
Introduction

Neurodegeneration is a term used for diseases 
characterized by progressive loss of structure and/
or function of neurons, including death. Many 
neurodegenerative diseases including Amyotrophic 
Lateral Sclerosis (ALS), Parkinson, Alzheimer and 
Huntington occur as a result of neurodegenerative 
processes in selective areas. As research progresses, 
many similarities appear which relate these dis-
eases to one another on a sub-cellular level. Several 
molecular studies are designed both in animal mod-
els and in humans to discover the physiopathology 
of the disease in order to eventually develop new 

approaches for neurodegeneration (Bossy-Wetzel et 
al., 2004).
ALS is a neurological disease of unknown ori-
gin characterized by a selective degeneration and 
death of upper and lower motor neurons, initiating 
in mid adult life and almost invariably progress-
ing to paralysis and death over a 1-5 year time 
course (Cleveland, 1999). The clinical manifesta-
tions reflect the involvement of both upper and 
lower motor neurons. ALS diagnosis is based on the 
El Escorial criteria revised mainly on clinical and 
electrophysiological findings in four body regions 
(Brooks et al., 2000). About 95% of ALS patients are 
sporadic, whereas 5% are familial (Mackenzie et al., 
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2010). In this group, approximately 15% are caused 
by mutations in the SOD1 gene (on chromosome 21) 
(Rosen, 1993) that codes for the Cu,Zn-superoxide 
dismutase 1 (SOD1), an enzyme that catalyzes the 
dismutation of superoxide to molecular oxygen and 
hydrogen peroxide (Klug et al., 1972), and a further 
3%-4% of cases are due to pathogenic variants in 
either the TDP-43 or FUS gene (Mackenzie et al., 
2010). The aetiology of sporadic ALS cases remains 
unknown. The symptoms and pathology of familial 
ALS patients with SOD1 mutations closely resem-
ble those of patients with sporadic ALS, suggesting 
common mechanisms of neurodegeneration in both 
forms of the disease (Manfredi and Xu, 2005).
Several potential mechanisms of motor neuron degen-
eration in ALS have been proposed. These include 
the involvement of environmental factors (Wicklund, 
2005), genetic factors (Simpson and Al-Chalabi, 2006), 
autoimmune phenomena (Pagani et al., 2006), increased 
oxidative stress (Beckman et al., 2001), glutamate 
toxicity (Van Den Bosch et al., 2006), viral infec-
tions (Portegies and Cohen, 2002), protein aggregation 
(Wood et al., 2003), mitochondrial dysfunction (Xu, 
2004), cytoskeletal abnormalities (Cairns et al., 2004), 
impairment of axonal transport (Lariviere and Julien, 
2004) and pro-apoptotic alterations (Przedborski, 2004). 
However the cause of ALS is still unclear.
In recent years the idea that in ALS not only motor 
neurons, but also surrounding glial cells are affected, 
and the findings of altered interactions between 
these cell types, has emerged as an additional mech-
anism in the disease pathogenesis (Rothstein, 1996; 
Appel and Simpson, 2001).
Each mechanism involved in the pathogenesis of 
ALS may represent a possible therapeutic approach 
to counteract neurodegeneration.
Over the years several studies have been performed 
with different types of therapeutic agents, acting on 
the mechanisms involved in motor neuron degenera-
tion. Traynor and collaborators (2006) identified over 
a hundred therapeutic agents as potentially beneficial 
in patients with ALS and in order to maintain trans-
parency of the process, expand discussion, and further 
scientific rigor, circulated the list of these drugs with-
in the ALS research community. Among these drugs 
only twenty-four were judged to be the most promis-
ing agents (Traynor et al., 2006). The present review 
focuses on some therapeutic clinical trials actually 
recruiting ALS patients or recently concluded.

