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ABSTRACT 
 
 
This project was intended to conduct experimental studies on the effects of two types of 
electromagnetic (EM) waves on living states with potential applications as novel therapeutic 
modalities. The first part of this study, conducted in collaboration with the University of Alberta, 
involved cancer research and specifically explored potential therapeutic applications of 
photobiomodulation (PBM). PBM involves the use of non-ionizing EM radiation in the range 
between infrared and ultraviolet to induce biological effects on cells, tissues and organisms. The 
devices used for the experiments were the Bioptron device, which emits a hyperpolarized light 
beam (HPL) at 40 mW/cm², and the Vielight NeuroPro device, which utilizes an infrared light 
beam at 60 mW/cm² with a 10 Hz frequency sweep. Three different cancer cell lines were used 
in the experiments, namely: PC3, HeLa, and MCF7. The study focused on analyzing cell 
viability, morphological changes, ATP production, and metabolic shifts. The first step of the 
experiment involved culturing the aforementioned cells under standard conditions to promote 
proliferation and obtain statistically significant data for analysis. Subsequently, part of the 
samples was exposed to HPL (via Bioptron), while the remaining samples were exposed to 
infrared light (via Vielight). After irradiation, cell viability was first assessed using the Alamar 
Blue assay, followed by the analysis of key cytoplasmic proteins: actin, tubulin, and 
mitochondrial morphological changes through immunofluorescence staining. Finally, ATP 
production and metabolic shifts were quantified using the Glycolysis/OXPHOS Assay Kit. 
 
The study highlighted a biphasic cellular response to light irradiation: short exposure reduced 
cell viability, suggesting initial stress, whereas longer exposure produced variable effects, 
promoting proliferation in some cases and cell death in others. The Bioptron device induced 
more pronounced cellular changes than the Vielight NeuroPro device, with morphological 
alterations such as cytoplasmic shrinkage and potential mitochondrial damage. Metabolic 
assessments indicated a shift in energy production pathways following irradiation. Some 
experimental sets showed increased glycolytic activity with reduced mitochondrial ATP 
production, while others exhibited the opposite trend. This metabolic reprogramming appeared to 
be influenced by both the irradiation conditions and the specific cell line. An interesting finding 
was the role of the culture medium, which seemed to mediate the effects of electromagnetic 
waves, suggesting a complex interaction between light, the extracellular environment, and 
cellular response. The results suggest the therapeutic potential of PBM and HPL but emphasize 
the need for precise optimization of treatment protocols.  
 
In the second part of the thesis, conducted in collaboration with the University of Bologna, 
experiments were performed to study the effects of PBM on the Tau protein, which is involved 
in Alzheimer's disease (AD). The experiments were conducted on rat brain slices obtained using 
a Vibratome and preserved in artificial cerebrospinal fluid (ACSF) at 4°C to maintain slice 
viability throughout the process. Before applying the discussed therapy, a subset of samples 
underwent Tau protein hyperphosphorylation mimicking a key aspect of the AD through a 
gradual temperature reduction. The samples were analyzed using WesternBlot to assess the 
behavior of the Tau protein and its potential phosphorylation under the experimental conditions. 
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1 INTRODUCTION 

 
This thesis explores the potential therapeutic applications of photobiomodulation (PBM) and 
hyperpolarized light (HPL) in two distinct areas of significant medical concern: cancer 
treatment and Alzheimer's disease (AD). By investigating the effects of these light-based 
therapies on various cellular processes and protein dynamics, this research aims to contribute to 
the growing body of knowledge in these fields and potentially uncover new avenues for 
treatment. 
The motivation behind this study stems from the urgent need for innovative therapeutic 
approaches in both cancer and Alzheimer's disease. Cancer remains one of the leading causes 
of death worldwide, with conventional treatments often accompanied by severe side effects and 
limited efficacy in certain cases. Similarly, Alzheimer's disease represents a growing global 
health crisis as populations age, with current treatments offering limited benefits in slowing 
disease progression. Recent studies have highlighted the potential of light-based therapies in 
modulating cellular processes and neurological functions, sparking interest in their application 
to these challenging medical conditions. 
 
In the realm of cancer research, photobiomodulation has shown promise in influencing cancer 
cell behavior, potentially offering a non-invasive approach to complement existing treatments. 
Research have demonstrated that PBM can induce apoptosis in certain cancer cell lines while 
potentially enhancing the efficacy of chemotherapeutic agents. However, the effects appear to 
be highly dependent on factors such as light parameters, cancer type, and experimental 
conditions. This variability underscores the need for comprehensive investigations to elucidate 
the complex interplay between PBM and the molecular landscapes of different cancer types. 
 
For Alzheimer's disease, recent research has shown promising results in using light therapy to 
modulate neural activity and potentially mitigate disease progression. Recent studies have 
demonstrated that PBM can improve mitochondrial function, increase ATP production, and 
reduce oxidative stress in neural tissues, all of which are crucial factors in maintaining neuronal 
health. Furthermore, investigations into the effects of light therapy on key proteins involved in 
AD pathology, such as Tau and beta-amyloid, have opened new avenues for potential 
interventions. 
 
The primary objective of this thesis is to systematically investigate the effects of PBM and 
HPL on cancer cells and AD-related proteins under various experimental conditions. For the 
cancer-focused portion of the study, we aim to elucidate the impact of different irradiation 
parameters on cell viability, morphology, and metabolic activity across three distinct cancer 
cell lines: PC3, HeLa, and MCF7. This comparative approach allows us to explore the cell-
specific nature of responses to light therapy and potentially identify optimal treatment protocols 
for different cancer types. 
 
In the Alzheimer's disease component, our goal is to examine how PBM and HPL influence 
key proteins involved in AD pathology, specifically Tau1, pGSK3β, and p-tau205. By 
conducting experiments under different temperature conditions and exposure durations, we 
seek to uncover the potential of these light-based therapies in modulating protein dynamics 
relevant to AD progression. 
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The methodology employed in this research involves a combination of in vitro cellular 
experiments and protein analysis techniques. For the cancer studies, we utilized two distinct 
light sources: the NeuroPro Device Module A, emitting near-infrared light, and the Bioptron 
Pro 1 device, producing hyperpolarized light. Cell viability was assessed using the Alamar 
Blue assay, while morphological changes were evaluated through immunofluorescence 
staining. Metabolic shifts were analyzed using a Glycolysis/OXPHOS Assay kit to provide 
insights into the impact of light therapy on cellular energetics. 
 
For the Alzheimer's disease experiments, we employed a novel approach of using rat brain 
slices subjected to different temperature conditions to mimic aspects of AD pathology. Western 
blot analysis was used to quantify changes in protein levels and phosphorylation states 
following light therapy treatments. 
 
The structure of this thesis is organized into several key chapters. Following this introduction, 
Chapter 2 provides a comprehensive review of the current state of the art in 
photobiomodulation and hyperpolarized light therapy, with specific focus on their applications 
in cancer and Alzheimer's disease. Chapter 3 details the materials and methods used in our 
experiments, ensuring reproducibility and transparency in our research approach. Chapters 4 
and 5 present the results of our cancer and Alzheimer's disease studies, respectively, offering 
detailed analyses of our findings. Chapter 6 provides a comprehensive discussion of these 
results, contextualizing them within the broader scientific literature and exploring their 
implications for future research and potential clinical applications. Finally, Chapter 7 concludes 
the thesis by summarizing our key findings and outlining future directions for research in this 
promising field. 
 
Our preliminary findings suggest complex and often cell-specific responses to light therapy in 
cancer cells, with variations in viability, morphology, and metabolic activity depending on 
irradiation parameters and cell type. In the Alzheimer's disease experiments, we observed 
intriguing changes in protein levels and phosphorylation states following light therapy, 
particularly under different temperature conditions. These results highlight the potential of 
PBM and HPL as therapeutic modalities while also underscoring the critical need for careful 
optimization of treatment protocols. 
 
In conclusion, this thesis aims to provide a comprehensive exploration of the effects of 
photobiomodulation and hyperpolarized light on cancer cells and Alzheimer's disease-related 
proteins by elucidating the cellular and molecular responses to these innovative light-based 
therapies. The complexity of our findings emphasizes the need for continued rigorous 
investigation in this field, paving the way for potential breakthroughs in the treatment of cancer 
and Alzheimer's disease. 
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2 STATE OF THE ART 

2.1 Background on Electromagnetic fields  

 
 
Electromagnetic fields (EMFs) are a fundamental part of the physical world. This chapter looks 
at the complex traits of these fields, examining their features, sources, and possible impacts on 
living beings, particularly focusing on how they interact with human bodies (Markov, 2015a; 
Vecchia P. et al., 2009). EMFs consist of both electric and magnetic fields that work together in 
a balanced way. Understanding the details of this balance is important for explaining the basic 
rules that govern how they act. 
 
Electric fields come from groups of stationary charges and affect charged particles around them 
(Popović & Popović, 1999). These fields can store and transfer energy and direct the paths of 

charged particles using forces. On the other hand, magnetic fields are created by moving 
charges or currents. These fields appear as invisible lines of force that surround and impact the 
movement of charged particles in their area (Rein, 2004). 
In static conditions the electric and magnetic fields are clearly distinguishable, although their 
real nature is seen only in dynamic contexts where they are closely connected. When electric 
and magnetic fields are time-varying, they are indistinguishable, spreading in space as 
electromagnetic waves, which are controlled by the fundamental principles of 
electromagnetism. 
 
These foundational principles simplify the immense understanding offered by the laws of 
electromagnetism and are a quantitative tool for analyzing and predicting electromagnetic 
behavior. They are the cornerstone of many applications across various fields including 
electrical engineering, optics and quantum physics, and thus enable us to harness the 
electromagnetic system to advance scientific and technological progress. 
 
In this framework, electromagnetic fields are involved in human physiological processes 
(Markov, 2015a) from internal biological activities (endogenous EMFs) generated EMFs. In 
addition, there is an external factor that has a significant impact on these fields (exogenous 
EMFs). 
 
These are not only secondary effects but are important in many physiological functions and 
cellular communication mechanisms (Funk, 2015a; Raines, 1981b; Zura et al., 2015a). On the 
cellular level, research has revealed that cells produce and react to electromagnetic fields 
during normal physiological functions (Markov, 2015b). The movement of ions across cell 
membranes - a process facilitated by ion channels and pumps that regulate their selective 
permeability - establishes electrical gradients and currents called membrane potentials. 
These factors play a role in shaping the overall electromagnetic environment within the body 
(Levin, 2014; Thar & Kühl, 2004a). The potentials arise from the movement of charged 
particles, which create localized electromagnetic fields that are part of the body's natural EMF 
landscape. Metabolic processes that include oxidation-reduction reactions and electron transfer 
also generate localized electromagnetic fields. Therefore, energy production driven by 
metabolism encompasses all biosynthetic pathways (Funk, 2015b; Hammerschlag et al., 2015; 
Zura et al., 2015b). 
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As the “powerhouses of the cell”, mitochondria are also important in the generation of 

endogenous electromagnetic fields (EMFs). The process of ATP production involves creating 
electrochemical gradients through a series of redox reactions in the mitochondrial inner 
membrane known as the electron transport chain (Amaroli et al., 2021; Fantin et al., 2006; Thar 
& Kühl, 2004a). In addition to singularly acting reactive oxygen species, these signaling 
molecules aid in tuned modulation of electromagnetic fields and eventually cellular signaling 
pathways. Electron movement within proteins enables them to act as electromagnetic 
transceivers, enhancing the complex web of endogenous EMFs. (Thar & Kühl, 2004b). 
 
