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List of abbreviations and symbols 

AD – Alzheimer’s disease 

APP - amyloid precursor protein 

Aβ – amyloid beta 

BBB – blood-brain barrier 

CNS – central nervous system 

CSF – cerebrospinal fluid 

HHV-6 - Human herpesvirus 6 

HSV - Herpes simplex virus 

 

 

 

 

Introduction 

Neurodegenerative diseases represent an important field of 21st century neurology, 

being characterized by a continuously increasing incidence and an increased interest from 

researchers, as evidenced by the large number of scientific studies in recent years. 

Alzheimer's disease (AD), the most common neurodegenerative disorder worldwide, is a 

relevant example of the challenges that neurodegenerative diseases bring to the neurologist. 

Thus, despite the many researches carried out to date, there are still many unknown elements 

regarding the etiology and pathophysiology of the disease, as well as the difficulty of early 

detection and curative treatment of the disease. 

The lack of an effective treatment to stop (or even reverse) the neurodegeneration 

process is mainly due to insufficient knowledge of the cellular and molecular mechanisms 

involved in the onset and evolution of neurodegenerative pathologies. Starting with the 

example of Alzheimer's disease, which was originally described in 1906, even after 100 

years of exhaustive research, the hypotheses circulated remain incomplete. Currently, 

research focuses on several directions, the most important being represented by the 

pathological accumulation of beta amyloid, the impact of oxidative stress on neurons and 

chronic neuroinflammation. However, the development of therapies to counteract these 

pathological mechanisms did not have the expected effect, i.e. the significant improvement 

of symptoms, the reduction of brain injury or the increase of the patient's life expectancy. In 
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this sense, for a better understanding of AD, another approach is needed in fundamental 

research, which is initially based on the reinterpretation of some intensely debated theories 

(such as the amyloid hypothesis), and later, on the assembly of heterogeneous theoretical 

information into an unitary pathophysiological picture. 

Amyloid beta (Aβ), a peptide resulting from the pathological cleavage of the amyloid 

precursor protein (APP), although initially described several decades ago in the brains of 

AD patients, currently remains one of the essential biomarkers in the diagnosis of this 

pathology. Moreover, in recent years, Aβ has also become a genuine therapeutic target for 

AD, but also for other neurodegenerative diseases, with the very recent appearance of 

monoclonal antibodies directed against this molecule, with potential beneficial effect for 

patients. Aβ plays a primary role in the pathophysiology of AD, the toxicity of different 

forms of Aβ found in the brain being linked to the rest of the destructive processes (chronic 

inflammation, oxidative stress, accumulation of other proteins with a pathological role, 

neuronal apoptosis) encountered in the central nervous system (CNS) that is affected by 

neurodegeneration. According to the latest research, Aβ seems to have multiple roles also in 

physiological conditions, targeting this molecule from the preclinical stages of AD becoming 

a possible therapeutic and preventive option. 

 

 

I. General part 

Chapter 1: Preliminary considerations on neurodegeneration and 

neurodegenerative diseases. Alzheimer's disease 

1.1. Neurodegeneration in the context of neurodegenerative diseases 

Neurodegenerative diseases represent a heterogeneous group of neurological disorders 

that usually affect the elderly population. The most common neurodegenerative pathology 

is Alzheimer's disease (AD) which, according to the most recent epidemiological data, 

currently affects more than 6 million Americans over the age of 65 (Alzheimer's Association, 

2021). Currently, the exact etiology of AD is not known, with only a few risk factors 

associated with neurodegeneration being observed (Hu & Octave, 2019). In addition, the 

treatments available at present are mostly symptomatic therapies, which have limited effects 

on improving the clinical picture, but fail to stop the progression of the disease (Wareham et 

al., 2022). 
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The central process that causes AD, as well as other neurodegenerative pathologies, is 

neurodegeneration. This process affecting the central nervous system (CNS) is characterized 

by the disruption of connectivity between neurons located in different areas of the brain, by 

the progressive degradation of interneuronal synapses and axons, culminating in extensive 

neuronal loss (Jellinger, 2010). The clinical consequence of this phenomenon is represented 

by the impairment of numerous cognitive, sensory and motor processes, including mainly 

language, memory, motility, vision and hearing (Taipa et al., 2022). This explains the clinical 

picture found in patients with AD, where memory, language and attention are predominantly 

affected. However, other cognitive dysfunctions such as agnosia or apraxia can be 

encountered. 

Although neurodegeneration is centered on the death of neurons, this phenomenon 

would not be possible without the presence of triggering factors, supporting factors and, last 

but not least, the simultaneous damage to other cells in the CNS (Valori et al., 2021). In 

addition, according to recent research, CNS neurodegeneration would also be the result of 

imbalances in the peripheral nervous system (Ma et al., 2021) and the immune system acting 

in the periphery (Zang et al., 2022). 

