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protection afforded by the 3 agents. These results strongly 
support the view that at the riluzole concentrations reached 
in the brain of patients, the neurotoxic effects of this drug 
could be masking the potential neuroprotective actions of 
new compounds being tested in clinical trials. Therefore, in 
the light of the present results, the inclusion of a group of 
patients free of riluzole treatment may be mandatory in fu-
ture clinical trials performed in ALS patients with novel neu-
roprotective compounds.  © 2013 S. Karger AG, Basel 

 Introduction 

 Twenty years ago riluzole was introduced in the clinic 
to treat patients with amyotrophic lateral sclerosis (ALS). 
This indication was based on clinical trials showing that 
riluzole confers a modest beneficial effect on survival  [1, 
2] . In spite of much effort and investment made since 
then, today riluzole remains as the sole available medicine 
to combat this appalling disease.
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 Abstract 

 In a recent study we found that cerebrospinal fluids (CSFs) 
from amyotrophic lateral sclerosis (ALS) patients caused 20–
30% loss of cell viability in primary cultures of rat embryo 
motor cortex neurons. We also found that the antioxidant 
resveratrol protected against such damaging effects and 
that, surprisingly, riluzole antagonized its protecting effects. 
Here we have extended this study to the interactions of rilu-
zole with 3 other recognized neuroprotective agents, name-
ly memantine, minocycline and lithium. We found: (1) by it-
self riluzole exerted neurotoxic effects at concentrations of 
3–30 μ M ; this cell damage was similar to that elicited by 30 
μ M  glutamate and a 10% dilution of ALS/CSF; (2) memantine 
(0.1–30 μ M ), minocycline (0.03–1 μ M ) and lithium (1–80 μg/
ml) afforded 10–30% protection against ALS/CSF-elicited 
neurotoxicity, and (3) at 1–10 μ M , riluzole antagonized the 
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  A few examples of failure in clinical trials of 3 com-
pounds that showed neuroprotective effects in animal 
disease models illustrate some of the frustrating efforts 
made. Thus, the non-competitive N-methyl- D -aspartate 
receptor antagonist memantine prolongs survival in 
mouse ALS models  [3, 4] ; however, its co-administration 
with riluzole to ALS patients provided negative function-
al disability outcomes  [5] . Also, minocycline slows dis-
ease onset and delays mortality of ALS mouse models  [6–
9]  even when co-administered with riluzole  [10] . Never-
theless, minocycline had no efficacy in clinical trials 
 [11–13] . The third example concerns lithium that delays 
disease onset, reduces neurological deficits and prolongs 
survival in ALS mouse models  [14–16] ; however, two 
more studies showed no effect  [17, 18] . Once more, lith-
ium did not improve neurological outcomes in clinical 
trials  [19, 20] .

  A recent finding from our laboratory can shed light 
on the frustrating issue of the poor translation of the pos-
itive neuroprotective results obtained in preclinical ALS 
models into clinical settings. As previously found by sev-
eral authors  [21–27]  we corroborated that the cerebro-
spinal fluid (CSF) from ALS patients (ALS/CSF) impairs 
cell viability (for online suppl. fig. S1 and S2, see www.
karger.com/doi/10.1159/000357281) in primary cultu-
res from rat embryo motor cortex neurons (MCNs). We 
also found that the polyphenolic anti-oxidant resvera-
trol  [28]  afforded protection against ALS/CSF toxicity 
but riluzole did not. Surprisingly, we also observed that 
when MCNs were incubated with both compounds, rilu-
zole antagonized the neuroprotective effects of resvera-
trol  [29] . Thus, the question arises whether this negative 
interaction is specific for riluzole and resveratrol or if it 
extends to other neuroprotective compounds such as 
memantine, minocycline and lithium, referred to above. 
We show here that indeed, the 3 compounds afforded 
protection against ALS/CSF-elicited neurotoxicity, and 
that riluzole antagonized the neuroprotection effect of 
the 3 compounds. This could be explained by the fact 
that riluzole itself impaired MCN viability, an effect that 
could be masking the neuroprotective actions of me-
mantine, minocycline and lithium upon MCN co-incu-
bation of each of these compounds with riluzole and 
ALS/CSF. These findings strongly suggest that co-ad-
ministration of riluzole with novel neuroprotective 
agents in ALS clinical trials could be a confounding fac-
tor in the expected outcomes, thus explaining the poor 
translation of neuroprotective compound efficacy from 
preclinical to clinical settings  [30, 31] .

