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ABSTRACT

Cytokines and growth factors exhibit neurotropic, anti-inflammatory and immunomodulatory properties, and therefore can affect the functioning
of the nervous system at demyelinating disorders.

PURPOSE. To identify changes in T-lymphocytes, macrophages, oxidative stress and antioxidant defence factors in the brain, endocrine thymus
function and behaviour of mice receiving neurotoxin cuprizone and recombinant human proteins: interleukin-10 (rhiL-10) and fibroblast growth
factor-2 (rhFGF-2).

MATERIALS AND METHODS. 4-6-months-old 129/Sv mice received cuprizone with food every day for 3 weeks. From the 7 day of cuprizone diet,
they received different doses of rhIL-10 and rhFGF-2. The number of CD3* T-cells, macrophages, level of malondialdehyde, activity of antioxidant
enzymes in the brain and the level of thymulin in the blood were determined. Behavioural reactions were assessed in the «open field» test.

RESULTS. In the brain of mice receiving cuprizone and rhiL-10, there was a decrease in the number of CD3* T-cells and the activity of
macrophages, which significantly increased under the influence of the toxin. After cytokine injections, the activity of superoxide dismutase,
catalase and glutathione peroxidase increased significantly in the brain, as well as the level of thymulin in the blood. Motor, emotional and
exploratory activity of mice, significantly suppressed by the cuprizone, was increased after the administration of rhiL-10. The effect of rhIL-10
on the test parameters is more pronounced at a dose of 5 Lig/kg than 50 g/kg. After injections of rhFGF-2 in the mice with cuprizone diet, there
is a decrease in the activity of brain macrophages and an increase of the level of thymulin in the blood depending on the dose of this factor; the
motor activity of these animals increased regardless of the rhFGF-2 dose.

CONCLUSION. The injections of rhIL-10 and rhFGF-2 provide dose-dependent positive effects on the pathogenetic factors of experimental
demyelinating pathology, as well as the functional state of the nervous system. Whereas, the injections of rhIL-10 have more pronounced
effects.
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reactions
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Currently, in the treatment of demyelinating pathology of the central
nervous system (CNS), much attention is being focused on the search
for the agents that promote the activation and directional differentiation
of endogenous neural stem cells (NSCs) [1]. In particular, cytokines
and growth factors, as important components of microenvironment for
NSCs in the brain, affect the proliferative and differentiation potential
of these cells [2, 3]. Thus, interleukin-10 (IL-10) is a growth factor
for NSCs of subventricular zone of the lateral ventricles, whose func-
tioning varies with demyelinating pathology [4-6]. In addition, IL-10
has a positive effect on the altered morphological state of the cen-
tral nervous system in animals with some experimental demyelination
models [7, 8]. In the brain, the fibroblast growth factor-2 (FGF-2) ex-
hibits the properties of the mitogenic factor for NSCs, inhibits apopto-

sis of neurons and promotes remyelination by activating oligodendro-
cyte precursors [9, 10].

At demyelinating pathology of the CNS, changes in the regenerative
potential of NSCs and functional state of the nervous system, as well as
the link of these processes with damaging effects on the system of oxida-
tive stress factors, activated microglia, macrophages and T-lymphocytes
have been identified [11, 12]. In the animals with a model of experimental
autoimmune encephalomyelitis (EAE), interleukin-10 exhibits pronounced
anti-inflammatory properties, affects the number of T-lymphocytes and
neutrophils in peripheral blood [13, 14]. This model also shows the effect
of FGF-2 on the manifestation of neuroinflammation due to a decrease in
functional activity of cerebral microglia and the infiltration of neural tissue
by CD8* T-cells [9, 10, 15].
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However, the changes of T-lymphocytes, macrophages, oxidative
stress factors in the brain as well as the functioning of the central ner-
vous system in mice with toxic cuprizone demyelination model at the ad-
ministration of IL-10 and FGF-2 remain unstudied. This model is widely
used for the experimental study of the pathogenesis of demyelination and
remyelination as well as mechanisms of behavioural reaction changes
[16, 17]. Since thymic hormones control the activity of T-lymphocytes
and macrophages, it is also interesting to study the effect of IL-10 and
FGF-2 on the thymic endocrine function, which varies in mice with a cu-
prizone model of demyelination [12, 18].

