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Hematological and immunological markers of systemic inflammation were studied in 6-hydroxydo-
pamine (6-OHDA)- and lipopolysaccharide (LPS)-induced models of Parkinson’s disease (PD). Experiments
were carried out on adult male Wistar rats: 1 — intact animals; 2 — sham-operated animals and 3 - 6-OHDA-
and LPS-lesioned animals. PD development was confirmed by the results of behavioral testing (apomorphine
test, open field test) and immunohistochemical detection of the loss of dopaminergic neurons. Hematological
indices (complete blood count and differential leukocyte count (DLC)) were examined using hematological
analyser. Immunological indices included phenotypic (CD206 and CD80/86) and metabolic (oxidative me-
tabolism and phagocytic activity) characteristics of circulating monocytes (Mo) and granulocytes (Gr), which
were determined by flow cytometry, as well as plasma levels of C-reactive protein, which were determined
by ELISA. LPS-induced PD was associated with neutrophilia, 1.9 times increased neutrophil-to-lymphocyte
ratio, 3 times increased platelet-to-lymphocyte ratio, and 3 times increased systemic immune inflammation
index as compared to intact animals. Functional profile of circulating phagocytes from LPS-lesioned animals
was characterized by the pro-inflammtory metabolic shift, as was indicated by 5 times increased oxidative me-
tabolism indices and up-regulated CD80/86 expression along with decreased phagocytic activity and CD206
expression. 6-OHDA-lesioned rats demonstrated decreased DLC indices as compared to intact and sham-
operated rats. Functional profile of circulating phagocytes in this model was characterized by anti-inflamma-
tory shift. The results obtained from this study demonstrated that stereotaxic LPS-induced PD is appropriate
rodent model for the study of systemic inflammation which is inherent for the disease pathophysiology.

Keywords: Parkinson’s disease, 6-OHDA, lipopolysaccharide, systemic inflammation, differential leuko-
cyte count, peripheral blood phagocytes, reactive oxygen species, phagocytic activity, phago-
cyte phenotypic markers.

common neurodegenerative disorders affec-

ting about 2% of aged population world-
wide. It is characterized by the degeneration of
dopaminergic neurons in the substantia nigra with
the accumulation of protein aggregates in the cyto-
plasm of neurons, and clinically, it is associated with
the bradykinesia, a resting tremor, and rigidity [1].
The rapid ageing of the population is a permanent
worldwide phenomenon. According to current prog-
noses, the rise in aged people will be accompanied
with an increase in the number of patients afflicted

P arkinson’s disease (PD) is one of two most

by a neurological diseases including PD [2]. The sup-
posed increase in PD affected patients emphasizes
the necessity for deep insight into the mechanisms
that may contribute to disease onset and aggravation
in order to develop new prophylactic and therapeutic
options, and to identify potential drug candidates.
Neuroinflammation is a well-known and widely
investigated hallmark of PD and one of the pivotal
mechanisms, which is involved in the neuronal de-
generation [3]. In addition, durable association is
established between PD pathogenesis and systemic
inflammation (SI) [4]. Nevertheless, the precise role
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of SI in PD pathophysiology is yet to be completely
elucidated. All PD patients exhibit an elevation of
serum pro-inflammatory cytokine levels and re-
duced CD4+ to CD8+ lymphocyte ratio irrelevant
of the presence or absence of concomitant organ-
specific or non-specific inflammatory pathologies.
This, according to experts, may occur from the dif-
fusion of inflammatory mediators, produced by ac-
tivated micro- and astroglia cells, to the periphery
with activation of immune cells and consequential
appearance of SI markers in the blood [5]. The lack
of dopamine (as a result of the neurodegeneration in
substantia nigra) which is known to inhibit TRAF6-
mediated NF-kB activation and inflammation via the
D5 dopamine receptor in innate immunity cells, is
another reason of SI development in PD [6]. On top
of that, local neuroinflammation induces early he-
patic acute phase response, which is responsible for
the leukocyte recruitment into the blood and their
pro-inflammatory metabolic shift [7]. Pro-inflam-
matory mediators produced by activated peripheral
immunocytes can come from the periphery to the
brain, either through neural (transfer through the au-
tonomic nervous system) or humoral (transporting
with blood through the disturbed blood-brain bar-
rier) pathways [8]. Pro-inflammatory mediators,
produced by peripheral immunocytes, exacerbate
neuroinflammation and neurodegeneration. In ad-
dition, peripheral immunocytes, mainly monocytes
and neutrophils, are recruited to the site of neuro-
inflammation and promote the transition of primed
microglia to the activated state [9]. In such a way,
local and systemic inflammatory processes form a
vicious cycle (circulus vitiosus) which lends chron-
ic nature to the PD [10]. That is why inflammatory
components including SI are considered as targets
for PD treatment.

