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ABSTRACT

Background: Patients with Parkinson’s disease
(PD) show a dramatic increase in their brain iron
content has suggested the role of iron in
degeneration of dopaminergic nigrostriatal neurons
in PD. Several studies have described the
association of high dietary iron and PD. However,
the role of iron the pathogenesis of PD is still hotly
debated.

Objective: The purpose of this study was to
investigate the effects of L-glutamate,
oxyferriscorbone (OFC) and L-Deprenyl on
parkinsonian syndrome (PS) in rats.

Methods: This study was performed on 244 male
non-strain rats (250-270g;-10 wk old). By
intranigral bilateral administration of 1-Methyl-4-
phenylpyridinium ion (MPP+) (10pug/2w/1 into each
side) and  6-hydroxydopamine (6-OHDA)
(12pg/3pl, Sigma, into each side) in rats was induced
the dopamine deficient model of PS (DDPS) and the
cholinergic model (ChPS) in rats produced by
intracaudate injection of acetylcholine (Spg/2ul
each side ) with neostigmine (1pg/1ul each side).
These models were then used to investigate the
effects of L-glutamate, OFC and L-Deprenyl on PS
and the electric activity (EA) of the sensorimotor
cortex, caudate nuclei, ventrolateral nuclei of the
thalami, and substantia nigra in rats.
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Results: Intracaudate injection of L-glutamate
(100pg/3pl, into each side) enhanced bradykinesia,
rigidity and produced a weak tremor in the DDPS.
This effect was more pronounced in ageing (12
months) rats and in some of them, we observed
orofacial dyskinesia. In the ChPS, L-glutamate
enhanced tremor and bradykinesia. The single and
repeated injection of OFC (5; 7; 5; 15 and 20 mg/rat,
intraperitioneally, i.p.) did not produce a statistically
significant change of PS in both models. L-deprenyl
(5, 10 and 20 mg/kg, i.p.) dose-dependently reduced
bradykinesia and rigidity in the DDPS, whereas
increased tremor and failed to decrease bradykinesia
and rigidity in the ChPS.

Conclusion: This study indicates that glutamate
aggravates PS in both models. OFC does not have
any effect on PS. Deprenyl has antiparkinsonian
effectin the DDPS, but not in the ChPS.

INTRODUCTION

Parkinson’s disease (PD) is a chronic progressive
neurodegenerative disorder characterized by a loss
of dopamine-producing neurons in the substantia
nigra pars compacta (SNpc). The four cardinal
motor symptoms of PD are resting tremor,
bradykinesia (slowness), rigidity (muscle stiffness)
and postural instability. A factor which triggers
degenerative process is not known, so far. The
deterioration and death of dopaminergic neurons are
directly associated with misfolding and aggregation
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of proteins, principally alpha-synuclein, that are
natively unfolded'. A central role of iron in the
pathogenesis of PD has been emphasized because of
its capacity to enhance the production of oxygen
radicals and accelerate neuronal degeneration’.
Several studies have suggested that increased iron
content in the SN of patients with PD, even prior to
the development of the disease symptoms’. A
marked accumulation of iron related to disease
severity is reported in the parkinsonian SN*. Iron has
also been recently been implicated in promotion of
alpha-synuclein aggregation either directly or via
increasing levels of oxidative stress. Some studies
have proposed the possible role of dietary iron in the
development of PD. In recent study PD risk was
significantly increased among individuals with high
non-heme iron and low vitamin C intake’. Presently
it is still hotly debated causative role of the cellular
iron dysregulation in PD".

The activity of transmitter glutamate is most likely
altered in the striatum in patients with PD. The role
of glutamate in the N-methyl-4-
phenyldihydrpyridinium (MPP+) toxicity has been
argued in the past decade. Monoamine oxidase type
B (MAO-B) inhibitors have been used as
symptomatic therapy for PD for approximately 20
years. The effect of L-Deprenyl (Selegeline HCI),
relatively selective irreversible MAO-B inhibitor,
in treatment of PD is well established. At present it
is known that L-Deprenyl has distinct MAOB-
independent effects, and its neuroprotective effect is
not correlated with MAOB inhibitor effect ™.