Above the level of the individual cells, the human body displays large-scale electromagnetic 
phenomena. The nervous system uses action potentials, which are electrical signals generated 
by the movement of ions through neuronal membranes and create localized electromagnetic 
fields required for communication and brain activity. Such fields are responsible for diagnostic 
methods, including EEG and MEG. (DialoguesClinNeurosci – 16 – 93, Wiginton et al., 2022). 
The heart also produces powerful electromagnetic fields owing to the synchronized 
depolarization and repolarization of the cardiac cells that are necessary for the rhythmic 
contractions of the heart. These cardiac fields can be measured outside the body and are used 
for diagnosis with ECG and MCG. (Belenkov & Ryff, 1981). Both systems emphasize the 
astounding capacity of the human body to utilize endogenous electromagnetic fields for 
physiological processes and medical practices. 
 
The existence of endogenous electromagnetic fields (EMFs) is well-documented, yet their 
precise functions and mechanisms in biological processes remain a topic of ongoing 
investigation. An intriguing theory suggests that these EMFs might facilitate long-range 
interactions between biomolecules, such as proteins, by enabling rapid and efficient binding 
beyond the constraints of Brownian diffusion. This proposed mechanism could enhance the 
coordination of complex biological processes. 
Additionally, endogenous EMFs are hypothesized to play a role in facilitating intercellular 
communication and coordinating processes like circadian rhythms. This could provide a means 
for cells to synchronize their activities and respond to environmental cues, contributing to 
overall homeostasis and biological system regulation. Patterns of resting membrane potentials 
and endogenous EMFs have been suggested to guide developmental processes and tissue 
regeneration, potentially serving as a blueprint for cellular organization and differentiation. 
In a more speculative context, endogenous EMFs have been proposed as a means for non-
chemical communication between organisms, facilitating interactions such as plant-plant and 
animal-plant communication. This concept, often referred to as "biofield interactions," implies 
that living beings might exchange information and influence each other through the modulation 
of their electromagnetic fields, potentially revealing new insights into the interconnectedness of 
life. 
Through this exploration of endogenous EMFs, we gain a deeper understanding of the intricate 
electromagnetic phenomena that permeate the human body. From cellular electrochemistry to 
larger-scale phenomena like neuronal conduction and cardiac rhythms, these fields are integral 
to our existence. As we continue to unravel the mysteries of life, studying endogenous EMFs 
promises to unveil new insights into the fundamental mechanisms governing biological 
processes, potentially leading to therapeutic applications and a deeper understanding of the 
natural world. 
 
Exogenous electromagnetic fields (EMFs) originate from external sources and can interact with 
biological processes, influencing cellular functions. Research indicates that these external fields 
have various effects on bone cells, crucial for bone remodeling and homeostasis, depending on 
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factors like frequency, intensity, and exposure duration (Caliogna et al., 2021; Zhang et al., 
2020). The effects on bone cells vary based on cell type, differentiation stage, and experimental 
conditions. Exogenous EMFs are categorized into low-frequency, radiofrequency, and pulsed 
electromagnetic fields (PEMFs), each with distinct effects on cell proliferation, differentiation, 
and signaling pathways. 
 
Low-frequency EMFs influence bone cell proliferation and differentiation by modulating 
signaling pathways and calcium homeostasis (Costantini et al., 2022; Lei et al., 2017). 
Radiofrequency EMFs have been linked to increased osteoblast activity through specific 
signaling pathways (Atay et al., 2009; Gonul et al., 2016). PEMFs enhance bone repair by 
modulating calcium signaling and stimulating growth factors (Ceccarelli et al., 2013). 
Additionally, natural EMFs like geomagnetic fields and cosmic rays contribute to the human 
EMF baseline, influencing physiological processes such as circadian rhythms (Füllekrug & 
Fraser-Smith, 2011; Vainio et al., 2009). However, more research is needed to fully understand 
these effects on human health. 
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2.2 Background on cancer 

 
Cancer remains the second most common cause of death globally, claiming millions of lives 
each year. Its impact not only places a significant financial strain on healthcare systems but 
also profoundly affects individuals who must cope with the disease. Despite substantial 
progress in understanding cancer biology and developing new treatments, the disease's 
complexity and variability continue to present significant challenges. 
 
Cancer is distinguished by unchecked cell proliferation and the capacity to invade and spread to 
other parts of the body. Hanahan and Weinberg's seminal work introduced a framework known 
as the "Hallmarks of Cancer," which outlines the fundamental characteristics of the disease. 
These hallmarks include sustained signalling for cell growth, evasion of growth inhibitors, 
resistance to cell death, acquisition of replicative immortality, induction of blood vessel 
formation, activation of invasion and metastasis, reprogramming of energy metabolism, 
evasion of immune responses, promotion of tumor-related inflammation, and genomic 
instability. 
 
At the core of cancer lies a complex interaction of genetic and epigenetic changes that disrupt 
the delicate regulatory mechanisms governing cellular processes. These changes can result 
from inherited genetic predispositions, environmental exposures, and lifestyle factors, 
highlighting the multifaceted nature of cancer's development. 
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2.2.1 Cell-lines characteristics 

 
This study sought to explore the potential impacts of photobiomodulation (PBM) and 
hyperpolarized light (HPL) on several cell lines by exposing them to two distinct 
electromagnetic field (EMF) spectrum ranges. Specifically, the investigation focused on three 
cancer cell lines, each with unique characteristics that are detailed below: 
 
- The PC3 cell line is derived from a human prostatic adenocarcinoma and represents one of 

the most aggressive forms of prostate cancer. Originating from a bone metastasis of a grade 
IV prostate cancer, PC3 cells are characterized by their lack of functional androgen 
receptors (AR) and absence of prostate-specific antigen (PSA) expression. Additionally, 
they express neuroendocrine markers and the stem cell marker CD44, distinguishing them 
from other prostate cancer cell lines (Tai et al., 2011). 
 

- The MCF7 cell line is derived from a human breast adenocarcinoma and serves as a model 
system for studying hormone receptor-positive breast cancers. Established from a pleural 
effusion of a 69-year-old woman with metastatic breast cancer, MCF7 cells exhibit a 
molecular profile similar to the luminal A subtype of breast cancer. Notably, they express 
estrogen receptor (ER) and progesterone receptor (PR) but are negative for human 
epidermal growth factor receptor 2 (HER2). Their well-defined molecular profile and 
responsiveness to hormonal stimuli make them a reliable platform for evaluating 
therapeutic agents (Baxter et al., 2017a; Welsh, 2013). 

 
- The HeLa cell line is derived from a cervical adenocarcinoma and was established in 1951 

from the tumor cells of Henrietta Lacks. HeLa cells have been instrumental in numerous 
scientific breakthroughs due to their unique ability to divide and proliferate indefinitely in 
culture. This property is attributed to the reactivation of the telomerase enzyme, which 
maintains telomere length. HeLa cells are also highly susceptible to viral infections, making 
them a valuable model for studying viral replication and pathogenesis (Masters, 2002). 
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2.2.2 Warburg effect 

 
Cancer is characterized by uncontrolled cell proliferation and metastasis, accompanied by 
profound alterations in cellular metabolism (Ward & Thompson, 2012a). The Warburg effect, 
named after Otto Warburg, describes the unique metabolic phenotype observed in cancer cells, 
where they preferentially utilize aerobic glycolysis for energy production, even in the presence 
of sufficient oxygen (Otto, 2016a). This phenomenon was first observed by Warburg in the 
1920s, who noted that cancer cells exhibit a significant increase in lactate production compared 
to normal cells, despite similar oxygen consumption rates (Liberti & Locasale, 2016a). 
 
The Warburg effect is a hallmark of cancer metabolism, supporting rapid cell growth and 
survival by enhancing glucose uptake, increasing glycolytic flux, and reducing oxidative 
phosphorylation (Vander Heiden et al., 2009a). Cancer cells overexpress glucose transporters 
like GLUT1 to sustain high glycolytic rates, producing ATP rapidly, albeit less efficiently than 
oxidative phosphorylation (Hardie, 2022; Pascale et al., 2020). The reliance on glycolysis 
allows cancer cells to maintain redox balance through the pentose phosphate pathway, crucial 
for counteracting oxidative stress and supporting anabolic reactions (Vander Heiden et al., 
2009a). 
The elevated lactate production in cancer cells acts as a signalling molecule, influencing the 
tumor microenvironment by acidifying surrounding tissues, which promotes invasion and 
metastasis while suppressing immune responses (Liberti & Locasale, 2016a; Otto, 2016a). This 
metabolic shift contrasts with normal cells, which primarily rely on mitochondrial oxidative 
phosphorylation for ATP generation under aerobic conditions. 
 
The Warburg effect is significant not only for its widespread presence across various cancer 
types but also for its potential as a diagnostic and therapeutic target. Its discovery has 
fundamentally altered our understanding of tumor biology, opening new avenues for cancer 
research and treatment strategies. 
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2.3 Background on Alzheimer's disease 

 
Alzheimer’s disease (AD) is a neurodegenerative disease first described in 1907 by Aloise 
Alzheimer, and, among other forms of dementia, it’s considered the most common, accounting 
for up to 70% of cases, it is also classified as one of the leading causes of death for individuals 
over 65. As a matter of fact, age is the factor that contributes most to the development of AD, 
even though both genetic and environmental factors play a part. The typical symptoms of 
Alzheimer’s disease are memory loss in the early stages, but as the disease develops, other 
symptoms such as anxiety, rage, petulance, sadness, sleeplessness, and delusions start to appear 
(Calabrò et al., 2020). Alzheimer’s Disease is characterized by loss in cerebral function as 
neurons begin to die. Clinical signs are seen in the brain region affected by Alzheimer's disease 
because of damaged neuronal transmission. Gross atrophy of the affected areas is the outcome 
of this loss, including degeneration in the temporal and parietal lobes, as well as portions of the 
frontal cortex and cingulate gyrus.  
Due to the progressive nature of this disease which leads to a severe cognitive decline, it is 
possible to identify four different stages of Alzheimer’s disease based of the severity of the 
symptoms: preclinical, mild, moderate and severe (Calabrò et al., 2020). 
 
