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Abstract

Background: To determine the possible neuroprotective effect of 
pramipexole (PPX) against glutamate-induced neurotoxicity, we 
analyzed the neuroprotective utility of PPX on a postnatal organo-
typic culture model of rat spinal motor neuron degeneration.

Methods and Results: Treatment with 10-5 M of glutamate resulted 
in a motor neuron loss and decreased activity of choline acetyltrans-
ferase (ChAT). Cotreatment of 10-5 M of glutamate and PPX re-
vealed a protective effect against motor neuron death and decreased 
activity of ChAT.

Conclusions: This results show PPX possesses neuroprotective 
action against glutamate-induced neurotoxicity on spinal motor 
neuron possibly through a mechanism, which is independent of do-
pamine receptors but related to antioxidation or scavenging of free 
radicals. Our data may provide a rationale for designing a thera-
peutic strategy for neuroprotection against pathologically induced 
motor neuron death such as amyotrophic lateral sclerosis and spinal 
motor neuropathy.
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Introduction

Recent evidence has suggested that on the possible role of 
oxidative stress in various acute and chronic neurodegenera-
tive disorders [1] Pramipexole (PPX) is a medication that has 
been used for both Parkinson disease (PD) and restless leg 
syndrome [2, 3]. Another character of PPX possesses neuro-
protective action [4-6].

Amyotrophic lateral sclerosis (ALS) is characterized 
by loss of motor neurons and etiopathogenesis of this fatal 
disease is unknown. Glutamate-induced excitotoxicity has 
been implicated in ALS pathogenesis [1]. Glutamate is the 
main excitatory neurotransmitter and excessive action of 
glutamate, known as glutamate-induced excitotoxicity, can 
induce neurodegeneration through activation of calcium-
dependent enzyme pathway. Glutamate-induced excitotox-
icity can also result in generation of free radicals, which in 
turn can cause neurodegeneration by damaging intracellular 
organelles and upregulating proinfl ammatory mediators [7]. 
Riluzole is an only drug approved for the drug of ALS, how-
ever the extension of survival after treating riluzole is only 
3 months [8]. In the other neurodegenerative disorder such 
as PD, substantial evidence of oxidative stress has also been 
reported in the causes of PD [9].

Bromocriptine and pergolide, known as dopamine re-
ceptor agonists, are widely used for treating PD, and have 
been reported to be neuroprotective [10, 11]. In the present 
study, using organotypic spinal cord cultures exposed to glu-
tamate, we investigated whether PPX could protect spinal 
motor neurons against glutamate toxicity.

Methods
  

Spinal cord organotypic culture 

Organotypic spinal cord cultures were prepared from lum-
bar spinal cords of 10-day-old Sprague-Dawely rats (Sankyo 
Laboratories, Tokyo, Japan). Lumbar spinal cords were re-
moved and sliced into 2-mm-thick transverse sections, and 
one slice was placed in 3 ml of culture medium in wells 35 
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mm in diameter. Culture medium consisted of Delbecco’s 
modifi ed Eagle’s medium only. Antibiotics and antifungal 
agents were not used. Cultures were incubated at 37°C and 
maintained in a humidifi ed atmosphere of 5% CO2 and 95% 
air at 37°C. The experimental procedure was performed ac-
cording to the Guidelines of the Animal Committee, Toho 
University Ohashi Hospital.

Experimental designs 

To determine neuroprotective effects of PPX against gluta-
mate toxicity, cultures were incubated with a dose of 10-5 
M glutamate or glutamate plus PPX for 2 weeks. Culture 
medium, along with any added pharmacological agents, was 
exchanged twice weekly. We then compared two groups by 
counting motor neurons and determining ChAT activity.  
ChAT staining was performed in the sections of the lumbar 
segments. The gross morphology of the cultures was moni-
tored daily by inverted Nikon phase-contrast microscopy. To 
count large motor neurons, cultures were treated with either 
10-5 M glutamate or glutamate plus 10-7, 10-6, and 10-5 M of 
PPX for 2 weeks. To determine the number of motor neu-
rons in the spinal cord cultures, we counted neurons meeting 
following criteria: size (>25 um), possession of at least one 
thick process, and location in the ventral half of the ventral 
gray matter [12]. Ten cultures of control and ten from each 
experimental group were used, and motor neurons were 
counted randomly by two investigators to exclude the bias 
of selections.

