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Background: Parkinson’s disease (PD) is a neurodegenerative disease characterized by

motor impairments and resulting from progressive degenerative loss of midbrain dopami-

nergic (DAergic) neurons in the substantia nigra. Although the main cause of the loss of

DAergic neurons is still unknown, various etiopathogenic mechanisms are distinguished,

including release and accumulation of endogenous excitotoxic mediators along with the

production of oxidative free radicals. Several neurotrophic and growth factors are known

to increase DAergic neuronal survival and enhance antioxidant mechanisms. In this context,

the micro-immunotherapy (MI) approach consists to regulate the immune system in order to

protect DAergic neurons and control oxidative stress.

Purpose: The aim of the present study was to investigate the effect of the MI medicine

(MIM), 2LPARK® (Labo’Life), on oxidative stress and on the number of neurons positive

for tyrosine hydroxylase (TH), in an in vitro model of PD.

Methods: Rat primary mesencephalic DAergic neurons cultures were pre-treated for 1 hr

with the MIM (10 μM and 10 mM), placebo (10 μM and 10 mM) or brain-derived

neurotrophic factor (BDNF; 3.3 μM) and then intoxicated with 6-hydroxydopamine

(6-OHDA; 20 μM) for 48 hrs. After incubation, cells were incubated 30 mins at 37°C with

CellROX green reagent and number of labeled cells were quantified. Then, cells were fixed

and incubated with anti-TH antibody and the number of TH+ neurons was evaluated.

Results: We showed that, contrary to placebo, MIM was able to reduce oxidative stress and

protect DAergic neurons from 6-OHDA-induced cell death.

Conclusion: Our results demonstrate the in vitro efficacy of MIM on two essential mechan-

isms of PD and propose the MI approach as a new ally in the regulation of neuroinflamma-

tion and in the treatment of this degenerative disease.

Keywords: immune system, micro-immunotherapy, low dose, neurotrophic factors, growth

factors

Introduction
Parkinson’s disease (PD) is a chronic and progressive, age-related, neurodegenera-

tive disease characterized by tremor, slowness of movement (bradykinesia), pos-

tural instability, and rigidity. Other symptoms include depression, mood swings,

difficulties with swallowing and chewing, changes in speech, urinary or bowel
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problems (constipation), and skin and sleep disorders. The

prevalence of PD generally increases with age and being

male, PD incidence being 1.5 times higher in men than

women. The presence of symptoms, such as severe motor

impairment, psychosis, and dementia, has been associated

with earlier death among people with PD.1

Progressive loss of 60–70% of the dopaminergic

(DAergic) neurons in the substantia nigra pars compacta

(SNpc) is first reported in patients.2 Actually, PD is histologi-

cally characterized by the loss of neurons in the substantia

nigra and in some pigmented nuclei of the integuments, gliosis

in the same regions, and a larger quantity of Lewy’s bodies.3

Following the loss of dopamine (DA), the chemical messenger

responsible for transmitting signals between substantia nigra

and striatum, nerve cells in the striatum act out of control,

leaving patients unable to direct or control movements in a

normal way. However, to date, almost all investigators have

agreed that the main cause of the loss of DAergic neurons in

the substantia nigra is still unknown.

