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Abstract
Multiple system atrophy (MSA) is a sporadic neurodegenerative disorder characterized by striatonigral degeneration and
olivopontocerebellar atrophy. The main hallmark of MSA is the aggregation of alpha-synuclein in oligodendrocytes, which
contributes to the dysfunction and death of the oligodendrocytes, followed by neurodegeneration. Studies suggested that
oxidative-excitatory pathway is associated with the progression of the disease. The aim of the current study was to test this
concept by overexpression of excitatory amino acid transporter 2, glutamate dehydrogenase and nuclear factor (erythroidderived 2)-related factor 2 genes in the striatum of two established mouse models of MSA. To induce the first model, we
injected the mitochondrial neurotoxin, 3-nitropropionic acid (3-NP), unilaterally into the right striatum in 2-month-old
C57BL/6 male mice. We demonstrate a significant improvement in two drug-induced rotational behavior tests, following
unilateral injection the three genes. For the second model, we used transgenic mice expressing the alpha-synuclein gene
under the proteolipid protein, in the age of 7 months, boosted with 3-NP to enhance the motor deficits and neurodegeneration. We show that the overexpression of the three genes attenuated the motor-related deficit in the elevated bridge and pole
tests. Thus, our study indicates that glutamate excito-oxidative toxicity plays a major role in this MSA model and our gene
therapy approach might suggest a novel strategy for MSA treatment.
Keywords Oxidative stress · Excitotoxicity · Neuroprotection · Gene therapy · Multiple system atrophy

