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ABSTRACT

Introduction: Astrocyte dysfunction is the common pathology failing astrocyte-neuron
Article info: . interaction in neurological diseases, including Parkinson’s Disease (PD). The present study
Received: 08 Jul 2019 . aimed to evaluate the impacts of astrocytic dysfunction caused by étriatal injections of selective

glial toxin L-Aminoadipic Acid (L-AA) on the rats’ locomotor activity in normal conditions
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and under alpha-methyl-p-tyrosine depletion of catecholamines synthesis.

Accepted: 24 Jun 2020 .
Available Online: 01 Nov 2021 i Methods: Thirty-three male Wistar rats were used in the experiments. Intragtriatal L-AA
:  injections (100 pg) were performed into the right Striatum. Alpha-methyl-p-tyrosine (a-MT,
100 mg/kg, inhibitor of tyrosine hydroxylase) was intraperitoneally injected for catecholamine
depletion. The animals were divided into 5 groups, as follows: 1. L-AA treated (n=7), 2.
L-AA+a-MT treated (n=5), 3. Sham-operated (n=7), 4. Sham+a-MT treated (n=5), 5. Intact
control (n=9). For assessing motor function, open field and beam walking tests were used on
the third day after the operation. Neuronal and astrocyte markers (glial fibrillary acidic protein,
glutamine synthetase, tyrosine hydroxylase, & neuronal nuclear antigen) were examined in the
striatum by immunohistochemistry.

Results: Administrating L-AA led to astrocytic degeneration in the striatum. No neuronal death
and disruption of dopaminergic terminals were detected. L-AA and a-MT-treated animals’
distance traveled was significantly (P=0.047) shorter than the Sham-operated group injected
with a-MT. In the walking beam test, the number of unilateral paw slippings was significantly
(P<0.01) higher in the L-A A-treated group than Sham-operated animals. Administrating a-MT
alone and L-AA did not change rats’ performance in walking beam tests.

Keywords: . Conclusion: Astrocyte ablation in dopamine depleted striatum resulted in reduced motor
Astrocyte, 2-Aminoadipic . activity and asymmetrical gait disturbances. These findings demonstrated the role of astroglia
Acid, Alpha-methyltyrosine, :  inmotor function regulation in the nigrostriatal system and suggest the possible association of
Corpus striatum, Motor activity - glial dysfunction with motor dysfunction in PD.
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Highlights

® The local administration of gliotoxin L-aminoadipate in the striatum of rats causes astrocytic degeneration without
affecting the neurons and nigrostriatal fibers.

e The failure of astrocyte-neuron coupling in the striatum leads to motor dysfunction such as gait disturbances and
bradykinesia.

e The influence of astrocytic degeneration on behavior is preserved and enhanced in dopamine-depleted rats.
Plain Language Summary

Astrocytes are the nervous system’s cells supporting the function of neurons. The failure of astrocyte-neuron inter-
action is observed in neurological diseases, including Parkinson’s disease. We induced the aminoadipate-induced rat

model of astrocytic dysfunction to evaluate the role of these cells in movement regulation. In our study, astrocytic
dysfunction led to gait disturbances and impaired motor function. The results suggest a possible role of glial pathology

in motor impairment in parkinsonism.

1. Introduction

strocytic dysfunction has been implicat-
ed in several neurological disorders —
epilepsy, primary and chronic depressive
disorder, and neurodegenerative disor-
ders, such as frontotemporal dementia,
Alzheimer’s Disease (AD), Huntington,
and Parkinson’s Diseases (PD) (Banasr
& Duman, 2008; Halliday & Stevens, 2011; Verkh-
ratsky, Parpura, Pekna, Pekny, & Sofroniew, 2014).
The degeneration of astrocytes associated with chronic
depressive disorder (Smiatowska, Szewczyk, Wozniak,
Wawrzak-Wlecial, & Domin, 2013) and frontotempo-
ral dementia (Broe, Kril, & Halliday, 2004). Contrarily,
an excessive pro-inflammatory astrocyte reaction is as-
sumed among the mechanisms of neuronal damage in
PD and AD (Liddelow & Barres, 2017; Verkhratsky et
al., 2014). Mutation of the Glial Fibrillary Acidic Pro-
tein (GFAP) gene, leading to disruption of the astrocyte
cytoskeleton, led to abnormal GFAP accumulation, neu-
roinflammation, and leukodystrophy in Alexander’s dis-
ease (Olabarria & Goldman, 2017).