The results of our previous investigations and
literature data allowed us to classify animal models
of Parkinsonism (P) as “dopamine deficient” or
“cholinergic™’. The dopamine-deficient model is
related primarily to reduced striatal dopamine (DA)
and cholinergic model is linked to hyperactivity of
cholinergic neurons in the caudate nuclei (CD).
Based on our studies we proposed the existence of
two forms of PD. In one, the pathologic changes
begin in the SN or caudate nuclei, as a result of
primary DA deficiency in the nigrostriatal system,
and it is manifested by bradykinesia and rigidity
dominated form of the disease. In the second, the
process begins with primary activation of
cholinergic neurons in the caudate nuclei, and is
manifested by a tremor dominated form of PD.

The purpose of this study was to investigate the
effects of L-glutamate, oxyferriscorbone and L-
deprenyl on parkinsonian syndrome (PS) in
dopamine deficient and cholinegic models of PS in
rats.

MATERIALAND METHODS

Animals and models of the parkinsonian
syndrome

This study was performed on 244 male non-strain
rats (250-270g;-10 wk old), grown in our animal
breeding facility. The animals were housed in a
temperature controlled room with free access to
food and water and were maintained in 12 h
light/dark cycles. The dopamine deficient model of
PS (DDPS) was induced by stereotactically and
bilaterally intranigral administration of 1-Methyl-
4-phenylpyridinium ion (MPP+) (10pg/2p/1 into
each side) and 6-hydroxydopamine (6-OHDA)
(12pg/3ul, Sigma, into each side ) and the
cholinergic model (ChPS) produced by
intracaudate injection of acetyl—choline (Sug/2ul
each side ) with neostigmine (1pg/1pl each side).
Control rats that similarly received saline solution.
The development of extrapyramidal disorders was
studied simultaneously with EEG-recording. The
electric activity (EA) was recorded in the
sensorimotor cortex (SC), caudate nuclei (CD),
ventrolateral nuclei of the thalami (TH), and
substantia nigra (SN). Method of registration of the
brain EA and evaluation of extrapyramidal
symptoms (tremor, rigidity and bradykinesia
described earlier .

Pharmacological analysis

22 experimental groups were constructed with 12
rats in each group. Glutamate, oxyferriscorbone
(OFC) and L-Deprenyl were administrated when
PS was manifested significantly. The rats in groups
1-11 had MPP+ induced PS: in group 1 were
injected only once intracaudate L-glutamate (sigma
Chemical Co.,) one dose 100ug/3ul into each side
and in control group 2 were injected the same
volume of normal saline; in groups 3,4,5,6,7
animals received once intraperitoneally (i.p)
different doses of OFC (group 3 received Smg in 1
ml normal saline, group 4-7.5mg/ml, group5-
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15mg/ml, group 6-20mg/ml of OFC and in group 7
control rats received i.p.1 ml normal saline. In
groups 8-10 animals received i.p. one different dose
of L-deprenyl (CHINOIN Pharmaceutical and
Chemical products Co) (5, 10 and 20 mg/kg,
respectively) in 1 ml volume. In group 11 control
rats received i.p.Iml normal saline. Animals in
groups 12-22 had acetylcholine-induced PS and had
been administrated L-glutamate, OFC and L-
deprenyl in the same regime as rats in 1-11 groups.
Motor functions of rats were measured 8 hours after
drugs injections and EA was recorded every day for
2 weeks.

Statistics

Means and standard errors of the means (SEM) were
calculated for each series of experiments. Student’s
t-test was used to assess the significance of
differences between the different groups of
experiments. Values of P less than 0.05 were
considered significant.

RESULTS

Glutamate significantly enhanced bradykinesia,
rigidity and produced a weak tremor in the
dopamine deficient model of PS. The effect of
glutamate was observed from 3 to 6 hours after
injection (Fig. 1 A). This effect was more marked in
ageing (15 months) animals and in some of them
registered orofacial dyskinesias (results not shown)
In the cholinergic model glutamate enhanced tremor
and hypokinesia. The effect of glutamate on
hypokinesia lasted for 6 hours while its effect on
tremor lasted for 2 to 3 hours after injection (Fig.
1B). Administration of glutamate dramatically
changed EA of the SC, CN and SN  in MPP+-
induced PS. In all the brain structures investigated, a
high amplitude paroxysmal activity (PA) of “peak-
wave” type were registered. This -remained steady
(or persisted) for 2 hours after injection of glutamate
(Fig.2). Repeated intraperitoneal administration of
various doses of oxyferriscorbone did not produce a
statistically significant change of extrapyramidal
symptoms in both models of PS (Fig.3). OFC did
not have any effects on EA of the investigated brain
structures.