Pharmacological strategies in ALS

Excitotoxicity in ALS and therapeutic
strategies
Glutamate, the primary excitatory neurotransmitter in 
the Central Nervous System (CNS), acts at both iono-
tropic and metabotropic receptors, the primary iono-
tropic receptor classes being N-methyl-D-aspartic 
acid (NMDA) and α-amino-3-hydroxyl-5-methyl-4-
isoxazolepropionate (AMPA)/kainate. Extracellular 
glutamate levels are regulated by transporters; there 
are distinct classes of transporters on neurons and 
on astrocytes but the bulk of glutamate uptake 
appears to be mediated by astrocytes (Anderson and 
Swanson, 2000). Excessive glutamate exposure is 
toxic to neurons, probably resulting in large part from 
glutamate-triggered Ca2+ entry (Choi, 1988).
Inhibitors of glutamate uptake cause selective motor 
neuron damage in organotypic slice (Rothstein et al., 
1993) and in dissociated spinal cord culture models 
(Carriedo et al., 1996), suggesting that the increased 
extracellular glutamate concentration could contrib-
ute to motor neuron damage in ALS. Observations 
of deficient glutamate transport capacity in affected 
regions of spinal cord and motor cortex provide a 
likely basis for these rises in extracellular glutamate 
concentration (Rothstein et al., 1992). Abnormalities 
in glutamate metabolism have been reported in 
ALS patients (Plaitakis and Caroscio, 1987), with 
elevated glutamate levels in the cerebrospinal fluid 
(Shaw et al., 1995a). Indeed, the only drug proven 
to slow the course of human ALS is the anti-
excitotoxic compound, Riluzole (Bensimon et al., 
1994). Riluzole inhibits the release of glutamate 
by inactivating voltage-dependent Na+ channels on 
glutamatergic nerve terminals, as well as activating 
a G-protein dependent signal transduction process, 
thus slowing down disease progression and signifi-
cantly increasing patients’ survival by a few months 
(Doble, 1996). Moreover, riluzole can also block 
some of the postsynaptic effects of glutamate by 
non-competitive inhibition at NMDA and AMPA 
receptors (Albo et al., 2004). A noncompetitive 
modulator of AMPA glutamate receptors, primar-
ily under development as an antiepileptic agent, 
Talampanel (8-methyl-7H-1,3-dioxolo(2,3)benzo-
diazepine, IVAX Corporation) has been used in a 
clinical trial in ALS patients. A pilot study showed 
a slower decline in Amyotrophic Lateral Sclerosis 
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Functional Rating Scale-revised (ALS-FRS-r) score 
rate during 9-months treatment. Subsequently a 
“Multinational, Multicenter, Randomized, Double-
Blind, Placebo-Controlled, Parallel-Group Study 
to Assess the Efficacy, Tolerability and Safety of 
Talampanel in Subjects With Amyotrophic Lateral 
Sclerosis (ALS-TAL-201)”, was performed enroll-
ing 550 ALS patients (NCT00696332), starting on 
September 2008. On May 2010 global pharmaceuti-
cal company Teva announced that the results of this 
study were conclusively negative. The ALS-FRS-r 
score showed no difference in the progression rate 
of ALS patients treated with placebo or either with 
2 doses of Talampanel. Side effects were more com-
mon in participants treated with Talampanel, while 
the dropout rates were very similar in all groups 
(www.asla.org 2/7/2010).
Several studies underlined that also the clearance of 
glutamate from neuromuscular synapses is dimin-
ished in patients with ALS because of the loss of the 
astroglial glutamate transporter EAAT2 (excitatory 
amino acid transporter 2), that is of major impor-
tance for synaptic glutamate reuptake (Rothstein et 
al., 1995). A loss of high-affinity glutamate trans-
port was identified in specific brain regions and 
spinal cord of patients with ALS. These results sug-
gested that the defect in glutamate transport could be 
responsible for sustained elevations in extracellular 
glutamate, which might be injurious to neurons 
(Rothstein et al., 1992). These findings have sup-
ported the use of cephalosporins in ALS because 
of their antiexcitatory proprieties (Rothstein et al., 
2005), by increasing EAAT2 (also known as gluta-
mate transporter GLT1) promoter activity (Rothstein 
et al., 1993). The increases in GLT1 expression and 
function were documented in SOD1G93A mice, a 
mouse model for ALS, treated with ceftriaxone at 
symptom onset (Rothstein et al., 2005). For human 
studies third generation ceftriaxone was selected 
because of its superior CNS penetration and long 
half-life (Nau et al., 1993). Several studies have 
been performed with cephalosporins showed con-
troversial results (Robberecht, 1992; Carelli et al., 
1994; Carod Artal et al., 1994; Couratier et al., 
1994; Gil Llano and Casado Naranjo, 1994; Norris, 
1994). Case reports with cephalosporins indicated 
a clinical improvement (Harvey and Martz et al., 
2007; Siciliano et al., 2010). We performed an open 
label clinical trial with bimonthly drug cycles of 

Ceftriaxone (2 g/day, for 14 days every two months) 
in a one year study in ALS patients. We observed 
a significant improvement of antioxidant oxidative 
stress status, without clinical improvement, in ALS 
patients after treatment (Siciliano et al., 2010).
A wide double blind placebo controlled clinical 
trial on about 600 patients is currently recruit-
ing participants in the United States of America 
(NCT00349622) [www.clinicaltrial.gov] since July 
2006. Final data collection for the primary outcome 
measure (survival and rate of change in ALSFRSr - 
stage 3) will be available in June 2012.
Another pharmacological approach to protect against 
motor neuron degeneration in ALS may be represent-
ed by the use of Memantine, a low-affinity, noncom-
petitive NMDA receptor antagonist, since NMDA-
mediated neurotoxicity and oxidative stress have been 
implicated in the pathogenesis of the disease (Chen 
et al., 1992; Chen and Lipton, 2006). Joo and col-
leagues (2007) conducted a study on G93A SOD1 
mice treated with memantine supplied daily with 
drinking water beginning at 75 days of age with a low-
dose (30 mg/kg/day) and high-dose (90 mg/kg/day). 
Mice treated with memantine had an improvement 
in motor performances and a significantly prolonged 
survival compared to controls. Recently de Carvalho 
and coworkers (2010) described the results of a 
phase II/III, 12-months, double-blinded, single-centre, 
randomized clinical trial performed to evaluate the 
efficacy and safety of memantine (20 mg/day) in 63 
ALS patients. Primary (12-months ALSFRS decline) 
and secondary (forced vital capacity, manual muscle 
testing, visual analogue scale, quality of life, motor 
unit number estimation and neurophysiological index) 
outcomes were not significantly different between the 
two groups. The results showed that memantine is well 
tolerated and safe in ALS patients. Actually is ongo-
ing and currently recruiting participants in Canada 
a “Randomized, Double-blind, Dose Ranging Study 
to Determine the Effect of Memantine on Functional 
Outcomes and Motor Neuron Degeneration in Patients 
With ALS” (NCT00409721). The estimated study 
completion date is December 2010.