The neuronal loss and nerve cell atrophy typical of AD are accompanied by the distribution of 
two other structures: the ω-Amyloid (Aω) plaques and the neurofibrillary tangles (NFT) 
(Delacourte, 1986; Karran, 2011). These are considered the major hallmarks of AD and are the 
subjects of the two main hypothesis, along with others, on how the disease pathologically 
evolves. 
In this thesis, we will consider the second distinctive trait, which concerns the Tau protein, 
whose role focuses on promoting microtubule assembly (MTs). 
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2.3.1 Tau protein  

 
Tau protein is a microtubule-associated protein first discovered in 1975 (Weingarten et al., 
1975). It is encoded by the MAPT gene, which is located on human chromosome 17 (Himmler, 
1989). Tau can be found in the central and peripheral nervous systems, in particular in the 
axons, where its main function consists of promoting microtubule assembly and stabilization. 
Tau is highly soluble but can aggregate into insoluble fibres and it is an intrinsically disordered 
protein (Mukrasch, 2009). 
 
Tau protein is also subjected to several post-translational modifications, including 
phosphorylation, isomerisation, glycation, nitration, acetylation, oxidation and others, meaning 
that different tau-binding molecules share the same regulatory property of post-translational 
modifications, such as protein kinases and phosphatases (Yadikar, 2020). Among the possible 
modifications mentioned, the most common and impactful between these processes is 
phoshorylation, as tau protein contains approximately 85 phosphorylation sites. 
Tau phosphorylation is regulated by a delicate balance between tau kinase and phosphatase 
activities, abnormal tau phosphorylation and subsequent aggregation in Alzheimer’s disease 
might result from upregulated tau kinases or downregulated tau phosphatases, but these two 
possibilities are not mutually exclusive. Kinases are members of the enzyme class known as 
"transferases”, since they transfer the phosphate group from high-energy donor molecules, 
like ATP or GTP, to specified substrates (Martin et al., 2013). GSK3β is a primary tau kinase 

that phosphorylates tau at multiple sites found in AD, it can phosphorylate tau at up to 42 
different sites, making it one of the most effective kinases in promoting tau 
hyperphosphorylation. When GSK3β is phosphorylated (becoming pGSK3β), it is typically 
inactivated, which should lead to reduced tau phosphorylation. Under normal conditions, AKT 
(another kinase) phosphorylates GSK3β at Ser9, inhibiting its activity. However, in AD, this 
regulatory mechanism appears to be disrupted (Martin et al., 2013). 

 
Under pathological conditions, conformational changes occur to the normal structure of tau, 
causing an increase of the protein in an hyperphosphorylated state, thus leading to the loss of 
tau’s biological capacities. When it is hyperphosphorylated, Tau (PPTau) loses its primary 
function: Tau monomers detach from MTs, showing a tendency to aggregate in oligomers and 
then evolve toward the formation of NFT (Gerson et al., 2016; Wang and Mandelkow, 2016). 
This mechanism represents the main pathological marker of neurological diseases that are also 
termed as tauopathies (Kovacs, 2017), including Alzheimer’s disease (AD) and other 
neurodegenerative disorders (Wang and Mandelkow, 2016; Kovacs, 2017). 
 
For this reason, there are many studies in progress focusing on tau as a target for therapy. The 
principal strategies can be summarized as (Medeiros, 2011): 
- Inhibition of abnormal tau hyperphosphorylation through modulation of specific protein 

kinases 
- Induction of tau aggregates disassembly by using compounds like Methylene blue, 

Antharaquinones, etc. 
- Stimulation of MTs stabilizing molecules with Taxol and Taxol-derived compounds 
- Triggering of intracellular clearance pathways such as the ubiquitin-proteasome and/or 

autophagic system 
- Tau immunotherapy 
- Antiinflammatory therapy. 
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2.3.2 Deep Hypothermia and Synthetic Torpor 

 
Tau hyperphosphorylation is not limited to neurodegenerative diseases but also occurs in 
response to hypothermic conditions in various physiological and experimental contexts 
(Squarcio et al., 2023; Luppi et al., 2019). This phenomenon has been observed in hibernation, 
deep anesthesia, and synthetic torpor (ST), a state induced in non-hibernating animals like rats 
through pharmacological inhibition of thermogenesis (Luppi et al., 2019). Unlike in 
pathological conditions, Tau hyperphosphorylation in these states is typically reversible and 
does not lead to neurodegeneration, with the exception of anesthesia-induced hypothermia in 
transgenic mouse models of tauopathy (Planel et al., 2009). 
 
The accumulation of hyperphosphorylated Tau (PP-Tau) during ST is closely linked to the 
differential activity of key enzymes involved in Tau regulation, particularly glycogen synthase 
kinase-3β (GSK3β) and protein phosphatase 2A (PP2A) (Planel et al., 2004; Su et al., 2008). 
 
At low temperatures, enzyme activity generally decreases in accordance with the Arrhenius 
equations (cf. Gutfreund, 1995; Marshall, 1997), however, PP2A activity decreases more 
rapidly than GSK3β, resulting in a temporary imbalance that favors Tau phosphorylation 
(Planel et al., 2004; Su et al., 2008). 
While the Arrhenius equations explain the initial accumulation of PP-Tau during hypothermia, 
they do not account for the rapid dephosphorylation observed during recovery from ST. This 
suggests that active biochemical processes are involved in promoting Tau dephosphorylation 
during the recovery phase (Squarcio et al., 2023). 
 
Indeed, the recovery from ST involves active biochemical processes that promote Tau 
dephosphorylation. These include the inhibition of GSK3β via phosphorylation at Ser9 and the 

activation of Akt, alongside an increase in melatonin levels, which may play a neuroprotective 
role by modulating these pathways (Squarcio et al., 2023; Luppi et al., 2019). 
 
Such findings highlight ST as a model for studying adaptive neuronal mechanisms under 
hypothermia and suggest potential therapeutic avenues for tauopathies by mimicking these 
protective processes in normothermic conditions. 
 
In this thesis work, brain samples were subjected to Tau protein hyperphosphorylation through 
a gradual reduction in temperature and then irradiated with the two devices, in order to analyze 
the levels of Tau-1 (non-phosphorylated form), pGSK3β (phosphorylated glycogen synthase 

kinase 3β), and p-205 Tau (Tau phosphorylated at threonine 205). The last one was analized 
because the levels of p[T205]-Tau form has been shown to have a neuroprotective role (Ittner 
et al., 2016). 
This approach allowed for the examination of key markers involved in the phosphorylation 
state of Tau protein and its regulatory mechanisms during hypothermia-induced conditions, 
providing insights into the dynamics of Tau phosphorylation and its potential neuroprotective 
or pathological implications. 
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2.4 Background on Photobiomodulation 

 
Photobiomodulation (PBM) is a new procedure involving EMFs, which consists of non-
ionizing light stimulating cellular processes such as proliferation and tissue regeneration 
(Hamblin, 2016). 
 
The discovery of PBM can be traced back to the work of Endre Mester in the 1960s. Mester, 
was attempting to replicate an experiment using a low-powered ruby laser on mice with 
tumors, expecting to observe tumor destruction. Instead, he noticed accelerated hair growth and 
enhanced wound healing in the shaved areas surrounding the tumors, despite the low power 
output of the laser (Anders et al., 2019). This unexpected finding was significant, as it 
highlighted the biological effects of low-intensity light. 
 
Initially, this phenomenon was referred to as "Low Level Light Therapy" (LLLT), reflecting 
the low-power nature of the light sources used (Anders et al., 2019). However, subsequent 
research revealed that both lasers and light-emitting diodes (LEDs) could be effective in 
photobiomodulation applications, expanding the range of available light sources. As 
understanding of the underlying mechanisms improved and applications broadened, the 
scientific community adopted the more precise term "Photobiomodulation" in place of LLLT 
(Heiskanen & Hamblin, 2018). 
 

Photobiomodulation (PBM) primarily targets cellular mitochondria, specifically interacting with 
Cytochrome C Oxidase (COX), which absorbs light within the red (600-700 nm) and near-
infrared (700-1100 nm) spectrum (Hamblin, 2018a; Karu, 2014a; Ravera et al., 2019, 2021). 
Further research has identified several key mechanisms underlying the biological effects of PBM 
(de Freitas & Hamblin, 2016): 
- Enhanced ATP Synthesis: PBM increases ATP production, thereby augmenting cellular 

metabolism and energy availability. This is crucial for facilitating cell repair and 
regeneration processes (Hamblin, 2016). 

- Regulation of Reactive Oxygen Species (ROS) and Nitric Oxide (NO): The modulation of 
ROS and NO levels leads to improved cellular signaling pathways, reduced inflammation, 
and enhanced tissue repair mechanisms (Moriyama et al., 2009). 

- Stimulation of Transcription Factors: PBM activates various transcription factors that 
regulate gene expression related to cell proliferation, migration, and anti-inflammatory 
responses, thereby influencing cellular behavior and tissue health (H. P. Kim, 2014; R 
Hamblin, 2017a). 

 
The effectiveness of this novel light therapy is contingent upon several parameters that can 
substantially impact treatment outcomes (Hamblin et al., 2018). This therapeutic approach is 
guided by the Arndt-Schultz law, which outlines a biphasic dose-response curve in biological 
systems (Calabrese, 2001a, 2001b, 2002, 2004, 2013). According to this principle, low levels 
of light stimulate biological systems, while higher levels inhibit them. This concept highlights 
the importance of determining an optimal therapeutic range for photobiomodulation (PBM) 
treatments (Bensadoun et al., 2020a; Jo et al., 2023). Within this optimal range, the beneficial 
effects of the therapy can be maximized while minimizing potential adverse effects (Robijns et 
al., 2022a; Zein et al., 2018a). In particular: 
- Wavelength: different wavelengths penetrate tissue to varying depths and interact with 
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specific cellular chromophores. 
- Power density: the amount of energy delivered per unit area affects the depth of penetration 

and cellular response. 
- Treatment duration: the length of exposure time influences the total energy delivered to the 

target tissue. 
- Pulsing vs. continuous wave: some studies suggest that pulsed light may have different 

biological effects compared to continuous wave light. 
 
Photobiomodulation (PBM) has demonstrated potential in several clinical applications: 

 
- Skin Revitalization: Studies have shown that red and near-infrared light can significantly 

improve skin texture, appearance, and collagen density, leading to enhanced skin 
rejuvenation (Glass, 2023; Robijns et al., 2021a). 
 

- Mood Disorders: Light therapy has proven effective in managing seasonal affective 
disorder (SAD) and non-seasonal depression. Meta-analyses indicate substantial reductions 
in depression symptoms with bright light treatment. For SAD, bright light therapy showed a 
considerable effect size, while dawn simulation also demonstrated significant benefits. In 
non-seasonal depression, bright light therapy yielded a notable effect size, highlighting its 
therapeutic potential (Gaggi et al., 2024; Montazeri et al., 2022). 
 

Recently, photobiomodulation (PBM) has been explored as a potential adjunctive treatment for 
cancer, yielding mixed outcomes. Although PBM appears to hold promise in mitigating the 
adverse effects of conventional cancer therapies (R Hamblin, 2017b), emerging evidence 
suggests it may also serve as a viable complementary or alternative approach. In vivo studies 
have demonstrated that PBM can suppress the proliferation of cancer cells and impede tumor 
progression. For instance, research conducted by Hamblin et al. (Hamblin, 2018b) revealed that 
specific wavelengths of light can reduce the growth rate of certain cancer cell lines in animal 
models. These findings imply that PBM may exert a direct anti-cancer effect, potentially 
offering a non-invasive alternative to traditional treatments. 
 