  Methods 

 Subjects and CSF Collection 
 Subjects were enrolled through the ALS unit in the Neurology 

Service following the clinical pathway established to diagnose and 
treat the disease  [32]  that includes lumbar puncture performance. 
Informed consent was obtained from all participants. All proce-
dures were performed under hospital Ethic Committee guidelines 
for research studies involving human subjects. In subjects suspect-
ed of having ALS, evaluation included history from the subject, 
neurological examination, electromyography, neuroimaging 
study, screening blood tests and determination of forced vital ca-
pacity using spirometry when required; patients had documented 
treatment with riluzole at the moment of lumbar puncture perfor-
mance. For the present study, CSFs from 17 patients with ALS were 
collected. Patients presented a mean age of 66.1 (range 40–77) 
years. Five patients presented a bulbar-onset form and 12 suffered 
a spinal-onset form. The mean time from the beginning of the 
symptoms until the extraction of CSF was 8.94 months (range 
4–18). At the moment of the lumbar puncture performance, 7 pa-
tients were not taking riluzole; in 5 cases, treatment was initiated 
in the same week of the lumbar puncture and the duration of treat-
ment was greater than 3 months in a single case.

  Culture of Rat Cortical Neurons 
 Embryos were selected from 19- to 20-day pregnant rats, which 

were decapitated, and embryos were extracted from the womb by 
caesarean section. Meninges were removed and a portion of motor 
cortex was isolated after the dissection of the brain. Fragments ob-
tained from several embryos were subjected to mechanical diges-
tion, and cells were resuspended in neurobasal medium with 2% 
B-27 and seeded in 48-well plates at a density of 100,000 cells/ml. 
Neuronal cultures were allowed to grow for 8–10 days (DIV), and 
when the microscope showed the existence of a dense neuronal 
network, incubations with different CSFs were done. We per-
formed selective labelling with conjugated Milli-Mark FluoroPan 
Neuronal Marker-Alexa 488 and with choline acetyltransferase 
antibody, thus confirming that our cultures contain populations of 
motor neurons.

  Measurement of Neuronal Viability 
 To monitor neuronal viability we used the dimethylthiazolyl 

diphenyltetrazolium bromide (MTT) reduction assay  [33] . After 
the appropriate incubations with the CSF, 0.5 mg/ml MTT was 
added to each well, and incubation was performed at 37   °   C for 2 h. 
The formazan salt formed was dissolved in dimethylsulphoxide, 
and colorimetric determination was performed at 540 nm. Control 
cells without CSF were considered to have 100% viability. Neuronal 
viability after exposure to CSF or different treatments was ex-
pressed as percent of control within each individual experiment. 
We have previously observed that CSF-elicited cytotoxicity mea-
sured through MTT reduction correlates with lactate dehydroge-
nase release, increment in caspase 3 expression and to cellular 
changes such as retraction of the cellular projections, reduction of 
the cellular volume, chromatin condensation and nuclear fragmen-
tation.

  Statistics 
 Graph Pad Prism Software (Graph Pad Software, San Diego, 

Calif., USA) was used to perform statistical analyses and graphi-
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cal presentation. Experiments were reproduced at least 3 times. 
Data were expressed as means ± SEM. Groups were compared by 
ANOVA/Dunnett’s test. To compare the difference between two 
means, the t test was performed. A p value  ≤ 0.05 was accepted as 
the limit of statistical significance.

  Results 

 The Neurotoxic Effects of Riluzole 
 After 24 h incubation of MCNs with increasing con-

centrations of riluzole (1–30 μ M ) we found a loss of cell 
viability ( fig. 1 a). The threshold concentration for its neu-
rotoxic effect was between 1 and 3 μ M . At 3 μ M  the loss of 
neuronal viability was 22 ± 10.7%, at 10 μ M  24.2 ± 14.2% 
and at 30 μ M  28 ± 7.6%, showing a concentration-depen-
dent effect in the range used. An ANOVA analysis of the 
4 concentrations used showed significant differences be-
tween them. As positive neurotoxic comparators, gluta-
mate and ALS/CSF were also assayed. Thus, at 30 μ M , 
glutamate produced 41.4 ± 3.7% loss of neuronal viability 
( fig. 1 a) that compares well with the neuronal loss elicited 
by riluzole also at 30 μ M  (28 ± 7.6%). At the 10% dilution 

used in our previous study  [29] , ALS/CSF produced 19.8 
± 2.6% neuronal loss ( fig. 1 a). This toxic effect was selec-
tive for motor neurons, since it did not appear in hippo-
campal neurons or in neurons from the sensorial cortex 
( fig. 1 b, c).