Oxidative stress in ALS and therapeutic 
strategies
The involvement of oxidative stress in ALS is 
suggested by the observation that mutations in the 
SOD1 gene are responsible for approximately 15% 
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of familial ALS, mainly inherited with an autosomal 
dominant trait (Rosen, 1993). Whether oxidative 
stress is a primary cause of pathogenesis in ALS, 
or is merely a consequence of the disease, has long 
been debated. However, extensive evidence shows 
increased oxidative damage in spinal cord and motor 
cortex motorneurons (Shaw et al., 1995b; Ferrante 
et al., 1997) in both sporadic and SOD1 familial 
ALS post mortem tissue (Abe et al., 1995; 1997; 
Beal et al., 1997). Moreover oxidative damage to 
DNA measured by levels of 8-hydroxy-2’-deoxy-
guanosine (8-OHdG), and lipid oxidation occurs 
(Fitzmaurice et al., 1996; Shibata et al., 2001). 
Imbalance of oxidative stress has been reported also 
in cerebrospinal fluid (CSF) of ALS patients (Smith 
et al., 1998; Ihara et al., 2005). Siciliano and col-
laborators (2007) found a significantly decrease of 
the total antioxidant capacity and an increased con-
tent of oxidation protein products both in CSF and in 
plasma in ALS patients compared to controls. Based 
on these findings a large variety of antioxidants 
compounds have been tested in patients with ALS.
Mitochondria are implicated in production of oxida-
tive stress, as the major source of reactive oxygen 
species (ROS), and are also targets of ROS, with 
decreased mitochondrial efficiency caused by oxida-
tive damage (Beal, 2002; Lenaz et al., 2002; Genova 
et al., 2004). Although preclinical studies demon-
strated a prolonged survival following coenzyme Q10 
treatment (Matthews et al., 1998), an antioxidant, 
essential mitochondrial cofactor facilitating electron 
transfer in the respiratory chain, the phase II study in 
ALS (NCT00243932) showed insufficient promise 
to warrant Phase III testing (Kaufmann et al., 2009).
Several studies with manganoporphyrin, AEOL 
10150, an antioxidant molecule that catalytically 
neutralizes superoxide, hydrogen peroxide and per-
oxynitrite, and inhibits lipid peroxidation (Patel and 
Day, 1999) have been performed on ALS patients 
after positive results obtained in animal models 
(Crow et al., 2005). A pilot study showed that single 
doses of AEOL 10150 ranging from 3 mg to 30 
mg were tolerated without serious adverse events 
[www.rideforlife.com].
In keeping with maintaining mitochondrial func-
tion in ALS, a two-part Phase II randomized, 
double-blind trial (NCT00647296) with KNS-
760704 [(6R)-4,5,6,7-tetrahydro-N6-propyl-2,6-
benzothiazole-diamine dihydrochloride, RPPX] 

including 102 ALS patients, recently concluded. 
Preliminary results showed that KNS-760704 is safe 
and well-tolerated and that 300 mg/daily may slow 
the rate of motor function loss, assessed with the 
ALSFRS-r scale (Bozik et al., 2009).
Edaravone is a free-radical scavenger is (3-methyl-
1-phenyl-2-pyrazolin-5-one, MCI-186), approved 
by the Ministry of Health, Labor, and Welfare of 
Japan in 2001, now widely used for the treatment of 
acute cerebral infarction (Watanabe et al., 1994; The 
Edaravone Acute Infarction Study Group, 2003) for 
its neuroprotective effect against oxidative damage 
(Shichinohe et al., 2004; Uno et al., 2005). Ito and 
colleagues (2008) performed a randomized blind 
trial in G93A SOD1 mice with edaravone. The drug 
administered at clinical onset determined a slowing in 
symptom progression and motor neuron degeneration 
in the ALS mice model. Yoshino and Kimura (2006) 
investigated the efficacy and safety of edaravone in 
ALS patients. Within an open trial design, 20 subjects 
with ALS received either 30 mg (5 subjects) or 60 
mg (15 subjects) of edaravone intravenously once per 
day. Two weeks of administration were followed by 
a two-week observation period. This four-week cycle 
was repeated six times. The primary endpoint was 
the change in the revised ALSFRS-r score, while the 
secondary endpoint was 3-nitrotyrosine (3NT) level 
in CSF. Efficacy was evaluated in the 60 mg group. 
During the six-month treatment period, the decline in 
the ALSFRS-R score was significantly less than that 
in the six months prior to edaravone administration. 
In almost all patients, CSF 3NT, a marker for oxida-
tive stress, was markedly reduced to almost unde-
tectable levels at the end of the six-month treatment 
period. This study suggested that edaravone is safe 
and may delay the progression of functional motor 
disturbances by reducing oxidative stress in ALS 
patients. However, the evidence about the effects of 
edaravone on human ALS patients awaits the publica-
tion of the results of a phase III clinical trial of ALS, 
currently ongoing in Japan (Expanded Controlled 
Study of MCI-186 for Treatment of Amyotrophic 
Lateral Sclerosis in Double-Blind, Parallel-Group, 
Placebo-Controlled Manner - NCT00424463).