 

1.2.Risk factors in neurodegenerative diseases 

Multiple studies conducted in the last decades have highlighted genetic factors and 

environmental factors that increase the predisposition to the onset of neurodegenerative 

diseases (Wang et al., 2021). Human genome sequencing studies were needed to identify 

genes that confer an increased risk of AD. This research revealed common molecular 

pathways associated with genes such as APOE4 or CLU, which encode apolipoprotein E and 

apolipoprotein J (also called clusterin) (An et al., 2021). APOE4 is an intensively studied 

risk factor for AD, modulating diverse mechanisms involving pathological protein 

aggregation, supporting inflammation and neurodegeneration (Husain et al., 2021). Other 

genes that undergo autosomal dominant mutations in AD patients, especially in early onset 

Alzheimer's disease, are the APP, PSEN1 and PSEN2 genes (Xiao et al., 2021). These genes 

encode key elements of the amyloid beta cascade, such as amyloid precursor protein (APP), 

presenilin-1 and presenilin-2, components of the gamma secretase complex. 

It is clear that the mere presence of genetic factors is not a certainty for the appearance 

of AD, there is a process on several stages, some still unknown, through which a person 

possessing a certain allele develops clinical manifestations compatible with CNS 

degeneration (Avila & Perry, 2021). Thus, perhaps of greater importance are the 
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environmental factors, many of them modifiable, that have been associated with an increased 

risk for the onset of AD. 

Over time, numerous environmental factors have been studied in association with AD, 

including age, diet, exercise, and exposure to neurotoxic substances, as triggers or 

exacerbating factors of the neurodegeneration cascade. Advanced age is an essential risk 

factor in numerous pathologies, aging having an even more significant influence on CNS 

neurons (Sikora et al., 2021). Among demographic factors, it has been observed that a patient 

has an increased risk of developing AD in case of a lower educational and social level 

(Bodryzlova et al., 2022), while the impact of gender or race still remains incompletely 

elucidated (Mielke et al. al., 2022). As environmental neurotoxic factors, the debate remains 

open regarding the true impact of metal particles in the pathogenesis of AD, through various 

mechanisms such as interaction with APP metabolism or APOE modulation. Most research 

has focused on studying the effects of aluminum, zinc, mercury, copper or magnesium in 

neurodegeneration (Bakulski et al., 2020). In addition, studies have also shown the 

cumulative effect in the case of the association of several metals, the exact mechanisms 

remaining incompletely elucidated (Islam et al., 2022). 

An interesting association is noted between craniocerebral trauma and AD, especially 

in patients with a history of multiple traumatic injuries to the cephalic extremity (Ramos-

Cejudo et al., 2018). The most recent data point towards the fact that the etiopathogenesis of 

AD is influenced by the diet, people with an excessive intake of saturated fats or those with 

a deficiency of vitamin E having an increased risk of developing this disease (Bello-Corral 

et al., 2021). Malnutrition, obesity and diabetes have been associated with 

neurodegeneration, particularly AD. Also, as an exogenous factor with potential 

implications in the appearance and/or evolution could be infections with different pathogens, 

most of them viral. Among the relevant studies on this topic, worth mentioning are the results 

regarding herpes simplex virus (HSV), Epstein-Barr virus or human herpes virus type 6 

(HHV-6) and the increased risk of developing AD (Itzhaki et al., 2021). 

As observed, there is a mosaic of endogenous and exogenous elements that, through 

their cumulative effect and most likely based on an additional mechanism not elucidated to 

date, induce and maintain the neurodegeneration characteristic of AD. 

 

1.3.Theories of neurodegeneration 

Currently, there are several accepted theories regarding the occurrence and evolution of 

neurodegeneration in AD. The temporal criterion is an essential one in the evolution of the 
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degenerative process, diseases characterized by neurodegeneration being the result of the 

accumulation of a toxic substance (endo- or exogenous) or the time-dependent effect of a 

toxic substance previously present in a certain concentration (Modgil et al., 2014). The 

mechanism of action of the risk factors is not a direct one, but a cumulative one, dependent 

on age. One of the common ways of these promoters of neurodegeneration is the increased 

release of oxygen free radicals that, in the case of aging, can no longer be optimally 

countered by physiological neutralization mechanisms, causing disease (Ionescu-Tucker & 

Cotman, 2021). 

Another theoretical approach is based on the “double hit” hypothesis, in which there are 

two distinct key moments that lead to the emergence of the pathological condition (Zhu et 

al., 2007). Similarly, the "multiple hits" hypothesis was generated, in which its authors tried 

to explain the emergence of neurodegenerative pathologies based on multiple and complex 

interactions between bacterial infections, immune dysfunctions and CNS pathology (Patrick 

et al., 2019) . Finally, another interesting, more recent theory is based on the concept of the 

body's "allostatic load" (Guidi et al., 2021). According to this concept, the main risk factor 

is the rate of aging, the age-dependent dysfunction of anatomical systems causing a "wear 

and tear of the body" that includes the loss of synapses and neurons. 