To mimic PD in humans, numerous animal
models have been developed, which reproduce many
aspects of idiopathic disease including neuroinflam-
mation [11]. Among the neurotoxic models of PD,
the 6-hydroxydopamine (6-OHDA) rodent model
has got greatest attention. This model is usually ex-
ploited for studying the disease pathophysiology and
for testing neuroprotective potential of pharmaceutic
compounds [12]. Lipopolysaccharide (LPS)-induced
model is used for studying the inflammatory pro-
cesses in PD pathogenesis and for the development
anti-inflammatory treatments for the disease [13].
Nevertheless, data on reproducing SI in these models
are scarce, and mainly concern peripheral blood cy-
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tokine profile [13, 14]. Considering aforementioned,
we aimed to conduct comprehensive comparative
evaluation of these most widely used PD models
with respect to the manifestation of SI.

Materials and Methods

Animal models and study design. The study
was performed on adult male Wistar rats (220-
250 g) bred in the vivarium of the Educational and
Scientific Centre “Institute of Biology” of Taras
Shevchenko National University of Kyiv, Ukraine.
The animals were kept in standard conditions with
ad libitum access to water and food (standard diet).
Animal protocol was approved by the University
Ethics Commitee according to Animal Welfare Act
guidelines. All procedures with animals were con-
ducted in conformity with the principles of humanity
as it was written in “General principles of animal
experimentation” approved by the National Congress
on bioethics (Kyiv, 2001-2007) and in conformity
with Council directive of November 24, 1986 on the
approximation of laws, regulations and administra-
tive provisions of the Member States regarding the
protection of animals used for experimental and
other scientific purposes (86/609/EEC).

6-OHDA-induced hemiparkinsonism. Thirty
rats were used in this experiment. Before the ex-
periment, animals were randomized by weight
and divided into three groups (n = 10): T — intact,
IT — sham-operated, III — lesioned with 6-OHDA.
At the day of surgery, rats from groups Il and Il
were anesthetized with nembutal (50 mg/kg, i.p.,
Sigma, USA) and placed in a stereotaxic instru-
ment (SEJ-4, Ukraine). Animals were then injected
i.p. with 40 mg/kg pargyline (Sigma, USA), which
inhibits the metabolic conversion of 6-OHDA by
monoamine oxidase, and 25 mg/kg desipramine
(Sigma, USA), which blocks the uptake of neuroto-
xin by noradrenergic neurons [15]. Lesions in group
IIT were made by the unilateral injection of 12 pg
6-OHDA dissolved in 4 ul of 0.1% ascorbic acid in
isotonic saline solution into the left lateral ascending
bundle (2.2 mm caudal and 1.5 mm lateral from the
bregma in accordance with the atlas coordinates)
[16]. Neurotoxin was injected into the brain tissue
at a rate of 1 pl/min (every 15 s). The injector was
left in place for 5 min before slowly withdrawing
it to allow for toxin diffusion and prevent the toxin
reflux. The sham-operated rats received vehicle only
(0.1% ascorbate in 0.9% sodium chloride) at the
same coordinates.
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LPS-induced hemiparkinsonism. Thirty rats
were used in this experiment. Before the experiment,
animals were randomized by weight and divided into
three groups (n = 10): T — intact, IT — sham-operated,
IIT — lesioned with LPS. At the day of surgery, rats
from groups 11 and 111 were anesthetized with a mix-
ture of ketamine (75 mg/kg diluted in sterile water
for injection, Sigma, USA) and 2% Xylazine (400 pl
/kg, Alfasan International BV, Netherlands) i.p. Le-
sions in group 111 were made by the unilateral injec-
tion of 10 pg LPS (Sigma, USA) in the volume of
2 pl into the substantia nigra (AP =-5.3; ML =+ 2.0;
DV = -7.2) according to Hoban et al., 2013 [17]. LPS
was injected into the brain tissue at a rate of 1 pl/
min (every 15 s). The injector was left in place for
5 min before slowly withdrawing it to allow for
LPS diffusion and prevent the endotoxin reflux. The
sham-operated rats received vehicle only (0.9% so-
dium chloride) at the same coordinates. PD develop-
ment was ascertained by the results of behavioral
testing and post-mortem assessment of nigrostriatal
neurodegeneration using semi-quantitative tyrosine
hydroxylase (TH) immunohistochemistry. SI bio-
markers (leukocyte, neutrophil and monocyte count,
neutrophil-to-lymphocyte ratio (NLR), monocyte-to-
lymphocyte ratio (MLR), platelet-to-lymphocyte ra-
tio (PLR), plasma level of C-reactive protein (CRP),
metabolic profile of circulating phagocytes) were ex-
amined at the time point of the experiment cessation
(day 29 after the surgery).