Introduction
Multiple system atrophy (MSA) is a rare sporadic fatal
rapidly progressive neurodegenerative disorder caused by
cell loss in certain areas of the brain, mainly in the striatum, and the spinal cord, leading to a variety of symptoms
affecting especially the functions of the autonomic nervous
system and the motor system including bradykinesia, tremors (Ahmed et al. 2012). The main hallmark in MSA is the
aggregation of alpha-synuclein in oligodendrocytes, which
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contributes to the striatonigral degeneration (Wenning et al.
2008). Alpha-synuclein is a protein whose function in the
healthy brain is currently unknown; however, it was shown
to be the major constituent of Lewy bodies, protein clumps
that are the pathological hallmark of Parkinson’s disease.
Although the etiology of MSA is not well understood,
there is some evidence suggesting that environmental chemicals may increase risk of MSA by affecting mitochondrial
function (Hanna et al. 1999; Vanacore 2005). In addition,
it has also been demonstrated that oxidative stress has a
pivotal role in MSA pathology. Oxidative stress facilitates post-translational modifications of alpha-synuclein,
which increases neurodegeneration and subsequently motor
dysfunction in transgenic mouse models of MSA (Giasson et al. 2000; Ubhi et al. 2009). Indeed, a relationship
between oxidative stress and MSA is supported by clinical
studies showing an increase of oxidative stress markers in
brains and cerebrospinal fluid of MSA patients. For example,
8-hydroxy-2′-deoxyguanosine (8-OHdG) and 8-hydroxyguanosine (8-OHG), products of oxidized DNA or RNA,
which are used as markers of oxidative cellular damage were
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found in high levels in patients’ cerebrospinal fluid (Kikuchi
et al. 2002; Barca et al. 2016).
Alteration in glutamate metabolism is an additional factor
which has been shown to be associated with several neurodegenerative diseases including MSA (Coyle and Puttfarcken
1993; Plaitakis et al. 1982). Glutamate, the main excitatory
neurotransmitter in the central nervous system, is known
to be neurotoxic when present in high levels at the synapse
(Matute et al. 2007; Molz et al. 2008). The disruptions may
be related to changes of glutamate metabolism enzyme
activities, alterations of the main energy formation reactions
in mitochondria, and shifts of oxidation/redox balance in
cells. Clinical studies have found low glutamate dehydrogenase activity, a key enzyme in the glutamate metabolism,
in MSA patients (Duvoisin et al. 1983). Recent study found
significant differences in various metabolite levels, including
increase of glutamate in MSA patients’ serum, using NMR
spectroscopy (Nagesh Babu et al. 2018). In addition, in animal models of 3-NP-induced striatal lesions, neuronal loss
was prevented by either removing the glutamatergic input
into the striatum or by administration of the NMDA receptor antagonist MK-801 (Refolo et al. 2018; Kim et al. 2000).
These findings support the notion that the adverse effects of
3-NP on neurodegeneration may depend on the glutamate
system (Pang et al. 1997).
The aim of the study is to examine and prove the concept
that intervention in the oxidation system can prevent damage to the striatum, which is expressed in motor decline. We
hypothesize that enhancing the cellular antioxidant response
and reducing glutamate toxicity could ameliorate the symptoms of the disease in mouse models.
To increase the validity of our results, we used two different mouse models of MSA. The first mouse model was
generated by a single intrastriatal administration of 3-NP,
an environmental toxin that inhibits the mitochondrial complex II shown to induce striatonigral degeneration (Kim et al.
2000; Glat et al. 2016). The 3-NP neurotoxin causes severe
oxidative damage, which later causes the degeneration and
death of cells in the striatum. If amplification of the enzymes
that are relevant to the oxidative-excitotoxicity pathway will
prevent motor damage, this will support the importance of
combined action of these enzymes in the prevention of prolonged injury in these regions of the brain.
The second model was based on transgenic mice expressing the alpha-synuclein gene under the proteolipid protein
(PLP) promoter which directs the expression to the oligodendrocytes, combined with the administration of 3-NP. Further administration of 3-NP to (PLP)-alpha-synuclein mice
has been shown to mimic the neuropathological features of
the disease including striatonigral degeneration, olivopontocerebellar atrophy, astrogliosis, microgliosis, and motor
disabilities combined with oligodendroglial insoluble alphasynuclein inclusions (Refolo et al. 2018). In these mice, we
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examined the action of the three genes in a chronic model
in which the striatum at a relatively older age, of 7 months,
is already in degenerative state and some of the symptoms
are already beginning to appear (Refolo et al. 2018). Intervention at this stage examines whether the three genes can
rescue the damaged cells and prevent further deterioration,
as indicated by the motor function. Using these two MSA
mouse models, we have investigated the possible effect of
three genes associated with the oxidative-excitotoxicity
pathway. The first gene, excitatory amino acid transporter
2 (EAAT2), is a glutamate transporter that reduces the levels of synaptic glutamate. Overexpression of EAAT2 has
been shown to reduce excitotoxicity (Guo et al. 2003). The
second gene, glutamate dehydrogenase (GDH2), reduces
the systemic glutamate bioavailability, leading to further
reduction in excitotoxicity (Mastorodemos et al. 2005). The
third gene, nuclear-related factor 2 (Nrf2), is a transcription
factor which under oxidative stress increases the expression
of anti-oxidative and anti-inflammatory genes (Hybertson
et al. 2011).
In our previous study in a SOD-1 mouse model of ALS,
we showed that lentiviruses encoding EAAT2, GDH2, and
Nrf2, injected into the muscles and spinal cords act synergistically to reduce extracellular-glutamate and glutamate
availability and improved the metabolic state and the antioxidant response. We found that all three genes together but
not separately prolonged survival in ALS mice accompanied
with improvement in every parameter evaluated, including
body-weight loss, reflex score, neurologic score, and motor
performance (Benkler et al. 2016). Similarly, using vasoconstrictor endothelin-1 (ET-1) as a model of induced focal
ischemic injury, mice treated with the mixture of these three
genes show significant improvement in body balance, motor
coordination, and decreased motor asymmetry compared to
each gene separately (Molcho et al. 2018). In the current
study, we show that introduction of these three genes significantly reduced the motor decline in two MSA mouse models.
Our data strengthen our hypothesis that amplifying the antioxidative and anti-inflammatory responses and reducing the
extracellular-glutamate availability might have therapeutic
value in MSA patients.

Methods
Lentiviral vector preparation
The human Nrf2, GDH2, and EAAT2 genes were purchased
from ImaGenes (ImaGenes, Berlin, Germany). Each gene
and its CMV promoter were cloned into the pLenti6/
R4R2/V5-DEST using the ViraPower Promoterless Lentiviral Gateway Kit (Invitrogen, Carlsbad, CA, USA). The
constructs (3 μg) were co-transfected with the packaging
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plasmids (9 μg): pLP1, pLP2, and pLP/VSVG using Lipofectamine 2000 (Invitrogen) into the 293T producer cell line.
The lentiviral titer was determined using the Lenti-X p24
Rapid Titer Kit, and the manufacturer’s recommended procedure (Clontech, Mountain View, CA, USA).

apomorphine and amphetamine, which are commonly used
to measure dopamine reduction or changes in the dopamine
receptors. The genetic/chronic model affects both hemispheres; therefore, we set motor tests designed to examine
balance on beam and during poll claiming.