However, other research has reported conflicting outcomes. Some evidence suggests that PBM 
may not only be ineffective but could also worsen cancer progression. For instance, a study by 
Karu (Karu, 2014b; Karu et al., 2005) discovered that under certain conditions, PBM could 
lead to more aggressive tumor growth. These discrepancies emphasize the need for additional 
research to determine when PBM is beneficial versus harmful. 
For this reason, it is essential to address the current research in terms of: 
- Methodological heterogeneity: Many studies suffer from small sample sizes and varying 

treatment protocols. 
- Placebo control: Designing appropriate placebo conditions for light therapy studies remains 

challenging. 
- Long-term efficacy: More research is needed to assess the long-term effects of PBM 

therapy. 
 

Future research should focus on standardizing treatment protocols, conducting larger 
randomized controlled trials, and exploring the potential synergistic effects of combining PBM 
with other therapeutic modalities. 
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Photobiomodulation (PBM) has also emerged as a promising therapeutic approach for 
Alzheimer's disease (AD), offering potential benefits in addressing the complex 
pathophysiology of this neurodegenerative disorder. As explained before, PBM utilizes non-
thermal light from LEDs or lasers in the red to near-infrared spectrum to stimulate cellular 
processes, particularly in mitochondria, enhancing energy production and initiating a cascade 
of biological responses crucial for cellular health (Lim, 2024).  
The mechanisms of PBM in AD treatment are multifaceted, targeting various aspects of the 
disease's pathology. PBM has been shown to reduce amyloid-beta (Aβ) plaques, a hallmark of 
AD, by enhancing microglial activation and promoting Aβ clearance (De Taboada et al., 2011). 
This reduction in Aβ burden is associated with improved cognitive function and decreased 
neuroinflammation (Saltmarche et al., 2017). 
Furthermore, PBM has demonstrated the ability to mitigate tau pathology, another key feature 
of AD, by reducing hyperphosphorylated tau and neurofibrillary tangles in animal models 
(Purushothuman et al., 2015). The therapeutic effects of PBM extend beyond protein 
aggregation, addressing broader aspects of AD pathophysiology. PBM has been shown to 
enhance mitochondrial function, increase ATP production, and reduce oxidative stress, all of 
which are crucial for maintaining neuronal health and function (Hamblin, 2016). By improving 
cerebral blood flow and promoting angiogenesis, PBM supports vascular health and blood-
brain barrier integrity, which are often compromised in AD (Yang et al., 2022). 
 
PBM also modulates neuroinflammation by shifting microglial phenotypes from pro-
inflammatory to anti-inflammatory states, potentially slowing disease progression (Zhang et al., 
2021). Clinical studies have provided encouraging evidence for PBM's efficacy in AD 
treatment. Saltmarche et al. (2017) reported significant improvements in cognitive function and 
quality of life in patients with mild to moderately severe dementia following 12 weeks of PBM 
therapy. These improvements were associated with enhanced cerebral perfusion and increased 
connectivity within the default mode network, as observed in functional MRI studies (Chao, 
2019). The application of PBM in AD treatment has also shown promise in modulating brain 
oscillations, particularly in the gamma frequency range. Studies have demonstrated that PBM 
can induce gamma oscillations, which are often disrupted in AD, potentially improving 
cognitive function and intra-brain communication (Zomorrodi et al., 2019).  
 
Moreover, PBM has been found to stimulate neurogenesis and synaptogenesis, offering the 
potential for neural repair and regeneration in AD-affected brains (Hamblin, 2016). Despite 
these promising findings, it is important to note that the optimal parameters for PBM in AD 
treatment, including wavelength, power density, and treatment duration, are still under 
investigation. Large-scale clinical trials are needed to establish standardized protocols and 
confirm the long-term efficacy of PBM in AD management (Lim, 2024). In conclusion, the 
growing body of evidence supports PBM as a potential multifaceted approach to AD treatment, 
addressing various aspects of the disease's complex pathophysiology and offering hope for 
improved outcomes in patients with this devastating neurodegenerative disorder. 
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2.4.1 VieLight Devices 

 
The device used in the experiments were the Vielight NeuroPro and Vielight NeuroPro alpha2. 
Both have a wearable brain photobiomodulation system developed by Vielight Inc. that 
delivers transcranial- intranasal photobiomodulation via a headset and intranasal applicator.  
For the first part of the experiments, it was used just the Module A of the NeuroPro device 
without any other application device. For the second part of the experiments regarding 
Alzheimer's disease, it was used the intranasal device of the Vielight NeuroPro alpha2. 

 
The Neuro Pro comes with the Neuro Pro app installed in a pre-synced smartphone provided 
with the Neuro Pro from Vielight Inc. 
From the Neuro Pro app, it is possible to customize certain parameters such as power density 
and pulse rate as showed in the table. 
 

 
 
 

 
 
 
 
 
 

Table 1. VieLight NeuroPro setting for the Module A 
 
 

 
 
 
The NeuroPro alpha2 device comes without the pre-synced smartphone, indeed the run time is 
not changeable, but it’s set at 20 minutes, and the power density is different. 

PARAMETER SPECIFICATION 
Light source LED (810 nm) 

Frequency pulse 10 Hz 
Power setting 80% 
Power density 60 mW/cm2 

Run time Changeable 
Duty cycle 50% 

Figure 1. VieLight NeuroPro modules and controller. The first on the right is the Module A which 
was used for this experimental study 
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Table 2. VieLight NeuroPro Alpha2 setting for the intranasal module 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

PARAMETER SPECIFICATION 
Light source LED (810 nm) 

Frequency pulse 10 Hz 
Power setting 80% 
Power density 13.5 mW/cm2 

Run time 20 minutes 
Duty cycle 50% 

Figure 2 Intranasal module of the Vielight Neuropro Alpha2 device 
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2.5 Hyperpolarized Light 

 
 
Light, a fundamental concept of the physical sciences, is a form of electromagnetic radiation 
that crosses an extensive range of wavelengths within the electromagnetic spectrum. The 
visible part (400-700 nm) is just a small fraction of this spectrum but is crucial for human 
perception. Light exhibits both wave-like and particle-like properties, a duality that has been 
fundamental to the development of modern physics. In the 17th century, two competing theories 
emerged: Isaac Newton's corpuscular theory suggested that light consisted of particles, while 
Christiaan Huygens proposed a wave theory.  
 
Thomas Young strongly support the latter theory doing a double-slit experiment, which 
demonstrated interference patterns characteristic of waves (Atkins & De Paula, 2006; Hecht, 
2016). This experiment demonstrated the wave nature of light by showing an interference 
pattern on a screen when light passed through two closely spaced gaps. This pattern of 
alternating bright and dark fringes could only be explained by the constructive and destructive 
interference of light waves, providing strong evidence against the corpuscular theory of light 
(May 1801: Thomas Young and the Nature of Light, n.d.; Britannica, 2025). Young's findings 
also allowed him to measure the wavelengths of visible light and showed that different colors 
correspond to different wavelengths, revolutionizing our understanding of optics and laying the 
foundation for modern wave theory (Evident Scientific; Britannica, 2025). 
 
However, the discovery of the photoelectric effect by Albert Einstein in 1905 restored the 
particle concept, showing that light consists of discrete packets of energy called Photons 
(Einstein, 1905). This dual nature was later combined in quantum mechanics under the concept 
of wave-particle duality (Born & Wolf, 2019; Britannica, 2025). 
 
Following this concept, light is described as oscillating electric and magnetic fields that 
propagate perpendicularly to each other and to the direction of travel. These oscillations can 
occur in different planes, and when unpolarized light is emitted (e.g., from the Sun), its electric 
field vibrates randomly in all directions perpendicular to its propagation.  
Polarization refers to the process by which the oscillations of the electric field are confined to a 
single plane or a specific pattern. This property is unique and has significant effects across 
scientific domains including optics, telecommunications, and medical therapies (Born & Wolf, 
2019; Britannica, 2025). 
 
There are three main types of polarization: linear, circular, and elliptical 
 
- In linear polarization, the electric field oscillates along a single plane, this effect can be 

achieved using polarizing filters or by natural phenomena such as reflection and scattering.  
 

- Circular polarization occurs when the electric field vector rotates in a circular motion as the 
wave propagates, with left- or right-handedness depending on the rotation direction.  

 
- Elliptical polarization is a generalized form where the electric field traces an ellipse.  

 
These forms can be manipulated using optical devices like wave plates (Goldstein, 2017; 
Vedantu, n.d.). Polarization has practical applications in areas such as glare reduction (e.g., 
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polarized sunglasses), stress analysis in materials science, and even quantum communication 
systems (Vedantu, n.d.; AZoOptics, 2024). 

 
A particularly advanced application of polarized light is the hyperpolarized light, also called 
Quantum Hyperlight (Willemse et al., n.d.). This complex form of light is generated through a 
nanophotonic process of fullerene C60 molecules. Fullerene C60 is a spherical molecule 
composed of 60 carbon atoms arranged in a structure resembling a soccer ball. In the light 
polarization process, these molecules are embedded within a polymeric matrix, these molecules 
create an icosahedral twisting structure that induces a Fibonacci-sequential effect on passing 
light. This effect rotates and twists the plane of photon polarization according to pentagonal 
patterns.   
The process produces a two-dimensional energy membrane described by the following equation 
which “filters” photons based on Fibonacci law [Φ, φ] (Koruga, 2018; Willemse et al., n.d.). 
 

[Φ2 + 𝜑2 = 3] 
 
The result of this process is hyperpolarized light with both circular (left- and right-handed) and 
linear (vertical and horizontal) components. The unique polarization pattern generated is 
described as a "sunflower seeds photons pattern," reflecting its geometric arrangement, which 
lead to the final product of such process (Willemse et al., n.d.). 
 
Hyperpolarized light has shown interesting promises in therapeutic applications. The “hyperlight 
therapy” penetrates tissues to stimulate cellular repair processes by stimulating photoacceptors 
within cells and enhancing mitochondrial function. This leads to increased nitric oxide 
production, improved blood flow, reduced inflammation, and enhanced immune responses. 
Additionally, it promotes collagen synthesis and fibroblast activity for tissue regeneration. 
Clinical studies have demonstrated its efficacy in managing chronic pain conditions such as neck 
pain by modulating inflammatory pathways and accelerating tissue repair mechanisms 
(BIOPTRON Hyperlight, n.d.; Tian et al., 2023; Raeissadat et al., 2014). 
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2.5.1 Bioptron Devices 

 
The BIOPTRON devices are an advanced light therapy device that employs polarized light 
technology for medical and therapeutic applications. For the first part of the experiments the 
Bioptron Pro1 device was used to deliver the therapy, while for the second part of the 
experiments the Bioptron MedAll device was employed. 
 