Nevertheless, although the motor dysfunctions of PD can

be primarily attributed to degeneration of the DAergic

nigrostriatal system, multiple studies indicate that PD symp-

tomatology extends beyond motor dysfunctions and that PD

neuropathology involves disruptions in non-DAergic neuro-

transmission systems as well as DAergic systems.4

PD is probably a multifactorial disease, both environ-

mental and genetic factors are involved in PD and various

etiopathogenic mechanisms are distinguished. At the cellu-

lar and molecular level, the current hypothesis points to the

release and accumulation of endogenous excitotoxic media-

tors and to the cytometabolic production of oxidative free

radicals (inducing neuronal degeneration). These abnormal-

ities cause cumulative wounds and neuronal damages, pro-

moting premature SNpc DAergic degeneration, abnormal

protein modification, and accumulation. In damaged neu-

rons, the excess amount of cytosolic DA outside the synap-

tic vesicle is metabolized via monoamine oxidase or by

auto-oxidation to cytotoxic reactive oxygen species (ROS),

suggesting that DA itself may be a source of oxidative

stress.5 Oxidative stress is thought to be the common under-

lying mechanism that leads to cellular dysfunction and

eventually to cell death. Mitochondria are the main site of

ROS generation within the cell and a mitochondrial respira-

tory defect can occur in PD.6 Neuronal damages induced by

environmental risks or neurotoxic substances, such as 1-

methyl-4-phenyl-1,2,5,6 tetrahydropyridine and paraquat,

may also contribute to the oxidative stress situation.7,8

Interestingly, toxic agents contribute to a collapse of

synaptic vesicle capacity to sequester DA which, not being

in their acidic stabilizing environment, enters the cytoplasm

where the physiological pH promotes its auto-oxidation and

the ensuing production of ROS.9

The neuroinflammatory chain reaction induced by ROS

would be responsible for the deterioration of the substantia

nigra and DAergic neuronal death. Many different factors

(neurotrophic and growth factors, hormones), including

brain-derived neurotrophic factor (BDNF),10 glial cell line-

derived neurotrophic factor (GDNF),11 erythropoietin

(EPO),12 insulin-like growth factor-1 (IGF-1),13 and plate-

let-derived endothelial cell growth factor (PD-ECGF),14

increase DAergic neuronal survival and enhance antioxidant

mechanisms. The stimulation of these factors through micro-

immunotherapy (MI) approach could regulate the immune

system both in terms of DAergic brainstem neurons protec-

tion and regeneration but also in controlling inflammation

and oxidative stress.15MI is a therapeutic strategywhich uses

immune regulators, including cytokines, in association with

nucleic acids (plant-derived total deoxyribonucleic acid

[DNA] and ribonucleic acid [RNA]) and specific nucleic

acids (SNA®). The active substances, prepared in low

doses (LD) and/or ultra-low doses (ULD), are used in

sequential formulas of 5 or 10 capsules, developed to treat

different acute and chronic diseases.16

6-hydroxydopamine (6-OHDA) is a selective catecho-

laminergic neurotoxin that is not only used as a pharma-

cological agent able to trigger PD-like stigmata17,18 but

also likely corresponds to a natural DAergic catabolite that

accumulates in PD-affected brains and that appears to

strongly contribute to this pathology.19 For this reason, 6-

OHDA provides a useful model of PD by inducing neuro-

degeneration of DAergic neurons in vitro.

In this study, we tested the effect of one capsule of the

MI medicine (MIM) 2LPARK® (Labo’Life) on the oxida-

tive stress and neuronal survival in an in vitro model of 6-

OHDA-induced PD.

Materials and methods
DAergic neuron cell cultures
The experimental procedures were carried out in accor-

dance to European guidelines for the care and use of

laboratory animals (Directive 2010/63/UE). Every effort

was done to minimize animal suffering and reduce the

number of animals used in the experiments. The animals,

which were used to prepare mesencephalic cell cultures,

were naive to previous administration of drugs.
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The study was performed in France according to the

decree 2013–118 of February 1, 2013 on the protection of

animal used for scientific purposes (https://www.

recherche-animale.org/sites/default/files/decret_2013-118.

pdf). The pregnant rats were received at the animal house

at the latest the day before the sacrifice and they were

killed according to the authorized procedures. The nervous

tissues of interest were then recovered from the embryos

in order to put them in culture.

Rat DAergic neurons were cultured as described by

Schinelli et al.20 Briefly pregnant female rats (Rats Wistar;

Janvier) of 15 days’ gestation were killed by cervical dis-

location and the fetuses were removed from the uterus. The

embryonic midbrains were removed and placed in ice-cold

medium of Leibovitz 15 (L15; PanBiotech, Aidenbach,

Germany) containing 2% of Penicillin-Streptomycin (PS;

PanBiotech, Aidenbach, Germany) and 1% of bovine

serum albumin (BSA; PanBiotech, Aidenbach, Germany).