The literature data admit the dependence of the effects of cytokines
and growth factors, in particular IL-10 and FGF-2, on their concentration
[4, 19, 20]. Therefore, studies of the effect of different doses of IL-10
and FGF-2 on the pathogenetic factors of demyelination and function of
the nervous system are important for reasoning the treatment schemes
of this pathology.

The PURPOSE of the study is to determine the changes of T-lympho-
cytes, macrophages, balance of oxidative stress and antioxidant defence
factors in the brain, thymus functions and behavioural responses in mice
with a toxic model of demyelination under treatment with different doses
of IL-10 and FGF-2.

MATERIALS AND METHODS

Animals. Experiments were performed on 4-6 months-old male
129/Sv mice from the vivarium of the State Institute of Genetic and Regen-
erative Medicine of the NAMS of Ukraine. The mice were kept in standard
conditions at a fixed light mode of 12:12. All experiments were carried
out in accordance with the Law of Ukraine «On the Protection of Animals
from Cruelty» and «European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes».

Models. As an experimental model of demyelination, we used the
toxic cuprizone model [12, 17]. To reproduce the cuprizone demyelin-
ation model, mice received neurotoxin cuprizone (Sigma, USA) with food
(0.2 % of feed), daily for three weeks. The group of intact animals re-
ceived the usual diet.

Human recombinant proteins. Recombinant human interleukin-10
(rhIL-10) and recombinant human fibroblasts growth factor-2 (rhFGF-2)
were used in the study. They were obtained by the synthesis of the cor-
responding E.coli producers according to the standard method [21].
After lysis of bacterial cells, the target proteins were purified using ion-
exchange and affinity chromatography. The level of rhIL-10 in E.coli lysate
and chromatographic fractions was evaluated by densitometry of electro-
phoregrams and subsequent analysis using Total Lab software (USA). The
activity of rhFGF-2 was determined in the chick embryo chorioallantoic
membrane angiogenesis assay.

Schemes of the use of rhIL-10 and rhFGF-2. Starting from the 7' day
of receiving cuprizone, rhiL-10 was injected intraperitoneally in 100 pl of
the vehicle (phosphate buffer) in single doses of 5.0 ug/kg and 50.0 pg/kg,
3 injections in general, at 3-day intervals. rhFGF-2 was injected at
a single dose 20 pg/kg and a different time of administration (total of
7 and 10 injections, at intervals of 24 hours). Control groups received
cuprizone and injections of vehicle under similar schemes. The adminis-
tration of recombinant proteins from the 7™ day of the cuprizone diet is
due to the development of oligodendrocytes apoptosis at this period [3],
as well as a significant decrease in the mice motor activity [17].

Experimental groups. Intact mice (usual diet); cuprizone and vehicle
injections (control groups); cuprizone and injections of rhiL-10 at doses
of 5.0 pg/kg and 50 pg/kg (three injections); cuprizone and injections
of rhFGF-2 at a dose of 20 pg/kg, 7 and 10 injections.

When phenotyping the brain cells by CD3 marker, phycoerythrin-con-
jugated monoclonal antibodies were used, according to the recommen-
dations of the manufacturer (Becton Dickinson, USA). The homogenate
of the brain was fixed for 10 minutes at room temperature with 4 % solu-
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tion of paraformaldehyde in 0.1 M phosphate buffer saline at pH 7.4. Cell
permeabilization was performed for 15 minutes with the Perm/Wash buf-
fer (Becton Dickinson, USA). Monoclonal antibodies at a dilution of 1:50
(0.5 pg/108 cells), were added to the homogenate of the brain (2¢10° cells
in 50 pl). Measurements were performed by the BD FACSAria cell sorter,
using BD FACS Diva 6.1 software (Becton Dickinson, USA).