ChAT activities 

The ChAT activity was also determined 14 days after initial 
plantings. For the ChAT assay, we used incubation mixture 
containing 0.2 mm 14 C acetyl-CoA (Amersham, Toyama, 
Japan) 50 mM sodium phosphate buffer (pH 7.4), 300 mM 
NaCl, 8 mM choline chloride, 20 mM EDTA, and 0.1 mM 
physostigmine. The homogenates (2 ul) were put in micro-
tubes, mixed, and incubated for 20 min at 37°C. The reaction 
was stopped by adding 5 ml of 10 mM sodium phosphate 
buffer (pH 7.4), and the contents were transferred to scintil-
lation vials. Then 2 ml of acetonitrile containing 10 mg of 
sodium tetraphenylborone and 10 ml of toluene scintillation 
mixture (0.4% DPO, 0.01% POPOP) were added to the vi-
als. All vials were counted using a liquid scintillation counter 
(Aloka LC-3500). The protein concentration was determined 
by a Bio-Rad protein assay kit with bovine serum albumin as 
standard. The enzyme activity was expressed as acetylcho-
line production per milligrams of protein per minute.

Statistical analyses 

Results were expressed by mean ± SEM of a representive 
experiment. Statistical analyses were done with Mann-Whit-

Figure 1. Morphology of spinal motor neurons. Effect of PPX 
on organotypic cultures of rat spinal cord. Upper: control cul-
tures; Middle: glutamate-treated culture; Lower: co-treatment 
with glutamate and PPX-treated cultures. (The bar represents 
50 μm); Treatment with glutamtate produced a marked loss 
of spinal motor neurons compare to control culture; Treat-
ment with PPX protected spinal motor neuron loss against 
glutamate-induced neurotoxicity.
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ney’s U-test. The signifi cance level was set at 0.05 for all 
tests. Ten cultures of control and six from each experimental 
group were analyzed with ChAT activities.

Results
 

We counted motor neurons in ChAT staining that had been 
treated with control medium, glutamate alone, or PPX plus 

glutamate. The variance among treatment group was highly 
signifi cant, in which glutamate killed a median 80% of spi-
nal motor neurons when compared to untreated control. PPX 
treatment of glutamate-induced neurotoxicity cultures virtu-
ally completely spared spinal motor neurons (Fig. 1). There 
was no signifi cant difference for the surviving spinal mo-
tor neurons between 10-5 M of glutamate and glutamate plus 
10-7 M of PPX. This means 10-7 M of PPX could not prevent 
the loss of motor neurons. The addition of 10-6 and10-5 M of 

Figure 2. Number of spinal motor neurons. After 2 weeks of cultures, the number of spinal motor neurons in 
glutamate-treated cultures dropped by approximately 80% as compared to control. PPX act 10-6 M and 10-5 M 
protected spinal motor neurons against glutamate-induced neurotoxicity.

Figure 3. ChAT activity treatment of cultures with 10-5 M glutamate reduced ChAT activity approximately to 
40% of untreated control. However, cotreatment of 10-6 M of PPX and glutamate was signifi cantly neuroprotec-
tive, compared with glutamate-induced neurotoxicity. Culture treatment was 2 weeks.
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PPX in glutamate-treated cultures showed signifi cant neu-
roprotective effect (Fig. 2). ChAT activity was determined 
as a surrogate biochemical marker of spinal motor neuron 
survival in toxicity and neuroprotective experiments. ChAT 
activity in glutamate-treated cultures dropped approximately 
50% when compared to that of untreated spinal cord cul-
tures. In cultures treating with 10-6 M of PPX and glutamate, 
the decrease in ChAT activity was prevented (Fig. 3).