Only the ventral portions of the mesencephalic flexure were

used for the cell preparations as this region of the develop-

ing brain is rich in DAergic neurons. The midbrains were

dissociated by trypsinization for 20 mins at 37°C (Trypsin

EDTA 1X; PanBiotech, Aidenbach, Germany). The reaction

was stopped by the addition of Dulbecco’s modified Eagle’s

medium (DMEM; PanBiotech, Aidenbach, Germany) con-

taining DNase I grade II (0.1 mg/mL; PanBiotech,

Aidenbach, Germany) and 10% of fetal calf serum (FCS;

Invitrogen, California, USA). Cells were then mechanically

dissociated by 3 passages through a 10-mL pipette. Cells

were then centrifuged at 180 x g for 10 mins at +4°C on a

layer of BSA (3.5%) in L15 medium. The supernatant was

discarded and the cell pellets were re-suspended in a defined

culture medium consisting of Neurobasal (Invitrogen,

California, USA) supplemented with B27 2% (Invitrogen,

California, USA), L-glutamine (2 mM; PanBiotech,

Aidenbach, Germany) and 2% of PS, 10 ng/mL of BDNF

(PeproTech, Neuilly-Sur-Seine, France), and 1 ng/mL of

GDNF (PanBiotech, Aidenbach, Germany). Viable cells

were counted in a Neubauer cytometer using the trypan

blue exclusion test. The cells were seeded at a density of

40,000 cells/well in 96-well plates (pre-coated with poly-D-

lysine; Greiner, Kremsmünster, Austria) and were cultured

at 37°C in a humidified air (95%)/CO2 (5%) atmosphere.

Half of the medium was changed every 2 days with fresh

medium. In these conditions, after 5 days of culture, astro-

cytes are present in the culture and release growth factor

allowing neurons differentiation. On day 6 of culture, cells

were pre-treated for 1 hr with MIM (2LPARK®; 10 μM and

10 mM), or placebo (10 μM and 10 mM), or BDNF (3.3

μM), and then intoxicated with 6-OHDA (20 μM) for 48

hrs. For each set of experiments, one culture was done with

6 wells per condition. One plate was done for CellRox

imaging and one plate to assess DAergic neuron survival.

Investigational product
The MIM is manufactured by Labo’Life Belgium and

notified to the Belgian Federal Agency for Medicines

and Health Products (FAMHP) under notification number

1507CH173F1. MI medicines consist of lactose-sacchar-

ose globules for oromucosal administration, impregnated

with ethanolic preparations of immune mediators and

nucleic acids at LD and/or ULD. LD and ULD of active

substances are obtained through a “sequential kinetic pro-

cess”, consisting of a 1/100 dilution process followed by

vertical shaking, reproduced a defined number of times.

Medicines composition is expressed as CH (Centesimal

Hahnemannian dilutions), and it indicates the number of

times by which the two proceedings are carried out for

each active substance. Being sequentially developed med-

icines to transmit consecutive information to the body, the

content of each capsule is specific, and the intake should

follow the ascending order indicated on the blister. The

composition of the MIM tested capsule is showed in

Table 1. The placebo and MIM lactose-saccharose glo-

bules concentration as well as BDNF concentration are

shown in Table 2.

Measure of oxidative stress, number of

tyrosine hydroxylase (TH) positive

neurons and neurite length
In order to investigate the protective effect of the MIM on

oxidative stress, cultures of primary neurons were pre-

treated during 1 hr with MIM (10 μM and 10 mM) or

with its placebo (10 μM and 10 mM) and then injured by

Table 1 Composition of the MIM tested capsule (Labo’Life

Belgium, Les Isnes, Belgium)

Ingredient Concentration

Brain-derived neurotrophic factor (BDNF) 4CH

Erythropoietin (EPO) 3CH

Glial cell line-derived neurotrophic factor (GDNF) 4CH

Insulin-like growth factor-1 (IGF-1) 4CH

Platelet-derived endothelial cell growth factor (PD-

ECGF)

