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Aim. To study the influence of melatonin and recombinant human fibroblast growth factor 
(rhFGF-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 (5×105 cells) were injected on the 10th day of cuprizone diet. Injections 
of melatonin or rhFGF-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 rhFGF-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 rhFGF-2 improve the effect of hMMSCs in cuprizone-
treated mice. The effects of hMMSCs and melatonin combination is greater than that with 
rhFGF-2.
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Introduction

Multiple sclerosis is a progressing demyelinat-
ing, neurodegenerative disease with the loco-
motor, emotional, autonomic and cognitive 

disorders. In this disease, the oxidative stress 
and neuroinflammation factors damage the 
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 
hММSСs 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 

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 % CO2. [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 сells 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 5·105 cells per 50 μl 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 μg/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 rhFGF-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 (μQuant 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 μm by the length 
of CA1 region of hippocampus. The area of 
brain neuronal nuclei was calculated in only 
non-degenerated neurons (mkm2). 

Statistical analysis of the results was carried 
out using t-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

Indicator Intact group
Experimental groups of mice

Cuprizone + saline 
(control)

Cuprizone + 
+ hMMSCs

Cuprizone + 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, µmol/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±1.8*#

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 hMMSCs 
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 hMMSCs 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

Indicator Intact group
Experimental groups of mice

Cuprizone + saline 
(control) 

Cuprizone + 
+ hMMSCs

Cuprizone + 
+ hMMSCs + rhFGF-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, µmol/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 

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 

A

 

B

Fig. 2. Area of the nucleus of non-degenerated neurons in the cerebral cortex (A), CA1 zone of hippocampus (B) in 
experimental groups of mice (1 — intact mice; 2 — cuprizone (control group); 3 — cuprizone+hMMSCs group;4 — 
cuprizone+ hMMSCs+melatonin group; 5 — cuprizone+hMMSCs+rhFGF-2 group. * — P<0.05 vs intact group; 
# — P<0.05 vs control group; ## — vs cuprizone+hMMSCs+melatonin group

A

 

B

Fig. 1. The density of degenerated neurons in cerebral cortex (A), CA1 zone of hippocampus (B) in experimental 
groups of mice (1 — intact mice; 2 — cuprizone (control group); 3 — cuprizone+hMMSCs group; 4 — 
cuprizone+hMMSCs+melatonin group; 5 — cuprizone+hMMSCs+rhFGF-2 group, * — P<0.05 vs intact 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 rhFGF-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 hMMSCs to the animals with demyelinating 
pathology, a decrease in reactive gliosis in the 
brain and behavior improving were estab-
lished [6, 24].

Effects of hMMSC+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-α 
and IL-6 in MMSCs [7, 8]. Additionally, me-
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la to nin 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 hMMSCs+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 rhFGF-2 [15]. In 
the current work, the use of hMMSCs in com-
bination with rhFGF-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.

Conclusion
Transplantation of the hMMSCs has a positive 
impact on the morpho-functional chan ges in 
CNS and manifestations of oxidative stress in 
the brain of adult mice with the cuprizone 
model of demyelination. The injections of 
melatonin or rhFGF-2 after the hMMSCs 
transplantation improve the therapeutic effect 
of the cells in cuprizone-treated mice. The ef-
fects of hMMSCs 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 approa ches to the cell 
therapy for demyelinating pathology.
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Мелатонін і фактор росту фібробластів-2 
посилюють ефекти мультипотентних 
мезенхімальних стромальних клітин пуповини 
людини у мишей із купризоновою моделлю 
демієлінізації

І. Ф. Лабунець, Н. О. Утко, О. К. Топорова, 
С. І. Савосько, Я. О. Похоленко, 
Т. М. Пантелеймонова, Г. М. Бутенко

Мета. Дослідити вплив мелатоніну і рекомбінантного 
фактору росту фібробластів-2 людини (rhFGF-2) на 
ефекти мультипотентних мезенхімальних стромальних 
клітин пуповини людини (ММСК-П) при експеримен-
таль ній демієлінізації. Meтоди. Дорослі миші отри-
мували нейротоксин купризон впродовж 3 тижнів. 
ММСК-П (5x105 клітин) вводили на 10 день купризо-
нової дієти, мелатонін або rhFGF-2 — з 11-го дня 
прийому купризону. Використовувалися стандарнтні 
методики культуральні, спектрофотометричні, про-
точної цитометрії, гістологічні, тест «відкрите поле» і 
«ротарод тест». Результати. Під впливом купризону 
зменшувалась рухова, емоційна активність і м’язовий 
тонус; у головному мозку зростав вміст малонового 
діальдегіду (МДА) і падала активність антиоксидант-
них ферментів. Після введення ММСК-П число пере-
січених квадратів і вмивань підвищувалось, а вміст 
МДА зменшувався. Ін’єкції мелатоніну і rhFGF-2 по-
силювали ефект клітин на число вмивань і підвищу-
вали активність глютатіонредуктази. Мелатонін також 
підвищував число болюсів, м’язовий тонус і активність 
глютатіонпероксидази. Висновки. Meлатонін і rhFGF-2 
покращували ефекти ММСК-П у мишей із купризо-
новою дієтою. Ефект комбінації клітин з мелатоніном 
виразніший, ніж із rhFGF-2.

К л юч ов і  с л ов а: купризон, ММСК, мелатонін, 
FGF-2, поведінка, оксидативний стрес 

Мелатонин и фактор роста фибробластов-2 
усиливают эффекты мультипотентных 
мезенхимальных стромальных клеток 
пуповины человека у мышей с купризоновой 
моделью демиелинизации

И. Ф. Лабунец, Н. А. Утко, Е. К. Топорова, 
С. И. Савосько, Я. O. Похоленко, 
Т. Н. Пантелеймонова, Г. М. Бутенко

Цель. Исследовать влияние мелатонина и рекомби-
нантного фактора роста фибробластов-2 человека 
(rhFGF-2) на эффекты мультипотентных мезенхималь-
ных стромальных клеток пуповины человека 
(ММСК-П) при экспериментальной демиелинизации.  
Meтоды. Взрослые мыши получали нейротоксин ку-
призон в течение 3 недель. ММСК-П (5x105 клеток) 
вводили на 10 день купризоновой диеты, мелатонин 
или rhFGF-2 – с 11-го дня приема купризона. Также 
использовались стандартные методы культуральной 
работы, спетрофотометрия, проточной цитометрия, 
гистологии, тест «открытое поле» и «ротарод тест». 
Результаты. Под влиянием купризона уменьшалась 
двигательная, эмоциональная активность и мышечный 
тонус; в головном мозге росло содержание малоново-
го диальдегида (МДА) и падала активность антиокси-
дантных ферментов. После введения ММСК-П число 
пересеченных квадратов и умываний повышалось, а 
содержание МДА уменьшалось. Инъекции мелатони-
на и rhFGF-2 усиливали эффект клеток на число умы-
ваний и повышали активность глютатионредуктазы. 
Мелатонин также повышал число болюсов, мышечный 
тонус и активность глютатионпероксидазы. Выводы. 
Meлатонин и rhFGF-2 улучшали эффекты ММСК-П у 
мышей с купризоновой диетой. Эффект комбинации 
клеток с мелатонином значительнее, чем с rhFGF-2.

К л юч е в ы е  с л ов а: купризон, ММСК, мелатонин, 
FGF-2, поведение, оксидативный стресс 
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