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Abstract

Introduction :

Parkinson disease (PD) is a progressive neurodegenerative disease that affects peripheral
organs as well as the central nervous system and is widely associated with neuroinflammation
process, Neutrophils are myeloidinnate immune cells that are qualified as professional

phagocytes and play a pivotal role in inflammatory responses.

Materiels et methodes :oxydative burst biomarkers (NO, H202), Netosis Formation based

on MPO activity, and phagocytosis were determinated on serum and cell culture

Results:we have shown a remarkable downregulation of NETosis mediated MPO activity, as
well as oxidative burst activity mediated NO production and H202, nevertheless, we

observerd an upregulation of phagocytosis.

Conclusions:
Parkinson disease (PD) is an inflammatory disorder which has shown a remarkable

downregylation of both Netosis and oxidative burst activity, while induced phagocytosis.

Key words: NETosis, Phagocytosis, RespiratoryBurst, Neutrophile, inflammation

desoerder,Parkinson disease.



Résumé

Introduction :

La maladie de Parkinson (PD) est une maladie neurodégénérative progressive qui affecte les
organes périphériques ainsi que le systéme nerveux central et est largement associée au
processus de neuroinflammation. Les neutrophiles sont des cellules immunitaires myéloides
qualifiées de phagocytes professionnels et jouent un rodle central dans les réponses

inflammatoires.

Materiels et méthodes : des biomarqueurs de burst oxydatif (NO, H202), la formation de
Netosis basée sur l'activité MPO et la phagocytose ont été déterminés sur sérum et culture

cellulaire

Résultats : nous avons montré une régulation a la baisse remarquable de l'activit¢ MPO
médiée par NETosis, ainsi qu'une activité de rafale oxydative médiée par la production de NO

et de H202, néanmoins, nous avons observé une régulation a la hausse de la phagocytose.

Conclusion :
La maladie de Parkinson (MP) est un trouble inflammatoire qui a montré une remarquable
régulation a la baisse de I'activité de la nitose et de la rafale oxydative, tout en provoquant une

phagocytose.

Mots clés :NETosis, Phagocytose, RespiratoryBurst, Neutrophile, inflammation

desoerder,Parkinson disease.
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Introduction

Parkinson’s disease (PD) is an idiopathic disease of the nervous system characterized by both
motor and non-motor system manifestations, which affect elderly people(Beitz, 2014). It is
the second most common neurodegenerative disease (Sherer et al., 2012). Resulting from
progressive loss of midbrain dopaminergic (DA) neurons in the substantia nigra pars
compacta (SNc) and the presence of alpha-synuclein positive cytoplasmic inclusions, termed
Lewy bodies, in surviving neurons(Heller et al., 2014). Recent studies shown that aging itself
and environmental stress may promote the development of Parkinson’s disease(Beitz, 2014).
Although the majority of the diagnosed PD does not arise from genetic mutations, there is
growing appreciation that specific genetic variants in various genes expressed in immune cells
can modify risk for the development of PD. In particular, mutations in the gene encoding
Leucinerich repeat kinase-2 (LRRK2) are the most common cause of familial PD. (Hernandez
etal., 2016).

Parkinson’s disease like other disease induce activation of innate and adaptative immune
system responses, indeed the process that link the immune system with the PD remain unclear
(Tan et al., 2020). Many studies shown that Tumor Necrosis Factor (TNF) expression in SN
from patients and the presence of elevated pro-inflammatory cytokines in brain and
cerebrospinal fluid prompted the “inflammation hypothesis of neurodegeneration” in
PD(Tansey and Romero-Ramos, 2019). And the excess accumulation of reactive oxygen
species (ROS) in neurons takes part in the process and might even initiate it(Vitte et al.,
2004). As we know the major source of ROS in the organism are the electron transport chain
of oxidative phosporylation (OXPHQOS) in mitochondria and the NADPH oxidase of
phagocytic cells including monocytes, macrophages and polymorphonuclear neutrophils
(Vitte et al., 2004).