The Bioptron Pro1 incorporates user-friendly features such as a timer function, adjustable 
height and inclination, and an integrated distance rod to ensure optimal treatment positioning. 
The filter diameter of BIOPTRON® Pro 1 (about 11 cm) allows for treatment of various 
medium-sized areas. 
Certified to CE standards (CE0124), the BIOPTRON Pro 1 includes safety features like 
overheating protection and is operable within a temperature range of +10°C to +40°C, making 
it suitable for both clinical and home environments. 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Setting used for Bioptron Pro1 experiments 
 

PARAMETER SPECIFICATION 
Light source Halogen Lamp 

Wavelength range 590-1550 nm 
Polarization 95% 

Power setting 100% 
Power density 40 mW/cm2 

Run time Changeable 
Duty cycle 50% 

Figure 3 Bioptron Pro1 device 
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The Bioptron MedAll device is also suitable for both clinical and home environments offering 
the same features as the other device. The primary differences lie in the size of the device and 
its filter. The 5 cm filter of this device allows to treat small but precise areas. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Bioptron MedAll device 
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3 MATERIALS AND METHODS 

3.1 Cancer cells 

3.1.1 Cell culture 

The PC3 prostate cancer cell line was sourced from Dr. John Lewis's research facility at the 
Katz Group Center (Canada). The HeLa and MCF7 cell lines were procured from Dr. 
Godbout's laboratory at the Cross Cancer Institute (Canada). These cells were cultivated in 
Dulbecco's Modified Eagle Medium (DMEM) enhanced with 10% (V/V) Fetal Bovine Serum 
(FBS) and 1% antimicrobial compounds (100 U/ml penicillin and 100 μg/ml streptomycin). 

The cellular cultures were maintained in a regulated environment at 37°C with a 5% CO2 
atmosphere. 

3.1.2 Sample preparation and irradiation 

 
Cells were cultured in T75 flasks until reaching approximately 80% confluence before 
subculturing into µ-Dish 35 mm high-wall glass-bottomed dishes (ibidi Inc, Gräfelfing, 
Germany). Upon attaining the desired confluence, the exhausted medium was removed, and the 
culture was washed with Phosphate-Buffered Saline (PBS). After removing the PBS, 2 mL of 
TrypLETM Express Enxyme 1X (Glibco, ThermoFisher Scientific, Burlington, Ontario, 
Canada) was added to detach cells. To boost such reaction, the flask was incubated at 37°C for 
a few minutes. Once trypsinization was complete, 8 mL of fresh culture medium (DMEM) was 
added. Subsequently, cells were counted using a hemocytometer, aiming for a cell density of 
25 × 104 cells per dish. Finally, the cellular suspension of 10 μL was formulated in a 96-well 
plate with 40 μL of 0.4% Trypan Blue (Sigma Aldrich, St. Louis, Missouri, USA), resulting in 
a final dilution factor of 5. 
Following cell seeding and overnight incubation, the medium was substituted with fresh 
DMEM supplemented solely with 1% antibiotics to synchronize the cells in the G0/G1 phase. 
This synchronization process required a 24-hour incubation period. 
 
After synchronization, samples were irradiated using two different light exposure devices 
previously named. The module A of the Vielight NeuroPro device was employed to irradiate 
cells with a power density of 60 mW/cm2 and a frequency of 10 Hz, while the Bioptron Pro1 
device operates with a power density of 40 mW/cm2. 
 
Cells were irradiated with different time sets ambient temperature, in particular the PC3 cell 
line was divided into four group of exposure time (I) 10 minutes exposure (II) 15 minutes 
exposure, (III) 20 minutes exposure, (IV) 20 minutes exposure with a 10-minute intermission. 
The same exposure times were used to irradiate fresh growth medium in a 1.5 ml Eppendorf 
tube, which was subsequently transferred to the dishes containing the pre-seeded cells. 
 
Regarding the irradiation of HeLa and MCF7 cells with the Bioptron device, the exposure 
times were the same as those used for the PC3 cell line. However, for the VieLight-treated 
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samples, the time set changed: (I) 15 minutes, (II) 33 minutes, (III) 60 minutes, (IV) 30 minutes 
with a 15-minute intermission. 
 
Across all experimental groups and devices, the cell samples were positioned at a constant 
distance of 125 mm from the beam source during irradiation. This uniform distance ensured 
consistent exposure conditions and facilitated comparative analyses between the various 
treatment groups.  

3.1.3 Cell viability 

 
To evaluate the cellular viability the Alamar Blue assay was employed 24 hours post-
irradiation. The test measures cell viability by utilizing the ability of metabolically active cells 
to reduce the non-fluorescent compound resazurin into the fluorescent and red-colored 
compound resorufin, which can be quantified using fluorescence or absorbance detection. 
 
For this experiment, 100 μL of resazurin was introduced to 1 mL of pre-warmed medium and 
incubated for 2 hours. Cell viability was quantified using a fluorescence-based Fluostar Omega 
plate reader (BMG LABTECH, Ortenberg, Germany) with an excitation wavelength of 544 nm 
and an emission wavelength of 590 nm. Experiments were conducted in triplicate in a 96-well 
plate, utilizing fresh medium as a blank control. 

3.1.4 Immunofluorescence 

One gelatin-coated coverslip was inserted into each dish and allowed to dry. Cells were fixed 
with 3.7% of formaldehyde in Phosphate Buffer Solution (PBS) for 15 minutes at room 
temperature and washed twice with PBS. Then, cells were permeabilized with 0.1% Triton X-
100 (Sigma Aldrich, St. Louis, Missouri, USA) in PBS for 15 minutes at room temperature, 
followed by a double washing with PBS.   
 
For the actin staining, 1.4 μL of Alexa-Fluor 488 Phalloidin (Invitrogen, ThermoFisher 
Scientific, Burlington, Ontario, Canada) was diluted in 500 μL of 1% Working Buffer Solution 
(WBS) composed of MACS Bovine Serum Album (BSA) (Miltenyi Biotec, Bergisch 
Gladbach, Germany) in PBS. Then cells were incubated for 30 minutes at room temperature in 
the dark, washed again with PBS and mounted on microscope slides using the mounting media 
ProLong Gold Antifade Reagent with DAPI (Invitrogen, ThermoFisher Scientific, Burlington, 
Ontario, Canada).  
 
For tubulin staining, 5 μL of Primary antibody ATN02 Anti-AlphaBeta Tubulin Sheep 
Polyclonal (Cytoskeleton Inc, Denver, Colorado, USA) in 1 mL of 1% WBS in PBS was 
applied to cells, incubated overnight, and rinsed with PBS the following day.  
Subsequently, 2.5 μL of Donkey anti-Sheep IgG (H+L) Cross-Adsorbed Secondary Antibody 
Alexa Fluor 647 (Invitrogen, ThermoFisher Scientific, Burlington, Ontario, Canada) in 500 μL 

of WBS was introduced and incubated for 30 minutes at 4°C on a tilting plate in a dark 
environment. Samples were rinsed twice with PBS and then mounted following the procedure 
mentioned above for Phalloidin. 
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Immunofluorescence was used also to check mitochondrial activity: 250 nM of MitoTrack-
erTM Orange CMTMRos (Invitrogen, ThermoFisher Scientific, Burlington, Ontario, Canada) 
in 1 mL of pre-warmed DMEM was added to the samples immediately after the irradiation and 
incubated at 37°C for 45 minutes. Then, the samples were washed three times with fresh new 
medium so that immunofluorescence could be performed.  
Samples were analyzed using the Zeiss 710 confocal microscope (Carl Zeiss AG, Ober-kochen, 
Germany). 
These tests were done for the PC3 and HeLa cell lines. 

3.1.5 Glycolysis-Oxphosphorylation 

 
Glycolysis/OXPHOS Assay kit (Dojindo Molecular Technologies, Minato City, Tokyo, Japan) 
was used to measure the total ATP, the glycolytic ATP, the mitochondrial ATP and the lactate 
production in cells following the manufactures specifications. 
 
The ATP quantification kit provided a 5.5 mL ATP Buffer solution, to which 10 lyophilized 
luciferase enzyme was added to create the ATP working solution (ATP WS). The luciferase 
enzyme catalyzes the oxidation of luciferin, a process coupled to ATP consumption and light 
emission. A 96-well microplate was used for the assay setup. Each well received 100 μL of the 

prepared ATP WS, followed by 100 μL of cell supernatant from the respective samples. The 

microplate was then incubated at 25°C for 10 minutes in darkness.  
The Fluostar Omega microplate reader (BMG LABTECH, Ortenberg, Germany) was used to 
measure the luminescence signal emitted from each well.  
 
To assess the metabolic shift in cells due to mitochondrial activity, samples were treated with 
Oligomycin. Immediately after the radiation, 10 mmol/l Oligomycin stock solution was diluted 
1:500 with culture medium to obtain a 2-fold solution. Each experiment included one dish 
treated with Oligomycin (Oligomycin +) and one with fresh medium only (Oligomycin -) for 
both control and treated samples. 
Subsequently, cells were incubated for 3 hours at 37°C, then, ATP assay was performed 
following the protocol mentioned above, and luminescence was measured using the Fluostar 
Omega microplate reader. 
 
For lactate production quantification, the assay compared absorbance values between the 
Lactate Standard, the sample, and the blank. The 10 mmol/l Lactate Standard provided in the 
kit was diluted to 1 mmol/l with double- deionized H2O (ddH2O). Cell culture supernatants 
were diluted 10-fold with ddH2O, and ddH2O served as the blank. 
Subsequently, 20 μL of each solution was added in triplicate to a 96-well plate, followed by 80 
μL of Lactate Working Solution. The plate was incubated at 37°C for 30 minutes.  
Absorbance was measured at 450nm using the Fluostar Omega microplate reader. 

 

 



24 
 

3.2 Brain slices 

3.2.1 Sample preparation  

 
For the thesis experiments, two male Sprague–Dawley rats (300 g) were used. The experiments 
were conducted on two consecutive days, with one rat used on the first day and the other on the 
following day, replicating the same procedures for both animals. 
 
The rats were deeply anesthetized with isoflurane before brain extraction. After the 
decapitation, the brain was carefully and meticulously extracted in ice-cold artificial 
cerebrospinal fluid (aCSF) solution, using precise dissection techniques to maintain the 
integrity of the neural tissue. 
The brain area of interest, containing the hippocampus, was isolated. The front and back parts 
of the brain were cut away to get a roughly rectangular section with the hippocampus inside.  
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Throughout the extraction and subsequent procedures, the brain tissue was kept at 3-4°C and 
bathed in ice-cold, oxygenated artificial cerebrospinal fluid (aCSF). The aCSF (295 mOsm/L, 
pH 7.4) was prepared in advance using the reagents listed in Table 3 and bubbled with 95% O2 
5% CO2.  
 