Animals

Apomorphine‑ and amphetamine‑induced rotational
behavior

In this study, we used C57BL/6 bl/6 male mice (Harlan,
Jerusalem) at the age of 2 months and (PLP)-alpha-synuclein transgenic mice (Tg) over 7 months of age (Stefanova
et al. 2005). Mice were maintained under a 12-h light/12-h
dark cycle with continuous access to food and water. All
animal studies were approved by the Animal Care and Use
Committee of Tel Aviv University.

Intrastriatal injections of lentiviral vectors and 3‑NP
To test the effect of lentiviruses (LVs) carrying Nrf2, GDH2,
and EAAT2, two mouse models were used: 3-NP-induced
mouse model and (PLP)-alpha-synuclein Tg mice. For the
experiments conducted in 3-NP-induced mouse model of
MSA, 8-week-old male C57BL/6 mice were used. Mice were
anesthetized with a mixture of ketamine–xylazine (100 mg/
kg and 8 mg/kg, respectively), and after proper sterilization were placed in a stereotaxic frame (Stoelting, Wood
Dale, IL, USA). A 10-μl Hamilton syringe was placed into
the striatum. LVs carrying Nrf2, GDH2 or EAAT2 genes,
separately or in combination, were unilaterally injected into
the striatum at the following coordinates: 0.5 mm anterior,
± 2.5 mm lateral, and 3 mm dorsal to the bregma (n = 14 for
each group, at a volume of 2 µl, infusion rate of 0.3 µl/min).
LV-GFP (n = 10) and saline (n = 14) were used as a control
for each injection site. Two weeks after the LV injection,
mice were injected with 0.5 μl of 0.3 μmol 3-NP or saline
(shame operated) into the right hemisphere at the following
coordinates: 0.5 mm anterior, + 2.5 mm lateral, and 3 mm
dorsal to the bregma.
For the second mouse model of MSA, C57BL/6 (WT)
and (PLP)-alpha-synuclein Tg mice over 7 months old were
used. Mice were bilaterally injected into the striatum with
the LVs at the coordinates described above. After 2 weeks,
WT and Tg mice were intoxicated with an increasing dose
of 3-NP, dissolved in saline and pH adjusted to 7.4 with
NaOH, over 8 days twice a day. Dose escalation of 3-NP was
performed every 2 days, i.e., 10 mg/kg, 20 mg/kg, 40 mg/kg,
50 mg/kg (Stefanova et al. 2005).

Behavioral tests
The behavioral tests were chosen according to the induced
model. The toxic model was applied only to the right hemisphere. Therefore, we apply the pharmacological tests with

Two weeks post-3-NP injection, mice were injected (S.C.)
with D-amphetamine which induced dopamine release
(5 mg/kg dissolved in 0.9% saline, Sigma). Four days
after the amphetamine administration, mice were injected
(S.C) with apomorphine, a dopamine agonist (0.1 mg/kg
dissolved in a solution of 0.2 mg/ml ascorbic acid in 0.9%
saline, Sigma). The rotational behavior was monitored over
60 min, and the motor asymmetry score was calculated as
net ipsiversive turns.
Balance beam test
The balance beam test assesses motor coordination and
balance. The balance beam was constructed as previously
described (Molcho et al. 2018; Luong et al. 2011). Mice
were trained over three consecutive days. On the first day,
animals were habituated to the goal box for 5 min. On the
second and third days, mice were trained to enter the goal
box initially from a position directly adjacent to the box.
On the fourth day, mice were placed on the extreme end of
the beam in the start area and facing away from the beam.
Each test consisted of five consecutive measurements of the
time it takes each animal to cross the beam and to get into
the goal box.
Pole test
To assess the mouse locomotor activity, the mice were
placed head-upward on the top of a rough-surfaced vertical
pole, 1 cm wide and 50 cm high (Rial et al. 2014). The time
it required to descend to the floor was recorded in four trials.