Functional activity of macrophages. The brain was homogenized in
PSB solution and placed in a 100 mm diameter Petri dish (Sarstedt, Ger-
many) in the growth medium containing RPMI-1640, 10 % fetal bovine
serum, 2 mM L-glutamine, penicillin and streptomycin (all reagents —
Sigma, USA). The cell suspension was cultured at +37 °C in a humidified
atmosphere with 5 % CO, for one hour. Then the cells that adhered to
plastic were detached using the 0.25 % trypsin and 0.02 % Versene mix-
ture (in 1:5 ratio). When the cells were completely detached from the sub-
strate, 10 % of fetal bovine serum was added to inhibit trypsin activity and
the cells were carefully resuspended. After counting the cells in a Goryaev
chamber, 0.2 mL cell suspension was layered on the cover glass (2.5+10°
cells/mL) and incubated for 60 minutes in a humidified atmosphere with
5 % CO, at +37 °C. After incubation, 0.2 ml of suspension of latex in
a RPMI-1640 medium (Sigma, USA) at concentration 2.5¢10° particles/mL
was added to the monolayer and incubated for 45 minutes in a humi-
dified atmosphere with 5 % CO, at +37 °C. After the incubation, the glass
was fixed in 4 % paraformaldehyde and stained by Romanowsky-Giem-
sa. In a light microscope, at least 200 macrophages were counted and
the phagocytic index — the percentage of cells capable of phagocytosis
of latex particles; and phagocytic number — the number of latex particles
phagocyted by one macrophage were determined.

The endocrine function of the thymus was assessed by the level
of the thymulin in the serum (log2 titer) [22].

Factors of oxidative stress and antioxidant defence. The level of
malondialdehyde (MDA) in the mice brain was evaluated according to
the intensity of the coloured trimethine complex formed between MDA
and tiobarbituric acid (Sigma-Aldrich, Germany) and expressed in nM/mg
[23]. The activity of superoxide dismutase (SOD) and catalase was de-
termined in the supernatants of the homogenates of the murine brain
[24]. To determine the activity of SOD, a method based on the ability of
the enzyme to suppress the adrenaline auto-oxidation in adrenochrome
(Sigma-Aldrich, Germany) at pH = 10.2 was used. SOD activity was ex-
pressed in standard units per 1 mg of protein for 1 min (units/minemg).
The activity of catalase was determined from the kinetics of H,0, degra-
dation (Riedel-deHaén, Germany) and expressed in uM of utilized H,0,
per 1 mg of protein for 1 min (uM/minemg). The level of protein was
measured by the Lowry method, which is based on the reaction with cop-
per in alkaline solution. The resulting substance is recovered by Folin’s
reagent (Sigma-Aldrich, Germany), which is accompanied by a change in
blue color. All measurements were performed using a spectrophotometer
pQuant (Bio-Tek, USA).

Behavioural reactions were investigated in the «open field» test,
which allows to assess motor, emotional and exploratory activity of ani-
mals [25]. Horizontal motor activity was investigated by the number of
crossed squares, emotional — by the number of boluses, and exploratory
— by the number of rearings and explored holes. Indicators of behaviour
in experimental mice group were recorded for 3 minutes.

The statistical analysis was assessed using Student’s t-test. The re-
sults are presented as means and standard error of mean (M = m). The
difference between the parameters was considered statistically significant
at a value of p < 0.05. The analysis of the data was performed using the
Statistica 7.0 software (StatSoft Inc., USA).

RESULTS AND DISCUSSION

Effects of different doses of rhiL-10 on macrophages, T-lymphocytes,
oxidative stress and antioxidant defence of the brain, and thymus function
in mice with a cuprizone demyelination model.



After receiving cuprizone, the number of T-lymphocytes, active
macrophages and the level of MDA in the brain of mice significantly
increase (Fig. 1, 2). After the administration of rhIL-10 at a dose of
5.0 pg/kg, the number of T-lymphocytes and the activity of macrophages
decrease, whereas the activity of SOD, catalase and the level of thymu-
lin in the blood increases (Fig. 1, 2). RhIL-10 at a dose of 50.0 pg/kg
has a more pronounced suppressive effect on the number of T-cells in
the brain, and increases the level of the thymulin in the blood (Fig. 1).
The values of all other test parameters after administration of rhiL-10 at
a dose of 50.0 pg/kg do not differ from those in the control group with
cuprizone (Fig. 1, 2).

Consequently, the effect of rhIL-10 on T-lymphocytes, macrophages
and antioxidant enzymes of the brain of mice with cuprizone diet depends
on its dose. In this case, positive changes in most of the studied para-
meters are observed at a rhIL-10 dose of 5.0 pg/kg.