 

Chapter 2: Amyloid beta – from normal to pathological 

2.1. The formation and elimination of amyloid beta 

Amyloid beta (Aβ) is a peptide resulting from the pathological cleavage of the amyloid 

precursor protein (APP) in the amyloidogenic pathway, under the action of β-secretase and 

the gamma-secretase complex. The impact (toxicity) of Aβ in the pathophysiology of AD is 

mainly due to changes in the quaternary structure of the molecule. Along with the 

neurotoxicity of amyloid plaques, monomers and oligomers also play increasingly important 

roles in neurotoxicity leading to neurodegeneration. 

The accumulation of Aβ at the brain level remains the central element in the 

pathophysiology of AD, but not only its excess production, the more the elimination deficit 

has been associated with the late-onset form of AD ("late-onset Alzheimer's disease") 

(Rosas-Hernandez et al., 2020). There are several ways in which Aβ is cleared from the brain 

parenchyma, by intra- and extracellular degradation or by transport to the systemic and 

lymphatic circulation (Tarasoff-Conway et al., 2015). The elimination of cerebral Aβ is done 

in a significant proportion at the BBB level directly in the blood stream, under the action of 
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some specialized transport systems. Mainly responsible for soluble Aβ efflux from the brain 

parenchyma are members of the LDL receptor (LDLR) family, such as LRP1, and ATP-

binding cassette transporters (ABC transporters). There are other pathways for Aβ 

elimination from the CNS, such as intracellular and extracellular degradation, perivascular 

and glymphatic drainage, or absorption from the cerebrospinal fluid (CSF). 

 

2.2. The roles of amyloid beta in physiological conditions 

In recent years, increasing evidence has emerged suggesting that Aβ monomers and 

oligomers have beneficial roles under physiological conditions. In this regard, five main 

directions have been proposed to explain the "protective" role of Aβ under physiological 

conditions: antimicrobial effect, tumor suppressive activity, blood-brain barrier sealing 

ability, promoter of brain damage repair, and regulator of synaptic functioning. 

In vitro cell culture studies have shown that Aβ can reduce the proliferation of several 

bacterial species (Soscia et al., 2010). Aβ reduced the viability of fungal cultures in vitro, 

such as Candida albicans cultures that were inhibited by brain homogenates of AD patients 

(Vojtechova et al., 2022). The antitumor role of Aβ peptide was initially suggested based on 

the inverse correlation between AD and tumor risk. Numerous epidemiological studies have 

shown that patients with AD have a much lower risk of developing cancer compared to 

healthy subjects (Lanni et al., 2021). Regarding the connection between Aβ and the blood-

brain barrier, it is already well known the role that the structural alteration of BBB has in 

supporting the neurodegenerative cascade, leading to the pathological accumulation of Aβ 

in the brain. There are some studies that have shown an increased accumulation of Aβ several 

hours after craniocerebral trauma, with higher accumulations being correlated with better 

recovery (Plummer et al., 2016). Finally, recent research has demonstrated the role of the 

APP molecule in the axonal transport and release of Aβ in the synaptic cleft during neuronal 

activity (Fagiani et al., 2021). Aβ acts on the presynaptic neuron, stimulating the release of 

neurotransmitters, thus supporting the physiological processes that ensure the correct 

functioning of neural memory circuits (Fanutza et al., 2015). 

 

2.3. The roles of amyloid beta in pathological conditions of neurodegeneration 

 

In the case of AD, Aβ has a negative impact on numerous processes in the CNS, 

generating and sustaining neurodegeneration. Synapse dysfunction is one of the main 

consequences of toxic Aβ plaques and is the result of increased synaptic loss without 
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adequate compensatory synaptogenesis (Sciaccaluga et al., 2021). Aβ also negatively 

influences other brain structures, such as Tau protein or α-synuclein. Being closely related 

to Aβ, these proteins express abnormal behavior in neurodegenerative diseases, undergoing 

hyperphosphorylation or other structural changes on the basis of which pathological 

aggregation is sustained. Aβ also has a negative impact at the intracellular level, numerous 

signaling processes being affected, resulting in ionic imbalances, especially the one related 

to calcium (Ca2+). Chronic cellular stress causes reduced metabolic activity, and with regard 

to mitochondria, there is a deficient energy balance, with reduced production of adenosine 

triphosphate (ATP) and a decrease in mitochondrial enzyme activity (Ryu et al., 2021). 

Mitochondrial damage, along with the alteration of cellular homeostasis, also means damage 

to cellular respiration, as the role of mitochondria in glycolysis and maintaining the balance 

of reactive oxygen species is well known (Bell et al., 2021). 