Apoptosis in ALS and therapeutic strategies
Apoptosis mediates the precise and programmed 
natural death of neurons and is a physiologically 
important process in neurogenesis during maturation 
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of the CNS. However, premature apoptosis and/or an 
aberration in apoptosis regulation is implicated in the 
pathogenesis of neurodegeneration, a multifaceted 
process involved in several neurodegenerative dis-
ease, such as Alzheimer’s, Parkinson’s, Huntington’s 
diseases and ALS (Okouchi et al., 2007).
Transcriptional dysfunction has been implicated in 
the pathogenesis of many neurodegenerative diseases 
including ALS (Kanai et al., 2004; Rouaux et al., 
2007; Cudkowicz et al., 2008). Therefore, histone 
deacetylase (HDAC) inhibitors may be promis-
ing candidates. Valproic acid (VPA) is a HDAC-
inhibiting drug that promotes gene transcription 
(Kernochan et al., 2005) and inhibits neuronal cell 
death by counterbalancing apoptosis, oxidative stress 
and glutamate toxicity (Hassel et al., 2001; Morland 
et al., 2004). Based on the finding that VPA and 
other HDAC inhibitors increased survival in G93A 
SOD1mice (Sugai et al., 2004; Leng et al., 2008), 
163 ALS patients received VPA 1.500 mg or pla-
cebo daily (A Randomized, Double-Blind, Placebo-
Controlled Sequential Clinical Trial of Sodium 
Valproate in ALS - NCT00136110). VPA, at a dose 
used in epilepsy, did not show a beneficial effect on 
survival or disease progression in patients with ALS.
TCH346 (Dibenzo(b,f)oxepin-10-ylmethyl-methyl-
prop-2-ynylamine) is an antiapoptotic compound 
that exerts its effects by binding to glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) and block-
ing the apoptotic pathway in which GAPDH is 
involved. In the “Long-Term Extension Study of 
TCH346 and Placebo Administered Once Daily 
in Patients With Amyotrophic Lateral Sclerosis 
(ALS)” (NCT00230074) conducted on 591 ALS 
patients enrolled from 42 sites in Europe and North 
America, patients received either placebo or one of 
four doses of TCH346 (1.0, 2.5, 7.5, or 15 mg/day) 
administered orally once daily for at least 24 weeks. 
The trial design included a 16-week lead-in phase to 
determine each patient’s rate of disease progression. 
At the end of the study there were no significant 
differences between placebo and active treatment 
groups in the mean rate of decline of the ALSFRS-R 
or in the secondary outcome measures (survival, 
pulmonary function, and MMT).
The administration Minocycline to ALS patients in 
a multicentre, randomized placebo-controlled phase 
III trial (NCT00047723) showed negative results 
with ALSFRS-r score deterioration that was faster 

in the minocycline group than in the placebo group 
(Gordon et al., 2007) even if it prolongs survival by 
10-22% in transgenic mouse models of ALS (Kriz et 
al., 2002; Van Den Bosch et al., 2002).
A small Phase II trial (NCT00877604) in Italy involv-
ing 20 people with MND is now underway to assess 
whether the addition of Tauroursodeoxycholic Acid 
(TUDCA) to riluzole can slow the progression of 
the disease. The preclinical studies showed antioxi-
dant, antiapoptotic and neuroprotective properties 
of TUDCA in the central nervous system, in both in 
vitro and in vivo models (Castro et al., 2004). The 
trial will run for 12 months and results are expected 
in early 2011.