Tissue preparation
At the end of the behavioral tasks, mice were anesthetized
and perfused intracardially with 0.1 M PBS (pH 7.3), followed by 4% paraformaldehyde solution in 0.1 M PB. Once
the perfusions were complete, the brains were removed and
were placed in 4% paraformaldehyde for post-fixation. After
24 h, the brains were transferred to a 30% sucrose solution
for 2 days. The brains were then frozen and placed in the
cryostat. Tissue samples were selected from areas of the
cortex adjacent to the injection sites. The brains were sliced
into 10-μm coronal sections.
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To evaluate the effect of EAAT2, GDH2, and Nrf2 genes,
we injected LVs carrying these genes, individually or
synergistically as a combination into the right striatum
of C57BL/6 mice (total of 2.4 × 109 viral particles). Two

weeks after the LV injection, the neurotoxin 3-NP or saline
(sham operated) was injected at the site of the prior injection. To evaluate whether the lentiviral injection ameliorates the symptoms observed in 3-NP-treated mice, we
performed two drug-induced rotational behavioral tests.
Mice with striatal and nigral degeneration should rotate
to the ipsilateral direction to the locus of insult after being
administered either amphetamine or apomorphine. In our
study, the total number of ipsilateral rotations was calculated by subtracting the ipsilateral from the contralateral turns to the lesioned hemisphere (see “Methods”).
Mice receiving a unilateral 3-NP injection and treated
with saline or GFP showed marked ipsilateral rotations in
response to the administration of apomorphine. This pattern was unchanged in animals that received a unilateral
lesion and treated with each gene separately. However,
mice receiving a unilateral injection and treated with a
combination of all three genes had shown a significant
reduction in the number of ipsilateral rotations when compared to GFP + 3-NP group (3 genes: 12.1; GFP: 20.3;
saline: 19.3; ANOVA Dunnett’s post hoc comparisons
p < 0.05 Fig. 1b). In the amphetamine test, there was a
significant reduction in the asymmetry rotation in mice
treated with either GDH2, Nrf2, or all three genes as
compared to the GFP + 3-NP mice group (GDH2: 21.4;
Nrf2:26.5; 3 genes: 26.8; GFP: 52.75; saline: 56.7; Fig. 1c,
ANOVA followed by Dunnett’s post hoc comparisons
p < 0.05). Mice treated with EAAT2 alone did not show
significant reduction in the number of rotations as compared to untreated groups. Mice injected with saline into
the striatum instead of 3-NP (sham operated) show minor
asymmetric rotational behavioral.

Fig. 1  EAAT2, GDH2 and Nrf-2 attenuate asymmetric behavioral deficits in 3-NP-treated mice. Mice treated with a combination
of EAAT2, GDH2, and Nrf2 genes showed a significant improvement in asymmetric rotational behavior compared to control (GFP).
a Apomorphine-induced rotation indicates for striatal cell depletion.

b Amphetamine-induced rotation indicates for dopaminergic cell
loss. The artisanal lines represent significant differences (*p < 0.05)
between the groups examined by one-way ANOVA followed by
Dunnett’s test for post hoc comparisons. Error bars indicate SEM
(n = 10–14)

Immunohistochemistry
For immunohistochemistry, slides underwent citrate buffer
antigen retrieval and were then incubated with blocking
solution (5% goat serum, 1% BSA, 0.05% Triton-X in PBS)
for 1 h. Then slides were incubated overnight at 4 °C with
anti-blasticidin-S deaminase (BSD) antibody (Abcam,
ab38307). Then sections were incubated with the secondary antibody Alexa Fluor 488 (1:500; Invitrogen, Z25002)
for 1 h. The nuclei were counterstained with 4,6-diamidino2-phenylindole (DAPI; 1:1000; Sigma-Aldrich).

Statistical analysis
Statistical analysis of data sets was carried out with the aid
of GraphPad Prism for Windows (GraphPad Software, CA,
USA). The results are expressed as mean ± standard error
(SE). Comparisons of groups were conducted using one-way
ANOVA followed by Dunnett’s post hoc comparisons. A
significance level of p ≤ 0.05 was set for all statistical tests.