 
 
 

Figure 5 Rat brain (a) lateral section (b) Cranial slice (c) Caudal slice 

(a) 

(b) (c ) 
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Table 3. Reagent for 1 L of aCSF solution 

 
 
To obtain brain slices, Vibroslice NVSLM1 (figure 6) vibrating microtome was used, which 
can cut fresh brain tissue into 50-700 μm thick slices. Vibrating blade slicers generally cause 

less tissue damage compared to other methods, helping preserve neurons in various brain 
regions. 
The trimmed rectangular brain section was adhered to the specimen holder of the Vibroslice 
using superglue. The brain tissue was submerged in oxygenated aCSF at 3-4°C. After setting 
the vibration frequency and desired slice thickness to 300 μm, coronal slicing was performed. 
Each slice was carefully removed with a pipette and transferred to a petri dish containing 
oxygenated aCSF at 3-4°C for preservation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
This process was repeated until the entire brain section was sliced. The resulting tissue slices 
were immediately transferred to and maintained in aCSF oxygenated at 4°C to preserve their 
viability as shown in Figure 7. 

Reagent nM g 
NaCl 126 11.045 
KCl 3 0.335 

NaHCO3 26 3.276 
CaCl2 2 0.441 

MgSO4 1 0.370 
D-Glucose 10 2.702 
NaH2PO4 1.25 0.225 

Figure 6 Vibroslice NVSLM1 
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The slices were then transferred into 8 becher, dividing the samples into two main groups: 
those that reached and remained at 37°C and those subjected to a temperature decrease. 
The two groups were further divided in two sets: irradiated samples and control samples. The 
irradiated group was further subdivided based on the duration of exposure, either 10 minutes or 
20 minutes, and the type of light source used. Specifically, for the 10-minute irradiation, two 
slices were exposed to Bioptron light and another two slices to Vielight. Similarly, for the 20-
minute irradiation, two slices were exposed to Bioptron light and two slices to Vielight. 
The control group, on the other hand, consisted of slices that were not subjected to any 
irradiation. This group included two slices for the 10-minute time point and two slices for the 
20-minute time point, serving as a baseline for comparison with the irradiated samples. This 
protocol was replicated for the second group, subjected to a temperature decrease. This design 
allowed for the evaluation of the effects of different light sources and exposure durations on the 
samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Brain slices in aCSF 
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3.2.2 Temperature 

Prior to irradiation, the first group was brought to 37°C using a Liquid Bath Temperature 
Calibrator Ambient, which ensured stable and precise maintenance of the artificial 
cerebrospinal fluid (aCSF) temperature in which the brain slices were submerged. 

 

 

 

 

 

Similarly, the second group was initially brought to 37°C but subsequently underwent a 
controlled temperature gradient to reach 25°C. This protocol, involved lowering the 
temperature to 30°C over 30 minutes, followed by a gradual reduction to 25°C over the course 
of one hour. This process was achieved by immersing Coplin Staining Jars containing the 
samples into a temperature-regulated bath similar to that used for the first group. 

After reaching 25°C, the samples were maintained at this temperature for an additional hour. 
This step was implemented based on findings from previous studies, which reported that AT8 
staining, used to detect phosphorylated Tau at Ser202/Thr205, was not clearly detectable 
immediately upon reaching 25°C. Prolonging the exposure at 25°C allowed for enhanced AT8 
signal detection, likely due to ongoing phosphorylation processes or stabilization of Tau 
epitopes during this period (Squarcio et al., 2023; Luppi et al., 2019). 

 

 

 

 

Figure 8 Liquid Bath Temperature  
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3.2.3 Irradiation 

 
The irradiation was performed using the two devices described in chapters 2.4.1 and 2.5.1, 
specifically the VieLight NeuroPro Alpha2 and Bioptron MedAll devices. Samples irradiated 
with HPL were placed at a distance of 12.5 cm, while those irradiated with NIR were 
positioned at a distance of 7.5 cm to maintain consistent power density across experiments. As 
detailed in chapter 3.2.1, the samples were irradiated for durations of 10 minutes and 20 
minutes. 
 
To irradiate the samples, the brain slices were removed from the becher and placed in dishes 
within a water bath maintained at the desired temperature. Specifically, the first group was kept 
at 37°C, while the second group was maintained at 25°C. The temperature was monitored using 
a thermal camera, as shown in the figure. It is crucial to ensure that the samples are not 
subjected to additional temperature gradients but rather remain at a constant temperature 
throughout the irradiation process.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Finally, the hippocampus (the region used for analysis) was carefully dissected from the cortex 
and transferred to a 1.5 mL Eppendorf tube. The samples were then stored at -80°C until further 
analysis. 
 
It is crucial to note that for the Bioptron irradiation, all four experimental conditions (Warm and 
Cold, 10 and 20 minutes) were conducted on both rats. However, for the Vielight exposure, only 
Rat 2 underwent this irradiation, and only two experimental conditions were analyzed (Warm 
and Cold for 20 minutes). This limitation was due to an insufficient number of brain slices 
obtained from Rat 1, which precluded Vielight irradiation for this subject. Furthermore, it is 
important to highlight that in Rat 2, the slices used for NIR irradiation were recovery slices, 
which may potentially yield less reliable results. 
 

Figure 9 Bioptron MedAll and VieLight NeuroPro Alpha2 devices 
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3.2.4 Western Blot 

 
The brain slices were homogenized by ice-assisted sonication in RIPA lysis buffer [50 mM Tris 
buffer, 150 mM NaCl, 10% (v/v) NP-40, containing a cocktail of protease and phosphatase 
inhibitors (Sigma Aldrich), 1 mM dithiothreitol (DTT) and 1 mM PMSF]. The extract was then 
centrifuged and stored at -80°C. 
 
Protein concentration was determined using the Bio-Rad DC protein assay kit (Bio-Rad 
Laboratories). The volume needed to obtain 20 μg of protein per lane was calculated using the 
following formula: 
 

𝐕𝐨𝐥𝐮𝐦𝐞 𝐨𝐟 𝐬𝐚𝐦𝐩𝐥𝐞 (𝛍𝐥) =
𝐏𝐫𝐨𝐭𝐞𝐢𝐧 𝐚𝐦𝐨𝐮𝐧𝐭 (𝛍𝐠)

𝐩𝐫𝐨𝐭𝐞𝐢𝐧 𝐜𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 (
𝛍𝐠
𝛍𝐥

)
 

 
Samples were diluted with H2O to a final volume of 15 μl, and 5 μl of loading buffer was 
added to each sample. The samples were then denatured by heating at 65°C for 10 minutes 
(450 rpm), briefly centrifuged, and kept on ice until loading. 
 
Then, protein samples (XX μg) were loaded and separated electrophoretically using a 1.0 mm 
thick 4%–12% Bis-Tris gel with NuPAGE MOPS SDS Running Buffer (both by Invitrogen™ 
NuPAGE). Then the gel ran at 100-200 V until the dye front reaches the bottom of the gel 
(about 60-90 minutes). 
 
The proteins were then electrotransferred onto nitrocellulose membranes (Hybond C Extra, 
Amersham Pharmacia) via wet transfer at 300 mA for a maximum of 3 hours at 4°C. 
After the transfer, membranes were briefly rinsed to remove any excess buffer, incubated in 
Ponceau S solution for 1 minute to visualize the transferred proteins, then rinsed using 
distilled water until the background was clear, leaving only the protein bands visible. 
Membranes were then washed with PBS tween 0,1% (PBST). 
 
Membranes were blocked using 5% (w/v) non-fat milk in PBST for at least 40 minutes at room 
temperature. Primary antibodies (shown in Table 4) were diluted in PBST and incubated with 
the membranes overnight at 4°C. 
For secondary antibody incubation (table 5), membranes were washed 3 times for 10 minutes 
each in PBST, then incubated with HRP-conjugated secondary antibodies for 45 minutes at 
room temperature. Membranes were again washed 3 times for 10 minutes each in PBST. 
In particular, the Anti-Rabbit HRP was used for P205, pGSK3β and Vinculin; while the Anti-
Mouse HRP was employed for Tau-1. 
For the detection, a substrate of ECL reagent was prepared and applied to the membranes. 
The signal was captured using an imaging system ChemiDoc™XRS+ (Image Lab™Software, 
Bio-Rad). A semi-quantitative measurement of the band intensity was performed using the 
same computer software. Results were expressed as a ratio of band intensity with respect to 
the loading control (vinculin), normalizing the different gels according to a randomly chosen 
sample used as an internal control. 
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Antibody Type Species Specificity MW (kDa) Source and 

dilution 
Anti-Tau-1 Mono Mouse Non-phosphorylated 

189–207 residues 
52-68 WB 1:1000 

Anti-p-Tau 
(P205) 

Mono Rabbit p-Tau (T205) 68-70 WB 1:500 

Anti-p-
GSK3β 

Mono Rabbit p-GSK3β (S9) 46 WB 1:1000 

Vinculin Mono Rabbit Vinculin 116 WB 1:8000 

Table 4 Primary antibodies employed in this study 
 
 

Antibody Type Specificity Source and 
dilution 

Anti-Mouse HRP Poly Anti-Mouse IgG WB 1: 10000 
Anti-Rabbit HRP Poly Anti-Rabbit IgG WB 1: 10000 

 
Table 5 Secondary antibodies employed in this study 
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4 RESULTS 

4.1 Cancer disease 

4.1.1 Bioptron Pro1 device 

4.1.1.1 Cellular Viability Assessment 

 
The experimental results shown in Figure 10. demonstrate a significant decrease in cell 
viability across all experimental groups after just 10 minutes of exposure to the HPL. This 
initial drop suggests that the irradiation parameters used had an immediate harmful impact on 
the cell population. In particular, the fourth experimental group, which underwent 20 minutes 
of exposure with a 10-minute break in between, exhibited a marked increase in cell death, a 
phenomenon not seen in samples exposed continuously for 15 minutes. Interestingly, 
continuous exposure for 20 minutes did not yield a significant effect, as the number of viable 
cells remained nearly the same in both control and treated samples. This pattern in cell viability 
points to the possible activation of adaptive mechanisms or inherent cellular traits that 
influence the response to irradiation. 
 
Additionally, as showed in the figure 12. experiments where only the culture medium was 
irradiated supported this trend, suggesting that the medium itself may play a key role in 
mediating the effects of electromagnetic waves on cellular populations.  
 
The study also explored the effects of re-irradiating cells six days after the initial 10-minute 
exposure (figure 14.a; 14.b). A significant reduction in cell viability was observed, hinting at 
the potential for this approach as a treatment strategy. However, the experiment remains too 
limited to draw definitive conclusions or establish a general protocol. Nonetheless, it opens the 
door for further investigation to either confirm or challenge this observed trend.  
 
When applying the same experimental conditions to the HeLa cell line (figure 15), the initial 
decrease in viability after 10 minutes of exposure mirrored the results observed in the PC3 cell 
line. However, while no significant reduction was detected after 15 minutes of exposure, an 
unexpected increase in viability was observed after 20 minutes, deviating from the anticipated 
trend. Similarly, no significant changes were noted in the fourth group (20 minutes of exposure 
with a 10-minute intermission).  
 
In contrast, for the MCF7 cell line (figure 17), the only consistent finding was a significant 
decrease in viability following 10 minutes of exposure. Interestingly, while a non-significant 
reduction was observed after 15 minutes, both the third and fourth experimental groups showed 
a significant increase in cellular viability.  
 