Behavioral testing. Open field test was per-
formed 28 day after the surgery as described previ-
ously [18]. To assess voluntary movement, anxiety,
and exploratory behavior in new environment, the
animals were tested in the Open Field arena (a square
field with sides of 100 cm and a wall height of 30 cm,
which was illuminated by two LED lamps (each with
60W) located at a height of 2 m) for 5 min. Ambula-
tory activity was recorded using an IP camera fol-
lowed by the analysis using MATLAB.

Apomorphine test. Apomorphine administra-
tion induces abnormal contralateral rotations in he-
mi-PD model rats [19], therefore apomorphine test is
commonly used to judge the success of the model,
and the degree of neuron damage in the study of PD.
The test was performed 7 and 14 days after the sur-
gery. Apomorphine (Sigma, USA) was i.p. admin-
istered to the lesioned rats at a dose of 0.5 mg/kg.
Five minutes after the injection, the animals were
individually placed into a 40 cm-diameter cylinder
and the counterclockwise (contralateral) rotations

were monitored and recorded for 30 min. Lesioned
animals scoring over 6 rpm were considered as suc-
cessfully lesioned with 86.6% dopaminergic neuron
(DN) loss. Rats scoring less than 6 rpm (0-2 rpm)
were considered as successfully lesioned with 44%
DN loss [15].

Immunohistochemistry. Immunohistochemi-
cal staining of rat brain sections with antibodies to
tyrosine hydroxylase (TH) was performed on day
29 after the surgery. Rats were deeply anesthetized
and transcardially perfused with heparinised 0.9%
sodium chloride followed by 4% paraformaldehyde.
The brains were removed, frozen and then sectioned.
Sections (50 um) were processed for TH immuno-
histochemical detection using ABC—peroxidase
method as described previously [20]. Endogenous
peroxidase activity was blocked using blocking
solution (Dako, EnVision Flex, DM821), and sec-
tions were incubated with anti-TH antibody, dilution
1:200 (Millipore, AB152) overnight (4°C) followed
by immunostaining. Nonspecific antibody binding
was blocked with 4% milk powder in Tris buffered
saline (TBS) with 0.2% Triton X-100. The sections
were then rinsed and incubated with biotinylated
horse anti-rabbit IgG (1:200) for 60 min. After this,
sections were incubated with an avidin-biotin com-
plex solution followed by diaminobenzidine (Dako,
EnVision), and were assessed using a Primo Star
microscope, Zeizz. Each sample was scored semi-
quantitatively as to the intensity of immunostaining
on a four-point scale, with 0 indicating absence of
staining, 1+ indicating the lowest level of detectable
staining and/or nonhomogeneous weak staining, 2+
indicating moderate homogeneous staining, and 3+
indicating intense homogeneous staining [21]. We
don’t state percentage of stained cells because rela-
tively homogeneous immunostaining was observed
in all positive brain samples using these antibodies.

Hemogram analysis. The study of hemato-
logical parameters was carried out on day 29 after
the surgery. Hematological parameters were deter-
mined using an analyzer “Particle counter model
PCE 210” (ERMA, Japan), adapted for the study of
blood cells in rats and mice. NLR, MLR, and PLR
were calculated as the ratio of the absolute number
of cells in the respective populations. Systemic im-
mune inflammation index was calculated according
to Erdogan, 2020 [22].