Neuroinflammation in ALS and therapeutic 
strategies
Inflammation in ALS may be a secondary response 
to neuronal injury by genetic, biochemical, or 
environmental insults. Inflammatory cells surround 
degenerating neurons (Hirano, 1991), leading to the 
accumulation of proinflammatory cytokines and 
free radicals that likely contribute to neurodegenera-
tion (Shaw et al., 1995b). Therefore, modulation of 
inflammation may reduce cell death. Pre-clinical 
studies on SOD1G93A mice suggested that anti-
inflammatory agents may be effective in treating this 
disease (McGeer and McGeer, 2002).
Several reports have demonstrated that pro-inflamma-
tory cytokines have a toxic role in the pathogenesis of 
ALS (Kiaei et al., 2006; Wu et al., 2006). Inflammatory 
cascades contribute to motor neuron death in the 
spinal cord in the G93A SOD1 transgenic mice, as 
well as in human ALS patients (Kiaei et al., 2006). 
Proinflammatory cytokines, such as tumor necrosis 
factor (TNF), are upregulated in ALS. Thalidomide 
shows potent anti-inflammatory properties through the 
modulation of inflammatory cytokines such as TNF-α 
and appreciably penetrates the CSF (Franks et al., 
2004). Although a pilot study with thalidomide was 
interrupted for safety concerns, a non-randomized, 
open label phase II study was further performed 
(NCT00140452) and showed that thalidomide can 
cause adverse effects without effectively modulating 
disease progression (Stommel et al., 2009).
Celastol a potent anti-inflammatory and antioxidant 
triterpene that suppresses TNF-α, IL-1β, and induc-
ible nitric oxide production (Allison et al., 2001) that 
induces a heat shock protein response (Westerheide 
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et al., 2004), showed improved motor performance 
and survival of SOD1G93A mice (Kipiani et al., 
2004). However, data concerning toxicity and safety 
of Celastol in ALS patients and optimum dose 
remain to be collected.

Neurotropic factors in ALS and therapeutic 
strategies
Neurotrophic factors are involved in the regula-
tion of neuronal survival and differentiation and in 
maintaining neuronal structural integrity. In SOD1 
G93 mice treatment with insulin-like growth factor 
(IGF)-1 or glial-cell-line-derived neurotrophic fac-
tor (GDNF) have beneficial effects on survival and 
motorneurons morphology, also decreasing gliosis 
(Kaspar et al., 2003; Dobrowolny et al., 2005).
Insulin-like growth factor 1 (IGF-1) is a neurotroph-
ic factor that been tested in a North American and 
in a European phase III trial, enrolling 266 and 183 
ALS patients respectively. The two trials showed 
contrasting results, since IGF-1 either slowed the 
rate of functional decline by 26% (Lai et al., 1997), 
or did not produce positive effects (Borasio et al., 
1998). Subsequently another phase III trial using 
IGF-1 treatment for two years has been performed 
on 330 ALS patients, showing that IGF-1 did not 
produce beneficial effects on manual muscle testing, 
ALSFRS-r or in delaying tracheostomy (Sorenson et 
al., 2008).
Vascular endothelial growth factor (VEGF) was 
originally discovered for its role in affecting vascular 
permeability and angiogenesis (Senger et al., 1983), 
but more recent studies have demonstrated that this 
endogenous protein is able to promote neurogenesis, 
neuronal survival and neurite outgrowth (Sondell et 
al., 2000; Jin et al., 2000; 2002). G93A SOD1 mice 
lacking VEGF show a more severe motor impair-
ment than controls (Lambrechts et al., 2003) and 
overexpression or administration of VEGF protects 
motor neurons from degeneration and prolongs mice 
survival (Azzouz et al., 2004; Zheng et al., 2004; 
Wang et al., 2007). In ALS patients VEGF expres-
sion is decreased in the spinal cord (Brockington et 
al., 2006). Based on these findings, a double-blind,
randomised, parallel group study to evaluate safety 
and tolerability with VEGF165 administered intra-
cerebroventricularly (NCT00800501) is currently 
recruiting participants [www.clinicaltrial.gov].

Heat shock proteins inducer
Heat shock proteins have been reported to be 
involved in the pathogenesis of ALS. In a very 
recent study Crippa et al. (2010) showed that the 
small heat shock protein HspB8 is overexpressed in 
SOD1G93A mice motorneurons, where it removes 
the accumulated SOD1, by inducing autophagy.
Arimoclomol is a molecule able to enhance the heat 
shock response, which determines an increased pro-
duction of the heat shock proteins, this protecting 
cells form protein aggregation and death (Kieran 
et al., 2004). In SOD1G93A mice, arimoclomol 
treatment determined a prolonged survival either 
if treatment was started in pre-symptomatic stage 
(Kieran et al., 2004) or at the onset of symptoms 
(Kalmar et al., 2008). After a Phase IIa arimoclomol 
trial showed that the drug is safe and well toler-
ated (Cudkowicz et al., 2008), a phase II/III adap-
tive, randomized, placebo-controlled clinical trial 
is still recruiting inherited or familial ALS patients 
(NCT00706147) [www.clinicaltrial.gov].