Polymorphonuclear Neutrophils (PMN) are a component of innate immune response, that are
the first barrier of defense and its sole purpose was to release powerful oxidants and proteases
in an attempt to kill pathogens(Kubes, 2018). In addition the polymorphonuclear neutrophils
has a new effector function that utilize to kill pathogens which is the production of
Neutrophil extracellular traps (NETs)(Brinkmann et al., 2004). However, it has been proposed
that as a last gasp effort to try to kill pathogens, the neutrophil mixes its inner proteolytic
contents together with its DNA, makes a home-made bomb and explodes, releasing a
chromatin NET decorated with proteases. Of note polymorphonuclear neutrophils express
many receptors involved in achieving their function, including expression of FPR1/2, FCgR,
NAChR, CR3, C5aR (when IFN-B is used as a priming cytokine) in NETosis(Jorch and
Kubes, 2017).
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1. Parkinson’s disease (PD)

1.1. Definition
Parkinson disease is a chronic and progressive neurodegeneration, occur because of the death
of dopaminergic neurons in the basal ganglia, a brain area that controls movement. Resulting

a unintended movements. (Lindqvist et al., 2012)

1.2. History
Parkinson's was discovered decades ago, in AD 175 in western medicine it was described by
the physician Galen as “Shaking palsy” (Obeso et al., 2017).This timeline regroups the most

important events in the history of Parkinson's disease.

Greenfield and .
An essay on the shaking Bosanquet distinguished The neurodegeneration
palsy by James Parkinson's from other and the low of dopamine
Parkinson similar diseases levels was showed
1817 1953 1960
1872 1957 1961
Jean Martin Charcot named First PD foundation was The first try of dopamin
the disease after James and istablished in USA to agonist treatment
he showed two type of fund researchs (Levodopa) was tried
stages ( tremor and rigidity ) on PD patients

Figure 1 Time line of the most important events in the history of PD (Goetz, 2011)

1.3. Epidemiology
Parkinson’s disease is one of the most common neurological disorders; it has an overall
prevalence thought to be increasing, based on epidemiological studies in 2020 about 10

million people worldwide were living with PD (Prasad and Hung, 2021).
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The onset of Parkinson’s disease usually peaks between the ages of 55-65 years and generally
has a slowly progressive onset.(Ou et al., 2021) and men are more susceptible than women

with a prevalence ratio of approximately 3:2 (Tolosa et al., 2021)

1.4. Etiology

The etiology of PD is not completely clear, although there are some genetic causes like
mutations in the PINK1, PARKIN or Alpha Synuclein Genes.

This genetic locus are modified environmentally (e.g., pesticides, water pollutants) or
behaviorally (e.g., use of tobacco, coffee, exercise, or head trauma) have been found to have a
role in the pathogenesis of Parkinson’s disease in different populations. (Tansey et al., 2022)
In rare cases Parkinson symptoms might be caused by MPTP, a toxic impurity that can be
found in recreational drug MPPP and DNA variants genes like LRRK2.(Rousseaux et al.,
2017)

1.5. Diagnostic

Currently there are no laboratory tests to diagnose non-genetic cases of Parkinson’s.
Physicians diagnose the disease by a neurological examination and usually the diagnose is
based on the clinical history of the patients (Tolosa et al., 2021).

1.6. Clinical aspect

Rigidity

"Cogwheel rigidity" due to

Bradykenisea superimposed tremor

Increase resistance to

Slowing of voluntary !
passive movement

movments
Reduced arm swing

Repetitive movements

Tremor

Traditionally resting described
Other as "Pill-rolling”

4-6 Hz in frequency
Expressionless face

Depression

Sleep disorder

Created in BioRender.com bio

Figure 2 Clinical features of PD and critical symptoms(\aradi, 2020)

1.7. Physiopathology of PD and implication of the immune system
As we already know innate and adaptive immune responses are intimately linked and studies

showed the interaction of both of their compounds in the Central Nervous System (SNC) is
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present in any contexts of autoimmunity, inflammation and the PD associated genes with

immune cells.