Multiple studies have shown that Aβ activates microglia and astrocytes, cells that 

subsequently produce pro-inflammatory cytokines and chemokines that support a chronic 

inflammatory state (Jung et al., 2022). It also remains important to mention the bidirectional 

link between Aβ and the blood-brain barrier (BBB), the BBB being strongly altered in AD. 

The increased permeability of the capillary endothelium, the degradation of tight junctions 

and the increase in the rate of transcytosis, the detachment of the pericyte from the capillary 

endothelium and the transformation into a phagocytic cell or fibroblast, the activation of 

astrocytes and microglia, these being the most relevant changes observable at the BBB level. 

 

2.4. Amyloid beta as a therapeutic target in Alzheimer's disease 

Considering the importance of Aβ in the complex process of neurodegeneration, with 

Aβ being one of the key molecules that generate and sustain this phenomenon, it is easy to 

understand why researchers have considered Aβ a suitable therapeutic target in anti-

dementia treatment. From a summarized perspective, the control of Aβ balance at the brain 

level can be achieved by modulating two distinct processes: Aβ production (which is 

increased especially in early-onset forms of AD, and in this case, it is necessary to decrease 

it), and clearance of Aβ from the CNS (which is particularly defective in late-onset forms of 

AD, and in this case its increase is required). 

Given that therapeutic attempts based on reducing Aβ production have not led to the 

expected results, recent approaches focus on improving Aβ drainage, both at the cerebral 

and systemic level. Two distinct approaches based on immune reactivity have been used, 

active and passive immunotherapy, which neutralize monomeric and/or oligomeric Aβ 
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molecules, favoring the elimination of the compound. Finally, improving the elimination of 

Aβ from the brain (but also systemic) can also be done through minimally invasive methods, 

such as plasmapheresis, dialysis, or filtering Aβ from different biological compartments 

(including the CSF compartment) and neutralizing Aβ by using antibodies specific. 

 

II. Personal contributions 

Chapter 3: Working hypotheses and general objectives 

The personal contribution section can be fragmented within three distinct studies, the 

first theoretical and the other two practical. The general objectives of the thesis include two 

objectives for each of the three aforementioned studies: 

I. Generation of a new hypothesis regarding the role of Aβ dynamics in the onset 

and evolution of Alzheimer's disease, starting from the classic amyloid 

hypothesis 

II. Generating a hypothesis called the "therapeutic strategy of the cerebrospinal 

fluid compartment" that opens new therapeutic perspectives in Alzheimer's 

disease and other neurodegenerative diseases 

III. Development of a nanoporous membrane capable of filtering soluble Aβ 

molecules (such as monomers and oligomers) 

IV. Development of a biocompatible filtration device capable of filtrating and 

eliminating Aβ from the cerebrospinal fluid compartment 

V. Practical validation of the theoretical hypotheses of study 1 by implantation of 

the Aβ filtration device in a murine model of Alzheimer's disease, with good 

survival of the animal for 4 weeks 

VI. Quantifying the therapeutic effects of the Aβ filtration device in a murine 

model of Alzheimer's disease based on improvement in clinical 

symptomatology and paraclinical parameters 

Chapter 4: General research methodology 
 

To achieve the objectives of the thesis, various laboratory and bioengineering methods 

were applied. Thus, several steps were required for the development of biocompatible 

nanoporous filtration membranes: 

- membrane synthesis through a two-stage anodization process in oxalic acid-based 

electrolytes starting from aluminum discs, 
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- the functionalization of the alumina membrane through the ALD (atomic layer 

deposition) technique, through which several atomic layers were deposited, 

- quality control of the functionalization which was carried out by different 

measurement methods: X-ray diffraction, Raman spectroscopy, infrared spectroscopy, 

scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS) 

and a simultaneous thermal analysis consisting of thermogravimetry and differential 

scanning calorimetry, 

- membrane selectivity measurements to confirm the selectivity of the nanoporous 

membrane for Aβ, 

- evaluation of membrane biocompatibility based on MTT tests. 

Later, after obtaining the biocompatible nanoporous membrane, we imagined and 

assembled an experimental CSF filtration device, consisting of three main components: a 

catheter with the role of connecting the lateral ventricle to the filtration module, the filtration 

module containing the nanoporous membrane with the role of selective filtration of Aβ from 

CSF, and a reservoir where Aβ-rich CSF is sequestered based on an antigen-antibody 

reaction. All the components that make up the device have been individually tested for 

biocompatibility through MTT tests. 

