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BJIUAHUE PA3JIMYHBIX 103 JTUIIONNOJTACAXAPHJIA HA
CTEIIEHb HEUPOIET'EHEPATUBHbBIX UBSMEHEHUH
HUT'POCTPUAJILHOM CUCTEMBI

4. B. Boiixo, “)K. A. I'iaoxosa, °T. E. Kysneyosa, 'B. B. Ilonomapes
'TocynapcerBerHOe yupesxaerne obpasosanus «Beropycckas
MEJMIMHCKAS aKaJeMUs MOCIETUIIIIOMHOTO 00pa30BaHUs
“T'ocyapcTBEHHOE HAYUYHOE yupeskaeHne « AHCTHTYT (GH3HOTOrAN
HanumonansHoM akanemun Hayk benapycmy,

r. Munck, PecnyOnuka benapych

Pedepar.
Tounas 3tuonorus Oose3nu Ilapkuncona (bLL) mo cux mop He
acHa.  Jlumonomucaxapuy — (JIIC)  gBAsSSTCSs | OpraHMYECcKUM

KOMIIOHEHTOM 3arps3HEHUS] BO3yXa, HO TAaKXKE WCHOJb3YyeTCa IS
pa3BUTHS TAPKUHCOHUYECKOTO CHHIPOMA y JTa0OPATOPHBIX KUBOTHBIX.

Heap wuccienoBaHusi: W3YYUTh BIUSHHUE PA3JIMYHBIX 103
untpanazanpHoro JIIIC (1, 10, 100" Mkr/mMia) Ha CTeNeHb
MOp(hOJTOTUYECKUX MPU3HAKOB HelpojaereHepanuu Ha moaenu JIIIC-
uHAyuupoBaHHou bII y kpeic.

Marepnan wu  MexoAbl = HcciaenoBanus. JlaboparopHbie
KUBOTHBIE — 4 Tpymnmbl, n=7 B KaXI0W rpynme. Jinnonoiucaxapun
Escherichia coli wma amwporeHHBId (DHU3HOJOTHICSCKHI PACTBOP
BBOJWJIM HHTpaHa3aibHO B oObemMe 50 Mk B TedeHue 21 JHs.
Mopdonoruto BHIHOIHSII 3aC/ICTUICHHBIN crieruanuct. PaccunTeiBasin
MPOLICHT U3MEHEHHBIX HEUPOHOB OT OOIIEro Yncia HEHPOHOB.

Pesyiibtarel ucciaenoBanusi. Yepes 1 mecsi mocne Havana
nHctwiwiinun. JIIIC Bo Bcex Tpex [103ax BbI3bIBAN OJIMHAKOBBIE
Mopdosoraueckue usmenenus (p>0,05).

BeiBoabl. Mbl nipeanosiaraeM, 4to GOpMUPOBaHUE U pPa3BUTHE
HEUPONIETEHEPATUBHBIX W3MEHEHUN HEPBHOM CUCTEMBI NPOUCXOIAUT
10 MIPUHIINIY «BCE WA HUYETO».

KaroueBbie cJioBa: JIMTIONOJINCAXapH/T (JIICO);
MapKUHCOHUYECKUM CHUHJIPOM; MHTpaHa3aJIbHOE BBEJ/ICHUE;
HUTPOCTpUATHASI MOP(OJIOTHS; TPUHITUIT «BCE UM HUYETOY.

Abstract.
The exact etiology of Parkinson’s disease is still unclear.

Lipopolysaccharide (LPS) is an organic component of air pollution
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and used also to produce parkinsonian syndrome at laboratory
animals.

Objective: to investigate the effect of different doses of
intranasal LPS (1, 10, 100 ug/ml) on the degree of morphological
signs of neurodegeneration at LPS-induced PD model in rats.

Material and methods. Laboratory animals — 4 groups, n=7 at
each group. Escherichia coli lipopolysaccharide or pyrogen-free saline
were administered intranasally in a volume of 50 ul within 21 days.
Morphology was done by blinded specialist. The percentage. of
changed neurons to the total number of neurons was calculated.

Results. A month after the start of the instillation LPS at all
three doses caused the same morphological changes (p>0.05).

Conclusions. We assume that the formation and.development of
neurodegenerative changes in the nervous system occurs:according to
the principle «all or nothingy.

Key words: lipopolysaccharide (LPS); parkinsonian syndrome;
intranasal administration; nigrostriatal morphology; «all or nothingy»
principle.