The main process of all this is the cellular infiltration of (Lymphocytes B and T, Dendritic
cells (DCs) among others. However the mechanism that link the immune system with the PD

remain unclear (Tan et al., 2020).

e A brief Anatomy
The basal ganglia describe a series of cells ( bodies grey matter) that are located together

within the deep subcortical white matter of the brain.(Thau et al., 2021)

CAUDATE NUCLEUS Q"

PUTAMEN ‘

GLOBUS PALLIDUS
SUBTHALAMIC NUCLEI

>

SUBSTANTIA NIGRA
Translated literally as ‘black substance’
Loss of dopaminergic neurones here
responsible for Parkinson’s

Figure 3 Abrief anatomy of the brain to show the Substantia Nigra localization

e Two pathways must to mention
Direct pathway
Mostly a stimulatory pathway (‘on’ pathway) that is shorter.
Activation of the direct pathway leads to a series of neural connections through the basal
ganglia, which eventually leads to the initiation of movement. Dopamine that is released from
the substantia nigra via dopaminergic neurons is able to activate the direct pathway via D1
receptors leading to the generation of movement.
Indirect pathway
An inhibitory pathway (‘off” pathway) that is longer.
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Activation of the indirect pathway is essential in the inhibition of muscular tone to prevent
unnecessary movement. Dopamine that is released from the substantia nigra via dopaminergic
neurons is able to inhibit the indirect pathway via D2 receptors therefore leading to the
generation of movement. (MacMahonCopas et al., 2021)
1.8. Treatment
Medicines and surgical treatments can relieve some symptoms of PD patients by:

e Increasing the level of dopamine in the brain

e Helping control non-movement symptoms
The main therapy for Parkinson’s is Levodopa, usually taken with carbidopa to reduce side
effects.
An alternative therapy for Levodopa is the Deep brain stimulation which is a surgical

procedure consisting of stimulating the brain to relieve symptoms (Prasad and Hung, 2021)

2. Polymorphonuclear neutrophils (PMNSs)

2.1. Definition

Polymorphonuclear Neutrophils (PMN) also known by microphages or (neutrocytes
,heterophils) are a component of innate immune defense, that are the first barrier of defense to
fight pathogens, cancer and autoimmune disease and immune deficiencies to maintain tissue
homeostasis thanks to their high mobility.

They consist of the first present cells and granulocyte of the immune system at the infection
site and are distinguished by their antimicrobial and antifungal potential, which is permitted
by their cellular elements: antimicrobial peptides, neutrophil-specific proteolytic enzymes, in
addition their production of ROS and neutrophil extracellular traps (NETSs).(Quail et al., 2022)
Neutrophils are very abundant, they are the largest leukocyte type in the peripheral human
blood , accounting from ~ 40 to 70% of the total white blood cells under normal conditions
and ~10-20% in mice and they thrives in a neutral pH ~6.5 and 7.5.

The half-life of PMN is short, from 8 to 20 hours in circulation, although after migration into
tissues, their life is notably extended to (1-4 days). It’s been showed that the life span of PMN
can be markedly elongated under inflammatory conditions, namely in the presence of
granulocyte-colony stimulating factor (G-CSF), granulocyte-monocyte colony-stimulating
factor (GM-CSF), Interleukin 8 (IL-8), and C reactive protein (CRP), among other
proinflammatory(Di Carlo et al., 2001).
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2.2. Ontogeny-phylogeny

Neutrophils are born and differentiate within the bone marrow (BM) or continuously
replenished by yielding short-lived cytotoxic cells whose decline and flow in the circulation
and tissues where they meet the pathogene and die after several attacks, they are diurnally
regulated.(Boes and Durham, 2017).

They are derived from a common myeloid progenitor lineage (CMP) through a common
granulocyte-monocyte progenitor (GMP) . After that they assure subsistence stages which
are: myeloblasts, promyelocytes, myelocytes, metamyelocytes (also called banded neutrophils
or immature neutrophils) and mature neutrophils and then they get released into the blood

circulation and then they move into the tissues (Lawrence et al., 2018)

-
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Figure 4 Ontogeny and Phylogeny of PMNs

The difference between the cellular transition stages of the maturation of PMN is the presence
of granules, while The primary granules are common almost in all stages of development,
thus secondary granules and secretary granules are more specific towards mature Neutrophils,

without interacting with each other within the cell. (Rawat, Syeda, etShrivastava 2021)
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Azurophil Granules (Primary Granuales) Glatenase Granules

Myloperoxydase Cytochrome b558

Netral Serin Peroteases Lysozymes

gatrepsin 63 CD11b/CD18
roteinase

ot Gelatinase

Lysozymes

Elastase

Specific Granuales
(Secondery Granuales

Secretory Granuales
(Tertiary Granuales)