4CH

Abbreviation: MIM, micro-immunotherapy medicine.
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6-OHDA (20 μM) for 48 hrs. After 48 hrs of incubation,

cells were incubated 30 mins at 37°C with CellROX green

reagent (Invitrogen, California, USA) that is nonfluores-

cent in a reduced state and fluoresces bright green upon

oxidation. 4',6-diamidino-2-phenylindole (DAPI) incuba-

tion was done in the same time at 1/5000 (Sigma-Aldrich,

Missouri, USA). Twelve images per well were taken using

InCell AnalyzerTM 2200 (GE Healthcare, La Chapelle-

sur-Erdre, France) with 20x magnification. All images

were taken under the same condition. Number of cells

labeled with CellROX green reagent and DAPI were quan-

tified. Then, cells were fixed by a solution of 4% parafor-

maldehyde (Sigma-Aldrich, Missouri, USA) for 20 mins at

room temperature. The cells were then permeabilized and

non-specific sites were blocked with a solution of phos-

phate-buffered saline (PBS; PanBiotech; Aidenbach,

Germany) containing 0.1% of saponin (Sigma-Aldrich,

Missouri, USA) and 1% fetal calf serum (FCS,

Invitrogen, California, USA) for 15 mins at room

temperature.

In order to study the preventive effect of the MIM on

DAergic neurons survival, DAergic neurons culture was

intoxicated for 48 hrs with 6-OHDA (20 μM) after a pre-

treatment (1 hr) with MIM (10 μM and 10 mM) or its

placebo or BDNF (3.3 μM). Differentiated neuronal cul-

tures contained DAergic cells that were specifically iden-

tified by staining TH, the rate-limiting enzyme in DAergic

synthesis.21 Cells were incubated with monoclonal anti-

TH antibody produced in mouse (antibodies-Sigma-

Aldrich, Missouri, USA) and in PBS containing 1% FCS,

0.1% saponin, overnight at 4°C.

Monoclonal anti-TH antibody was revealed with Alexa

Fluor 568 anti-mouse (Molecular probe, Oregon, USA) in

PBS with 1% FCS, 0.1% saponin, for 1 hr at room

temperature.

For DAergic neuron survival quantification, 12 pictures

per well were taken by using InCell AnalyzerTM 2200

(GE Healthcare, La Chapelle-sur-Erdre, France) with 20x

magnification.

Analysis of neurite length of TH positive neurons was

performed using Developer software (GE healthcare, La

Chapelle-sur-Erdre, France).

Statistical analysis
Statistical analyses have been performed using GraphPad

Prism version 7.0 for MacOS (GraphPad Software, La Jolla,

CA, USA). The data were expressed as mean±SEM (of 6 data

per condition, 1 culture). A global analysis of the data was

performed using a one-way analysis of variance (ANOVA)

following by Dunnett’s test. Bonferroni’s post hoc test was

used to analyze differences between MIM (10 μM and 10

mM) vs placebo (10 μM and 10 mM) and MIM (10 μM and

10 mM) vs BDNF (3.3 μM). The level of significance is set at

p<0.05.

Results
MIM protects against oxidative stress in an

in vitro model of 6-OHDA-induced stress
We showed that 6-OHDA induced an increase in oxidative

stress (Figure 1). Being able to reduce the 6-OHDA-induced

neurodegeneration in vitro,22 BDNF (3.3 μM; pre-treatment

for 1 hr before 6-OHDA-induced stress) was used to validate

our experimental conditions. We found that placebo did not

protect neurons against oxidative stress, whereas MIM was

able to reverse 6-OHDA injury at the tested concentrations,

in a statistically significant manner. Moreover, MIM at 10

mM had a significantly greater effect than BDNF used in the

current study as a positive control (control, placebo [10 μM
and 10 mM], MIM [10 μM and 10 mM] and BDNF [3.3 μM]

vs 6-OHDA [20 μM], one-way ANOVA followed by

Dunnett’s test: p=0.0001, Figure 1A and p<0.0001, Figure

1B. Placebo [10 μM] vsMIM [10 μM], Bonferroni’s multiple

comparison test: p=0.0016, Figure 1A; placebo [10 mM] vs

MIM [10 mM] and MIM [10 mM] vs BDNF [3.3 μM],

Bonferroni’s multiple comparison test: p<0.0001 and

p=0.036, respectively). Representative pictures of DAergic

neurons staining with CellRox reagent are reported in

Figure 2.