The device thus assembled was implanted on a total of 20 animals, representing 4 

batches of 5 animals each. Specifically, to perform the in vivo studies, 10 C57BL/6 mice 

and 10 APP/PS1 mice were used and administered at well-established time intervals (1 week 

before implantation and 4 weeks after treatment) behavioral tests of the elevated plus maze 

and the Y maze test, and at the end of the treatment period, they were sacrificed, and 

biological samples (blood, CSF, brain and liver tissue) were collected , which were analyzed 

by immunohistochemical methods. Additionally, 10 more animals, 5 C57BL/6 mice and 5 

APP/PS1 mice, were used as negative controls that did not receive treatment. 

 

Chapter 5: Study I: Theory of amyloid beta dynamics and derived 

therapeutic strategies 

5.3. Results 

The first study within the thesis resulted in the production of a review-type article 

(Schreiner et al., 2022a), in which the authors realize two important aspects: 

- first of all, I review the specialized literature existing up to that moment and explain, 
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based on the information already known and demonstrated, the importance of knowing 

the dynamics of Aβ between the compartments of the human body for the appearance 

and evolution of AD; 

- generate a new hypothesis called the "therapeutic strategy of the cerebrospinal fluid 

compartment" with significant therapeutic impact, which they will use as the 

theoretical basis and fundamental principle for the experimental studies in study 3. 

 

Starting from the hypothesis of Aβ dynamics, it is observed that the common point of 

cerebral drainage of Aβ, along with other residual compounds, is the cerebrospinal fluid 

compartment, from where subsequently a significant part of protein residues is directed to 

the peripheral circulation. The cerebrospinal fluid thus becomes an essential therapeutic 

target, this compartment communicating mainly with the cerebral interstitial fluid, but also 

with the internal environment. Through various interventions designed to modify the 

biochemical characteristics of the cerebrospinal fluid (reduction of certain solutes), reducing 

Aβ concentration from this level could also lead to significant changes in brain Aβ peptide 

concentration. Thus, the foundations of the "therapeutic strategy of the cerebrospinal fluid 

compartment" are laid, starting from the dynamic balance of soluble substances between the 

three distinct biological compartments, the cerebral interstitial fluid, the cerebrospinal fluid 

and the peripheral blood. This hypothesis is valid and useful from a practical point of view 

also due to the fact that Aβ (predominantly in the form of monomer and small oligomer) in 

various solutions (CSF or blood under in vivo conditions) is filterable through filtration 

membranes with specific parameters, this being and the main reason for making a filtration 

device capable of separating Aβ from a colloidal solution (see study 2 for details). 

 

Chapter 6: Study II: Development of a biocompatible filtration device 

capable of purifying Aβ from a solution 

6.3. Results 

The first stage of study II consisted in the development of a nanoporous filtration 

membrane capable of filtering soluble Aβ molecules (such as monomers and oligomers). 

Obtaining this membrane was possible following the synthesis process of the alumina 

membrane and the subsequent functionalization of the surface of this structure. All stages 

are presented in detail in the "Material and method" section. Subsequently, an essential step 

is the validation of the membrane functionalization which was performed by spectroscopic 
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analysis based on X-ray diffraction, Raman spectroscopy, infrared spectroscopy and SEM-

EDS analysis. The results proved that the functionalized membrane falls within the desired 

parameters (see graphs below). 

  

Figure 1: Nanoporous membrane analysis by X-ray spectroscopy and Raman 

spectroscopy 

 

The SEM-EDS analysis provides a much more detailed picture regarding the structure 

of the nanoporous membrane. This analysis showed a uniform pore distribution and quasi-

equal sizes of pore diameters. The technological process (mainly the functionalization 

process) to obtain the nanoporous membrane was well done, as the pores of the final product 

had an average size of approx. 17 nm, ideal for Aβ filtration. Theoretically, a pore size below 

25 nm (ideally below 20 nm) is sufficient for selective filtration of Aβ. In addition, by strictly 

controlling the technological process of membrane formation, the obtained pores were much 

more uniform and spatially closer than what was originally considered in the theoretical 

design, that is, an interpore distance of less than 50 nm. The direct impact is the increase in 

filtration efficiency, and given that the required filtration surface can be smaller, further 

miniaturization of the device can be considered. 
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Figure 2: SEM-EDS analysis of the nanoporous membrane at different magnifications (top 

left 50,000X, bottom left 100,000X and right 200,000X) 

 

Finally, a simultaneous thermal analysis consisting of thermogravimetry (TG) and 

differential scanning calorimetry (DSC) was also performed (Figure 3). The sample was 

initially analyzed by DSC in nitrogen up to a temperature of 300°C to observe for 

organic/polymeric contamination, an essential aspect of filters designed to separate organic 

molecules. A weak endothermic process was observed at about 82.5°C, probably due to 

removal of residual moisture. Otherwise, the graph obtained is characteristic for 

uncontaminated inorganic materials. In DSC analysis performed in air up to 500°C, there 

are some weak exothermic processes from 290°C to 375°C, explained by the oxidation of 

traces of carbon and/or phosphorus. No change is observed in TG analysis in nitrogen up to 

700°C, thus reconfirming that the inorganic nanoporous membrane is uncontaminated with 

organic substances. 

