.

Thus, after the administration of the neurotoxin MPTP in mice, pro-
nounced behavioural changes are observed against the background of an 
imbalance of oxidative stress factors and antioxidant protection, as well 
as an increase in the proportion of activated macrophages in the brain.

Age features of ADSCs effects in experimental MPTP-induced par-
kinsonism. 

At present, one of the promising approaches to the treatment of CNS 
functional disorders in PD/parkinsonism is ADSCs transplantation, the ef-
fectiveness of which may be influenced by the age of the donor [9, 25]. 
In order to comparatively assess the neuroprotective effect of ADSCs of 
adult or aging donor mice, the cells were administered to animals 17 days 
after MPTP injection, i.e. against the background of already significant 
morphofunctional CNS disorders.

We found some positive changes in the motor activity of mice with 
MPTP–induced model of parkinsonism after the transplantation of ADSCs 
from adult donor mice. These results are consistent with the data of other 
authors who showed a similar direction of behavioral changes in mice 
with MPTP model of parkinsonism after the administration of ADSCs [26, 
27]. The authors found that in such animals the improvement of motor ac-

tivity coincided with an increase in the number of dopaminergic neurons 
in the substantia nigra, as well as the expression of neurotrophic (BDNF, 
GDNF) and homing (SDF) factors in the brain.

Among the ways of positive effect of ADSCs in CNS pathology, the 
antioxidant and anti-inflammatory effects of these cells are of great im-
portance [7,28,29]. In particular, Wojtas and co-authors [7] believe that 
MMSC transplantation under such conditions can be an innovative ap-
proach to improving the balance of oxidative stress factors and antioxi-
dant protection of the brain. There is evidence that the antioxidant effect of 
MMSCs in CNS pathology is associated with a decrease in the content of 
reactive radicals and increased expression of some antioxidant enzymes 
in the brain [7, 28]. In our work, it was found that in the brain of mice with 
MPTP model of parkinsonism, the activity of SOD and GR significantly in-
creases after the transplantation of ADSCs of adult donor mice. However, 
in such animals, the content of MDA in the brain remained increased. 
Since neurodegenerative pathology in the brain also significantly increas-
es the content of ROS (reactive oxygen species), which can be reduced 
by MMSC transplantation [30], it is possible that in our work the positive 
effect of ADSCs of adult donors on the activity of antioxidant enzymes was 
manifested against the background of decreasing ROS content.

We showed that after the administration of ADSCs of adult donor 
mice, the proportion of activated macrophages in the brains of mice with 
MPTP-induced parkinsonism became even higher compared to the con-
trol group. The discrepancy between these results and the authors’ data 
on the anti-inflammatory effect of ADSCs can be partly explained by the 
different doses of transplanted cells, as well as the different timing of 
their administration after MPTP injection. Typically, the authors received 
a significant positive effect from the transplantation of such cells at a dose 
of 1·106 and under conditions of their use in the early stages of MPTP 
effect, namely on the third day or a week after the injection of neurotoxin 
[26, 27].

At the same time, it is noteworthy that the increase in the propor-
tion of CD3+11b+ cells with a proinflammatory phenotype [24, 31] in the 
brain of mice injected with ADSCs of adult donors coincides with positive 
changes in the functional state of the CNS. Therefore, we do not rule out 
that macrophages with an anti-inflammatory profile may appear in the 
brain of mice with a model of parkinsonism three weeks after the admin-
istration of cells. This assumption is based on the study of Praet et al [32], 
who showed that macrophages with an anti-inflammatory phenotype may 
appear due to prolonged exposure to neurotoxins, as well as under the in-
fluence of biologically active factors (including cytokines). However, this 
assumption requires further research using immunophenotyping of brain 
macrophages or their production of anti-inflammatory cytokines.

In the study of the neuroprotective effect of transplanted ADSCs of 
aging donors, we did not find their positive effect on the altered behaviour 
of mice with MFTP-model of parkinsonism. The lack of therapeutic effect 
of such cells compared to ADSCs of adult donors can be explained by 
age-related changes in their biological properties. Thus, with age there 
is a decrease in the proliferative and differentiating potential of MMSCs, 
changes in the spectrum of produced cytokines, the development of oxi-
dative stress in these cells, a decrease in telomere length, etc. [10, 33, 
34]. It is possible that age-related changes in the biological properties 
of ADSCs are also associated with a less pronounced effect of cells from 
aging donors on the activity of antioxidant enzymes in the brains of mice 
with parkinsonism.