These results highlight the cell line-specific nature of responses to irradiation and suggest that 
different cell types may exhibit distinct adaptive or compensatory mechanisms. 
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4.1.1.2 Immunofluorescence – alteration in cellular structure 

 
For what concern PC3 cell line, as shown in Figure 19.a, 19.b a noticeable contraction of the 
cytoplasm toward the nucleus was observed, a phenomenon commonly associated with the 
response of neoplastic cells to irradiation (10 minutes). This morphological change resulted in a 
more spherical cell shape and reduced spreading on the substrate, consistent with findings 
previously reported in the scientific literature. The same trend was confirmed following 20 
minutes of exposure (figure 21.a, 21.b) 
 
Regarding tubulin, no significant changes were observed between control and treated samples 
after 10 minutes of exposure (figure 19.c, 19.d). However, with 20 minutes of uninterrupted 
exposure, microtubule disassembly appeared to be promoted, as evidenced by cells adopting a 
rounder shape and exhibiting less spreading (figure 21.c, 21.d). 
 
In contrast, mitochondria, as shown in figure 23.a, 23.b, displayed a marked reduction in 
fluorescence signal intensity in treated cells. This suggests potential toxicity affecting 
mitochondrial integrity. These findings point to mitochondrial damage induced by the specific 
irradiation parameters used (10 min, 40 mW/cm², 2.4 J/cm²), which may have harmful effects 
on cellular metabolism and energy production.  
 
For the HeLa cells, figure 24.a, 24.b show the actin staining on cells irradiated with Bioptron 
for 10 minutes. The treated sample (figure 24.a), actin filaments appear more disorganized and 
fragmented, with fewer well-defined structures. The cytoskeletal network seems less structured 
compared to the control.  
Considering the figure 25.a, 25.b, the microtubules appear more structured and organized, with 
a clear network radiating from the perinuclear region and the treated cells (figure 25.a) exhibit 
a more defined cellular shape.  

 

4.1.1.3 Glycolysis-Oxphosphorylation – ATP production analysis 

 
To gain a deeper understanding of the effects of irradiation on mitochondrial integrity, as 
suggested by the immunofluorescence analysis, a detailed evaluation of mitochondrial activity 
and cellular metabolic dynamics was carried out. The experiments were performed in triplicate 
and repeated three times to ensure reproducibility and statistical reliability. Cellular ATP 
production from both glycolytic and mitochondrial pathways was quantified using a 
biochemical assay provided by Dojindo (Dojindo Molecular Technologies, Minato City, 
Tokyo, Japan), as described in the Materials and Methods section. This approach offered 
valuable insights into the metabolic reprogramming triggered by the irradiation conditions. 
 
The experimental results revealed distinct patterns in mitochondrial functionality and cellular 
energy metabolism across the three experimental sets. In the first set (Figure 26.b), a metabolic 
shift toward increased glycolytic activity was observed, accompanied by relatively low 
mitochondrial ATP production. In contrast, the second set (Figure 26.c) showed reduced 
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glycolytic activity compared to the control but significantly higher mitochondrial ATP 
production. Interestingly, the third set of experiments (Figure 26.d) displayed a slight increase 
in glycolytic ATP production compared to the control, along with a striking tenfold increase in 
mitochondrial ATP production relative to non-irradiated cells. 
 
The findings from the first set of experiments were further supported by data shown in Figure 
27.b, where a significant increase in lactate production was observed, confirming a marked 
drop-in glycolytic activity. These results collectively highlight the complex metabolic 
reprogramming induced by irradiation and its variable effects on cellular energy pathways. 
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4.1.2 VieLight NeuroPro device 

4.1.2.1 Cellular Viability Assessment 

 
 

The trends in cellular viability observed in PC3 cells in figure 11, varied significantly 
depending on the duration of exposure with the VieLight device. Interestingly, the 15-minute 
irradiation protocol resulted in a statistically significant increase in viability compared to non-
irradiated controls. 
In contrast, a 10-minute exposure led to a non-significant decrease in viability, suggesting a 
relatively neutral effect on cellular processes at this duration. However, extending the exposure 
to 20 minutes caused a slight but statistically significant reduction in viable cells, indicating 
that prolonged light exposure may have detrimental effects on cell health or survival.  
 
Following the experimental protocol established for the Biopropton device, cell culture media 
were irradiated across the four designated time groups (figure 13). Notably, a statistically 
significant increase in cellular viability was observed in samples exposed to 10 minutes of 
irradiation compared to non-irradiated controls. A similar trend of increased viability, though 
not statistically significant, was observed in the group subjected to 20 minutes of exposure with 
a 10-minute intermittent break. Conversely, the groups exposed to 15 minutes of continuous 
irradiation and 20 minutes of continuous irradiation exhibited a non-significant decrease in cell 
viability relative to controls.  
 
These varying responses highlight the complex interplay between irradiation parameters such 
as dose, duration, and fractionation, and their impact on cellular outcomes. 
 
Additionally, the effects of repeated irradiation on cell viability were explored (figure 14.c; 
14.d). Notably, cells that were irradiated on day 1 and then re-irradiated on day 7 showed a 
decrease in viability compared to those exposed to a single 10-minute irradiation. This 
observation suggests that the growth state of the cells, potentially influenced by the number of 
subpassages during cell culture, may play a key role in their response to repeated irradiation. 
Specifically, cells re-irradiated six days after the initial exposure exhibited a significant 
reduction in viability, which was unexpected given that single-exposure samples did not show 
such pronounced effects.  
 
This finding has led us to hypothesize that cellular growth dynamics and subpassage frequency 
may contribute to differences in response to repeated irradiation. Further research is required to 
uncover the mechanisms underlying this phenomenon and to better understand how repeated 
irradiation impacts cellular health and survival. 
 

HeLa cells were exposed to irradiation for 15 minutes, 33 minutes, 60 minutes, and 30 minutes 
with a 15-minute intermittent break, all under a constant energy fluence of 2.4 J/cm² (figure 
16). The first three exposure durations (15, 33, and 60 minutes) showed a non-statistically 
significant increase in cellular viability compared to control samples. This suggests that low to 
moderate doses of light exposure may have the potential to stimulate cellular proliferation or 
metabolic activity in HeLa cells, although the observed effects were not statistically conclusive. 
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However, the final exposure condition (30 minutes with a 15-minute break) did not result in 
any significant difference in viability between treated and untreated cells, possibly indicating a 
threshold beyond which the beneficial effects of light irradiation are diminished or negated by 
adverse processes. 

For the MCF7 cell line, the viability trends across different exposure durations closely mirrored 
those observed in HeLa cells (figure 18). Interestingly, three out of the four exposure groups 
showed a significant decrease in viability following irradiation, except for the 15-minute 
exposure group, which exhibited a significant increase in viability. These findings suggest that 
optimizing the duration of exposure may be critical to achieving desired outcomes and 
avoiding detrimental effects. 

4.1.2.2 Immunofluorescence – alteration in cellular structure 

 
Actin staining revealed noticeable structural changes in the cytoplasm of PC3 irradiated cells 
compared to non-irradiated controls after 15 minutes of exposure. Specifically, the cytoplasm 
appeared more condensed around the nucleus (figure 19.c; 19.d). In contrast, 20 minutes of 
exposure showed the opposite trend, seemingly promoting greater cell spreading (figure 21.c; 
21.d).  
 
For tubulin staining, no visible differences were observed in the treated cell population for both 
15- and 20-minute exposures (figures 20.c; 20.d; 22.c; 22.d). However, in the 15-minute 
samples, the control group exhibited a slightly dimmer signal compared to cells exposed to 
NIR radiation.  
 
Regarding mitochondria, as shown in Figure 23.c, 23.d, the fluorescence signal appeared 
relatively dim in both control and treated samples. However, a stronger signal was observed in 
the 15-minute irradiated cells, supporting the ATP analysis results that suggest increased 
mitochondrial activity under these conditions.  
 
Regarding the HeLa cells, the figure 24.c, 24.d show the actin staining of cells irradiated with 
VieLight device for 15 minutes. The actin cytoskeleton of the treated sample (figure 24.c) 
appears more structured, with prominent stress fibres spanning the cytoplasm.  
 

For the tubulin, the signal appears to be quite dimmer, but the red fluorescence is stronger and 
more uniform, suggesting enhanced tubulin polymerization or stabilization of microtubules 
(figure 25.c; 25.d). 

  4.1.2.3 Glycolysis-Oxphosphorylation – ATP production analysis 

 
 
Although not statistically significant, irradiated cells showed an increase in total ATP levels 
compared to controls (Figure 26.a). This trend was also observed for mitochondrial ATP, while 
glycolytic ATP levels were lower in irradiated samples relative to non-irradiated controls. This 
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reduction in glycolytic activity was further supported by the results of a lactate assay (Figure 
27.a). 
 
These findings suggest that light irradiation may induce a metabolic shift, promoting 
mitochondrial respiration over glycolytic pathways for energy production. 
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4.2 Alzheimer’s disease 

4.2.1 Bioptron MedAll device 

4.2.1.1 Tau 1  

 
All the figures show four experimental conditions varying by sample temperature (warm or 
cold) and exposure duration (10 or 20 minutes) to the Bioptron MedAll device. 
 
Figure 28 show the levels of Tau-1 protein measured in Rat 1, both cold samples (10- and 20-
minutes exposure) show a decrease in Tau-1 levels, indicating a reduction in non-
phosphorylated Tau. Similarly, in the warm sample exposed for 10 minutes, Tau-1 levels in the 
treated group are lower compared to the control group. However, the warm sample exposed for 
20 minutes demonstrates an opposite trend: treated samples exhibit higher Tau-1 levels than 
those observed in the controls. 
 
The graphs in figure 29 instead show the results of Tau 1 measured in Rat 2: for this 
experiment, two measurements were performed, yielding consistent results, except for the 
warm sample irradiated for 10 minutes. Cold samples exposed for 10- and 20- minutes, depicts 
an increase in Tau 1 levels. This trend contrasts with the warm samples exposed for 20 minutes 
that shows a decrease in Tau 1 levels.  
 
The figure 30 compare the levels of Tau-1 protein between Rat 1 and Rat 2: for warm samples 
exposed for 10 minutes, Tau-1 levels in treated samples show a clear reduction in Rat 1 
compared to controls, while Rat 2 exhibits minimal differences between treated and control 
groups. When the exposure duration is extended to 20 minutes for warm samples, both rats 
display increased Tau-1 levels in treated samples relative to controls, with Rat 2 showing a 
more pronounced increase than Rat 1. 
In the case of cold samples exposed for 10 minutes, contrasting trends emerge: Rat 1 shows a 
marked reduction in Tau-1 levels in treated samples compared to controls, whereas Rat 2 
displays an increase in Tau-1 levels under the same conditions. However, for cold samples 
exposed for 20 minutes, both rats exhibit elevated Tau-1 levels in treated samples relative to 
controls, with Rat 2 again demonstrating slightly higher levels than Rat 1. 
 