Astrocytes regulate numerous neuronal functions, such
as synaptogenesis, axon pruning, neuronal metabolism,
and neurotransmission (Sofroniew & Vinters, 2010).
Activation of astroglia and gliosis is the universal re-
sponse of the nervous tissue on the lesion. Activated
astroglia plays ambivalent pro-inflammatory and neuro-
protective roles, producing signal molecules and inter-
acting with microglia. Neuroinflammation or ischemia
leads to the formation of phenotypically different Al

(pro-inflammatory) and A2 (anti-inflammatory) states
of activated astrocytes, respectively (Anderson, Ao, &
Sofroniew, 2014; Liddelow & Barres, 2017).

Astrocytes take part in tissue remodeling during neu-
rodegeneration. These cells regulate axonal growth,
produce extracellular matrix molecules, and remove
cell debris (Sofroniew & Vinters, 2010). Furthermore,
astrocytes provide a compensatory regulation of neuro-
transmission, interacting with synapses and maintaining
the concentration of extracellular glutamate, gamma-
Aminobutyric acid (GABA), and dopamine (Sofroniew
& Vinters, 2010).

In PD, astrocytes reactions include but are not limited to
the pro-inflammatory response. Astrocytes, like neurons,
express genes associated with autosomal recessive forms
of PD (e.g. Parkin, PINK-1 and DJ-1, LRRK2) (Halliday
& Stevens, 2011). Moreover, the mutations of these genes
lead to astrocytic dysfunction (Mullett, Di Maio, Greena-
myre, & Hinkle, 2013; Zhao et al., 2018). In Lewy body
dementia, PD, and several tauopathies, abnormal protein
inclusions were found in neurons and astrocytes (Kovacs,
2015; Rostami et al., 2017). In PD, astrocytes accumulate
toxic forms of a-synuclein and play a role in their propaga-
tion in the Central Nervous System (CNS) (Cavaliere et al.,
2017; Lind$trom et al., 2017).

Therapeutic potential and the possibilities of the phar-
macological regulation of the functions of astrocytes and
the “management” of glial reaction in trauma, stroke,
and neurodegenerative diseases are widely discussed
(Liddelow & Barres, 2017). The neuroprotective effect
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of astrocyte transplantation and their co-transplantation
with neurons (Nicaise, Mitrecic, Falnikar, & Lepore,
2015; Proschel, Stripay, Shih, Munger, & Noble,
2014; Song et al., 2018) was presented on the mod-
els of neurodegenerative diseases. Moreover, astrocyte
transdifferentiation towards neuronal phenotype occurs
in non-neurogenic brain structures under pathological
conditions. The formation of neurons from striatal astro-
cytes was shown on the model of ischemic brain infarc-
tion in rodents (Duan et al., 2015).

The role of astroglia in processing information in neural
networks remains unclear (Fiacco & McCarthy, 2018;
Savtchouk & Volterra, 2018). The astrocyte-neuron in-
teraction and its effect on neuronal activity have been
found both in vivo and in vitro (Sofroniew & Vinters,
2010). The specificity of astrocyte distribution and their
molecular heterogeneity depends on the brain region and
is closely related to the participation of glia in the syn-
aptic transmission reflecting its interaction with neurons
(Emsley & Macklis, 2006). Each astrocytic process is
located in an individual domain in the neocortex and hip-
pocampus, forming a neuro-glio-vascular structural unit
(Sofroniew & Vinters, 2010). It is known that gap junc-
tions couple astrocytes; however, whether they create
functional networks in different brain regions remains
undiscovered (Emsley & Macklis, 2006; Fiacco & Mc-
Carthy, 2018; Savtchouk & Volterra, 2018).