Introduction. Parkinson disease (PD) is an age dependent
neurodegenerative disease characterized by an irreversible progressive
course and an absence of effective methods of treatment [15]. The
exact etiology of PD is still unclear [6]. The loss of dopaminergic
(DA) neurons in the substantia nigra (SN) is the main pathological
hallmark of PD [16]. The pathogenesis and clinical manifestations of
PD may be the result of complex interactions of general aging of
human body with-ether factors leading to neurotransmitter deficiency
[3, 9, 10]. There are no doubts about deleterious effects of air
pollution on human health. But only a higher risk of PD among
women and never smokers with exposures to high levels of airborne
particulate matter <2.5 pg/m (PM 2.5) and <10 pg/m (PM 10),
without any statistically significant association between ambient air
pollution and PD risk, was revealed [5]. Current knowledge regarding
to mechanisms of pathogenesis of PD is obtained from studies on
animal models of parkinsonian syndrome caused by toxins,
inflammatory agents or genetic changes. However, none of the
existing models reproduce completely the complexity of the
pathogenesis of PD, especially in relation to the chronic progressive

process of neurodegeneration [7] and its connection with
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neuroinflammation. Lipopolysaccharide (LPS) is an organic
component of air pollution. According to available data the dose of
LPS taken by intranasal (i/n) administration for the formation of
parkinsonian syndrome is 10 pg [14Omudka! McTOUYHMK CCHIIIKU He
Haigen.]. It is not clear, whether there are differences in severity of
degenerative changes in the nervous system with the use of different
doses of Escherichia coli LPS.

Objective: to study the effect of different dosage<regime of
intranasal LPS (1, 10, 100 ug/ml) on the degree of morphaological
signs of neurodegeneration in rats.

Material and methods. Experiments were ¢onducted on male
rats weighing 230-280 g (n=28). Animals were kept in standard
vivarium conditions (12/12-hour rhythm of illumination and darkness,
air temperature at 23+1°C) with free access to water and food. All
manipulations with animals were made taking into account the
recommendations of the European” Convention on the Humane
Treatment of Laboratory Animals [8]..The study was approved by the
local ethics committee.

Escherichia coli lipopolysaccharide (LPS, 0111: B4, List
Biological Laboratories, ‘Campbell, CA; lot no. LPS-25E,
concentration 1,10,100 mg/ml),. pyrogen-free saline (PFS, Abbott
Laboratories North Chicago, IL 6006, lot N° 18 -379-DK. Expiration
date until 2020) was administered intranasally (i/n) in a volume of 50
ul, 25 pl into eaeh nasal cavity within 21 days. Based on the tasks, 4
groups of animals were formed:

* Group 1 _— daily at 9.00 pyrogen-free physiological solution
instilled i/n (n=7);

* Group 2 — daily at 9.00 LPS applied i/n at a dose of 1 pg/ kg
ml(n=7);

* Group 3 — daily at 9.00 LPS was administered i/n at a dose of
10 png / kg/ml (n=7).

» Group 4 — daily at 9.00 LPS was instilled i/n at a dose of 100
ug/kg / ml (n=7).

The monitoring of animal activity and visual changes in motor
activity was done daily by blinded specialist. Morphological
examination of biological material (brain) was carried out at all
animals of each group after decapitation. It was done after 7 days after

the end of the introduction of LPS or physiological solution.
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Morphology was done by blinded specialist too. To morphological
examination, the non-fixed brain after deep freezing (to exclude
artifacts) was placed on a cryostat unit. Cuts of brain thickness of
7 microns were prepared on a microtome-cryostat HM
525 (manufactured by Microm, Germany). The level of sections was
determined by stereotactic atlas of rat’s brain [17]. Frontal sections
containing striatum were made at a level of -1.20 — -1.40 mm from
bregma, containing the substantia nigra — from -5.40 to -5.80cmm
from bregma. For light-optical studies, sections were stained with
thionin and methylene blue according to Nissl and hematoxylin-eesin.
Microscopic studies and micrographs were made using an Altami
LUM-1 microscope with a digital camera and software. with an
increase of 40x objective.

Data processing based on determine the<severity.-of neuronal
damage and the volume of their damage. To do this, we calculated the
percentage of changed neurons to the <total. number of neurons,
according to morphometric method [0]. The ‘counting process takes
into account not only modified and unchanged neurons which are fully
represented in the field of view, but.also:their tangential sections and
fragments, in which the nuclei did not fall. Reasonably accurate
information was obtained by calculating 3 fields of view. Knowing the
number of distinct groups of neurons, determine the percentage ratio
of modified neurons and. the total number of neurons in this area.
All morphological data.were.expressed as the median [25™ percentile;
75" percentile]. Multiple comparisons were analyzed by Kruskal-
Wallis test and-=by .Mann-Whitney test. p<0.05 was considered
statistically significant. All statistical analyzes were performed with
Statistica v.6.0 (StatSoft Inc.).