The effects of different doses of rhIL-10 on behavioural responses
in mice with a cuprizone model of demyelination.

Cuprizone treatment leads to a significant decrease in the values
of motor, emotional and exploratory activity of mice (Fig. 3). After injec-
tions of rhIL-10 at a dose of 5.0 pg/kg, the values of the studied param-
eters significantly increase, whereas the number of boluses and vertical
stands increases to the level of intact mice (Fig. 3). The effect of rhIL-10
at a dose of 50.0 pg/kg had similar changes in behavioural reaction pa-
rameters, except for the number of rearings.

Thus, regardless of the dose, injections of rhiL-10 improve the mo-
tor and emotional activity of animals damaged by cuprizone treatment.
However, the dose of 5.0 pg/kg cytokine was found to be more effective
in increasing the exploratory activity of animals with a cuprizone model
of demyelination.
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Macrophages, T-lymphocytes, markers of oxidative stress and anti-
oxidant defence in the brain, thymus function in mice receiving cuprizone
and various doses of rhFGF-2.

It has been determined that in animals receiving cuprizone, which
were administered rhFGF-2 at a dose of 20 pg/kg (7 injections), there
are only changes in cellular and humoral factors of the immune system,
in particular, the activity of macrophages of the brain significantly decreases
and thymulin level in blood increases (Table 1). The growth factor at a dose
of 20 pg/kg (10 injections) causes an increase in the level of the thymulin in
the blood. In such animals, the activity of macrophages and the number of
T-lymphocytes in the brain remain increased (Table 1).

Thus, in mice with a cuprizone diet rhFGF-2 exhibit a dose-depen-
dent effect on the activity of macrophages of the brain and the function
of thymus.

Behavioural responses in mice receiving cuprizone and various
doses of rhFGF-2. A significant increase in horizontal motor activity of
mice receiving cuprizone with injections of different doses of rhFGF-2
was found (Table 2). However, the motor activity of the mice remained
lower than in animals of the intact group (p < 0.05). The parameters of
emotional and exploratory activity did not differ between the experimental
groups of mice. Consequently, irrespective of the dose, rhFGF-2 injec-
tions improve the motor activity of the mice with a cuprizone model of
demyelination.

Thus, the obtained results indicate that rhIL-10 and rhFGF-2 influence
the studied pathogenetic factors of demyelinating pathology induced by
neurotoxin cuprizone, as well as altered function of the central nervous
system. The effect of rhIL-10 and rhFGF-2 is dose-dependent.

Expressed anti-inflammatory properties of IL-10 at such an ex-
perimental demyelinating CNS pathology as EAE are associated with
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Fig. 1. Relative number of CD3* cells (A) and phagocytic activity of macrophages (B, C) in the brain, as well as the level of thymulin in the blood (D)

of mice receiving cuprizone and various doses of rhIL-10.

Notes: Cup — Cuprizone, rhiL-10 — Recombinant Human Interleukin-10;

* — p <0.05 compared to the intact group; # — p < 0.05 compared to the group receiving cuprizone; & — p < 0.05 compared to the dose of rhiL-10 5 pg/kg.
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Fig. 3. Behavioural parameters of mice in the «open field» test: horizontal motor activity (A), emotional activity (B), exploratory activity (C, D).

Notes: Cup — Cuprizone, rhIL-10 — Recombinant Human Interleukin-10;

* —p < 0.05 compared to the intact group; # — p < 0.05 compared to the group receiving cuprizone,; & — p < 0.05 compared to the dose of rhiL-10 5 pg/kg.
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a decrease expression and synthesis of proinflammatory cytokines (tumor
necrosis factor TNF-a, interferon-y, IL-1pB, IL-2, IL-6) as well as the activity
of microglia/macrophages and type 1 T-helper cells in the brain [26, 27].