The possibility to impact astroglial function is limited
in the experiment. Unlike neurons, a small number of se-
lective models of astrocytic degeneration have been de-
veloped. The transgenic animal model with targeted de-
pletion of GFAP-positive astroglia (glial fibrillary acidic
protein) (Jiakel & Dimou, 2017) and vimentin and GFAP
knock-out mice, characterized by reduced glial reactiv-
ity (Laterza et al., 2018; Wilhelmsson et al., 2004). To
date, only fluorocitrate and L-aminoadipic acid are used
for the selective chemical ablation of astrocytes (Wil-
loughby et al., 2003, Khurgel, Koo, & Ivy, 1996). Flu-
orocitrate is an aconitase inhibitor, and being captured
by glial cells suppresses the metabolism of astrocytes,
leading to their damage (Kuter, Olech, & Glowacka,
2018; Voloboueva et al., 2007). However, fluorocitrate
exhibits a nonspecific toxic action (Fonnum, Johnsen,
& Hassel, 1997). The structural analogue of glutamate,
L-isoform of alpha-Aminoadpic Acid (L-AA), is selec-
tively toxic to astrocytes in vitro and in vivo. Further-
more, the toxin is captured by Na-dependent glutamate
transporters. It also causes a decrease in protein synthe-
sis and astrocyte apoptosis. However, the mechanism
of L-AA action remains unclear (Nishimura, Santos,
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Fu, & Dwyer, 2000; Smiatowska et al., 2013). Elec-
tron microscopy studies indicated that single injections
of L-AA into the prefrontal cortex, striatum, and amyg-
dala result in glial cell death without affecting neurons
directly (Billet, Costentin, & Dourmap, 2007; Saffran
& Crutcher, 1987; Smiatowska et al., 2013; Takada &
Hattori, 1986). The restoration of immunoreactivity to
GFAP occurs 7-10 days after administration due to the
proliferation and migration of astrocytes toward the area
of damage (Khurgel et al., 1996). L-AA administered in
the cortex and amygdala leads to depressive-like behav-
ior in rats (Banasr & Duman, 2008; Smiatowska et al.,
2013). At the same time, there are reports on the absence
of the gliotoxic action of L-AA administered in the stria-
tum and hippocampus (Saffran & Crutcher, 1987).

Thus, multiple studies indicated astroglia’s involvement
in modulating striatum neurons’ activity under normal and
pathological conditions (Chai et al., 2017; Dvorzhak,
Melnick, & Grantyn, 2018; Villalba, Mathai, & Smith,
2015). Although astrocytes contain dopamine metaboliz-
ing enzymes monoamine oxidase and catechol-O-meth-
yltransferase, the role of glia in modulating the functions
of the nigrostriatal dopaminergic system remains debat-
able (Jennings & Rusnakov 2016). Moreover, the asso-
ciation between glial dysfunction and the development of
extrapyramidal disorders remains undiscovered. Assess-
ing motor dysfunction on a model with a combination of
dopamine synthesis inhibition (by alpha-methyl-p-tyro-
sine, a-MT) and astrocytes ablation will allow evaluating
the role of astroglia in the striatum.

This study aimed to evaluate the impact of astrocytic
dysfunction caused by striatal injections of selective glial
toxin L-Aminoadipic Acid (L-AA) on the rats’ locomo-
tor activity in normal conditions and under alpha-meth-
yl-p-tyrosine depletion of catecholamines synthesis.

2. Methods

Male Wistar rats (3.5-4 months old) were kept under a
12 h dark/light cycle, with free access to food and water.
All experiments were conducted according to the guide
for the care and use of laboratory animals (National In-
stitutes of Health Newsletter No. 80-23, revised 1996).
This study was approved by the Ethics Committee of the
Research Centre of Neurology (Moscow, Russia), proto-
col No. 2-5/19 0f 02.20.19.

Intrastriatum injections under stereotaxic surgery were
performed on 24 rats. Half of them were administered L-
aminoadipic acid (L-AA, 100 pg); other rats were Sham-
operated (n=12). On the third day after stereotaxic opera-
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tions and one hour before locomotor activity testing, part
of the L-AA-treated group (n=5) and 5 animals from the
Sham-operated group were injected with alpha-methyl-p-
tyrosine (a-MT, 100 mg/kg, IP, Sigma, USA), a tyrosine
hydroxylase inhibitor (Watanabe et al., 2005), to establish
a dopamine-depletion model. The remaining 7 animals in
each group received saline injections instead of a-MT.

The experimental groups, therefore, consisted (Figure
1) of group 1, L-AA treated, Intraperitoneal (IP) received
saline (n=7); group 2, L-AA treated and IP received
a-MT (n=5); group 3, Sham-operated, IP received sa-
line (n=7); Group 4, Sham-operated, IP received a-MT
(n=5). The control groups received no interventions.

Stereotactic surgery

The intrastriatal injections of L-AA were performed
to induce astrocytic degeneration. Injections were per-
formed under Zoletil-100 (Vibrac Sante Animale, France)
and xylanite anesthesia (3 mg/100 g and 3 mg/kg, IM, re-
spectively). Atropine (0.04 mg/kg, sc) was administered
10-15 min before xylanite injection. This measure aimed
to prevent bronchial and laryngospasm, bradycardia, and
cardiac arrest by weakening the vagal effects.