  Memantine, Lithium and Minocycline Provided 
Neuroprotection against the Neurotoxic Effects of 
ALS/CSF 
 As noted in the Introduction, memantine, lithium and 

minocycline exert neuroprotection in different in vitro 
models of neurotoxicity. Whether they have the potential 
to elicit neuroprotection against toxicity elicited by ALS/
CSF is unknown. Therefore, we first tried to answer this 
question in our primary culture of MCNs.

  We followed the optimized protocol used to monitor 
the neurotoxic effects of individual ALS/CSF from each 
patient, diluted in neurobasal medium to the final con-
centration of 10%  [29] . After 24 h incubation in this me-
dium, the neuronal viability decreased in a range of 15–
30% with ALS/CSF from different patients, a figure sim-
ilar to that recently reported by our laboratories  [29] . 
Because of this variability in the extent of ALS/CSF-elic-
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  Fig. 1.  Riluzole had concentration-depen-
dent neurotoxic effects in rat embryo 
MCNs ( a ). Glutamate (Glut) elicited neu-
rotoxicity in MCNs, in hippocampal neu-
rons ( b ) and in sensory cortex neurons ( c ). 
 a  Rat embryo cortical motor neurons (8 
DIV) were incubated for 24 h with neuro-
basal medium (basal) or with increasing 
concentrations of riluzole, glutamate or 
ALS/CSF at the concentrations indicated at 
the bottom of each column. At the end of 
this incubation period, neuronal viability 
was monitored with the mitochondrial 
MTT probe. Neuronal viability after expo-
sure to CSF or different treatments was ex-
pressed as percent of control within each 
individual experiment.  b ,  c  Hippocampal 
neurons and sensory cortex neurons were 
incubated with 10% ALS/CSF or 100 μ M  
glutamate, and after 24 h their viability was 
estimated as in  a . Viability was normalized 
as percent of the control non-treated neu-
rons (100% ordinate), within each individ-
ual experiment performed in triplicate. 
Data are means ± SEM of 5 different cul-
tures.  *  p < 0.05,  *  *  p < 0.01 and  *  *  *  p < 
0.001 with respect to basal as determined 
by ANOVA/Dunnett’s test. 
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ited toxicity, in each individual experiment we normal-
ized this value to 100% and calculated the protection ex-
erted by a given compound as the fraction of recovery of 
neuronal viability (percent protection in the ordinates 
of  fig. 2–4 ). Compounds were dissolved in neurobasal 
medium at the required final concentrations in the ab-
sence (100% viability) or the presence of 10% ALS/CSF. 
Then, 8–10 DIV MCNs were incubated for 24 h with 
each solution, and their viability was monitored using 
MTT.

   Figure 2  shows that memantine alone afforded partial 
protection against ALS/CSF toxicity in a concentration-
dependent manner. Threshold protection was at 0.1 μ M  
(10.3 ± 5.8%) and maximum protection was at 30 μ M  (25 
± 5.4%); a graph-estimated EC 50  of 0.15 ± 0.01 μ M  was 
obtained.

   Figure 3  shows that lithium alone also afforded partial 
protection against ALS/CSF toxicity. However, the con-
centration-response curve was steeper with lithium as 
compared with memantine; threshold protection was at 
10 μg/ml (p < 0.05 with respect to control; 17.75 ± 
11.70%), and maximum protection was achieved at 80 
μg/ml; a graph-estimated EC 50  of 15.12 ± 1.41 μg/ml was 
obtained.

   Figure 4  shows that minocycline alone afforded a 
clear-cut protection against ALS/CSF toxicity with high 
potency (submicromolar concentrations). Thus, at only 
30 n M  minocycline elicited 12.25 ± 5.32% protection; 
maximum protection achieved was at 1 μ M  (19 ± 4.57%). 
An EC 50  could not be estimated but, apparently, it must 

be below 30 n M . It should be noted that because of scar-
city of available ALS/CSF, the concentration range used 
for the compounds had to be necessarily limited.