Thus, the positive effect of ADSCs of adult donor mice on the mo-
tor activity of animals with the MPTP model of parkinsonism coincides 
with a significant activation of antioxidant enzymes (SOD and GR) in the 
brain. The lack of effect of ADSCs of aging donors on the behaviour of 
experimental animals is observed against the background of the restora-
tion of SOD activity only. That is, the age of ADSCs donors is important 
for their influence on the behaviour and activity of antioxidant enzymes in 
the brains of mice with MPTP model of parkinsonism. The positive effects 
of ADSCs from adult donor mice are more pronounced than that of the 
cells of aging donors.
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In mice with MPTP model of parkinsonism, there is a disorder of behavioural responses, an increase in the number of activated macrophages 
in the brain and the content of MDA as well as a decrease in the activity of antioxidant enzymes.

The transplantation of ADSCs of adult donor mice leads to positive changes in motor activity and pronounced activation of antioxidant enzymes 
(SOD, GR) in the brain of mice with a model of parkinsonism; the content of macrophages in the brain increases.

The effect of transplanted ADSCs of aging donors on the violated behaviour of mice with parkinsonism is absent, and, in the brain, there is a 
restoration of SOD activity.

The transplantation of ADSCs of aging donors in combination with melatonin leads to similar behavioural changes, antioxidant enzyme activity 
and the proportion of activated macrophages in the brain of mice with parkinsonism as the transplantation of ADSCs from adult donors.

CONCLUSION
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Effects of ADSCs of aging donor mice in combination with melatonin 
in experimental parkinsonism. It is known that in neurodegenerative pa-
thology, the protective effect of MMSCs can be modified by using some 
means, in particular the hormone melatonin [11, 12]. This approach with 
the administration of MMSCs of the human umbilical cord in combination 
with melatonin has already shown its effectiveness in our previous stu-
dies on the model of multiple sclerosis [35]. The authors showed that in 
CNS pathology melatonin is able to penetrate the blood-brain barrier and 
enhance neuro-, myelogenesis and BDNF synthesis, increase the viability, 
proliferation and differentiation of neural stem cells, have an antiapoptotic 
effect on neurons and, as a result, improve the functional state of the 
CNS [36]. We also found positive changes in the behaviour of mice with 
parkinsonism after using the combination of ADSCs of aging donors with 
melatonin. At the same time, the values of the parameters did not differ 
from those in mice after the transplantation of ADSCs of adult donor mice.

The antioxidant and anti-inflammatory properties of melatonin in neu-
rodegenerative pathology are also known [37, 38]. In particular, it was 
found that under these conditions melatonin acts as a direct and indi-
rect antioxidant. We have shown a pronounced activation of antioxidant 
enzymes (SOD and GR) in the brains of mice with MPTP parkinsonism 
model, which were injected with ADSCs of aging donor mice in com-
bination with melatonin. Characteristically, in such animals, the activity 
of antioxidant enzymes in the brain was similar to their activity after the 
administration of ADSCs of adult donor mice. The results suggest that the 
positive effect of the combination of ADSCs of aging donors and melato-
nin on the motor activity of mice with parkinsonism may be associated 
with increased antioxidant protection of the brain of such animals. We 
did not receive a decrease in the number of activated macrophages in the 
brains of experimental animals after using the combination of ADSCs of 

aging donors and melatonin, although, according to our data, exogenous 
melatonin has anti-inflammatory effects in animals with experimental par-
kinsonism [13,14]. Moreover, the proportion of activated macrophages in 
the brains of mice with the MPTP model of parkinsonism even increased 
compared with the group of animals that received only ADSCs of aging 
donors.

This effect of the combination of transplanted cells of aging donors 
with melatonin requires further study, given the positive changes in CNS 
function in such animals, as well as literature data on the anti-inflamma-
tory action of melatonin in neurodegenerative pathology [37].