Plasma CRP level examination. Plasma was
measured for C-reactive protein (CRP) using ELISA
Kit (Labcare Diagnostics India Pvt Ltd) according to
the manufacturer recommendations.
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Circulating phagocyte metabolic profile as-
sessment. Metabolic profile of circulating phago-
cytes (monocytes (Mo) and granulocytes (Gr)) was
characterized by their phagocytic activity, oxidative
metabolism, and phenotypic marker expression,
which were examined by flow cytometry. Phagocytic
activity was detected as described earlier [23]. FITC-
labeled thermally inactivated cells of Staphylococ-
cus aureus Cowan | (collection of the Department
of Microbiology and Immunology, ESC “Institute
of Biology and Medicine” of Taras Shevchenko Na-
tional University of Kyiv) were used as an phagocy-
tosis object. Blood samples were incubated at 37°C
for 30 min with bacterial cells. Phagocytosis was
stopped by adding a ‘stop’ solution (PBS with 0.02%
EDTA and 0.04% paraformaldehyde). Data are pre-
sented as the phagocytosis index (Phl) (the average
fluorescence per phagocytic cell). The oxidative me-
tabolism of phagocytes was examined using 2'7’-di-
chlorodihydrofluorescein diacetate (H,DCFDA,
Invitrogen) as described previously [23]. Reactivity
reserve of the oxidative metabolism was characteri-
zed by the modulation coefficient (MC). MC was
defined after the treatment of blood samples with
phorbol 12-myristate 13-acetate (PMA) in vitro and
was calculated by the formula:

MC = ((S — ByB) x 100,
where S — index value after treatment with PMA
in vitro; B — index value of untreated cells (basal
value).

For phagocyte phenotyping, FITC-labeled
anti-CD80/86, and phycoerythrin (PE)-labeled an-
ti-CD206 antibodies (Becton Dickinson, Pharmin-
gen, USA) were used. Results were assessed using
FACSCalibur flow cytometer and CellQuest soft-
ware (Becton Dickinson, USA). Granulocytes and
monocytes were gated according to forward and side
scatter.

Statistical analysis. All data are presented
as mean + SD. Statistical differences were calcu-
lated using ANOVA with Tukey’s post-hoc test for
multiple comparisons, and a two tailed t-test and
non-parametric Mann-Whitney U test for single
comparisons. y? test was used for qualitative data.
Differences were considered significant at P <0.05.

Results and Discussion

Among numerous PD animal models,
6-OHDA- and LPS-induced are most extensively
used to explore disease pathophysiology, and to
search for the therapeutic targets. These models dif-
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fer by the mechanisms of PD inducing, and each of
them has advantages and drawbacks. Both these
models are usually referred to as the pathogenic
models (in contrast to so-called ethologic or disease
gene-based models) Neuroinflammation along with
motor disturbances are common features of these
models. Intracerebral injection with the 6-OHDA
toxin leads to dopaminergic neuron death and de-
pletion of dopamine in the striatum, as well as mo-
tor dysfunction akin to that of PD patients. Common
problem with most of the toxin-based PD models is
their acute nature, which is entirely dissimilar from
the slow progression of PD observed in patients [24].
LPS induces activation of microglial cells, which
release pro-inflammatory and neurotoxic mediators
causing neuronal damage. Damaged neurons in turn
produce injury (damage-associated) signals which
activate microglial cells. In such a way, LPS induces
slow progressive neurotoxicity, more inherent to
clinical picture of the disease [25]. These facts al-
lowed us to suggest that the systemic manifestation
of the inflammatory process may differ in these two
models.

PD development in 6-OHDA- and LPS-le-
sioned rats was accompanied by behavioral distur-
bances (Table 1). In apomorphine test, rotation rate
in 6-OHDA-lesioned rats was 7.6 rpm on day 8 after
the surgery. It indicates >80% neuron damage and
reflects acute severe unilateral neurodegeneration.
One week later, rotation rate in this group reached
8.5 rpm, that indicate progressive DN death. Rota-
tion rate in LPS-lesioned group was 0.6 rpm 7 days
after, and 0.7 rpm 14 days after the PD initiation
indicating moderate but progressive DN loss. Our
results accord with the data of Eidson et al., 2017,
which reported about moderate progressive decrease
in dopamine levels (<50%) in rats after intracerebral
administration of LPS. Consequently, apomorphine
causes only weak contralateral rotational activity
(0-2 rpm) in lesioned animals [26]. DN loss in LPS-
lesioned rats was additionally confirmed by the TH
immunostaining, which indicated ~60% decrease of
TH-positive neurons in affected animals.