 

Figure 3: Simultaneous thermal analysis of the nanoporous membrane (left – DSC 

analysis in nitrogen up to 300°C, middle – DSC analysis in air up to 500°C, right – TG 

analysis in nitrogen up to 700°C) 
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The use of the nanoporous membrane under in vivo conditions requires mandatory the 

demonstration of its biocompatibility. 

The alumina membrane did not influence the viability of MCF-7 cells, the only visible 

effect being the increase in cell number (viable cells). Crude extract increased cell 

count/viability by 13.58%, 1:2 dilution by 17.74% and 1:4 dilution by 19.03%. Furthermore, 

in the case of MDA-MB-231 cells, the alumina membrane extract did not influence cell 

viability; however, there was an increase in the number of live cells. The amplitude was 

lower than in MDA-MB-231 cells, but exceeded the 100% viability of the control group by 

9.45% (crude extract), 10.71% (1:2 dilution) and 13.52 % (1:4 dilution). Statistical 

significance calculated by Student's t-test showed that all differences in cell viability were 

statistically relevant (* ≤0.05, ** ≤0.01). Thus, in this preliminary biocompatibility 

evaluation test, the tested membrane proved to be fully compatible with the two cell cultures 

tested. The results in terms of biocompatibility/toxicity were also promising for the other 

components that, along with the nanoporous membrane, make up the filtration module of the 

prototype. 

 

Figure 4: Viability of MCF-7 and MDA-MB-231 cell lines determined by MTT 

assay after 48 hours of incubation with the membrane extract tested in different dilutions: 1 

concentrated extract, 1:2—1 part extract and 1 part DMEM, 1:4 —1 part extract and 3 

parts DMEM. 

 

This study provides a detailed description of the mandatory steps to achieve an 

efficient and biocompatible device capable of filtering Aβ from the cerebrospinal fluid 

compartment. The nanopore filtration membrane remains the central component of the 

device, and obtaining a functionalized alumina nanostructure by the ALD technique is a 

viable and preferable option, especially considering the technological advances in the field 
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of bioengineering. Finally, this study opens new perspectives for improving the design of 

experimental cerebrospinal fluid filtration devices and for the development of new 

biocompatible, miniaturized prototypes that can be easily and cost-effectively produced on 

an industrial scale. 

 

Chapter 7: Study III: Clinical and paraclinical effects of Aβ 

filtration from the cerebrospinal fluid in a murine model of Alzheimer's 

disease 

 

7.3. Results 

Starting from the hypotheses detailed in study I, this third study had three main 

objectives. First of all, we wanted to validate the theoretical notions in practice by implanting 

the experimental Aβ filtration device in a murine model for Alzheimer's disease (APP/PS1 

mouse). Along with the successful implantation of the Aβ cerebrospinal fluid filtration 

prototype, the aim of the study is to maintain long-term viability (minimum 4 weeks) of the 

mouse with the mounted device. Secondly, at the end of the trial period, based on clinical 

(behavioral studies) and paraclinical (study of biomarkers in various biological samples) 

analyzes, the therapeutic effect of this method was quantified, conclusions being drawn 

regarding the possibility of using this method in daily neurological practice in the future. 

Finally, after sacrificing the mice, a number of five filtration devices were recovered, and 

the effect of 4 weeks of treatment on the nanoporous membrane was studied. Tracking post-

treatment membrane structural changes such as protein residue accumulation and pore 

clogging can be considered an indirect method of tracking the efficiency of this device. 

Except for the two L0 groups that were used as control groups, the remaining 20 mice 

benefited from implantation of the Aβ filtration device. The surgical procedure (detailed in 

the "Material and method" chapter) involved several steps, each with its own peri- and post-

procedural risks. However, for the groups in the present study, surgery had a 100% success 

rate (no intraoperative deaths). Moreover, during the 4 weeks after the intervention, the 

animals were followed daily in order to detect as early as possible any alteration of the 

general condition or the appearance of complications. With the exception of some skin 

dehiscences in the areas adjacent to the cannula implantation, which occurred in 5 of the 20 

animals during the first week after the procedure, we did not report any other adverse effects 

such as infections, changes in the general status or death. The main causes for changes in the 
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integrity of the skin are diverse, from reasons related to the reduced thickness of the skin in 

the area of the cephalic extremity, the individualized rate of postoperative recovery, elements 

related to the device such as the increased dimensions of the cannula compared to the 

cephalic extremity of the mouse, the high tension of the catheter located immediately 

subcutaneous, to problems related to the quality of the materials and the technique used in 

performing the final suture. 