Lactoferrin CR1

Lysozymes Alkaline phosphatase
Cytochrome b558 Fmip-R

Collagenase

Figure 5 PMNs have at least three distinct granule subsets, (Rawat, Syeda, etShrivastava
2021)

2.3. Identification markers
PMN express a vast number of membrane receptors that allow them to recognize and
eliminate infectious agents effectively and respond appropriately to microenvironmental
stimuli that regulate neutrophil functions, such as activation, migration, generation of reactive
oxygen species, formation of neutrophil extracellular traps, and mediator secretion, among
others. We name of them receptors involved in distinct mechanisms of cell death of
neutrophils (Jorch and Kubes, 2017)
e NETosis: FPR1/2 FCgRnAChR CR3 C5aR (when IFN-B is used as a priming
cytokine)
e Phagocytosis: FCyR
e Apoptosis: TNFR FAS (APO-1/CD95) DR3 (APO-3/TRAMP) DR4 (TRAIL-R1)
DR5 (TRAIL-R2) DR6
Including membrane receptors such as scavenger receptors, mannose receptors, Dectin-1 (,
CD14, C1gR, receptors for IgG (FcyR) , C3b/C3biRs (CR1,CR3) , collectins (CD91-
calreticulin complex), and Toll-like receptors (TLRs) ; they also express intracellular
receptors such as NOD-like receptors (NLRs). Through these receptors , known as pattern

recognition receptors (PRRs).
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The identification of neutrophils in humans can be realized byCD11b+ CD15+ CD66b+
CD14-. In addition, CD10 is proving to be a key marker for the maturation and suppressive
potential of neutrophils.(Di Carlo et al., 2001b)

2.4. Functions

The current knowledge related to the diverse roles of neutrophils throughout the progression;
their principal innate functions include degranulation, phagocytosis, and release of neutrophil
extracellular traps (NETS; expelled DNA webs decorated with microbicidal proteins such as

myeloperoxidase, elastase, and defensins). (Mantovani et al., 2011; Matlung et al., 2018).

2.4.1. Phagocytosis

Neutrophils are exceptionally efficient phagocytes and are capable of gobbling up prey
opsonized with IgG in <20 s, in comparison with macrophages, which need up to several
minutes to ingest similar amounts of opsonized particles.

The recruitment of NADPH oxidase during phagosome maturation is significantly higher than
in macrophages due to the fusion of cytoplasmic granules with the phagosome. These, and
probably other mechanisms, result in the neutrophil phagosome to retain a pH close to neutral
for longer periods of time, in comparison with the maturation of the phagolysosome in
macrophages, in which acidification can reach pH values of 4.5-5.

Phagocytosis is an important physiological mechanism that allows the elimination of excess
cells or damaged cells and their elimination in cases of infection by pathogens. Because many
of the eat-me signals are displayed on necrotic cells or cells in the process of apoptosis, it was
thought that phagocytes only feed on dead cells or cells condemned to die.

However, there is now evidence that phagocytosis of viable cells can cause their death, a
process that has been termed primary phagocytosis or phagoptosis(Lee et al., 2003)

2.4.2. Oxidative burst
PMN contains granules with an arsenal of cytotoxic factors, such as antimicrobial
compounds, serine proteases, lysozyme, defensins, metalloproteases, and enzymes that
mediate oxidative burst. They also enzymatic machinery for the production of free radicals
that allows a much more effective elimination of pathogens.
The high concentrations of reactive oxygen species produced by the NADPH oxidase are an
important marker for triggering apoptosis or necrosis. In resting neutrophils, the NADPH is
inactive and its components are distributed between the cytosol and cellular membranes.
Upon neutrophil activation, the cytosolic components (p47phox, p67phox, p40phox) and the
Rho family GTPase Rac-2 migrate toward the membranes of intracellular granules and the
10
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cell membrane to participate in the assembly of the NADPH oxidase complex, which
mediates the metabolic burst and ROS production (Dahlgren and Karlsson, 1999).