  Riluzole Antagonized the Neuroprotective Effects of 
Memantine, Lithium and Minocycline in 
ALS/CSF-Treated MCNs 
 Whether riluzole interfered with the neuroprotective 

effects of memantine, lithium and minocycline was ex-
plored in experiments with protocols similar to those de-
scribed above. These experiments were run in parallel 
with those of neuroprotection ( fig. 2–4 , left). The incuba-
tion solutions contained the neuroprotective agent at dif-
ferent concentrations, in the absence and the presence of 
riluzole at 1 or 10 μM. MCNs were incubated with ALS/
CSF, in the presence of the different treatments, for 24 h 
and then cell viability was monitored with MTT. The si-
multaneous run of the different experimental conditions 
narrowed the statistical variation, making the results 
more meaningful.

   Figure 2  shows that at 1 μ M , riluzole did not alter by 
itself the viability of MCNs. Neither riluzole concentra-
tion interfered with the protection afforded by 10 and 30 
μ M  memantine. However, at the higher concentration of 
10 μ M , riluzole decreased cell viability by 12 ± 6.78%, 
practically abolished the protection provided by 10 μ M  
memantine, and reduced by 40% the protection offered 
by 30 μ M  memantine ( fig. 2 , right). The greater effect of 
riluzole at the higher concentration suggests a competi-
tive antagonism between riluzole and memantine.
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  Fig. 2.  Memantine (Mem) afforded neuro-
protection against ALS/CSF neurotoxicity, 
and riluzole (Ril) antagonized those neuro-
protective effects. Cortical motor neurons 
at 8 DIV were incubated for 24 h with 10% 
ALS/CSF in the absence and the presence 
of memantine or riluzole 1 and 10 μ M  plus 
memantine, at the concentrations indicat-
ed at the bottom of each column. In each 
individual experiment, the percentage of 
neuronal loss elicited by ALS/CSF (range: 
17–24%) was subtracted from those 
achieved in the presence of memantine and 
expressed as percentage of protection (or-
dinate). Pooled data are expressed as means 
± SEM of 3 individual experiments.  a  p < 
0.01 and  b  p < 0.001 with respect to basal 
as determined by ANOVA/Dunnett’s test; 
 c  p < 0.05 with respect to 10 μ M  memantine 
without riluzole as determined by the t test. 
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  The interaction lithium-riluzole seemed to be of a dif-
ferent nature. For instance, 1 μ M  riluzole diminished by 
53% the neuroprotective action of 30 μg/ml lithium, al-
though it did not interfere with the effect of 80 μg/ml lith-
ium ( fig. 3 , middle). Once more, at the higher concentra-
tion of 10 μ M , riluzole caused by itself a reduction of 12 ± 
6.78% in neuronal viability. At this higher concentration, 
riluzole abolished the neuroprotective effects of 30 and 80 
μg/ml lithium, indicating a non-competitive interaction 
between the two drugs ( fig. 3 , right).

  Finally, we studied the interaction riluzole-minocy-
cline. At 1 μ M , riluzole reduced by 61.5% the neuropro-
tective actions of 30 n M  minocycline; however, riluzole 
did not affect the protection afforded by 0.1, 0.3 and 
1 μ M  minocycline ( fig. 4 , middle). This was not the case 
for the higher 10 μ M  riluzole concentration that once 
more abolished the neuroprotective effects of 0.3 and 
even 10 μ M  minocycline, again indicating a non-com-
petitive interaction.
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  Fig. 3.  Lithium (LiCl) afforded neuropro-
tection against ALS/CSF neurotoxicity, 
and riluzole (Ril) antagonized those neu-
roprotective effects. Cortical motor neu-
rons at 8 DIV were incubated for 24 h with 
10% ALS/CSF in the absence and the pres-
ence of LiCl or riluzole 1 and 10 μ M  plus 
LiCl, at the concentrations indicated at the 
bottom of each column in micrograms per 
millilitre. In each individual experiment, 
the percentage of neuronal loss elicited by 
ALS/CSF (range: 17–24%) was subtracted 
from that achieved in the presence of LiCl 
and expressed as percentage of protection 
(ordinate). Pooled data are expressed as 
means ± SEM of 3 individual experiments. 
 a  p < 0.05,  b  p < 0.01 and  c  p < 0.001 with 
respect to basal as determined by ANO-
VA/Dunnett’s test;  d  p < 0.01 with respect 
to 80 μg/ml LiCl without riluzole as deter-
mined by the t test.   
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  Fig. 4.  Minocycline (Min) afforded neuro-
protection against ALS/CSF neurotoxicity, 
and riluzole (Ril) antagonized those neu-
roprotective effects. Cortical motor neu-
rons at 8 DIV were incubated for 24 h with 
10% ALS/CSF in the absence and the pres-
ence of minocycline or riluzole 1 and 10 
μ M  plus minocycline, at the concentra-
tions indicated at the bottom of each col-
umn. In each individual experiment, the 
percentage of neuronal loss elicited by 
ALS/CSF (range: 17–24%) was subtracted 
from that achieved in the presence of mi-
nocycline and expressed as percentage of 
protection (ordinate). Pooled data are ex-
pressed as means ± SEM of 5 individual 
experiments.  a  p < 0.05,  b  p < 0.01 and  c  p < 
0.001 with respect to basal as determined 
by ANOVA/Dunnett’s test;  d  p < 0.05 with 
respect to 0.3 μ M  minocycline without 
riluzole as determined by the t test. 