In order to demonstrate the efficiency of the method of removing Aβ from the 

cerebrospinal fluid with the help of the filtration device developed previously, we quantified 

both from a clinical and a paraclinical point of view the results obtained within the groups 

of mice that benefited from this treatment. 

On the clinical side, we looked at two distinct but correlated parameters, namely the 

degree of anxiety and short-term memory. Both parameters are closely related to the 

cognitive deficit found in Alzheimer's disease. The results obtained in the case of groups that 

benefited from treatment with antibody solution are encouraging, observing a decrease in 

the general degree of anxiety in these animals. The same results cannot be found in the case 

of the control groups, further evidence for the therapeutic effect of anti-Aβ antibodies in the 

context of CSF filtration. Also, from the behavioral point of view, a slight improvement of 

the memory deficit is observed only in the group of APP/PS1 mice that benefited from 

treatment with antibody solution. The cognitive decline recorded in the other groups further 

suggests a negative effect of this treatment in WT mice, with excess clearance of Aβ from 

the CSF leading to cognitive impairment. It should be noted that the results were obtained 

from small study groups, and studies with more subjects are needed to confirm these trends. 

 

 

Figure 5: The final data on the reduction of the degree of anxiety in the tested mice 

after the treatment period 
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Regarding the paraclinical data, relevant results could only be obtained in the case of 

brain tissue samples. Limitations due to the small amount of CSF and blood in the mice used, 

as well as contamination during sample collection, resulted in a very small number of 

adequate liquid samples for subsequent analysis. Although not statistically significant, the 

partial results support the efficacy of the experimental treatment in decreasing CSF Aβ levels 

in APP/PS1 mice. Similarly, a (statistically insignificant) decrease was also observed in the 

brain Aβ concentration, demonstrating the dynamic balance of Aβ between the central 

compartment and the peripheral compartment. It should be noted that this experimental 

treatment has negative effects in healthy control subjects, where cognitive decline and excess 

accumulation of Aβ in the brain were recorded. 

 

 

Figure 6: Brain Aβ concentration before and after treatment 

 

Finally, the five filtration devices used in batch L2APP were recovered, from which 

the nanoporous membranes were taken for further tests. Based on the results of the combined 

SEM and EDS analysis, significant accumulations of proteins were visualized leading to the 

reduction of the pore size, their incomplete clogging, ultimately diminishing the filtration 

efficiency of the nanomembrane. The reduction in pore diameter, from 17 nm to an average 

of 11 nm, was inhomogeneous, affecting the nanomembranes differently and 

unsystematically. Despite the protein residues, the membrane fouling was not total, it 

retained an efficiency of about 60-75% even after continuous filtration for one month. 

Limiting the clogging of the filtration membrane is another important objective in the 

process of obtaining an ideal membrane, with bio-medical applications. Moreover, avoiding 

the accumulation of residues maintains its efficiency and ensures a longer life of the 

membrane. Membrane polarization is a common and unavoidable phenomenon that supports 
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the unwanted accumulation of organic residue within osmotic membrane processes, leading 

to the unwanted reduction of transmembrane flux. Current strategies to limit concentration 

bias include adjusting hydrodynamics, flux management, and membrane design 

optimization. The optimization of the filtration membrane can be done based on the precise 

adjustment of both the chemical nature and the physical nature of the membrane pore 

surface. In this sense, the ALD technology, also used in the case of the membranes in the 

present study, is one of the solutions for improving the membrane surface and reducing the 

polarization phenomenon. 

 

 

Figure 7: SEM analysis of the nanoporous filtration membrane after the 4-week 

treatment period: a) basal surface, 250,000X magnification; b) apical surface, 200,000X 

magnification; c) apical surface, 400,000X magnification. 

 

The high degree of organic matter (protein) accumulation at the level of the 

nanoporous membrane was additionally found in the simultaneous thermal analysis (TG and 

DSC). Two thermal phenomena were detected at 221°C and 300°C, characteristic of the 

decomposition of protein substances, specifically the Aβ residues clogged at the level of the 

nanopores. These results lead to two conclusions: on the one hand, they are an indirect way 

that attests, through the accumulation within the pores of the nanomembrane, the good 

functioning and effectiveness of the filtration device, and on the other hand, they show the 

fact that a period of approximately 4 weeks is optimal lifetime of the nanoporous membrane 

used in this study. It is thus required to change the nanoporous membrane after one month 

of use if the device is to be used longer term in future studies. 

 

8. Conclusion and personal contribution 

Alzheimer's disease remains the most common neurodegenerative pathology in 
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Romania and worldwide, and its prevalence is expected to increase in the coming decades. 

Even though a lot of research is being done on the etiology, pathophysiology and treatment 

of this disease, the results are still modest. 