L-deprenyl dose- dependently reduced
bradykinesia and rigidity in the DDPS. This effects

lasted for 2 to 3 hours. Reduction of extrapyramidal
symptoms under deprenyl was followed by
suppression of the high amplitude PA in the SC and
subcortical structures

(Fig. 5). Deprenyl did not produce any noticeable
effect on severity of tremor but prolonged its
duration in the cholinergic model of parkinsonian
syndrome (Fig. 4)

DISCUSSION

The present results demonstrate that intrastriatal
glutamate injection increased PS symptoms induced
both by dopamine deficiency in the striatum and
hyperactivation  of cholinergic neurons in the
caudate nuclei. The severity of parkinsonian
syndrome after glutamate injection was age-
dependent. Such effect of glutamate very likely was
connected with stimulation release of acetylcholine
and inhibition release of endogenous dopamine in
the striatum' . According to SA Lipton and PA
Rosenberg " glutamate may exert damaging effect
on neurons and lead to death of the cells. On the
basis of above data we may conclude that drugs
which primarily activate the glutamatergic system
in the striatum should not be recommended for
treating patients with Parkinsonism.

There are a number of data about an important role
of iron metabolism in the basal ganglia in the
pathogenesis of neurodegenerative disorders,
including PD” *. In addition, it is supposed to be a
neuroprotective effect of iron chelaters”, and
beneficial effect of iron in patients with PD".
However, results of the present study are in contrast
to the reports about clinical effect of iron in
Parkinson patients. We could not register any
improvement of hypokinesia, rigidity and tremor
neither in the dopamine deficient model nor in the
cholinergic model of PS. Therefore, we may suggest
that iron containing drugs cannot exert principal
influence on the strategy of treatment of patients
with Parkinsonism.

Our study has demonstrated unequivocal beneficial
effect of deprenyl in the DDPS, in which it
decreased hypokinesia and rigidity. However,
deprenyl increased tremor and failed to decrease
hypokinesia and rigidity in the cholinergic model of
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PS. It is possible, based on present data; deprenyl
does not influence the cholinergic system in the
brain or symptoms caused by primary
hyperactivation of this system. Some studies ' "’
suggest that deprenyl may influence the rate of
neuronal degeneration through mechanisms that are
not dependent on MAOB inhibition. Nevertheless,
we propose that clinical effect of deprenyl in PD
patients is mainly connected with its influence on
dopamine metabolism in the basal ganglia.
Glutamate aggravates parkinsonian syndrome in
both models, deprenyl has antiparkinsonian effect
in the dopamine deficient model but not in the
cholinergic model of parkinsonian syndrome. In
both models, oxyferriscorbone does not have any
effecton PS.

The role of iron in neurodegeneration is
controversial and still under debate. The increased
ferritin and iron and loss of glutathione have
prompted the hypothesis of free ionic iron
participating in oxidative stress initiated dopamine
neuronal death in substantia nigra". The role of iron
in neurodegeneration is supported by recent reports
that nutritional iron deficiency in rats, which
reduces brain iron and alters iron regulatory
proteins”’, prevents the neurotoxicity of 6-
hydroxydopamine and kainite *.These authors
suggest aetiopathogenic role of iron in PD. Whilst
others™ recognizing the role of iron in oxidative
stress, which plays a major role in
neurodegeneration in PD, consider the hypothesis
that iron might drive PD neurodegeneration was
postulated when our understanding of PD molecular
pathophysiology was far more  rudimentary.
Several lines of current investigation do not support
an “upstream” role for iron in PD
neurodegeneration”. The observation that iron
concentrations are relatively high in the substantia
nigra and even more so in PD are not sufficient to
establish an important causal role for iron in PD*'.
The results of our experiments support this opinion
and suggest that the development of the
management of patients with PD with iron
containing drugs is not perspective.
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