Discussion
  
In this model, we used two independent methods which show 
the neuroprotective action of PPX on glutamate induced 
neurotoxicity in the spinal cord cultures. First we counted 
the number of motor neurons in organotypic cultures. Sec-
ond, we used a biochemical assay to measure ChAT activ-
ity, because ChAT is a reliable marker of large spinal motor 
neurons. 

Neuroprotective effect of PPX on glutamate-induced 
neurotoxicity was not identical between number of spinal 
motor neurons and ChAT activity, and ChAT activity was 
increased more in cultures treated with glutamate plus PPX 
than those in control cultures, indicating that PPX treatment 
enhances biochemical effects rather than morphological 
counter parts. 

Our results showed that PPX possess signifi cant neuro-
protective effect in spinal motor neuron against glutamate-
induced neurotoxicity. Glutamate induced neurotoxicity 
could be mediated by both NMDA and non-NMDA gluta-
mate receptor subtypes. Spinal motor neurons possess both 
NMDA and non-NMDA receptors. Glutamate induces vari-
ous neurotoxic cellular processes, such as formation of oxy-
gen radicals or calcium release [7]. Glutamate metabolism 
plays an important role in the pathogenesis of motor neuron 
degeneration, such as ALS [1, 13]. 

Our results showed that PPX might play a neuroprotec-
tive role in glutamate induced neurotoxicity. However, the 
exact mechanism of neuroprotection in PPX against gluta-
mate-induced neurotoxicity is elusive. 

Several studies have reported antioxidation or scaveng-
ing of free radicals for dopamine agonists, including apo-
morphine, bromocriptine, pergolide, PPX and ropinirole in 
cell cultures and animal model of injury of substantia nigra 
[14-23]. Preincubation of primary mesencephalic neuronal 
cultures with bromocriptine or quinpirole has provided neu-
roprotection against glutamate-induced neurotoxicity [24]. 
These fi ndings indicate that dopamine agonists provide syn-
thesis of proteins that scavenge free radicals via dopamine 
receptor stimulation. 

In contrast, other group has found dopamine receptors 
are not required to mediate the neuroprotective action of 
dopamine agonists [25]. For example, the inactive stereo-
isomers of PPX and apomorphine still have shown neuro-

protective action in in vitro models despite their inability to 
activate dopamine receptors [26, 27]. Dopamine receptor 
blockers, such as sulpiride and clozapine, do not prevent the 
neuroprotective action of PPX. Moreover, dopamine agonist 
has protective activity in cells devoid of dopamine recep-
tors. Izumi et al. reported that PPX protects dopaminergic 
neurons from glutamate neurotoxicity by the reduction of 
intracellular dopamine content, independently of dopamine 
D2-like receptor activation [28]. 

In spinal cord, we have reported both pergolide and bro-
mocriptine possess neuroprotective action on spinal motor 
neurons against axotomy-induced spinal motor neuron death 
and neuron damage following inhibition of superoxide dis-
mutase [10, 11].

Glutamate transporters play an important role in keeping 
extracellular glutamate concentrations below neurotoxic lev-
els and their blockade causes neuronal death [29]. Yamashita 
et al. studied the effect of bromocriptine on glutamate trans-
port via the human glutamate transporter, hGluT-1, and dem-
onstrated that bromocriptine enhances glutamate uptake. 
Therefore, they suggested that bromocriptine modulated glu-
tamate transported through an allosteric effect and enhanced 
the affi nity of hGluT-1 for glutamate. In addition, the cells 
were not provided with dopamine receptors, which meant 
the effect was not modulated by dopamine receptors [30]. 

This is the fi rst report that PPX possess signifi cant neu-
roprotective effect in spinal motor neuron against glutamate-
induced neurotoxicity. These evidences and our results sug-
gest that PPX may have neuroprotective effect on spinal 
motor neuron possibly through a mechanism, which is inde-
pendent of dopamine receptors but related to antioxidation 
or scavenging of free radicals. Further studies are needed to 
elucidate the role of dopamine agonists against motor neu-
rons.
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