The stock solution of L-AA (Acros Organics, Belgium)
was dissolved in 1M HCI at a concentration of 120 pg/
pL. The solution used for administration was prepared
in Phosphate-Buffered Saline (PBS), adjusted with 1M
NaOH to pH=7.3, and diluted to the final L-AA concen-
tration of 20 pg/uL (Khurgel et al., 1996). Anesthetized
animals were placed in the dual-arm stereotaxic unit
(Stoelting Co., USA). L-AA solution (5 pL) was injected
to the right striatum unilaterally at the following coor-
dinates: AP=1.5; L=2.5; V=4, 8 (Paxinos & Watson,
2007). The same volume of PBS was injected into the
left hemisphere. The Sham-operated animals received
injections of 5 puL of PBS, bilaterally.

Locomotor activity tests

Behavioral testing was carried out 72 hours after the
administration of L-AA. This period was chosen accord-
ing to previous reports on the maximum decrease of as-
trocytes density on the days 2-4 after L-AA administra-
tion (Khurgel et al., 1996). The locomotor activity of
experimental rats was evaluated with an open field and
beam walking test.

Locomotor test in the open field for 3 min, including
the total number of crossed squares for 3 min, was evalu-
ated in the open field arena (75 cm L x75 cm W x40 cm
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H) divided into 25 equal squares. The control group in
this test consisted of 9 animals.

Beam walking test apparatus consists of a ledged ta-
pered beam 1 meter long resting 70 cm above the floor
(Schallert, Woodlee, & Fleming, 2002). Side ledges
extend to the sides underneath the beam. The width of
the walking bar is 2 to 2.5 cm; height is 1 cm. All along
the track, below its level, on both sides, 2 cm tabs allow
the animal to put a weakened front- or hindlimb in case
of slipping so as not to fall off the track. There is a shel-
ter at the narrow end of the beam with a removable lid.
The animals passed along the upper bar and counted the
number of complete steps and the percentage of the fore
and hind limbs’ slips (foot faults). The control group in
this test consisted of 5 animals.

Immunohistochemistry

Immediately after conducting the behavioral tests, ran-
domly selected L-AA-treated (n=5) and Sham-operated
(n=5) animals were decapitated by guillotine following
xylanite anesthesia. The extracted brain was fixed in
PBS buffered 4% formalin for 24 hours. Then, the study
samples were soaked with 30% sucrose and O.C.T. com-
pound (TissueTek, Netherlands) and cut on a series of
frozen frontal sections (12-um thick). For an immuno-
histochemical study, heat-induced epitope retrieval was
carried out in citrate buffer (1M, pH=6.0) with 0.1%
Tween-80 for 20 min in a steamer. Monoclonal mouse
antibodies (Sigma) to GFAP (gliofibrillary protein,
1:150, Sigma), rabbit anti-NeuN (neuronal nuclear an-
tigen, 1:800, Abcam), rabbit anti-tyrosine hydroxylase
(1:800, Sigma), or rabbit anti-glutamine synthetase
(1:1000, Sigma) were used. Sections were incubated
with antibodies overnight in a humidity chamber. Appro-
priate secondary antibodies (Sigma) to rabbit and mouse
immunoglobulins labeled with CF488 or CF555 fluoro-
chromes were applied for visualization. PBS with 0,1%
Triton X-100 was used at each step for rinsing slides.
The slides were coverslipped with Fluorshield (Sigma-
Aldrich) medium.

ImageJ software performed the counting of neurons
and mean intensity measurement on the area of interest
using the images acquired with Nikon Eclipse micro-
scope (x40). At least 25 fields of view within 5-8 sec-
tions of each animal were taken for evaluation.

The obtained data were analyzed using one-way Anal-
ysis of Variance (ANOVA) and Newman-Keuls Post-
hoc test (to compare the differences between the study
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Figure 1. The experimental design

groups) at the significance level of P<0.05. Furthermore,
all results are presented as Mean+=SEM.

3. Results
The histological examination of L-AA induced lesion

Reduced GFAP-reactivity, preserved NeuN-positive
neurons, and tyrosine hydroxylase expression were ob-
served in a wide injection area in the caudate nucleus on
a 3-rd day after L-AA administration (Figure 2). In the
injection area, astrocytic degeneration and the significant
decrease of GFAP and glutamine synthetase staining
were found (Figure 2). On the side of L-AA injection,
glutamine synthetase was found only in the cytoplasm
of ovoid glial cells considered oligodendroglia (Anlauf
& Derouiche, 2013) or immature astrocytes. Hypertro-
phic activated astrocytes surrounded the area of the le-
sion. Elevated GFAP expression was found in activated
astrocytes near the needle track on the contralateral side.
Slight damage of tissue was found around the track.