Our results of Open Field Test showed that am-
bulatory activity in animals lesioned with 6-OHDA
was similar to those observed in the LPS-lesioned
group, excluding a potential effect on grooming ac-
tivity, which was decreased only in 6-OHDA group.
Significant decreases in total movement distance and
the number of rearing were observed in both model
groups compared with the sham-operated animals.
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Table 1. Criteria of PD development in 6-OHDA and LPS-lesioned rats

Criterium _ 6-OHDA- LPS-induced

induced model model

Apomorphine-induced rotation on day 8 after the surgery, rpm 7.6 £3.8 0.6+04

Apomorphine-induced rotation on day 15 after the surgery, rpm 85+33 0.8+£0.6

Rat ambulatory activity assessed through the open

field test (% of sham-operated animals)

* Total movement distance 64.1 61.4

* Number of rearing 41.0 69.8

* Number of grooming 73.0 99

* Number of defecations 65.7 80.9

The number of TH-positive neurons in the midbrain (%

of intact animals; % of sham-operated animals) Not detected 37.8

The number of defecations was also decreased in
lesioned rats. It can indicate gastrointestinal dys-
function with reduced colonic contractions, which is
inherent for PD including experimental hemiparkin-
sonism in rodents [27].

Signs of SI were manifested in different ways
in animals with different PD models. Plasma level
of CRP is a faithful marker of systemic/peripheral
inflammation. Elevated plasma CRP levels are re-
ported to be inherent and correlate with disease
severity in PD patients [20]. Data concerning CRP
level in blood plasma of rodents with experimental
hemiparkinsonism are scarce. In our experiments,
CRP plasma levels in animals with both PD models
were characterized by significant individual varia-
bility. In LPS-lesioned animals, a tend to a lightly
higher CRP plasma level as compared to the control
was observed (189.0 + 67.0 vs 126.5 + 48.5 pg/ml in
sham-operated rats) (Fig. 1).
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Next, we have examined hematological in-
dices of SI. Complete blood count (CBC)-based
biomarkers are a groups of inflammatory parame-
ters based on blood cells [28]. Changes of some
CBC indices, such as white blood cell (WBC) types
during SI in various pathological states are widely
reported [29]. Assessment of diagnostic and prog-
nostic values of routine hemogram indices in PD re-
vealed that the increased neutrophil proportion along
with lowered lymphocyte (Ly) count has the stron-
gest association with SI in PD and disease severity
[30, 31]. Hemogram analysis revealed a decrease in
the Ly fractions in animals with both models of PD,
more pronounced in rats with 6-OHDA-PD (Fig. 2).
At the same time, in animals with 6-OHDA-PD, the
relative amount of Mo was twice as high as in intact
animals, whereas the Gr proportion did not differ
from that of intact animals. As opposed to the rats
with 6-OHDA-PD, monocyte fraction in rats with

300
250 T
200
150
100

50

H
—

Plasma CRP level, pg/mi

LPS-PD
animals

Intact Sham-operated
animals animals

Fig. 1. Plasma level of C-reactive protein in rats with different Parkinson’s disease models. Data are pre-
sented as mean + SD, n = 10. A — 6-OHDA induced PD, B —LPS-induced PD
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Fig. 2. Differential leukocyte count in rats with different Parkinson’s disease models. A — 6-OHDA-induced
PD; B — LPS-induced PD. Data are presented as mean = SD, n = 20. * and * indicate significant (P < 0.05)
differences as compared to the values in intact and sham-operated animals correspondingly (ANOVA with

Tukey post-hoc test)

LPS-PD did not differ from that in control intact
animals, whereas the proportion of Gr was almost
twice as high. Literature data concerning the relation
of increased Mo fraction with SI are controversial.
Namely, there is an assumption that Mo mobilization
in the course of inflammation can be associated with
their participation in tissue healing and initiation of
adaptive immunity. The use of Mo assessment for
the diagnostics of SI should be accompanied by the
assessment of their phenotypic characteristics and
functionality profile [32].