In the last years, it has been suggested that ROS produced by the NADPH oxidase participate
as signaling molecules and it has been shown that the molecular pathways leading to
apoptosis of neutrophils depend on ROS generat Since neutrophils can secrete a whole range
of factors stored in their many granules as well as produce reactive oxygen and nitrogen
species upon stimulation (Amulic et al., 2012)

2.4.3. NETosis

Currently, it has been shown that activated neutrophils can accomplish their effector functions
and simultaneously activate mechanisms of cell death in response to different intracellular or
extracellular factors

the mechanisms of cell death of neutrophils have distinctive properties, such as a high
production of reactive oxygen species (ROS) and nitrogen species (RNS), that are important
for their effector function in infections and pathologies such as cancer, autoimmune diseases,
and immunodeficiencies, influencing their cell death mechanisms (Kumar and Sharma,
2010a)

This process is regulated, among others, by peptidyl arginine deaminase 4 (PAD4), an
enzyme that contains a putative sequence of nuclear localization, but that resides principally
in cytosolic structures in resting neutrophils, although it can also enter into the nucleus and
citrullinated the histones and diverse transcription factors. (Zhou et al., 2018)

Therefore, it can participate in the epigenetic regulation of gene expression and cellular
differentiation (94, 95). PAD4 is associated with the cytosolic subunits p47phox (also known
as neutrophil cytosolic factor 1, NCF1) and p67phox (NCF2) that form part of the NADPH
oxidase complex involved in the respiratory burst. Activation of the cell leading to the
elevation of intracellular Ca?* to physiological levels does not result in activation of PAD4
enzymatic activity. However, high levels of intracellular calcium (higher than those of
physiological neutrophil activation, such as those observed by disruption of the cell
membrane) lead to activation of PAD4 and rapid citrullination of p47phox/NCF1 and
p67phox/NCF2, as well as their dissociation from PADA4. Citrullination of NCF1 and NCF2
prevents the assembly of NADPH oxidase complex. Originally, it was reported that the
presence of NADPH oxidase and myeloperoxidase (MPQO) was necessary for the correct
formation of NETS; until recently, all the activators capable of inducing NETs formation were

known to require in some manner the presence of ROS. However, this has been a
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controversial theme in recent years due to the description of novel NETosis activation

pathways that appear to be independent of NADPH oxidase .(V. Kumar et Sharma 2010)
3. Problematic and objectives

3.1. Problematic

Parkinson disease (PD) is a progressive neurodegenerative disease that affects peripheral
organs as well as the central nervous system and is widely associated with neuroinflammation
process. The pathophysiology of PD is characterized by an ageing immune system of both
innate and adaptive responses, and immunosenescence, which is the result of a prior age-
acquired immunodeficiency and inflammageing, described with an excess low-level
production of circulating inflammatory mediators and cytokines from chronically stimulated
innate cells, including neutrophils. Neutrophils are myeloid innate immune cells that are
qualified as professional phagocytes and play a pivotal role in inflammatory responses.They
achieve their host defense role by phagocytosing pathogens, secreting their granules full of
cytotoxic enzymes, or expelling neutrophil extracellular traps (NETSs) during the process of
NETosis. The neutrophil phagosome is a niche of redox signaling and metabolic reactions
referred to asthe respiratory burst, which generates superoxide to form H202 after
dismutation. H202 and CI- ions may be catalyzed by the myeloperoxidase to generate
hypochlorous acid (HOCI).Furthermore, neutrophil  may produce termed neutrophil
extracellular traps (NETSs) throughNETosis, which is considered as an armdouble-edged
sword, it contributes to the activation of the immune system during inflammation,
nevertheless, its overexpression may leads toexacerbation of inflammatory disease. In this
contexte, we have investigated the implication of phagocytosis, oxidative burst and Netosis

exerted by neutrophil in the pathogenesis of PD.

3.2. Objectives
v Determination of respiratory burst biomarkers, including, H202, NO in patients with
PD.
v" Determination of MPO activity and HOCL production in patients with PD.
v’ Evaluation of phagocytosis in patients with PD.
3.3. Purpose
Our goal is to explore the implication of phagocytosis, oxidative burst and Netosis exerted by
neutrophil in the inflammatory process during PD.
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2.1. Study design
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2.2. Specimen recolte

Peripheral blood was collected from twenty PD patients and age- and sex-matched
neurologically healthy controls (n=20) , whose were enrolled in the study between May and
June in 2022. Patients were recruited from neurological department in Tlemcen’s Hospital,
and were invited there for enrollment in the study. All study participants gave written consent
for participation in the study.