D
ow

nl
oa

de
d 

by
: 

S
t. 

A
nd

re
w

s 
U

ni
ve

rs
ity

13
8.

25
1.

14
.3

5 
- 

1/
14

/2
01

4 
12

:4
4:

55
 P

M



 Yáñez    et al.
 

Neurodegener Dis
DOI: 10.1159/000357281

6

  Discussion 

 In discussing our data we should first consider a rele-
vant methodological issue that concerns the nature of the 
cell types present in our primary cultures of rat embryo 
MCNs. That they were enriched in cortical motor neu-
rons was demonstrated by selective staining with conju-
gated Milli-Mark FluoroPan Neuronal Marker-Alexa 
488, as well as with choline acetyltransferase antibody and 
Alexa Fluor 488 secondary antibody. Additional func-
tional experiments confirmed the immunofluorescence 
results. For instance, ALS/CSF did not exert toxicity in 
cortical sensory neurons, hippocampal neurons ( fig. 1 b, 
c), mixed global populations of cortical neurons, and 
neurospheres (data not shown). In contrast, as previous-
ly shown  [29]  and in the present study (see below), ALS/
CSF indeed impaired cell viability in MCN cultures. Also, 
it has been shown that ALS/CSFs exert neurotoxic chang-
es in motor neurons from rat cortex and spinal cord  [34] . 
Additionally, ALS/CSF only increases the cytosolic cal-
cium concentration in motor neurons  [24] . Furthermore, 
in NSC34, a hybrid cell line of neuroblastoma and motor 
neuron, ALS/CSF also exerts cytotoxic actions; however, 
this effect is only seen in differentiated cells  [35, 36] . Thus, 
it seems reasonable to conclude that the cytotoxic effect 
elicited by ALS/CSF on our MCN cultures is mostly ex-
erted on cortical motor neurons. This view is strength-
ened by the observation of a selective loss of motor neu-
rons from the cerebral cortex of ALS patients  [37, 38] , 
thus reinforcing the validity of our model for the neuro-
toxic studies here performed.

  We found in this investigation that ALS/CSF exhibited 
neurotoxic effects on primary cultures of rat embryo 
MCNs. This observation corroborates recent  [29]  and 
earlier findings  [21–27]  on the neurotoxicity elicited by 
ALS/CSF on neuronal cultures as well as after its in vivo 
intracerebroventricular or intrathecal administration 
 [39–41] .

  We believe that our second finding that memantine, 
minocycline and lithium afford clear-cut neuroprotec-
tion against ALS/CSF neurotoxicity, is of interest and 
compatible with the in vivo neuroprotective properties 
of these compounds in animal models of ALS  [3, 4, 6–10, 
14–16] . Their neuroprotective properties have also been 
demonstrated in primary cultures of neurons  [42–44] . 
The fact that they also afford protection against the neu-
rotoxic effects of ALS/CSF on MCN cultures ( fig. 2–4 , 
left) adds clinical relevance to their neuroprotective ef-
fects. Unfortunately, as mentioned in the Introduction, 
these compounds gave negative neurological outcomes 

in clinical trials performed on ALS patients  [5, 11–13, 
19, 20] .

  This frustrating failure to translate the positive neuro-
protective effects shown preclinically with memantine, 
minocycline and lithium into a clinical set-up could find 
an explanation in the observation that riluzole antago-
nized the neuroprotective effects of resveratrol  [29]  as 
well as those of memantine, lithium and minocycline 
(this study,  fig. 2 ,  3 ,  4 , right). This could simply be due to 
the fact that riluzole itself has neurotoxic effects as re-
ported earlier  [21–27] . In this study, we also found that 
riluzole itself exerts a neurotoxic activity comparable to 
that produced by glutamate or ALS/CSF ( fig. 1 ). 