Autophagy inducers
Several targets and signaling pathways regulate 
autophagy, including the mammalian target of rapa-
mycin, mTOR, as a negative regulator. By inhibiting 
mTOR, rapamycin is currently used to upregulate 
autophagy, and has been shown to be beneficial in 
models of neurodegenerative diseases (Ravikumar 
et al., 2004; Berger et al., 2006; Rubinsztein et al., 
2007). On the contrary, the activation of activat-
ing mTOR by the inhibition of GSK-3beta down-
regulates autophagy (Sarkar et al., 2008). Lithium 
is another pharmacological agent that regulates 
autophagy. Lithium targets different molecules, and 
acts on different pathways, the final effect critically 
depending on the dose. At therapeutically relevant 
concentrations, lithium is a powerful inhibitor of 
the intracellular enzyme inositol monophosphatase 
(IMP)ase (Ki = 0.8 mmol/L) and inositolopolyphos-
phatase (IPP)ase 1 (Ki = 0.3 mmol/L) (Berridge et 
al., 1989), while at higher concentrations (Ki 2 mM) 
it inhibits the activity of glycogen synthase kinase 
(GSK-3beta), (Stambolic et al., 1996). Lithium 
induces autophagy by inhibiting the IMPase (Sarkar 
et al., 2005). The inhibition of GSK-3beta deter-
mines instead a negative regulation of autophagy 
via mTOR (Sarbassov et al., 2005; Yang and Guan, 
2007). Lithium-induced autophagy counteracts neu-
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rodegeneration (Madeo et al., 2009; Pasquali et al., 
2009; Crews et al., 2010) and appears to be neuro-
protective for motor neurons both in organotypic 
slice cultures of spinal cord (Calderò et al., 2010) 
and in G93A SOD1 mice, where it improves motor 
function and slows disease progression (Shin et al., 
2007; Feng et al., 2008; Fornai et al., 2008; Ferrucci 
et al., 2010). Defective autophagy has been found 
in diseased motorneurons (Venkatachalam et al., 
2008) and when authopagy is blocked in G93A 
SOD1 mice, SOD 1 accumulates and neuroprotec-
tion does not occur (Crippa et al., 2010). Moreover, 
a 15-month pilot clinical trial in randomized ALS 
patients showed that lithium and riluzole cotreat-
ment markedly reduced mortality when compared 
with matched control patients treated with riluzole 
alone (Fornai et al., 2008). However, inconsis-
tent results have also been reported. In a sibling-
matched, gender-balanced, investigator-blinded 
trial, using a standard mouse model of familial ALS 
chronic lithium treatment showed no benefit (Gill et 
al., 2009). Another study also found no therapeutic 
or neuroprotective effects of lithium in female ALS 
mice (Pizzasegola et al., 2009). A randomised, 
double-blind, placebo-controlled trial involving 84 
ALS patients, was conducted by the Northeast ALS 
(NEALS) and Canadian ALS (CALS) Consortia. 
The study showed that lithium did not produce safe-
ty concerns and that it was interrupted for futility at 
the first interim analysis (24 weeks), when a 43% 
improvement did not occur in ALS patients treated 
with lithium (Aggarwal et al., 2010).

Non-pharmacological strategies in ALS

Physical exercise
Current medical treatment of ALS is limited to 
medication and supportive care. The question of 
whether regular exercise is beneficial or not in 
ALS patients is still controversial (Francis et al., 
1999). Moderate regular exercise is helpful in 
the management of many neuromuscular diseases 
(Milner-Brawn and Miller, 1988; Aitkens et al., 
1993), allowing weak muscles to increase their 
mitochondrial content and to enhance muscle blood 
flow and strength (Holloszy et al., 1977). Frequently 
ALS patients do not perform any type of physical 
activity in order to preserve their muscle strength 