Blood samples were taken on an empty stomach, at 9 a.m., on Vacutainers tubes via the
median cubital vein. The tubes were transported within 20 minutes, in a cooler to Laboratory
of Biomolim W0414100.

2.3. Phagocytosis in blood samples“Nitro-blue tetrazolium assay”

The measurement of the phagocyte activity of PMNs was carried out using the NBT method
(nitroblue tetrazolium, Sigma-Aldrich, Germany). This method consists on preparing two
Eppendorf tubes each containing 100 pL of NBT and 0.5 mL of blood, with or without
addition of a dose of 10 uM of ASX in the final volume. In the first tube, 100 puL of latex

particles were added; in the second, 100 pL of physiological water. Then, both tubes were
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vortexed at 20 revolutions per minute, then incubated at 37°C for 20 minutes, followed by
incubation for 15 minutes at room temperature. The number of PMNs was calculated on
smears after double staining with May-Griinwald Giemsa.

The demonstration of phagocytosis was based on the measurement of the level of reduction of
NBT in formazan in black-blue color in each leukocyte cell, in the presence or in the absence
of internalized latex particles, using Technologies ImageJ (NIH, USA) and Optika
microscopic Analysis.

2.4. Phagocytosis in cell culture of PMNs

The phagocytosis assay was performed as described(Aribi, 2018).

2.5. Oxidative burst

The oxidative burst or respiratory burst was evaluated by measuring the rate of NO
production and H202 either in the serum and cell culture (Aribi, 2018).

2.5.1. Measurement of Nitric Oxide (NO)

The rate of NO produced in the serum has been determined after 30 minutes of incubation by
measuring the accumulation of oxidative metabolites (NOx, nitrite and nitrate), by a
colorimetric Griess reaction, using trichloroacetic acid (TCA), Vanadium (I11) chloride and
Griess's reagent, as previously described (Aribi et al., 2015; Guevara et al., 1998).
Absorbance was read at 540 nm and NO concentration was determined from a calibration
curve having concentrations ranging from 0 to 150 umol/L of sodium nitrite (NaNO2").(Aribi,
2018).

2.5.2. Measurement of Hydrogen peroxide (H202)

H202 production was quantified in both cell culture and serum at 610 nm by the colorimetric
method of Pick and Keisari (Pick and Keisari, 1980) later modified (Aribi, 2018). The test is
based on the oxidation of phenol red by H202 via peroxidase.Brievely, Phenol Red Buffered
Solution (PRS) was used, which contains a PAB buffer for peroxide assay buffer (5.0 mM
K2HPO4, 1.0 mM KH2PO4, 140 mMNacCl, 0.5 mM glucose adjusted to pH 7.4), 0.28 mM
(0.1 g/L) phenol red and 8.5 U/L (50 ug/mL) horseradish peroxidase (HRPO, EC 1.11.1.7).
The PRS solution was prepared immediately before performing the test by adding phenol red
and HRPO to 2.1 mL of PAB at a final concentration of 0.46 mM and 0.046 U/mL,
respectively. Cell lysates were added to the prepared mix with a ratio of 1-4, and then
incubated for 30 min at 37°C (Pericone et al., 2000). To stop the reaction, 10 uL. of NaOH
with a normality of 1 have been added. The amount of H202 produced was quantified from a
standard curve prepared using 30% dilutions of H202 (Aribi, 2018).

15



Materiel and methods

2.6. Netosis

2.6.1 Measurement of Myeloperoxidase (MPO) activity

Extracellular MPO activity gives an estimate of the oxidative stress in inflammatory diseases,
while intracellular MPO activity correlates well with tissue neutrophil content. We measure
the activity by dividing the concentration of HOCL on the concentration of Total
proteins.(Pulli et al., 2013).

2.6.2 Measurement of Hypochlorous acid (HOCL)

Etosis’s assessment was based on the indirect measurement of MPO activity after its action on
hydrogen peroxidase (H202) .(Harwood et al., 2006)(Pulli et al., 2013) “modified by Aribi,
laboratory W0414100. University of Tlemcen, 13000 Tlemcen, Algeria”.