Results
The combination of EAAT2, GDH2, and Nrf2
genes showed reduced rotational behavior
in the 3‑NP‑induced mouse model of MSA
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The combination of EAAT2, GDH2, and Nrf2 genes
preserves motor function and rotational behavior
in PLP‑alpha‑synuclein Tg mice
WT and Tg mice were intrastriatally injected with the combination of the three genes, GFP, or saline. Two weeks later,
3-NP was subcutaneously administered twice a day over an
8-day period. Four weeks after the gene injections, body
balance and motor coordination were evaluated using the
elevated beam and pole tests. As expected, no motor deficits
were observed in untreated Tg mice as compared to WT.
In contrast, after 3-NP administration, Tg mice had shown
significant motor disability compared to WT mice. The time
to cross an elevated beam was significantly longer in Tg
treated with 3-NP as compared to WT (Tg + 3-NP: 25.39 s,
WT + 3-NP: 19.37 s). However, Tg mice injected with a mixture of all three genes demonstrated significantly better performance than Tg mice injected with GFP or saline (18.18 s
vs. 22.59 s and 25.39 s, respectively, one-way-ANOVA followed by Dunnett’s post hoc comparison to GFPs, Fig. 2a).
Similar phenomena was observed in the pole test where mice
treated with three genes were faster in turning their head
and body downwards and to descend on a pole as compared
to GFP and saline-injected Tg mice (6.12 s vs. 8.9 s and

Fig. 2  Intrastriatal injection of a combination of LV carrying the
three genes attenuates behavioral deficits in PLP-alpha-synuclein Tg
mice mouse. Motor function was measured by the elevated bridge (a)
and pole test (b). The artisanal lines represent significant differences
(*p < 0.05) between the GFP group and the other groups examined by
one-way ANOVA followed by Dunnett’s post hoc comparisons. Error
bars indicate SEM (n = 8–10)

10.93 s, respectively (*p < 0.05) one-way ANOVA followed
by Dunnett’s post hoc comparison to GFPs Fig. 2b).

Lentiviral vectors are expressed in the striatum
To evaluate the expression of lentiviral vectors in striatum
in the MSA model, mice were killed 2 weeks after intracranial injection. We observed GFP-labeled cells in the site of
injection in the striatum (Fig. 3a). It was very hard to identify the ectopic expression of the Nef2 and GDH2 over the
endogenous expression; therefore, as we did in the previous
studies, we followed the expression of the viral resistance
enzyme BSD in brain slices (Fig. 3b, c). The ectopic expression of EAAT2 is observed (red cells), by immune staining
with anti-EAAT2-specific antibodies, in the area injected
with LV-EAAT2 (Fig. 3d).

Discussion
The present study describes the effects of treatment combining Nrf2, GDH2, and EAAT2 genes on two mouse models
of MSA, the neurotoxin (3-NP) and the PLP-alpha-synuclein
Tg. We demonstrated that a mixture of all three genes significantly ameliorated motor disability in these MSA mouse
models (Fig. 3).
MSA is characterized by progressive autonomic failure,
parkinsonian features, and cerebellar and pyramidal features
in various combinations. Although the etiology of MSA is
not well understood, there is some evidence suggesting that
inflammation, oxidative stress, and glutamate toxicity have
a pivotal role in MSA pathology (Giasson et al. 2000; Ubhi
et al. 2009; Vanacore 2005; Kikuchi et al. 2002; Beal et al.
1993). In this study, we have selected three genes targeting
the excito-oxidative aspects related to the disease progression that could ameliorate the symptoms of the disease in
mouse models of MSA. To test this hypothesis, we have
opted for a similar genetic therapy-based approach which
was successfully applied in our previous work (Benkler et al.
2016; Molcho et al. 2018).
In contrast to the SOD-1 model where the damaged is
located mainly in the motor neurons in the spinal cord and
the motor cortex, in the MSA patients and models, the cell
populations that are damaged are mixed and consist of neurons, glia and oligodendrocytes, and the damaged is mostly
located in the striatum. Therefore, we used the CMV promoter to allow overexpression in all mentioned cell types.
3-NP is a mitochondrial toxin which inhibits succinate
dehydrogenase activity, thus affecting cellular activity in
multiple brain regions (Beal et al. 1993). 3-NP has been
shown to induce oxidative stress in the striatum, leading
to neurotoxicity and neurodegeneration, in several different
model organisms (Kim et al. 2000; Beal et al. 1993; Overk
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Fig. 3  Lentivirus vectors in mouse’s striatum. Lentivirus expression in the striatum was tested 2 weeks after injection: cells express
LV-GFP (a), anti-viral BSD antibodies identified transfected cells in