MIM increases DAergic neurons survival

in an in vitro model of 6-OHDA-toxicity
We showed that 6-OHDA induced a large and significant

decrease of TH positive neurons and that the pre-treatment

with BDNF (3.3 μM) displayed a protective effect against 6-

OHDA injury (see Figure 3). These results validated the

Table 2 Concentrations of the tested compounds

Identification Dose

MIM L-S globules concentration 10 μM and 10 mM

Placebo L-S globules concentration 10 μM and 10 mM

BDNF 3.3 μM

Abbreviations: MIM, micro-immunotherapy medicine; L-S, lactose-saccharose;

BDNF, brain-derived neutrophic factor.
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model. We found that DAergic neurons survival was signifi-

cantly increased in 6-OHDA cultures treated with MIM

(10 μM and 10 mM) compared to placebo (control, placebo

[10 μM and 10 mM], MIM [10 μM and 10 mM], and BDNF

[3.3 μM] vs 6-OHDA [20 μM], one-wayANOVA followed by

Dunnett’s test: p<0.0001 (Figure 1A and B). Placebo [10 μM]

vs MIM [10 μM], Bonferroni’s multiple comparison test:

p=0.0002 (Figure 3A); placebo [10 mM] vs MIM [10 mM],
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Figure 1 Action of MIM on oxidative stress. Cultures of primary neurons treated for 1 hr with MIM and its placebo at (A) 10 μM and (B) 10 mM or BDNF (3.3 μM) and

then injured by 6-OHDA (20 μM) for 48 hrs (results expressed as percentage of control). 6-OHDA induced an increase of oxidative stress ((A) 171.30% and (B) 158.44% of

the control). BDNF (3.3 μM; positive control) inverted the effect of 6-OHDA ((A) 117.79% and (B) 112.13% of the control). MIM prevented 6-OHDA injury ((A) 109.17%

and (B) 74.21% of the control). Quantification represents mean±S.D. of 6 wells per condition ((A) n=2 and (B) n=1); *p<0.05; **p<0.01; ***p<0.005; control, placebo (10

μM and 10 mM), MIM (10 μM and 10 mM), and BDNF (3.3 μM) vs 6-OHDA (20 μM); one-way ANOVA followed by Dunnett’s test; placebo (10 μM and 10 mM) vs MIM (10

μM and 10 mM); MIM (10 μM and 10 mM) vs BDNF (3.3 μM); Bonferroni’s multiple comparison test.

Abbreviations: 6-OHDA, 6-hydroxydopamine; MIM, micro-immunotherapy medicine; BDNF, brain-derived neutrophic factor.
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Figure 2 Representative pictures of DAergic neurons staining with CellRox reagent (green) and DAPI (blue). All images at ×20 magnification. Scale bar=30 μm.

Abbreviations: DAPI, 4',6-diamidino-2-phenylindole; 6-OHDA, 6-hydroxydopamine.
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Bonferroni’s multiple comparison test: p=0.0008 (Figure 3B).

Representative pictures of DAergic neurons staining with TH

antibody are reported in Figure 4. 6-OHDA (20 μMfor 48 hrs)

induced a large and significant decrease of neurite length and

BDNF (3.3 μM) displayed a protective effect against 6-OHDA

injury. These results validated the model. Finally, MIM

(10 μM and 10 mM) showed a statistically protective effect

on neurite length against 6-OHDA compared to placebo
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Figure 3 Action of MIM on neurons survival. Cultures of primary neurons treated for 1 hr with MIM and its placebo at (A) 10 μM and (B) 10 mM or BDNF (3.3 μM) and

then injured by 6-OHDA (20 μM) for 48 hrs (results expressed as percentage of control). 6-OHDA induced a decrease of neuronal survival ((A) 65.32% and (B) 64.55% of

the control). BDNF (3.3 μM; positive control) reduced 6-OHDA-induced cell-death ((A) 93.16% and (B) 91.26% of the control). MIM prevented 6-OHDA injury ((A) 89.84%

and (B) 97.61% of the control). Quantification represents mean±S.D. of 6 wells per condition ((A) n=3 and (B) n=2); *p<0.05, **p<0.01, ***p<0.005, #p<0.0001; control,
placebo (10 μM and 10 mM), MIM (10 μM and 10 mM) and BDNF (3.3 μM) vs 6-OHDA (20 μM); one-way ANOVA followed by Dunnett’s test; placebo (10 μM and 10 mM)

vs MIM (10 μM and 10 mM); MIM (10 μM and 10 mM) vs BDNF (3.3 μM); Bonferroni’s multiple comparison test.