We have shown the suppressive effect of rhIL-10 on the number of
T-lymphocytes and activity of macrophages of the brain on the cuprizone
model of demyelination. There is also an important enhancement of the
endocrine function of thymus in such mice, which can be explained by
a decrease in the synthesis of corticosterone in the adrenal glands under
the influence of the cytokine [28]. Literature data testify to the regulatory
effects of thymulin on the activity of macrophages, the differentiation and
functioning of T-lymphocytes [18]. Animals with a model of neuroinflam-
mation show the stimulating effect of this hormone on IL-10 synthesis
in the brain against the suppression of the synthesis of TNF-a and IL-13
[29]. Macrophages and T-lymphocytes have been shown to be the source
of proinflammatory cytokines and active forms of oxygen that damage
nerve cells of the brain 3, 11, 30].

The increase of the antioxidant enzymes activity in the brain of mice
receiving cuprizone with rhiL-10 testify to an increase in the antioxidant
defence of the neural tissue. Studies by Lattorre et al. also show the pos-
sibility of activating the effect of IL-10 on antioxidant enzymes in the cells
under the impact of prooxidant damaging factors [19].

It is important that after the injections of rhIL-10, changes in the num-
ber of T-lymphocytes, macrophages and the activity of antioxidant en-
zymes in the brain, as well as the level of thymulin in the blood, correlate
with the improvement of behavioural responses suppressed by cuprizone.
Positive changes in the function of the central nervous system, caused by
rhiL-10, indicate the involvement of the immune system and antioxidant
defence in their formation.

At the same time, the dose-dependent effect of rhIL-10 on the im-
mune system, antioxidant defence and behaviour in mice with a cuprizone
demyelination model draws attention; when a dose of 5.0 pg/kg was more
effective. On the contrary, in restoring the structure of neurons in the
central nervous system of such mice, the dose of rhIL-10 50.0 pg/kg was
found to be more effective [8]. Unequal results of the impact of different
doses of rhlL-10 on the structure of the central nervous system can be
partly explained by the involvement in such conditions of various ways of
its implementation. Thus, the results of positive changes in behavioural
responses after the administration of a lower dose of rhIL-10 against the
background of latent structural changes in the CNS neurons are consis-
tent with the hypotheses of Serra-de-Oliveira et al. [31]. They admit the
importance of changes in the factors of neuroinflammation in the patho-
genesis of not only suppression of the functions of the nervous system
in demyelinating pathology, but also its recovery. At the same time, after
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administration of a larger dose of rhIL-10, we observed significant posi-
tive morpho-functional changes in the central nervous system, but with
less pronounced changes in neuroinflammatory factors compared to the
less cytokine dose. It is possible that, in this case, changes in the neu-
rons structure are due to the activating effect of rhIL-10 on the synthesis
of brain neurotrophic factors. The authors have shown that IL-10 provides
survival of damaged neurons of the central nervous system by activating
the synthesis of neurotrophic factors by glial cells [32, 33].

FGF-2 is a multifunctional growth factor with pronounced effects
on the angiogenesis and the functioning of NSCs in the main zones
of neurogenesis [10]. At the same time, literature data on changes in neu-
rogenesis and myelogenesis under the impact of FGF-2 are ambiguous,
namely, there was observed the activation of these processes, and their
inhibition [9, 34]. In our experiment, we observed a significant increase
in motor activity of mice receiving cuprizone with rhFGF-2. According to
our preliminary results, in mice that received 7 injections of this growth
factor simultaneously, the number of intact neurons in the cerebral cortex
increased (1.5 times), which allows to treat the effect of rhFGF-2 in such
mice as neuroprotective.

One of the possible ways of FGF-2 protecting effect in demyelinat-
ing pathology is the change in the number and/or activity of cells in-
volved in the neuroinflammation [10]. In this case, FGF-2 affects the cells
of microglia/macrophages of the brain through the surface glycopro-
tein CD200, which regulates the activation of these cells [9]. According
to Gudi et al. [3], FGF-2 enhances myelination by direct impact on oli-
godendrocytes, and indirectly through other types of cells that suppress
it (astrocytes, microglia cells). Our findings regarding the decline of brain
macrophages activity after injections of rhFGF-2 into mice with a cupri-
zone diet confirm the opinion of these authors.