In addition to the protective effect on the nervous system, the au-
thors showed a positive effect of melatonin on the biological properties of 
transplanted MMSCs [11, 12, 39]. Thus, melatonin protects MMSCs from 
death, which can reach up to 90 % in the first 72 hours after transplanta-
tion into the body with pathology [39, 40]. In addition, under the influence 
of melatonin, the production of pro-inflammatory factors such as TNF-α 
and IL-6 is reduced in MMSCs of various tissue origins [12, 39]. This 
hormone regulates the expression of the NADPH oxidase gene in MMSCs, 
which generates ROS, and also activates the expression of genes for an-
tioxidant enzymes in these cells [11].

Thus, we can assume that the above-mentioned properties of mela-
tonin are important to ensure the neuroprotective effect of transplanted 
ADSCs of aging donor mice in experimental MTPP-parkinsonism. The ob-
tained results may be the basis for the development of approaches involv-
ing melatonin to increase the regenerative potential of ADSCs of aging do-
nors in the cellular therapy of parkinsonism. The results also deepen our 
understanding of the importance of melatonin for age-related changes in 
the biological properties of ADSCs in neurodegenerative pathology.
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РЕЗЮМЕ

Трансплантація мультипотентних мезенхімальних стромальних клітин жирової тканини (ММСК-ЖТ) при хворобі Паркінсона/паркін-
сонізмі є перспективним напрямком в їх терапії. На ефекти таких клітин можуть впливати вік донора і біологічно активні чинники.

МЕТА ДОСЛІДЖЕННЯ: порівняти дію трансплантованих ММСК-ЖТ мишей-донорів різного віку на показники поведінки, оксидативного 
стресу і нейрозапалення в головному мозку мишей із експериментальною моделлю паркінсонізму; оцінити зміни ефектів клітин від 
донорів старшого віку під впливом екзогенного гормону мелатоніну.

МАТЕРІАЛИ ТА МЕТОДИ: Об’єкт: миші лінії 129/Sv дорослі (5-6 міс) і старіючі (15-17 міс). Дорослим мишам одноразово вводили не-
йротоксин 1-метил-4-фенил-1,2,3,6-тетрагідропіридин (МФТП), а через 17 діб – у хвостову вену ММСК-ЖТ дорослих або старіючих 
мишей-донорів у дозі 700 тис. клітин. Частина мишей отримувала ММСК-ЖТ старіючих донорів у комбінації з мелатоніном. Оцінювали 
показники поведінки у тестах «відкрите поле», на ригідність і ротарод тесті; в головному мозку вимірювали відносний вміст макро-
фагів, малонового діальдегіду (МДА), активність антиоксидантних ферментів.

РЕЗУЛЬТАТИ. Під впливом МФТП число квадратів, стійок, довжина тіла і кроку суттєво менше, ніж в інтактній групі, а м’язовий тонус 
вище; в головному мозку зростає вміст МДА, макрофагів і падає активність супероксиддисмутази (СОД). Після трансплантації ММСК-
ЖТ дорослих донорів показники довжини тіла і кроку суттєво підвищуються, проте не до рівня інтактних мишей; у головному мозку 
зростає активність СОД, глютатіонредуктази (ГР) і частка макрофагів. Після введення ММСК-ЖТ старіючих донорів значення показни-
ків поведінки і частки макрофагів у головному мозку відповідають групі контролю (тільки МФТП), а активність СОД – інтактним тва-
ринам. У мишей, яким вводили ММСК-ЖТ старіючих донорів у комбінації з мелатоніном, спрямованість змін значень показників по-
ведінки, активності СОД, ГР, частки макрофагів була аналогічною тій, що спостерігалась після введення ММСК-ЖТ дорослих донорів.

ВИСНОВКИ. Ефекти ММСК-ЖТ у мишей із МФТП-моделлю паркінсонізму залежать від віку донора і більш виразні у трансплантованих 
клітин, отриманих від дорослих мишей. Ефекти ММСК-ЖТ старіючих донорів у комбінації з мелатоніном практично відповідають тим, 
що спостерігались після введення клітин від дорослих донорів.

КЛЮЧОВІ СЛОВА: мультипотентні мезенхімальні стромальні клітини жирової тканини; МФТП; паркінсонізм; мелатонін; поведінкові 
реакції; оксидативний стрес; макрофаги