November, December 2021, Volume 12, Number 6

The mean intensity of GFAP staining in the area sur-
rounding the needle track (800 um) in L-AA-injected
striatum was 83% lower compared to that on the contra-
lateral side (Mann-Witney Test; P<0.05).

No difference in neuronal density estimated by the
number of NeuN-positive cells was found between in-
jected and non-injected sides. These results indicate that
the effect of L-AA was astrocyte-selective (Figure 3).
Furthermore, no differences between the intensity of ty-
rosine hydroxylase staining and morphology of dopami-
nergic nigrostriatal fibers in the area of L-AA injection
and the intact regions of the striatum were found. Thus,
the results of the immunohistochemical study demon-
strated that GFAP-positive astroglia was disrupted in the
broad area surrounding the injection site on the 3rd day
after the L-AA administration. However, no degenera-
tive changes of the striatal neurons or nigrostriatal dopa-
minergic terminals were detected.
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Figure 2. The immunofluorescence staining of glial and neuronal markers in the striatum of L-A A-treated rats (72 hours after

stereotaxic injection)

Left column-control, injected with PBS; Right column - L-A A-injected.

A, B: GFAP (red) and NeuN (green); C, D: Glutamine synthetase (green), DAPI counterstain (blue); E, F: Tyrosine hydroxylase (green).

Immunofluorescence staining.

The behavioral effects of L-AA in control and do-
pamine-depleted rats

Significant differences between experimental groups
(Figure 4) in the open field test were found (F, ,.=17.24,
P<0.0001). The locomotor activity of Sham’—operated
rats was significantly lower than intact animals (P=0.02).
To some extent, a decrease in locomotor activity in the
Sham-operated group resulted from a shortened period
between stereotaxic operation and testing (Stavrovs-
kaya, Yamshchikova, Ol’shanskiy, Konovalova, & II-
larioshkin, 2017). Nevertheless, the post-hoc Newman-
Keuls test revealed no significant differences between
Sham-operated animals and the L-AA-treated group
(P=0.09). The distance traveled by animals injected with
a-MT was significantly shorter in both L-AA-treated

(P=0.02) and Sham-operated (P=0.04) groups than in
ones received no a-MT. These findings are consistent
with those reported by Watanabe et al. in experiments on
a-MT-induced dopamine depletion models (Watanabe
et al., 2005). L-AA and a-MT-treated animals’ distance
traveled was significantly (P=0.047) shorter than the
Sham-operated group injected with a-MT only (Figure
4). Thus, results indicate that the degeneration of striatal
astrocytes caused no dramatic changes in the activity of
animals with the intact nigrostriatal system in an open
field test. However, L-AA significantly affected the ac-
tivity in dopamine-depleted rats.

In the walking beam test, the impairment of locomo-
tor function and the hemiparetic-like effect were found
in L-AA- treated animals (Figure 5). One-way ANOVA
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Figure 3. Morphological changes in striatum 72 hours after stereotaxic injections of L-Amino-Adipic acid (L-AA), compared

to the Sham-operated rats

A: Mean radius (pm) of GFAP+ astrocytes depleted area adjacent to needle track.

B: Neurons (NeulN* cells) count in 800 pm width area around needle track.

*P<0.05 Mann-Witney test. The results are represented as Mean+SEM.

data indicated the significant impact of L-AA on the
number of paw slippings on the side contralateral to
injection (left) in groups (F,,,=10.58, P<0.0001), and
no group difference in foot faults on the right side. No
significant differences were found between intact and
Sham-operated animals. The a-MT administration in
Sham-operated animals did not affect the number of slip-
pings. The number of paw slippings on the left side was
significantly (P<0.01) higher in the L-AA-treated group
than Sham-operated animals. The number of paw slip-
pings in L-AA treated animals after a-MT administration

70-
60 -
50 -
40
30+
20

crossed squares

was significantly (P=0.013) higher than the Sham-oper-
ated group after a-MT administration. Thus, a-MT did
not increase the effect of I-AA in the walking beam test,
which was different from the results in an open field test.