and minimize overwork muscle damage (Longstreth 
et al., 1991). Some epidemiological studies suggest 
that vigorous physical activity in the form of heavy 
labor or competitive athletics increases ALS risk 
(for an extensive review see Chiò et al., 2005). On 
the contrary other studies report earlier disease onset 
among individuals with a greater amounts of leisure 
time and reduced physical activity (Veldink et al., 
2005) or that physical activity is not a risk factor for 
developing ALS (Qureshi et al., 2006).
Pre clinical studies in the transgenic mice model 
of ALS have demonstrated beneficial effects of 
physical activity on motor function. Carreras and 
colleagues (2010) investigated the effects of high 
and moderate levels of exercise in G93ASOD1 
mice. Their study showed preservation of motor 
performance that correlates with higher motor neu-
ron density in the ventral horn of the lumbar spinal 
cord in G93A mice undergoing moderate exercise. 
Clinical trials on ALS patients have suggested that 
regular physical exercise may be neuroprotective, 
ameliorating symptoms and improving functionality 
(Drory et al., 2001; Bello-Haas et al., 2007).
Drory and colleagues (2001) conducted an observa-
tional study to determine the effect of moderate reg-
ular exercise under professional guidance on motor 
deficit, disability, fatigue, musculoskeletal pain and 
perceived quality-of-life. They randomized 25 ALS 
patients to perform either a specific moderate daily 
exercise program or just their daily physical activ-
ity. At 3 months, patients who performed regular 
exercise showed less deterioration on ALS-FRS and 
Ashworth spasticity scales; at 6 months, there was 
no significant difference between groups, although a 
trend towards less deterioration in the treated group 
on most scales was observed. At 9 and 12 months 
there were too few patients in each group for statis-
tical evaluation. Their results showed that a regular 
moderate physical exercise program has a short-
lived positive effect on disability in ALS patients.
Bello-Haas and colleagues (2010) performed a study 
in which they investigated the effects of resistance 
exercise on function, fatigue, and quality of life 
in 27 ALS patients using ALS-FRS, the Fatigue 
Severity Scale, Short Form-36, FVC and maxi-
mum voluntary isometric contraction at baseline 
and monthly for 6 months. Patients in mild stage 
of disease were randomly assigned to a resistance 
exercise group (daily stretching and resistance exer-
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cises three times weekly) or to a usual care group 
(only the daily stretching exercises). Eight of the 
thirteen enrolled resistance exercise patients and 10 
of the 14 enrolled usual care patients completed the 
trial. At 6 months, the resistance exercise group had 
significantly higher ALSFRS and Short Form -36 
physical function subscale scores and less decline 
in leg strength, as measured by maximum voluntary 
isometric contraction.
Physical exercise exerts positive effects on healthy 
motorneurons, by enhancing dendritic restructur-
ing, protein synthesis, axonal transport and neuro-
muscular communication (Gardiner et al., 2006). 
In ALS several studies indicated that alterations of 
motorneurons neuromuscular junctions and axonal 
transport, the latter including also specific gene 
mutations responsible for familial ALS, play an 
important role in the pathogenesis of the disease. 
Furthermore non neuronal cell types besides astro-
cytes and endothelial cells are involved in ALS. 
Therefore physical exercise, by acting at these spe-
cific levels, may represent a neuroprotective strategy 
which needs to be further investigated. However, 
investigation of some oxidative stress markers dur-
ing submaximal incremental exercise at 40% pnPO-
max (a power level corresponding to the anaerobic 
lactate threshold in patients), showed an increased 
production of lactate and lipoperoxides (Siciliano 
et al., 2002), suggesting that regular aerobic physi-
cal activity, rather than anaerobic exercise, may be 
useful in ALS. Given this evidence, we performed a 
study to investigate some peripheral blood oxidative 
stress markers during exercise, before and after an 
antioxidant treatment based on a cysteine donor food 
integrator called Prother (Dietetic Metabolic Food, 
Milan, Italy) in ALS patients (Siciliano et al., 2010). 
Cysteine is a critical factor in glutathione synthesis 
and glutathione plays an important role in protect-
ing cells from free radical attacks. The 16 enrolled 
patients performed an incremental muscle test with 
a hand-grip dynamometer (Digital Multi-Myometer, 
MIE Medical Research, UK) for the assessment of 
advanced oxidation protein products (AOPP) in the 
resting state, at the end of the exercise and after 15 
minutes recovery, before and after cysteine donor 
treatment. Total glutathione was assessed only at 
resting conditions, before and after treatment. At 
the start of each experiment the patients performed 
3 brief maximal efforts on the hand grip dynamom-

eter. The highest tension recorded was taken as the 
maximal voluntary contraction (MVC). 15 minutes 
later the test begun with a first bout at 10% of MVC, 
then continued trough successive 10% increments, 
up to 70% of MVC. Each bout consisted of 1 minute 
intermittent contractions on the hand grip dyna-
mometer followed by a 2 minutes rest.
In vivo, plasma levels of AOPP closely correlate 
with levels of dityrosine, a hallmark of oxidized 
protein, and with pentosidine, a marker of enzymatic 
protein glycation tightly related to oxidative stress.
At rest conditions, AOPP levels were significant-
ly increased and total GSH levels significantly 
decreased in ALS compared to controls. After 45 
days of therapy ALS patients showed, during incre-
mental exercise, a significant decrease, compared 
to pre-treatment condition, of peak exercise blood 
AOPP levels and a not significant increase of total 
GSH. The evidence of a significant total GSH reduc-
tion in ALS patients strongly suggests that GSH 
depletion could be an important factor in the disease 
pathogenesis. The present study underlines the ben-
eficial effects of antioxidant cysteine-donor therapy 
on biochemical markers of protein oxidation, also 
during exercise, in ALS.