The rate of decomposition of H202 by MPO is determined by measuring the rate of
hypochlorous acid (HOCI), which is generated from H202 and chloride at extracellular
medium as follows:

H202 + Cl - HOCI + OH(Tvrdé and Benko, 2020)

HOCI produced by activated neutrophils can oxidize bromide (Br) in vitro.

Briefly, 10 pl extracellular medium in PBS (PH 7.4) was added to 10 pl 22mM sodium
bromide (NaBr). The HOBr concentration was determined by measuring its absorbance at 330
nm (PH 12, E330=332M"-1 cm”-1) immediately without incubation , as reported (Kumar and
Margerum, 1987).The HOCI level was estimated using a standard prepared under the same
conditions by adding 10 pul 22mM sodium bromide to 10 ul 20mM HOCI, 5.25% in PBS (PH
7.4). The results of Etosis were validated by fluorescence microscopy using Floid Cell
Imaging Station.

2.7. Measurement of total proteins

Total protein concentration was measured from serum. In using a commercial kit
(SPINREACT Ctra.Santa Coloma, SPAIN), the proteins present in serum interact with the

Biuret reagent to form a colored complex quantifiable by spectrophotometry at 540 nm.
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Discussion

Parkinson’s disease (PD) is a well-known progressive neurodegenerative disease, which is
characterized by neuroinflammation, associated with ageing of the immune system(Tansey et
al., 2022). Age-associated alterations in the immune system include immunosenescence and
inflammageing as well asan impaired adaptive immune system is thought to be implicated to
pathogenesis of PD. Inflammageing induce uncontrolled downregulation of circulating
inflammatory mediators and cytokines from chronically stimulated innate and adaptive cells,
including neutrophils. furthermore, many studies were reported that PD is strongly associated
with systemic inflammation(Adams et al., 2019).During PD, necrosis of neurons is observed
following acute brain injury and neurotropic infections or as a result of the release of
damaging chemicals such as glutamate, nitric oxide (NO), and reactive oxygen species
(ROS)(Chao et al., 2014).

4.1. Oxydative burst activity in PD patients

4.1.1. NO production in PD patients

Nitric oxide (NO)is an intra- and extracellular messenger and a key signaling molecule that
play wide biological role in many physiological processes including neuronal signaling,
immune response, inflammatory response, modulation of ion channels, phagocytic defense
mechanism, and cardiovascular homeostasis(Tuteja et al., 2004).NO is secreted by Nitric
oxide synthase, which distinguish 3 different isoforms, iNOS: inductible NOS, eNOS and
nNOS. NO, synthesized in neurons of the central nervous system, acts as a neuromediator
with many physiological functions, including the formation of memory, coordination between
neuronal activities. In peripheral nervous system, NO have a central role in
neurotransmission(Tuteja et al., 2004).in our study, we have shown a very remarkable
downregulation of NO production in PD patients compared to controls.

4.1.2. H202 production in PD patients compared to control

H202, is Our study shows difference between H202 production in PD patients when
compared to control but the difference was not significant.

4.2. Phagocytosis activity in PD patients

Phagocytosis assay was performed using imaging latex-based Phagocytosis (CTCF) as
mentiened the phagocytosis activity was significantly upregulated in patients with PD

compared to control, respiratory burst was shown by NBT reduction assay,
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4.3. NETosis formation in PD patients
NETosis related to MPO activity and HOCL production is crucial process, where neutrophile
expelling neutrophil extracellular traps (NETSs) in response to different stimuli. its over

expression may leads to exacerbation of inflammatory disease.
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Conclusion

Parkinson disease (PD) is a progressive neurodegenerative disease that affects peripheral
organs as well as the central nervous system and is widely associated with neuroinflammation
process. which induce immune cells infiltration in injured tissu, PD induce no reversible
disorder in innate and adaptive immune system including age-acquired immunodeficiency and
inflammageing, leading to excess deficiency in inflammatory mediators and cytokines.
Neutrophils as professional phagocytes may contribute to the physiopathology of PD. Our
study has shown very promising results which need to becomplemented by cell culture

analysis of Netosis, phagocytosis and Oxidativeburst.
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