Increasingly attention is paid to the assessment
of the differential leukocyte count (DLC) as an in-
formative marker of SI. Even in the absence of gen-
erally recognized indicators of a systemic inflamma-
tory process, such as an increased level of CRP in
serum, a change in the DLC is a reliable marker of
Sl in the course of numerous inflammatory diseases,

including PD. According to the literature data, the
DLC is applicable not only as a validated marker
of the systemic inflammatory process in PD, but
is also an important component in the complex of
markers for the differential diagnostics of the disease
subtypes [33]. Considering the aforementioned, we
conducted a comparative assessment of neutrophil-
to-lymphocyte (NLR), monocyte-to-lymphocyte
(MLR), and platelet-to-lymphocyte (PLR) ratios in
animals with 6-OHDA- and LPS-induced PD models
(Table 2).

Animals with LPS-induced PD showed a high
NLR value (0.47 + 0.02) compared to the same indi-
cator in the groups of intact and sham-operated ani-
mals, while the values of this index in animals with
6-OHDA-induced PD did not differ substantially
from corresponding control groups (0.21 + 0.01 vs
0.33 £ 0.03 and 0.25 £ 0.04 correspondingly). High

Table 2. Leukocyte ratios in rats with different models of Parkinson’s disease

6-OHDA LPS
Coefficient |\ ot 022?2:(; ; PD Intact 0;2?2:(; | PD
NLR 033003 025+005 021£001* 031002 025006 047+ 0025
MLR 0144002 013+£003 018+001*  010£008  018+003  012=003
PLR 2596011 2484+023 2138+013% 2619+013 2587+015 73.81 £ 0.10%"
SII 35224000 23.62+0.12% 2352+004% 3624017 4505+0.83% 115.13 + 0.17%"

Note: * and * indicate significant (P < 0.05) differences as compared to the values in intact and sham-operated animals
correspondingly (ANOVA with Tukey post-hoc test), mean £+ SD, n = 10. NLR — neutrophil-to-lymphocyte ratio, MLR —
monocyte-to-lymphocyte ratio, PLR — platelet-to-lymphocyte ratio, SII — systemic immune inflammation index
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NLR value in rats with LPS-PD model indicates SI.
Research by Sanjari et al. showed a positive corre-
lation between NLR values and the severity of PD.
Therefore, one can consider the studied indicator
not only as a marker of SI, but also as an additional
marker of the disease severity which can be repro-
duced in the LPS- induced PD model and is absent
in the 6-OHDA-induced PD model [34].

The MLR values were moderately increased
in comparison with those in control in animals with
both PD models. PLR values in animals with LPS-
PD was increased threefold as compared to control
animals, while in animals with 6-OHDA-PD this in-
dicator was lower than that in the groups of intact
and sham-operated rats indicating the resolution of
the inflammation.

Erdogan et al. proved conclusively the high
diagnostic and prognostic significance of the
systemic immune inflammation index (SII) by the
example of SI in patients with bronchial asthma [22].
This index was developed by Hu et al. in 2014 to as-
sess the course of systemic inflammatory process in
patients with oncological pathology. According to the
results of our experiments, the SII value in animals
with LPS- induced PD was more than 3 times higher
than that in intact animals and more than 2 times
as compared to sham-operated animals. Whereas in
rats with 6-OHDA- induced PD, this index did not
differ significantly from the control and experimen-
tal groups. It suggests that the complex SII, which
is based on the quantitative ratio of lymphocytes to
neutrophils and platelets, is a marker mirroring im-
mune inflammation in PD, and this marker points
out SI in LPS-lesioned rats only.

In addition to quantitative leukocyte charac-
teristics, we have assessed metabolic profile of cir-
culating phagocytes: Mo and Gr. For this purpose,
we examined reactive oxygen species (ROS) genera-
tion, phagocytic activity, and the expression of phe-
notypic markers involved in phagocyte metabolic
polarization. One of the key features of phagocytes,
including Mo and neutrophilic Gr, is their high meta-
bolic plasticity, through which these cells can be ac-
tivated to numerous different functional states. Ac-
cording to commonly accepted hypothesis, activated
phagocytes can acquire two opposite functional
states: classically M1(N1) and alternatively M2(N2)
polarized, reflecting the opposing ends of the full ac-
tivation spectrum. Classically polarized phagocytes
are participants of local and systemic inflammatory
processes: both reparative and destructive nature