Repetitive transcranial magnetic stimulation
Another approach to modulate glutamatergic cir-
cuits of human motor cortex is represented by 
repetitive transcranial magnetic stimulation (rTMS) 
(Paulus et al., 2008). This technique has potential 
therapeutic effects in several neurological diseas-
es including ALS (Ridding and Rothwell, 2007; 
Lefaucheur, 2008). Repetitive stimulation of the 
motor cortex was performed for five consecutive 
days every month for six consecutive months in 
20 patients with definite ALS participating to a 
double-blind, placebo-controlled trial (Di Lazzaro 
et al., 2006). Results of the study showed that both 
active and sham patients deteriorated during treat-
ment, with active patients having a modest but 
significant slowing of the deterioration rate. Based 
on these findings, Di Lazzaro and colleagues (2010) 
performed a double blind, placebo-controlled trial 
on 20 ALS patients randomly allocated to blinded 
real or placebo stimulation, to test the hypothesis 
that Repetitive Transcranial Magnetic Stimulation 
(rTMS) given as continuous theta burst stimulation 
(cTBS), repeated monthly for one year, would affect 
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disease progression. cTBS of the motor cortex was 
performed for five consecutive days every month for 
one year. Primary outcome was the rate of decline as 
evaluated with the ALSFRS-r. Treatment was well 
tolerated but there was no significant difference in 
the ALSFRS-r score between patients treated with 
real or placebo stimulation. The author concluded 
that although cTBS is a safe procedure, a larger ran-
domized trial would not be justified in ALS patients, 
at least in advanced stage of the disease (Di Lazzaro 
et al, 2010).

Gene therapy in ALS
Accumulation of altered, misfolded and aggregated 
proteins in both fALS and sALS seems to be involved 
in the pathogenesis of the disease. Decreasing levels 
of these proteins, by downregulating the genes 
responsible for such accumulations, may represent a 
therapeutic strategy aimed to ameliorate the disease 
state. Modified antisense oligonucleotides, widely 
distribute throughout the CNS in animals model of 
neurodegenerative diseases. Antisense oligonucle-
otides to SOD1 administered near onset in SOD1 
G93A rats reduced SOD1 in brain and in spinal cord 
and significantly slowed disease progression (Smith 
et al., 2006). Based on these findings, a clinical 
trial using antisense oligonucleotides to SOD1 will 
start in familial ALS patients with SOD1 mutations 
[www.alsa.org].

Stem cell therapy in ALS
Stem-cell transplantation is an attractive strategy for 
neurological diseases. Previous studies conducted 
in neurodegnerative disease animal models gener-
ated optimism about restoring function or delaying 
degeneration in human beings. The restricted poten-
tial of adult stem cells has been challenged over the 
past 5 years by reports on their ability to acquire new 
unexpected fates beyond their embryonic lineage 
(transdifferentiation). Given that evidence, autolo-
gous or allogeneic stem cells, undifferentiated or 
transdifferentiated and manipulated epigenetically 
or genetically, could represent a new therapeutic 
strategy in ALS (Silani et al., 2004).
Although scientifically based clinical trials using 
stem cells to treat neurodegenerative diseases have 
already been carried out, none of them has reached 
a real benefit. Nonetheless, such still no proven 
treatments are somewhere offered around the world, 

in ALS as in other neurodegenerative diseases, 
but with no support of strong rational and scien-
tific basis and with poor clinical management, often 
underestimating the potential risks of this procedure 
(Lau et al., 2008).
For a successful development of stem cell-based 
therapy in neurodegenerative diseases is neces-
sary to establish strict laboratory guidelines, well 
established pre-clinical studies, rigorous clinical 
protocols and follow-ups, in addition to a compre-
hensive dealing with ethical, social and economic 
implications.

Summary

Several years of biochemical and biological experi-
mentations in cells and in transgenic SOD1 animal 
models have yielded a bunch of information on ALS 
pathological mechanisms, suggesting new molecu-
lar targets and possible therapeutic approaches. 
However, most pre-clinical pharmacological stud-
ies failed to translate to ALS patients. The reasons 
underlying this lack of effect might be that ani-
mals used in the studies carry the same mutation 
expressed in a homogeneous genetic background 
and are of the same age, while ALS patients are 
heterogeneous in terms of disease onset, progres-
sion and severity and only a small percentage have 
a familial form of ALS. Furthermore animal studies 
are conducted in different types of animal models, 
with different experimental designs and conditions, 
such as timing and method of drug delivery, motor 
function tests. Genetic studies confirm how differ-
ent molecular pathways can lead to motor neuron 
degeneration (Shatunov et al., 2010). Moreover 
some drugs have been shown to be effective only if 
given before onset, while in ALS patients the thera-
peutic time window varies, depending on time of 
diagnosis and severity of progression.
Although studies in animal models shed lights on the 
pathological mechanisms of the disease, the causes 
of ALS remain obscure. In the last few years the 
concept that ALS is a multifactorial and multisys-
temic disease, where several cell types are affected, 
has emerged. In fact in ALS it has been demonstrat-
ed the occurrence of interactions between motorneu-
rons and glia and between motoneurons and muscle 
(Bruijn et al., 2004). Therefore it is conceivable that 



160 C. CARLESI ET AL.

a combination of therapies addressing the different 
cell types involved as well as intercellular and intra-
cellular mechanisms in ALS could be successful 
in slowing disease progression with an additive or 
synergistic mechanism. Although such combination 
therapy has been successful in oncology, it has to be 
taken into account that multiple drugs administration 
increases the incidence of side effects. It is therefore 
necessary to rationally select pharmacological and 
non-pharmacological approaches for clinical testing 
in patients with ALS in order to evaluate new thera-
pies as they emerge.
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