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SUMMARY 

Introduction and purpose: Amyloid Lateral Sclerosis (ALS) is progressive, cachectic 

neurodegenerative disease. The lack of effective therapy, which could prevent disease 

progression and minimize degeneration of motor neurons, contributes to unceasing 

exploration for novel therapeutic methods. Nanotechnology remains one of the most 

promising areas among novel agents in neurodegenerative diseases treatment. Recent studies 

have shown that application of nanoparticles for drug delivery might develop greater effects 

in ALS treatment. The aim of the study is to analyze literature (database PubMed) for 

potential nanotechnology usage in ALS therapy. 
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A brief description of the state of knowledge: Nanotechnology is one of the most 

promising agent in many aspects of medicine, for example drug delivery, cancer therapy and 

wound healing. There are different kinds of nanoparticles for example gold, silver, metal-

oxide, silica, lipid-based. There was one randomized clinical trial that used nanoparticles to 

improve bioavailability of turmeric, potential anti-inflammatory agent, in patients with ALS. 

This study showed that using nanoparticles is safe. Most of the recent analysis were carried 

out using animal models. Promising results were demonstrated in many studies.   

Conclusions: The available research confirms the usefulness of nanotechnology in increasing 

the effectiveness of ALS treatment. Animal studies have produced surprising results. 

Nanoparticles can improve the absorption of drugs and bioavailability, affecting the clinical 

improvement of patients, which gives new possibilities and therapeutic perspectives for 

patients with ALS. Personalized therapy based on using molecules and profound control of 

such therapy can greatly improve the effectiveness of treating people with ALS. 
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Introduction and purpose:  

Amyloid Lateral Sclerosis (ALS), also known as Motor Neurone Disease (MND), is  

progressive, cachectic neurodegenerative disease, invading both upper and lower motor 

neurons and leading to loss of ability to control muscles and thereafter to paralysis. The 

disease is lethal and death is the consequence of respiratory failure, which is caused by 

respiratory muscles inefficiency [1,2]. The etiology of disease remains unknown, patogenesis 

unclear. In Poland nearly 3 thousand patients happen to suffer from ALS [3]. In Europe 

annual morbidity rate is 2,16, while in the world it is about 1,9  per 100 000 people [4,5]. It is 

forecasted that in 2040 number of ALS cases would increase to 376 674 [6]. Nowadays there 

is no efficient therapy in order to treat ALS. The most recent FDA-approved medicines are 

riluzol and edaravone, yet  few therapeutic options force to search for novel agents in ALS 

treatment. Exploring new therapeutic areas will hopefully contribute to improve patients life 

quality and extend their lifetime [7, 8, 9]. One of the most promising domain is 

nanotechnology, as nanoparticles are widely known for enabling drug delivery although the 

blood-brain barrier (BBB), as BBB is one of the main limitation in central nervous system 

diseases treatment. Nanoparticles not only provide better therapeutic effects, but also are 

believed to demonstrate neuroprotective and neuroactive activities [10]. 

This review analysed the available studies using the "PubMed" database, and the search 

criteria used the search term "nanotechnology amyotrophic lateral sclerosis". The work 

focuses on available and conducted trials. The aim of the work is to assess the use of 

nanotechnology in the treatment of ALS. 
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Description of the state of knowledge: 

Nanotechnology in neurology science: 

Nanotechnology is novel research area, which refers to structures, devices, systems and 

functions at atomic and molecular scale. Nowadays, it’s one of the most promising agent in 

many aspects of medicine, for example drug delivery, cancer therapy and wound healing. 

Currently clinical approved nanotechnology products are simply constructed and do not 

comprise drug components, however the real phenomenon is behind the binding 

nanoparticles with medicines and bioactive molecules, on which aspects latest studies focus 

[11,12,13]. 

There was a few studies based on applications of carbon nanotubes (CNTs) both in vitro and 

in vivo. In vitro studies showed that CNT application can influence neuronal differentiation, 

neural stimulation and neural interface. Specific levels of nanotubes mediate neuronal growth 

and differentiation, by causing neural cells to manifest a stronger reaction on cellular 

adherence and migration and protein expression. Longer and more branching of neurons were 

also distinguished when using CNTs. Studies shown, that combining nanotubes with growth 

substrates is even more beneficial and can be used for imitating nerve construction aiming to 

nerve regeneration. Moreover, CNTs was observed to regulate human neural stem cells 

(hNSCs) by conducting its differentiation, excitation and maturation. Studies suggest, that 

usage of CNTs could be mighty beneficial in various neurological diseases treatment, such as 

tumors, neurodegenerative diseases and stroke [14]. Nanodiamonds (NDs) for example were 

responsible for upregulation of anti-apoptotic factor STAT3 and stimulation of brain-derived 

neurotrophic factor (BDNF), which regulates neuronal growth. NDs also demonstrated ability 

to alter the uptake and storage of neurotransmitters such as GABA and glutamate, which are 

crucial in neurodegenerative disorders pathology. Those findings not only revealed 

neuroprotective aspects of nanoparticles, but also implied possibility to exploit 

nanotechnology for bioimaging, thus earlier disease detection and proper intervention [15]. 

 

Types of nanoparticles used in ALS 

Among all nanoparticles which are used in ALS, we can enumerate such ones as gold, silver, 

metal-oxide, silica, lipid-based nanoparticles [16]. Here, we describe some of those, which 

have the biggest potential in neurodegenerative diseases.  

 The first group - metal nanoparticles include gold, silver and metal-oxide 

nanoparticles, among which gold nanoparticles are the best documented. All of them readily 

cross blood-brain barrier (BBB), have good optical properties, can reduce oxidative stress. 