[35]. It is commonly accepted, that increased ROS
generation along with decreased phagocytic activi-
ty is a metabolic marker of pro-inflammatory func-
tional phagocyte shift. Pro-inflammatory phagocyte
polarization is associated with continuous ROS
production and acquisition of antigen-presenting ca-
pacity, both of these functions followed by delayed
maturation of phagosomes and progressive decrease
of phagocytic activity [36]. Classical phagocyte po-
larization is also associated with increased surface
expression of co-stimulatory molecules CD80/CD86
(participating in phagocyte antigen presenting ca-
pacity) along with lack/decrease of CD206 (scaven-
ger receptor involved in efferocytosis and tissue
reparation) expression [37]. In our experiments, level
of Mo and Gr ROS production in rats with 6-OHDA-
PD was significantly lower compared to that in intact
and sham-operated animals (Fig. 3, A). In addition
to the baseline ROS generation we also examined
reactivity reserve of this function (the residual ca-
pacity of a cell to perform given metabolic activity
under stress, in this case, after the treatment with
PMA in vitro). The existence of reactivity reserve
of the oxidative metabolism was registered in intact
and sham-operated animals, as well as in rats with
6-OHDA-PD. ROS generation values in circulat-
ing Gr and Mo from animals with LPS-PD signifi-
cantly exceeded those in the control groups (Fig. 3,
B). Moreover, there was no reactivity reserve of Mo
oxidative metabolism denoting the extreme degree
of activation of the oxidative metabolism in these
cells. Mo and Gr phagocytic activity was slightly
up-regulated in rats with 6-OHDA-PD (Fig. 3, C),
and significantly decreased in in rats with LPS-PD
(Fig. 3, D) as compared to intact and sham-operated
animals.

Circulating phagocyte phenotypic profile was
also different in 6-OHDA-lesioned and LPS-lesioned
animals (Fig. 3, E an F correspondingly). The level
of CD206 expression by circulating phagocytes in
animals with 6-OHDA-PD was doubled in com-
parison with intact animals, whereas CD80/86 ex-
pression was significantly decreased as compared
to both intact and sham-operated animals. In con-
trast, CD80/86 expression in LPS-lesioned rats was
slightly increased as compared to intact animals, and
CD206 expression values didn’t differ significantly
from those in intact rats.

Surprisingly, in the animals of the sham-ope-
rated group, we observed an increased level of ex-
pression of both studied phenotypic markers. It
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Fig. 3. Circulating phagocyte functional and phenotypic characteristics in rats with different models of Par-
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should be noted that CD80 is over-expressed not
only in case of an increase in the antigen-presen-
ting activity of phagocytes, but also in case of dif-
ferentiation of immature cells into myeloid-derived
suppressor cells (MDSC) involved in the resolution
of inflammation [38]. We are inclined to consider
such phenotypic profile of circulating phagocytes in
sham-operated animals as a sign of their anti-inflam-
matory polarization associated with post-surgery tis-
sue reparation. Within these experiments, we were
unable to differentiate MDSC, and additional studies
are warranted to confirm this hypothesis.

Summarizing our data on phenotypic and
metabolic characteristics of circulating phagocytes
from animals with different PD models one can say
the follows. Decreased oxidative metabolism and
CDB80/86 expression along with increased phagocytic
activity and CD206 expression in phagocytic cells
from 6-OHDA-lesioned rats indicate their anti-in-
flammatory functional shift, which can be stipulated
by the spontaneous resolution of acute inflammation,
initiated by the toxin introduction at the beginning of
the experiment. The same assumption one can find
in literature data. Highly activated oxidative metabo-
lism and increased CD80/86 expression along with
decreased endocytic activity in phagocytic cells
from LPS-lesioned rats indicate their pro-inflamma-
tory functional shift, as a sign of ongoing SI.

Conclusions. Taken together, our data indicate
that PD model, based on stereotaxic LPS introduc-
tion, mimics SI inherent for clinical course of the
disease as was confirmed by increased DLC values
(NLR, PLR, SII), as well as pro-inflammatory shift
of the metabolism of circulating phagocytes. Hema-
tological and immunological indices in 6-OHDA-
induced PD model indicate resolution of SI, which is
typical for 'acute' nature of toxin-induced stereotaxic
models of PD. Therefore, stereotaxic LPS-PD is use-
ful model for the study of systemic inflammation
involved in the PD pathophysiology.

Conflict of interest. Authors have completed
the Unified Conflicts of Interest form at http://ukr-
biochemjournal.org/wp-content/uploads/2018/12/
coi_disclosure.pdf and declare no conflict of interest.