4. Discussion

The revealed L-AA effect on locomotion was associ-
ated with astrocyte degeneration. The preservation of
neurons and nigro-striatal terminals was morphologically
verified. However, the L-A A administration provoked the

INTACT SHAM SHAM+aMT L-AA L-AA+aMT

Figure 4. The effect of alpha-methyl-p-tyrosine (aMT) treatment and L-amino-Adipic Acid (L-AA) intrastriatal injections on

locomotor activity in the open field test

Experimental groups: INTACT-intact rats; SHAM-sham-operated rats; SHAM+aMT - Sham-operated rats injected with aMT; L-AA
-L-AA-treated rats; LAA-aMT - L-AA-treated rats injected with aMT.

*P<0.05 Newman-Keuls Post hoc-test. Intact, the rats” group was significantly different from all groups (asterisk not shown). The re-

sults are represented as Mean+SEM.
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foot faults per 10 steps
w

i

INTACT SHAM SHAM+aMT L-AA

L-AA+aMT

Figure 5. The asymmetrical gait disturbance of L-AA-treated rats in the beam walking test

The designation of experimental groups is the same as in Figure 3.

Black bars-left limbs (contralateral to L-AA intrastriatal injection), White bars-right limbs. *P<0.05 Newman-Keuls Post hoc-test. The

results are represented as Mean+SEM.

degeneration of astrocytes and significant glial reactiv-
ity surrounding the glial toxin injection area. Therefore,
the L-AA-mediated model should be considered as the
model of astrocytic dysfunction and not as an astrocytic
“shutdown”. In general, a glial response to L-AA injec-
tion corresponds to changes observed in a wide range of
neurodegenerative pathologies, characterized by the co-
existence of astrocytic degeneration, impairment of glia-
neuron coupling, and gliosis (Verkhratsky et al., 2014).

An increase in the number of GFAP-positive astro-
cytes after lesion of nigrostriatal dopaminergic terminals
in the striatum was demonstrated on various models of
Parkinson’s disease. Thus, MPTP administration induces
the expansion of the area of contact of astrocytic pro-
cesses with synapses in the striatum, i.e., associated with
regulating glutamatergic neurotransmission and elevated
uptake of extracellular glutamate (Villalba et al., 2015).
Moreover, the fluorocitrate-induced nigral astrocytes
damage decelerates the recovery of 6-OHDA-induced
locomotor impairments (Kuter et al., 2018). These
findings reflect the neuroprotective and compensatory
role of astroglia activation. Consequently, respecting
nigrostriatal system dysfunction, astrocytes provide a
compensatory response, and astrocytic degeneration or
dysfunction aggravates the neurodegenerative process in
PD. Astrocytes regulate basal ganglia functions and serve
as modulators of volume neurotransmission and dynamic
regulators of the strength and kinetics of synaptic activity
(Dvorzhak et al., 2018; Villalba et al., 2015). Astrocytes
are involved in the metabolism of glutamate, GABA, and
dopamine (Jennings & Rusakov, 2016), i.e., the prima-
ry mediators controlling the activity of striatal medium
spiny projection neurons. Neurotransmitter imbalance
in the caudate nucleus, caused by astrocytic death after

L-AA administration, probably led to locomotion dys-
function. Interestingly, L-AA-treated rats demonstrated
gait asymmetry in the beam walk test, which could be
due to improper placement of limbs ipsilateral to lesion
causing slippering to the contralateral side.

As reported by Billet, striatal L-AA infusion causes an
increase and then subsequent decrease of glutamate lev-
els depending on the post-operation period (Billet et al.,
2007). That can result from disruption of glutamate me-
tabolism in glial cells and an alteration of neuronal pools
of glutamate. Despite the reported absence of dopamine
/ DOPAC content variations after L-AA infusion, we
suppose that enhanced severity of bradykinesia induced
by L-AA and a-MT combination treatment reflects astro-
cytes’ role in modulation dopaminergic neurotransmis-
sion (Billet et al., 2007). Astrocytes express catechol-
O-methyl transferase and monoamine oxidase, and their
damage leads to local elevation of extrasynaptic dopa-
mine levels. The disruption of astrocyte-neuron coupling
in the L-AA model causes an increase in the extracellular
glutamate content, a failure of dopaminergic modulation
in the cortico-striatal pathway, and an imbalance of inhib-
itory and excitation actions in the Nigro-strio-nigral loop.

5. Conclusion

Our study data demonstrated that the L-AA astrocyte
ablation model is a perspective approach for investigat-
ing astroglial function in the pathogenesis of neurode-
generative diseases. L-AA-induced striatal astrocyte
degeneration affected the locomotion of rats. The re-
sults emphasize the regulatory role of astrocytes in the
nigrostriatal system and reveal the possible association
between glial dysfunction and motor dysfunction in PD.
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