Among the currently accepted theories regarding the onset and progression of 

Alzheimer's disease, the amyloid hypothesis is the most consistent. Based on the 

anatomopathological results, the main marker is considered to be the pathological 

accumulation of Aβ in the brain, in the form of senile plaques. Aβ thus becomes a key 

element for both experimental research and a genuine therapeutic target. 

Starting from the classical version of the amyloid hypothesis, we reinterpreted the 

classical view based on the most recent findings. Thus, we generated a new hypothesis, based 

on the role of Aβ dynamics between the different compartments of the human body (CNS, 

CSF and peripheral circulation). Alteration of Aβ dynamics, mainly a defective clearance, 

lead to the onset and progression of Alzheimer's disease, especially the late-onset form. 

Based on the impairment of Aβ dynamics in neurodegeneration, studies have 

demonstrated the superiority of therapies based on improving Aβ clearance from the brain 

compared to treatment based on slowing/stopping production. In this context, we generated 

a new hypothesis that may have therapeutic importance, which we termed the "therapeutic 

strategy of the cerebrospinal fluid compartment". According to this new approach, starting 

from the hydrodynamic equilibrium of soluble Aβ between the brain interstitial compartment 

and the CSF compartment, the removal of Aβ from the CSF would cause a decrease in the 

level of Aβ from the brain. Furthermore, clearance of Aβ from the CSF has a superior impact 

on brain Aβ levels compared to clearance from the systemic circulation. 

To put into practice the previously mentioned theoretical concepts, the central part of 

the thesis was the development of a biocompatible device capable of filtering the 

cerebrospinal fluid and purifying Aβ from this level. The main component of this device is 

the nanopore filtration membrane, capable of selectively filtering soluble Aβ molecules 

(such as monomers and oligomers). 

Obtaining the nanoporous membrane capable of filtering Aβ is the result of two 

distinct processes: initially, the synthesis of the alumina membrane and subsequently the 

surface functionalization of this structure through the ALD technique. Once obtained, the 

membrane must undergo a careful check to confirm the parameters, quality and 

biocompatibility of the nanopore structure. 

The first aspect consists in confirming that the membrane functionalization process 

has proceeded according to specifications, in this sense the following techniques are used: 
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X-ray diffraction spectroscopy, Raman spectroscopy, infrared spectroscopy, scanning 

electron microscopy (SEM) with spectroscopy energy dispersive X-ray (EDS) and a 

simultaneous thermal analysis consisting of thermogravimetry and differential scanning 

calorimetry. Then, the selectivity of the final product for Aβ molecules and finally the 

biocompatibility based on the MTT assay were checked. Finally, after validation, the 

nanoporous membrane was incorporated into the experimental CSF filtration device. 

Demonstration of the theoretical concepts was possible by implanting the previously 

developed device in a murine model simulating Alzheimer's disease. In the study, we 

presented in detail the surgical technique of implanting the device, as well as the methods of 

collecting biological samples after the treatment period. 

The surgical technique had a 100% success rate (no peri- or post-surgical deaths). 

Afterwards, throughout the treatment period totaling 4 weeks, the animals were carefully 

monitored, with no major local or general complications. 

Demonstration of the efficiency of the CSF filtration method using the experimental 

device was done by quantifying the clinical and paraclinical effects. Regarding the clinical 

side, we followed two parameters, the degree of anxiety and short-term memory, both 

parameters being closely related to the cognitive deficit found in Alzheimer's disease. In the 

groups of APP/PS1 mice that received treatment with the antibody solution, a decrease in 

overall anxiety and a slight improvement in short-term memory deficits were observed. 

Regarding the paraclinical data, relevant results could only be obtained in the case of 

brain tissue samples. After treatment, a (statistically insignificant) decrease in brain Aβ 

concentration in APP/PS1 mice was observed, demonstrating the dynamic balance of Aβ 

between the central and the peripheral compartment, thus the validity of the therapeutic 

procedure. 

In addition, the five filtration devices used in mice from the L2APP group were 

recovered, from which the nanoporous membranes were retrieved for retesting. Based on the 

results of the combined SEM and EDS analysis, significant accumulations of proteins were 

visualized leading to the reduction of the pore size, their incomplete clogging, ultimately 

diminishing the filtration efficiency of the nanomembrane. This high degree of accumulation 

of organic matter (protein) was additionally found in the simultaneous thermal analysis (TG 

and DSC). These results indirectly show the correct and efficient operation of the filtration 

device. 

In conclusion, the treatment based on the forced removal of Aβ from the CSF 

compartment is a viable therapeutic modality with promising perspectives in the treatment 
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of Alzheimer's disease. Based on the results of the present study, the optimal lifetime of the 

prototype used in this research is 4 weeks. It is thus required to change the nanomembrane 

(or the whole assembly if possible) after one month of use, if it is desired in future studies to 

use the device for a longer period. 
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