Results, and discussion. A month after the start of the
instillation, 'there were no differences in the characteristics of the
motor activity of the main and control rats. During the entire
experiment no death of animals was recorded. Morphological data. In
the rats of the control group, the introduction of water for injection did
not lead to pronounced structural changes in the nigrostriatal system
of the rat brain. In the substantia nigra of rat’s brain, no gross
structural changes in the neurons were detected. Norm-chromic cells
of a symmetric shape with a uniformly distributed tigroid substance

prevailed. Their nuclei had a rounded shape, with large nucleoli,
28



Paznen |. OpurunanbHbIe HCcCEI0BaHUS

usually located in the center of the nucleus. In small numbers,
hyperchromic and hypochromic neurons were detected. In separate
fields of view single neurons with tigrolysis were encountered.
A similar pattern was observed in the region of the basal nuclei
(Figure 1).

igure 1. — Microphoto frontal sections of the substantia nigra (A, C) and
@triatum (B, D) of the rat brain after the injection of the solvent
Color: according to Nissl (A, B), hematoxylin-eosin (C, D).
Magnification: x 400

Significant changes in histostructure were observed in the
compact part of the substantia nigra after the intranasal administration
of LPS at a dose of 1 pg/kg/ml. Most neurons had some signs of
neurodegeneration. Vacuolization of the nucleus and cytoplasm of
nerve cells was detected. Tigrolysis of neurons was noted. Near
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destructively altered neurons, small clusters of glial cells were
detected. The glial index was 3.10.

Neurodegenerative changes were observed in the striatum. Most
of the neurons were hypochromic, the nucleus and the nucleolus were
not detected in them. In some parts of the striatum, pericellular edema

begins to develop. A slight increase in the number of glial elements
was noted (Figure 2).

e 2. — Microphoto frontal sections of the substantia nigra (A, C) and
striatum (B, D) after intranasal administration of LPS at a dose
of 1 pg/kg ml. Arrows — vacuoles.
Color: according to Nissl (A, B), hematoxylin-eosin (C, D). Increase: x 400

In the substantia nigra of the rat brain after intranasal
administration of LPS at a dose of 10 pg/kg/ml, along with
normochromic neurons with a nucleus and nucleolus, a significant
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number of hypochromic and hyperchromic cells were found.
Observed vacuolization of nuclei and cytoplasm of nerve cells, partial
tigrolysis. Single cytoplasmic inclusions of the Lévy type were
detected. The number of glial cells is moderately increased. The glial
index is 3.009.

In the region of the basal nuclei most of the neurons retained
their normal structure. They are normochromic, with a centrally
located nucleus with a nucleolus. Some cells are hypoc iC,
sometimes with impaired tinctorial properties (Figure 3

Figure 3. — Microphoto frontal sections of the substantia nigra (A, C) and
striatum (B, D) after intranasal administration of LPS at a dose
of 10 pg/kg/ml. Arrows — vacuoles.
Color: according to Nissl (A, B), hematoxylin-eosin (C, D). Increase: x 400
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In the substantia nigra of the rat brain after administration of
LPS at a dose of 100 pg/kg, along with normochromic neurons in
which the nucleus is clearly defined, hypochromic and hyperchromic
cells are observed, often with large vacuoles in the cytoplasm. Most of
the nerve cells are affected by tinctorial properties. There is partial
tigrolysis. There were a few cytoplasmic inclusions such as Lewy
bodies. The number of glial cells is slightly increased. The glial index

Is 3.46 (Figure 4).

igure 4. — Microphoto frontal sections of the substantia nigra (A, C)
nd striatum (B, D) after intranasal administration of LPS at a dose
of 100 ng/ kg/ml. Arrows — vacuoles.
Color: according to Nissl (A, B), hematoxylin-eosin (C, D).
Increase: x 400
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In the region of the basal nuclei, along with normochromic, both
hypochromic and hyperchromic neurons were detected. In most cells,
the nucleus with the nucleolus was not determined, sometimes the
nucleus was shifted to the periphery of the cell. A violation of the
tinctorial properties of neurons was noted. In some areas, pericellular
edema was observed.