Abbreviations: 6-OHDA, 6-hydroxydopamine; MIM, micro-immunotherapy medicine; BDNF, brain-derived neutrophic factor.
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Figure 4 Representative pictures of DAergic neurons staining with TH antibody (green) and DAPI (blue). All images presented at ×20 magnification. Scale bar=30 μm.

Abbreviations: TH, tyrosine hydroxylase; DAPI, 4',6-diamidino-2-phenylindole; 6-OHDA, 6-hydroxydopamine.
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(control, placebo [10 μM and 10 mM], MIM [10 μM and 10

mM], and BDNF [3.3 μM] vs 6-OHDA [20 μM], one-way

ANOVA followed by Dunnett’s test: p<0.0001. Placebo [10

μM] vs MIM [10 μM], Bonferroni’s multiple comparison test:

p=0.018; placebo [10 mM] vs MIM [10 mM], Bonferroni’s

multiple comparison test: p<0.0147; Figure S1).

Discussion
The causes of PD are still unknown. However, although

several genetic mutations responsible for 10–15% of cases

of PD have been identified,23,24 it is hypothesized that the

interaction of genetic and environmental factors is neces-

sary to determine its onset.25,26 The hypothesized mechan-

isms involve oxidative stress, inflammation, abnormal

accumulation of protein aggregates, trophic factor defi-

ciency, apoptosis, and premature death of DAergic

neurons.

Using LD and ULD of specific substances following a

physiological sequence, MI aims at regulating the immune

system, both in terms of protection and regeneration of

DAergic neurons, but also in awayof controlling inflammation

and oxidative stress. The immune substances contained in MI

formulas are prepared in low concentrations through a

“sequential kinetic process”, consisting of a 1/100 dilution

process followed by vertical shaking, reproduced a defined

number of times, thereby guaranteeing high tolerance.

Furthermore, depending on whether stimulation, modulation,

or inhibition on the organism is desired, the levels of concen-

tration used can vary within the same formula. In the current

study, the in vitro PD model demonstrated that the LD of

neurotrophic andgrowth factors, contained in theMIMcapsule

(see Table 1), were able to protect DAergic neurons from the

cell death induced by 6-OHDA and to reduce oxidative stress.

Neurotrophic factors play essential roles for survival,

protection, and maintenance of neurons. The alteration of

their expression and signaling pathways seems to be linked

to the development and/or progression of neurodegenera-

tive disorders, including PD.

Early studies demonstrated that BDNF supports the sur-

vival of nigral DAergic neurons in the ventral tegmental area

and medial SNpc,10 and the expression of BDNF protein and

messenger RNA (mRNA) is reduced in nigral neurons in

PD.27 Moreover, treatment with BDNF in rodent models

prevented the loss of DAergic neurons in the substantia

nigra after 6-OHDA or 1-methyl-4-phenylpyridinium

(MPP)-induced lesions.28,29 BDNF neurotrophic functions

also include the development, differentiation of cerebellar

granule and Purkinje cells30 and nigrostriatal apoptosis

inhibition by BDNF/Tropomyosin receptor kinase B (TrkB)

signaling.31 Moreover, the expressions of DA D3 receptor

and TH are mediated by BDNF.32

Similar to BDNF, GDNF has an important role in the

survival, differentiation, organization, and maintenance of

DAergic neurons.33,34 GDNF is released by glial cells, and

it has been considered as the most promising drug in the

treatment of animal models of PD,35 preserving neuronal

survival under stress conditions and inhibiting apoptotic

cell death in DAergic neurons.36

However, it has been showed that high concentrations of

DA in a weak neuroprotective status blunt the activity of

neurotrophic factors, thus contributing to the vulnerability of

the nigral DAergic neurons.37,38

One of the neurotrophic factors that might protect

neurons in this deleterious microenvironment is IGF-1.