They are also characterized by cytotoxicity, difficulty to target and lack of degradation. Gold 

nanoparticles (AuNPs) are known due to optical properties of gold core and a surface 

plasmon resonance (SPR), which allow nonoparicels absorb light [17,18]. It can be utilized in 

imaging through X-rays or micro-CT scanning [18,19]. Silver nanoparticles (AgNPs) can be 

injected intraperitoneally and then they can reach the hippocampus fast [20]. In addition, 

silver has antibacterial characteristics, which cause anti-inflammatory effect and reduce 

reactive oxygen species (ROS). However, AgNPs are toxic for neurons and can accumulate 

in central nervous system (CNS) [21,22,23]. Metal-oxide nanoparticles such as iron oxide 

(Fe3O4), cerium oxide (CeO) and zinc oxide (ZnO) are mainly used to reduce oxidative stress 
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in the brain, their properties are used in magnetic resonance imaging (MRI) [24]. Cerium and 

zinc oxide can reduce nitrosative stress, common in neurodegenerative diseases [25]. 

 In the second group quantum dots (QDs) are qualified. They have long photostability, 

good optical properties, they are biocompatibile. The other difference is a way of 

administration - QDs can be aerosolized and they reach the brain rapidly, which, in 

consequence, can induce pro-inflammatory response of microglia. The other disadvantage of 

this nanoparticle is their small size which limits drug delivery [26,27,28]. 

 The next group - lipid nanoparticles include liposomes, micelles, exosomes. 

Liposomes, made of lipid bilayers, are one of the most popular nano carries, because they can 

carry both hydrophilic and lipophilic compounds [29]. One of the studies developed 

liposomes which could enhance delivery of siRNA or plasmid DNA to the cells of the brain, 

thanks to which treatment with stem cell was more effective [30]. Liposomes can be used in 

Alzheimer’s Disease, because they reduced apoptosis, cleared β-amyloid plaques in neurons 

and induced neurogenesis [28]. Micelles are lipid monolayers, much smaller than liposomes, 

so that micelles easily pass the BBB [31]. Exosomes can contain any cellular molecule for 

example proteins, lipids, DNA, RNA and siRNA. Like others lipid nanoparticles, they cross 

the BBB easily. In addition, they can be naturally observed in cerebrospinal fluid (CSF) [32]. 

 

Available trials in the literature:  

There is one double-blind, randomized trial, which enhance the safety and efficacy of 

nanocurcumin as an anti-inflammatory and antioxidant in adults with amyotrophic lateral 

sclerosis (ALS). To take advantage of the absorption of curcumin, gelatin nanoparticles 

(nanomicelles) SinaCurcumin were used. Fifty four patients with ALS were randomly 

assigned into two groups - one control group receiving placebo and other receiving 

nanocurcumin and riluzole, the novel drug approved for ALS therapy. The study showed that 

using nanocurcumin is safe and demonstrated longer survival probability when compared 

with placebo [33]. 

The study conducted by Marcuzzo S. et al. confirmed the effectiveness of using gold 

nanoparticles (NPs) as a carrier for the FM19G11 factor (hypoxia-inducible factor 

modulator). The authors of the study emphasized that FM19G11 is very likely to be able to 

activate the PI3K / AKT and UCP2 signal transduction pathway, which by inducing SOX2, 

OCT4, TERT and miR-19a genes affects epSPC (ependymal stem progenitor cells) cells in 

the spinal cord by inducing their proliferation and self-renewal. The effect on the 

proliferation of epSPC cells may be a potential pathway in counteracting neurodegeneration. 

Researchers confirmed that administration of FM19G11 with NP is more effective than 

administration of FM19G11 alone. NP probably contribute to the penetration of a more 

concentrated dose of the drug into the cell, but the study did not show a direct effect of NP on 

epSPC proliferation [34]. 

Other study exploring nanotechnology in ALS pathogenesis and treatment shows the 

potential use of combining cerium with nanoparticles (CeNPs). Cerium exhibits antioxidant 

properties, whereas the role of oxidative stress in the pathomechanism of ALS is strongly 

emphasized. Nanoparticles would promote cerium penetration into the central nervous system 

and they also show a relatively long duration and activity in brain tissue. An in vitro model 

and mice as experimental animals were used for this study. In the in vitro model, CeNPs 
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demonstrated the ability to resist various forms of oxidative stress in brain tissue, and showed 

a significant extension of cell viability, with the neuroprotective effect being revealed at 

much higher doses. This refers to the length and quality of mice lives - in the CeNPs group 

the rate of decline in the number of mice was lower and animals from this group were less 

likely to fall over [35]. 

The Nabi B et al study presents promising results of using nanoparticles and riluzole in order 

to improve the penetration across the blood-brain barrier. In vivo study used rats as 

experimental animals. Rats were randomized into four groups, in which the first groups 

received RIZ and the others received RIZ, RIZ CSNPs and RIZ-Tf CSNP respectively. In the 

groups treated with RIZ CSNP and RIZ-Tf CSNP, a significant reduction in oxidative stress 

was noted. The results of the pharmacokinetic study showed that CSNP RIZ-Tf nanoparticles 

were significantly better delivered to the brain via the intranasal route compared to the RIZ 

solution. This suggests a promising therapeutic approach to administering riluzole to patients 

with ALS [36]. 

 

Conclusions 

Available studies confirm the usefulness of nanotechnology in increasing the effectiveness of 

ALS treatment. So far, animal studies have produced promising results. Nanoparticles can 

improve drug bioavailability and thus improve clinical outcomes, which gives new 

opportunities in treating ALS patients. Those findings also implied possibility to exploit 

nanotechnology for bioimaging and afterwards earlier disease detection and proper 

intervention. 
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