Funding. The work was supported by the
Ministry of Education and Science of Ukraine, pro-
ject No 19 BF036-04.

BIOMAPKEPU CUCTEMHOI'O
3AITAJIEHHSA IIYPIB 13 6-OHDA- TA
JIIC-IHAY KOBAHOIO XBOPOBOIO
IHHAPKIHCOHA

JK. Onitinux™, M. Pyoux, B. Ceameyvka,
T. Jlosbunuyx, I Torcmanosa, JI. Cxiska

HHII “InctutyT Giosorii Ta MEIUIIUHA,
KwuiBchkuit HallioHAJIBHUH yHIBEPCUTET
imeni Tapaca IlleBuenka, YkpaiHa;
*e-mail: ojankin@yahoo.com

Ha wmopensax xBopoOu Ilapkincona (XII),
iHayKOBaHUX O-Tinmpokcupodpaminom (6-OHDA)
ta minonoinicaxapunoM (JITIC)  gocnmimkyBanu
reMaToJIOoTiuHI Ta IMyHOJIOTi9HI MapKepu CHCTEeM-
HOro 3amajieHHs. ExcnepuMeHTH NpoBOAMIM Ha
mypax uinii Bictap. Possutok XII xoHcTaTyBa-
JU 3a pe3yjpTaTaMd IOBEOIHKOBOTO TECTyBaH-
Hs Ta IMYHOTICTOXiMIYHOIO BHSIBJICHHS BTpaTu
nodaminepriuanx — HedpoHiB.  JlochimkyBaau
reMaToJOTiuHI MOKa3HWKW (IMOBHHUH aHaji3 KpPOBi
Ta audepeHmiiiny KinbkicTs nerkorutiB (JIKJI)).
IMyHOJIOTIYHI MTOKa3HWKH BKJIIOYANW (EHOTUIIOBI
(CD206 1 CD80/86) Ta merabomiuni (KHCHE3a-
JeKHUH MeTabosi3M 1 QarouuTapHa aKTHUBHICTB)
XapaKTEPUCTUKH  IUPKYITIOBAIBHUX MOHOIIMTIB
1 TpaHyJIOIUTIB, a TakoX piBHI C-peakTHBHOTO
npoTeiHy B Tuta3mi kpoBi. [lokazano, mo y mypiB
i3 3axBoproBaHHsAM [lapkiHCOHA, 1HJIYKOBaHOTO
JIIIC, cnoctepiraetbest HeWTpodimis: y 1,9 paza
301IBIIYBAIOCST  CITIBBIAHOIICHHS  HEWTpOdisiB
mo miMporuTiB, y 3 pa3wm — CHIBBiJHOIICHHS
TpoMOOIHMTIB 10 JiMdonuTiB Ta B 3 pasu
301TBIITYBaBCSl 1HIEKC CHCTEMHOTO IMYHHOTO 3a-
najeHHsa mnopiBHsAHO. DyHKUiOHAIBHUH Tpodinb
uupkymoBanbHuXx (arouuntis y JIII-iHgykoBaHUX
HIypiB MaB Mpo3anaibHi i MeTabOIIYHI 3pyIICHHSL.
Tak, y 5 pasiB Oynu 30i7IbIICHI MOKa3HUKH KHCHE
3aJICKHOTO METaboJIi3My Ta TOCHJIEHA EKCITPEecis
CD80/86 y moeqHaHHI 31 3HIKEHHSAM (aroruTapHoOi
aktuBHOCTI Ta ekcopecii CD206. ¥V 6-OHDA-
IHIYKOBaHUX WIYpiB OyJIW 3HMKEHI MOKAa3HUKU
JKJI mopiBHSIHO 3 IHTAaKTHUMH Ta XHUOHO-OIEPO-
BaHUMH TBapuHaMu. DYHKITIOHAIBHUN MPOodiab
LUPKYJTIOBAJIbHUX (arouuTiB y wii Mopeni xapak-
TepHU3yBaBCsl MPOTHU3ANAIBLHUM 3cyBoM. Oneprkani
pe3yiabTaTé npoaeMoHcTpyBany, mo XII, crepeo-
takcnaHuM BBeAcHHSIM JITIC, € amexkBaTHOIO MOACT-
JIIO JI7151 BUBUCHHSI CHCTEMHOTO 3allajIeHHs Yy Iy PiB.
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