Table 1 presents data on modified and unchanged neurons of the
substantia nigra and basal ganglii after 21 days of intranasal
instillation of lipopolysaccharide (1, 10, 100 pg/kg/ml) and statistical
analysis results.

The obtained data demonstrate statistically< significant
differences between groups in terms of number of weakly. modified
neurons (WN) and shadow cells, missing neurons<(MN) at basal
ganglii. But we do not observe a decrease in the number of unchanged
neurons and/or an increase in the number of altered neurons associated
with an increase in the dose of LPS at intranasal administration. Table
2 presents data on the degree of damage of ‘the neurons of the
substantia nigra and basal ganglii after. 21 days of intranasal
instillation of lipopolysaccharide (1,-20, 100 pg/kg/ml) and statistical
analysis results.

The obtained at table 2 data does not demonstrate statistically
significant differences between..groups. It is possible that initial
differences identified at table 1 were lost in the subsequent
mathematical processing of.digital data. Also, looking at numerical
values we do not ebserve any dynamics of the degree of neuronal
damage associated.with an increase in the dose of LPS at intranasal
administration. . There were statistically significant differences
between every LPS groups and control group (p<0.05).

Our~data suggest that there is no straight line relationship
between the dose of LPS and the degree of structural changes. Most
likely the development of morphological changes under the influence
of LPS occurs on the principle of «all or nothing». «All-or-nothingy»
nature has important implications for signalling in nervous system [0].
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By analogy, we assume that the formation and development of
neurodegenerative changes in the nervous system (nigrostrial part)
occurs according to the same principle. If the dose of LPS enters the
body exceeds a threshold value (capable of causing neurodegenerative
changes), then an increase in the dose of LPS does not lead to an
increase in the degree of morphological changes. Therefore, it can be
assumed that the introduction of doses of LPS that are below a certain
threshold value will not lead to the development of morphological
changes. The question remains: what factors and under what
conditions can influence nigral DA neurons in the brain_of rats. (or
other laboratory animals). And is it possible to draw a parallel with the
human brain?

The mechanism of action of LPS on the body-is well understood.
So circulating cytokines produced by systemic inflammation, such as
TNFo and IL-1B, are known to cause neuroinflammation [12, 18],
neurotoxicity [12, 25] and damage to the -cerebral vessels [24]. Thus,
chronic inflammation associated with multiple systemic injections of
low concentrations LPS leads to mild neuroinflammation in adult mice,
which makes animals more susceptible.to further proinflammatory
damage [20]. It has been shown “that the constant exposure to the
proinflammatory microenvironment leads to an increased formation and
release of inflammatory mediators,. which interact with the age factor to
impair the functional capacity.of the substantia nigra pars compacta
(SNC) and the locus coeruleus (LC) [2].

Clinical and morphological changes in laboratory animals under
the influence of IPS have been described by a number of researchers.
So the study [14] 'showed that prolonged i/n instillation of LPS
resulted in.progressive hypokinesia, selective loss of DA neurons and
a decrease, in. DA content in the genitals, as well as a-synuclein
aggregation’in old mice [13]. In this research, i/n LPS instillation also
induced a PD model in young and old mice. Other studies have shown
that. LPS leads to a significant loss of DA neurons, accompanied by
the activation of microglia and the NF-kB pathway [19, 22]. All these
data indicate the universality of the neuroinflammatory trigger for the
formation of neurodegeneration.

The relevance of our study is determined by the importance of
studying the effects of environmental toxicants on the central nervous

system. It is known that environmental factors affect the central
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nervous system through several cellular and molecular mechanisms
[11, 21]. Studies show that these effects on the CNS are chronic, start
from childhood, and may take time (years) to accumulate damage. It is
possible that the effect on the nervous system of a large single dose of
LPS is similar to the prolonged impact of low doses of LPS. The
assumption of the cumulative effect of LPS requires further
experimental verification.

Conclusion. Available data of different investigations. indicates
the possibility that respiratory environmental triggers can.induce
neuroinflammation and contribute to the development~of PD in
humans. We determined the same level of morphelogical changes in
the rat’s brains at different doses of LPS. It makes clear the
importance of determining the minimum threshold dose of LPS that
causes objective neurodegenerative neiroinflamatory changes in the
brain. It is still unknown a time frame required for triggering of
neurodegenerative changes from different doses of LPS. Further
studies with different doses of LLPS are needed to study the
contribution of pro-inflammatory. “environmental factors to the
development of not only PD; but also other neurodegenerative
diseases.
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