  In its dual neuroprotective  [45]  and neurotoxic actions 
(this study), riluzole seems to belong to a class of com-
pounds that elicit neuroprotection at their lower concen-
trations; however, at their higher concentrations the neu-
roprotection diminishes or even disappears, as the case is 
for compounds derived from the glutamic acid moiety 
 [46] . This dual action has also been found with galan-
tamine and donepezil  [47, 48] , two drugs that are being 
clinically used to treat Alzheimer’s disease  [49] . In line 
with this concentration-dependent dual behaviour is rilu-
zole that at 1 μ M  scarcely affected the neuroprotective ef-
fects of memantine ( fig. 2 , middle), lithium ( fig. 3 , middle) 
and minocycline ( fig. 4 , middle); however, at the higher 10 
μ M  concentration, riluzole almost fully counteracted the 
neuroprotective effects of memantine ( fig. 2 , right), lithi-
um ( fig. 3 , right) and minocycline ( fig. 4 , right).

  The reason for this dual behaviour could be linked to 
the activation by riluzole of different survival and/or 
apoptotic signalling pathways at its lower and higher con-
centrations, respectively. For instance, riluzole has been 
shown to distort the intracellular Ca 2+  homeostasis  [50–
52] ; this may be linked to its reported apoptotic and cy-
totoxic effects in human prostate cancer cells  [53]  and in 
Madin-Darby canine kidney cells  [52] . On the opposite 
side are the findings that riluzole regulates the expression 
of neurotrophic factor genes in C6 glioma cells  [54] , stim-
ulates the synthesis of nerve growth factor and brain-de-
rived neurotrophic factor in cultured mouse astrocytes 
 [55] , and augments brain-derived neurotrophic factor 
production with consequent proliferation of granule pre-
cursor cells in the rat hippocampus  [56]  and promotion 
of survival of rat MCNs through stimulation of trophic 
activity produced by spinal astrocyte monolayers  [45] . 
These paradoxical and complex responses suggest that 
riluzole could exert different neuroprotective or neuro-
toxic actions by activating different signalling pathways 
at lower or higher concentrations. 
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  The antagonism by riluzole of the neuroprotective 
properties of memantine, minocycline and lithium has 
certainly some relevant clinical implications. The first is-
sue to consider concerns whether in ALS patients riluzole 
reaches brain concentrations in the range of those used in 
the present study. The answer is yes because those con-
centrations are in the range of 1–10 μ M   [57, 58] . The sec-
ond issue concerns the design of clinical trials performed 
in ALS patients with novel neuroprotective compounds, 
as mentioned in the Introduction. Because of ethical is-
sues, all patients included in clinical trials were being 
treated with riluzole. However, we suggest that a treat-
ment arm without riluzole should be included in future 
clinical trials because of the following reasons: (1) the 
study with xaliproden was the only clinical trial that in-
cluded a group of patients not treated with riluzole; this 
group showed a respiratory improvement that was absent 
in the groups treated with riluzole  [59] ; (2) although done 
on in vitro primary cultures of rat embryo MCNs, our 
early  [29]  and present studies convincingly suggest that 
riluzole could be masking the neuroprotective effects of 
other compounds being tested in ALS patients simultane-
ously treated with the drug and the novel compound; (3) 
originally, the clinical indication of riluzole was estab-
lished on the basis of clinical trials performed more than 
20 years ago showing modest beneficial effects on ALS 
patient survival  [1, 2, 60, 61] ; because of poor design and 
bias, these studies may not have been accepted with to-

day’s standards for clinical trials. Thus, the ethical restric-
tion that ALS patients should be maintained under rilu-
zole treatment is weakened in the light of current data; 
furthermore, we may conclude that its administration to 
all group treatments during clinical trials could be a con-
founding factor in the expected outcomes  [30, 31, 62] .

  In conclusion, in this study we found that by itself, 
riluzole exhibited neurotoxic effects in primary cultures 
of rat embryo MCNs. We also found that memantine, mi-
nocycline and lithium exerted neuroprotective effects 
against ALS/CSF-elicited neurotoxicity on MCNs. Final-
ly, we found that riluzole antagonized the neuroprotec-
tive actions of the three compounds. These results suggest 
that the routine treatment with riluzole of ALS patients 
enrolled in clinical trials could be a confounding factor in 
the neurological outcomes attributed to the novel com-
pound being tested.
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