mice treated with LV-Nef2 (b) and GDH2 (c). Anti-EAAT2-specific
antibodies identified positive (red) cells in the area injected with LVEAAT2 (d). Scale bar 100 µm

et al. 2018). This effect is most likely mediated by glutamate
toxicity followed by oxidative stress (Kim et al. 2000). Other
findings support this conclusion by showing that glutamatergic antagonists/blockers protect cells against the toxic effects
of 3-NP (Overk et al. 2018; Beal et al. 1993; Waldner et al.
2001). In addition, it has been shown that in rats, a single
intrastriatal injection of 3-NP produces local striatal cell loss
as well as retrograde loss of dopaminergic cells in the substantia nigra, while intraperitoneal (IP) injections produce
degeneration in the striatum only (Waldner et al. 2001). In
our previous work, we observed similar effects on striatal
and dopaminergic cell loss after intrastriatal injection of
3-NP in a mouse model (Glat et al. 2016). To further validate our findings, we also used a genetic model of MSA.
The model consists of overexpression of the alpha-synuclein
gene under PLP promoter combined with systemic injections of 3-NP. In previous studies, it has been shown that IP

injection of 3-NP enhances motor deficits and neurodegeneration in nigral–striatal system (Ubhi et al. 2009; Stefanova
et al. 2005).
To study the possible treatment, we selected three key
pathways believed to be crucial in the pathophysiology of
MSA. We hypothesized that these three elements would
work by synergistic or additive mechanisms to influence
a broad range of deleterious effects involved in neuron
degeneration pathways, thus exerting a stronger therapeutic effect. These three key pathways were glutamate
uptake, glutamate metabolism and oxidative stress, which
together address the full breadth of the excito-oxidative
axis related to MSA. For each pathway, we selected a
single gene located upstream of the molecular cascade,
so they influence the entire pathway by addressing that
particular gene: EAAT2 was assigned to the glutamate
uptake pathway; overexpression of EAAT2 would reduce
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the amount and duration of synaptic glutamate thus reducing excitotoxicity. GDH2 was assigned to the glutamate
metabolism pathway; overexpression of GDH2 would
reduce the systemic glutamate bioavailability also reducing excitotoxicity. The secondary damage of glutamate
excitotoxicity is mediated by oxidative stress. The Nrf2
protein, a key regulator of the entire cellular anti-oxidant
and anti-inflammatory pathways, was assigned to mitigate
this process.
Nrf2 is a transcription factor that is involved in the
detoxification and induction of antioxidant enzymes (Vargas and Johnson 2009) and was also shown to be involved
in the modulation of the innate immune system (Nagai et al.
2009). Nrf2 deficiency in combination with the presence of
alpha-synuclein has been shown to increase neuronal death
and inflammation in Parkinson’s disease (Rojo et al. 2010).
Indeed, our results show that overexpression of Nrf2, on its
own, had ameliorated symptoms observed in 3-NP-induced
mouse model of MSA. This was evident by the apomorphine-induced rotational behavior.
EAAT2 and GDH2 have shown to be important factors
in the glutamate metabolism. EAAT2 expression reduces
the amount and duration of synaptic glutamate, thus modulating excitotoxicity (Guo et al. 2003) and GDH2 expression increases the systemic glutamate bioavailability, also
decreasing excitotoxicity. We found that mice injected with
lentiviral vectors encoding GDH2 showed a reduction in the
asymmetrical rotational behavior after apomorphine administration indicating that the overexpression of GDH2 on its
own protects striatal cells against the toxic effect of 3-NP.
Although mice injected with vectors carrying GDH2 and
Nrf2 individually did show a motor improvement of a certain degree, both these genes together, and in combination
with EAAT2, led to a more significant amelioration of motor
function, as demonstrated by several motor-related behavioral tasks and a reduction of asymmetrical rotational behavior
after drug administration, in both mouse models of MSA.
To conclude, our results demonstrate that treatment with
Nrf2, GDH2, and EAAT2 rescues the motor functions in
animal models of excito-oxidative toxicity. This novel gene
therapy approach should be further investigated in models
where glutamate excito-oxidative toxicity plays a major role.
Future experiments should be performed to verify whether
this approach might provide neuroprotection and can arrest
the progression of diseases when given after the appearance
of the symptoms.
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