However, we did not observe a decrease in the number of T-cells
in the brain of mice that received cuprizone with rhFGF-2, although the au-
thors found that this effect was observed in animals with EAE [9]. More-
over, the number of T-lymphocytes in the brain of the mice with cuprizone
diet after ten injections of rhFGF-2 was even 1.4 times higher than that
of control group mice. The results indicate the importance of implemen-
ting the effects of rhFGF-2, as well as rhIL-10, depending on their course
dose at demyelinating CNS pathology. Perhaps, due to the use of different
doses of FGF-2 in this pathology, there is a difference in the results of
researchers regarding the direction of its effect on myelogenesis.

Since, according to the literature, FGF-2 and IL-10 influence myelo-
and neurogenesis, and their expression in the brain is gradually enhanced
by the reproduction of the cuprizone demyelination model [3], we compared
the obtained effects of rhIL-10 and rhFGF-2 in mice with cuprizone diet.

GROUP
PARAMETER INTACT CUPRIZONE + CUPRIZONE + rhFGF-2 CUPRIZONE + thFGF-2
VEHIGLE 20 pg/kg, (7 INJECTIONS) 20 pg/kg, (10 INJECTIONS)

CD3+, % 1.9+0.1 25+0.1* 2.8+0.2¢ 3.5+£0.5%
Phagocytic index, % 80.2+21 87.3+£2.4* 88.1 £2.3* 90.2 £3.1*
Phagocytic number, a. u. 3.4+£0.1 43+0.3* 3.0 £0.2# 3.8+0.1*
Thymulin, log2 57+0.3 6.5+0.3 7.3+£0.2%# 7.0+0.3*
MDA (nM/mg) 2802 3402 3.5+02* 33+0.1
S0D (unit/mgemin) 11.6+1.2 11414 10.5+1.8 10.2+1.6
Catalase (umol/mgemin) 14+0.2 1.2+0.1 1.3+0.1 14+0.2
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PARAMETER
INTACT
Number of squares crossed 408+ 3.4
Number of boluses 1.8+0.2
Number of rearings 0.8+0.1
Explored holes 1.3+0.2

Such a comparison allowed us to determine both the general features of
their effect and differences. The general feature of rhIL-10 and rhFGF-2
effects during the cuprizone administration is the positive changes in
the activity of macrophages in the brain, the level of thymulin in the
blood and the motor activity of animals. At the same time, rhiL-10
was also effective in changing the number of T-lymphocytes and anti-
oxidant defence of the brain. Our results deepen the idea of the role

CONCLUSION

GROUP
CUPRIZONE + CUPRIZONE + thFGF-2 CUPRIZONE + thFGF-2
VEHICLE 20 pg/kg, (7 INJECTIONS) 20 pg/kg, (10 INJECTIONS)
17.0 £ 1.5 28.1 £3.1*# 30.0 £ 3.2*#
12+0.1* 1.3+0.1* 11+£0.1*
0.2 £0.02* 0.3+0.01* 0.3+0.03*
03+0.1* 05+£0.1* 04+0.1*

of anti-inflammatory cytokines (IL-10) and growth factors (FGF-2) in
the pathogenesis of demyelinating CNS pathology. The fact that dose-
dependent effects of rhIL-10 and rhFGF-2 in this pathology may be re-
levant when substantiating the approaches to its therapy. In particular,
a similar effect on the changed parameters, and in some cases more
pronounced, may be obtained by using a less course dose of cytokine
and growth factor.

of thymulin in the blood depends on its dose.

of demyelinating pathology.

N

1. Injections of rhiL-10 into mice with a cuprizone model of demyelination show a dose-dependent effect on changes in the number
of T-lymphocytes, macrophage activity and antioxidant enzymes in the brain, and in the level of thymulin in the blood.

2. Recombinant human IL-10 improves motor and emotional activity of mice, which was suppressed by the use of a cuprizone. The increase
of the exploratory activity of these animals depended on the dose of cytokine.

3. In mice with a cuprizone diet, the injections of thFGF-2 causes positive changes in the activity of macrophages of the brain, the level
of thymulin in the blood and motor activity. The effect of this growth factor on the activity of macrophages of the brain and the amount

4.  More effective changes in the studied parameters in experimental mice with the use of lower doses of rhIL-10 and rhFGF-2 indicate
the importance of taking into account the dose-dependent effect of these factors in substantiating the approaches to the therapy

J
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