The substantia nigra is one of the brain regions with high-

est density of IGF-1 receptors,39 and IGF-1 has been found

to increase survival of DAergic neurons and to protect

DAergic neurons from DA-induced neurotoxicity both in

vitro and in animal models of PD.13,40

The neurotrophic action of PD-ECGF on the develop-

ment and regeneration in the central nervous system

(CNS) has also been shown in embryonic rat cortical

neurons cultures.14 Furthermore, it has been proved that

gliostatin, a factor chemically and biologically identical to

PD-ECGF, promotes the survival of neurons in vitro, play-

ing a neutrophilic action on cortical neurons14 and a phy-

siological role in neuronal and glial development.41

Neurotrophic and neuroprotective actions are also per-

formed by EPO, a well-known cytokine produced in CNS.42

Several authors address the neural protective effects of EPO in

experimental PDmodels. In these studies, EPO reversed beha-

vioral deficits,43 attenuated inflammation, reduced DAergic

neuronal cell loss,44 and exerts anti-apoptotic effects.45

Moreover, the protective, anti-inflammatory, antioxidant, and

restorative effects of EPO in a rotenone-induced neurodegen-

erative animal model were reported by Erbaş et al.46

Several studies have examined the therapeutic efficacy

of neurotrophins in animal models of PD. In one initial

study the co-transplantation of GDNF overexpressing

neural stem cells (NSCs) with primary DAergic neurons

in a rat 6-OHDA lesion model of PD, resulted in signifi-

cantly increased survival of co-transplanted neurons.47 The

ability of fetal-derived human NSCs overexpressing var-

ious neurotrophins (including IGF-1 or GDNF) to protect

DAergic neurons and rescue motor deficits rat lesion

model of PD was also investigated.48
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During the last years, several in vivo/in vitro studies

and clinical trials have reported the effectiveness and

safety of the therapeutic intervention based on the oral

administration of LD of signaling molecules in different

pathological conditions, including inflammation and oxi-

dative stress.49,50 The proposed action mechanism of LD

cytokines, hormones, neuropeptides, and growth factors

involves the activation of cellular and plasmatic receptors

by virtue of their LD. This process restores the immuno-

logical homeostasis by stimulating a pathologically

impaired cellular pathway, using the same factors physio-

logically involved in the cellular signaling. The neuro-

trophic and growth factors of the MIM tested capsule

point to increase the survival and regeneration of

DAergic neurons, limiting inflammation and reducing oxi-

dative stress, proposing a valid and safe approach to the

treatment of PD.

Conclusion
This study showed the positive effect of a pre-treatment

with MIM on cultures of primary neurons injured by 6-

OHDA, demonstrating the in vitro efficacy of MIM in the

regulation of oxidative stress and neuronal survival in an

in vitro model of PD. Nevertheless, further pre-clinical and

clinical studies are required to demonstrate the efficacy of

MIM medicine in PD patients.
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Figure S1 Action of MIM on neurite length. Cultures of primary neurons treated for 1 hr with MIM (10 μM and 10mM) and its placebo (10 μM and 10mM) or BDNF (3.3 μM) and

then injured by 6-OHDA (20 μM) for 48 hrs (results expressed as percentage of control). 6-OHDA induced a decrease of neurite length (67.98% of the control). BDNF (3.3 μM;

positive control) reduced 6-OHDA-induced neurite length reduction (102.05% of the control). MIM prevented 6-OHDA -induced neurite length reduction (MIM 10 μM99.37% and

MIM 10 mM 100.5% of the control). Quantification represents mean±S.D. of 6 wells per condition (n=2); *p<0.05, **p<0.01, ***p<0.005, # p<0.0001; control, placebo (10 μM and

10mM), MIM (10 μM and 10mM), and BDNF (3.3 μM) vs 6-OHDA (20 μM); one-way ANOVA followed byDunnett’s test; placebo (10 μM and 10mM) vs MIM (10 μM and 10mM);

MIM (10 μM and 10 mM) vs BDNF (3.3 μM); Bonferroni’s multiple comparison test.

Abbreviations: 6-OHDA, 6-hydroxydopamine; MIM, micro-immunotherapy medicine; BDNF, brain-derived neutrophic factor.
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