Overall, these results reveal distinct patterns of Tau-1 modulation between the two rats across 
varying temperature and exposure conditions. While some trends are consistent (e.g., increased 
Tau-1 levels with longer exposure durations), others highlight individual variability, 
particularly under shorter exposure times or different temperature settings. 
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4.2.1.2 PGSK3β 

 

 
The following graphs display the levels of phosphorylated glycogen synthase kinase 3β 

(PGSK3β) measured in both rats under the same experimental conditions aforementioned.  
 
The measurements concerning the rat 1 are showed in figure 31: two measurements were 
performed, yielding consistent results. However, the second measurement showed small 
differences between the treated and control samples, which were not statistically significant. 
For warm samples exposed for 10 minutes, the treated group shows significantly lower 
PGSK3β levels compared to controls, indicating a marked reduction. Conversely, for warm 
samples exposed for 20 minutes, the trend reverses. This suggests that prolonged exposure 
under warm conditions may lead to an increase in PGSK3β levels. 
In cold samples exposed for 10 minutes, treated samples display an increase in PGSK3β levels, 
contrasting with the reduction observed under warm conditions with the same exposure 
duration. For cold samples exposed for 20 minutes, treated samples again show elevated 
PGSK3β levels relative to controls, consistent with the trend seen in warm samples with 
extended exposure. 
 
The figure 32 present the levels of PGSK3β in rat 2: with two measurements taken for all 
samples and an additional measurement for samples exposed for 20 minutes under both warm 
and cold conditions.  
For warm samples exposed for 10 minutes, treated samples show a substantial increase in 
PGSK3β levels compared to controls, indicating heightened phosphorylation under these 
conditions. Conversely, the same time exposure in cold sample depicts a decrease in the 
kinases phosphorylation levels. 
When the exposure duration is extended to 20 minutes, treated samples exhibit a further 
increase in PGSK3β levels, with the additional measurement confirming this trend. This 

suggests that prolonged exposure amplifies phosphorylation effects under warm conditions. 
For the 20 minutes exposure in cold samples, the decreasing trend is confirmed by two 
measurements; yet the third measurement did not align with this trend. 
 
Figure 33 compare the levels of PGSK3β between Rat 1 and Rat 2: for warm samples, short 
exposure (10 minutes) leads to decreased PGSK3β levels in Rat 1 but increased levels in Rat 2. 
With longer exposure (20 minutes), both rats show elevated PGSK3β levels, with Rat 2 
exhibiting a more pronounced increase.  
In cold samples, short exposure results in reduced PGSK3β levels for Rat 1 but higher levels 
for Rat 2. With longer exposure, both rats display increased PGSK3β levels, with Rat 2 
showing slightly higher levels. 
 
These comparisons highlight significant differences in the rats' responses to temperature and 
exposure duration variations. Rat 1 generally shows reductions in PGSK3β levels under shorter 
exposures, while Rat 2 tends to exhibit increases across most conditions, especially with 
prolonged exposure. 
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4.2.1.3 P205 

 
The graphs (figure 34) depict the levels of P205 measured in Rat 1: two measurements were 
taken for all samples to ensure reliability. 
For warm samples exposed for 10- and 20- minutes, treated samples show higher P205 levels 
compared to controls, indicating an increase in phosphorylation under these conditions. 
Conversely, for cold samples exposed for 20 minutes the trend is inversed.  The cold sample 
exposed for 10 minutes, show incoherent results between the two measurements. 
 
Regarding the second rat (figure 35), two measurements were done only for the 20 minutes 
experiments, and they show a non-coherent result. 
In the cold and warm samples exposed for 10 minutes, treated samples exhibit significantly 
higher P205 levels compared to controls. The 20 minutes exposure warm sample had the same 
trend, further confirmed by the first measure.  
 
The comparison between the two rat is shown in figure 36: rat 2 consistently shows higher 
P205 levels in treated samples across all conditions compared to Rat 1. For warm samples 
exposed for 20 minutes, a notable distinction emerges: while treated samples display elevated 
P205 levels in both rats, no phosphorylation of Tau at the T205 residue is detected in the 
control group for Rat 2. 
For cold samples, both rats exhibit increased P205 levels in treated samples relative to controls, 
with Rat 2 showing more pronounced elevations. These results emphasize individual 
variability, with Rat 2 generally demonstrating stronger phosphorylation responses across all 
experimental conditions. 
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4.2.2 VieLight NeuroPro Alpha2 device 

4.2.2.1 Tau 1  

 
All the figures show two experimental conditions varying by sample temperature (warm or 
cold), with an exposure of 20 minutes to the VieLight NeuroPro Alpha2 device, only in rat 2. 
 
The first graph (figure 37) shows two measurements of the levels of Tau1 for the warm sample 
and three measurements for the cold one. In particular, the measurements of warm sample were 
consistent, illustrating a decrease in levels of Tau 1 in the treated samples. In contrast, the 
measurement for the cold sample shows a non-coherent trend: the control seems to be higher 
than the treated samples in two out of three measures, suggesting an opposite effect of 
irradiation under cold conditions. 
 
 

4.2.2.2 PGSK3β 

 
The levels of PGSK3β were analysed through two measurements, which yielded consistent 
trends (figure 38). 
The warm slices represent higher levels of PGSK3β in controls compared to the treated 
samples, indicating a decrease in phosphorylation of the kinase, after the irradiation. Similarly, 
the cold slices show the same trend. 
 

4.2.2.3 P205 

The data regarding the measurement of P205 levels, were quite difficult to analyse, indeed, for 
the warm sample, no data could be detected from either treated or control groups. This 
highlights a limitation in the current irradiation protocol and suggests that improvements are 
needed in future experiments, such as using fresh tissue slices instead of recovered ones. In 
contrast, for the cold sample, treated groups exhibit significantly higher P205 levels compared 
to controls, indicating increased phosphorylation under cold conditions (figure 39). 
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5 DATA FIGURES 

 

5.1 Cancer  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

Figure 10 Bioptron PC3 exposure: (a) 10 minutes exposure; (b) 15 minutes exposure; (c) 20 
minutes exposure; (d) 20 minutes exposure with 10 minutes of intermission 
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Figure 11 Vielight PC3 exposure: (a) 10 minutes exposure; (b) 15 minutes exposure; (c) 20 minutes 
exposure; (d) 20 minutes exposure with 10 minutes of intermission 

Figure 12 Bioptron PC3 medium exposure: (a) 10 minutes exposure; (b) 15 minutes exposure; (c) 20 minutes 
exposure; (d) 20 minutes exposure with 10 minutes of intermission 



43 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 13 Vielight PC3 medium exposure: (a) 10 minutes exposure; (b) 15 minutes exposure; (c) 20 minutes exposure; 
(d) 20 minutes exposure with 10 minutes of intermission 

Figure 14 PC3 day 1 and day 7 exposure: (a) Bioptron - 10 minutes exposure, day 1; (b) Bioptron - 10 minutes 
exposure, day 7; (c) Vielight - 10 minutes exposure, day 1, 125 mm from the spot; (d) Vielight - 10 minutes 
exposure, day 7, 125 mm from the spot. 
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Figure 15 Bioptron HeLa exposure: (a) 10 minutes exposure; (b) 15 minutes exposure; (c) 20 minutes exposure; (d) 
20 minutes exposure with 10 minutes of intermission 

Figure 16 Vielight HeLa exposure: (a) 15 minutes exposure; (b) 33 minutes exposure; (c) 60 minutes exposure; 
(d) 30 minutes exposure with 15 minutes of intermission 
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Figure 17 Bioptron MCF7 exposure: (a) 10 minutes exposure; (b) 15 minutes exposure; (c) 20 minutes exposure; 
(d) 20 minutes exposure with 10 minutes of intermission 

Figure 18 Vielight MCF7 exposure: (a) 15 minutes exposure; (b) 33 minutes exposure; (c) 60 minutes exposure; 
(d) 30 minutes exposure with 15 minutes of intermission 
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Figure 19 PC3 Actin staining. (a) Bioptron, 10-minutes exposed, treated; (b) Bioptron, 10-minutes exposed, 
control; (c) Vielight, 15-minutes exposed at a distance of 125 mm, treated; (d) Vielight, 15-minutes exposed at a 
distance of 125 mm, control. 
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Figure 20 PC3 Tubulin staining. (a) Bioptron, 10-minutes exposed, treated; (b) Bioptron, 10-minutes exposed, 
control; (c) Vielight, 15-minutes exposed at a distance of 125 mm, treated; (d) Vielight, 15-minutes exposed at a 
distance of 125 mm, control. 
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Figure 21 PC3 Actin staining. (a) Bioptron, 20-minutes exposed, treated; (b) Bioptron, 20-minutes exposed, 
control; (c) Vielight, 20-minutes exposed at a distance of 125 mm, treated; (d) Vielight, 20-minutes exposed at a 
distance of 125 mm, control. 
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Figure 22 Tubulin staining. (a) Bioptron, 20-minutes exposed, treated; (b) Bioptron, 20-minutes exposed, 
control; (c) Vielight, 20-minutes exposed at a distance of 125 mm, treated; (d) Vielight, 20-minutes exposed at a 
distance of 125 mm, control. 
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Figure 23 PC3 Mitochondria staining. (a) Bioptron, 10-minutes exposed, treated; (b) Bioptron, 10-minutes 
exposed, control; (c) Vielight, 15-minutes exposed at a distance of 125 mm, treated; (d) Vielight, 15-minutes 
exposed at a distance of 125 mm, control. 
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Figure 24 HeLa Actin staining. (a) Bioptron, 10-minutes exposed, treated; (b) Bioptron, 10-minutes exposed, 
control; (c) Vielight, 15-minutes exposed at a distance of 125 mm, treated; (d) Vielight, 15-minutes exposed at a 
distance of 125 mm, control. 
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Figure 25 HeLa Tubulin staining. (a) Bioptron, 10-minutes exposed, treated; (b) Bioptron, 10-minutes exposed, 
control; (c) Vielight, 15-minutes exposed at a distance of 125 mm, treated; (d) Vielight, 15-minutes exposed at a 
distance of 125 mm, control. 
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Figure 26 PC3 ATP assay: (a) Vielight, 15-minutes exposed at a distance of 125 mm; (b) Bioptron, 10-minutes exposed, 
experiment 1; (c) Bioptron, 10-minutes exposed, experiment 2; (d) Bioptron, 10-minutes exposed, experiment 3 

Figure 27 PC3 Lactate assay: (a) Vielight, 15-minutes exposed at a distance of 125 mm; (b) Bioptron, 10-minutes 
exposed. 



54 
 

5.2 Alzheimer’s disease 

 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

Figure 28 Levels of Tau 1 measured in Rat 1, Bioptron exposure (a) Warm sample, 10 
minutes exposure; (b) Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes 
exposure; (d) Cold sample, 20 minutes exposure 
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Figure 29 Levels of Tau 1 measured in Rat 2, Bioptron exposure (a) Warm sample, 10 minutes 
exposure; (b) Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes exposure; (d) Cold 
sample, 20 minutes exposure 
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Figure 30 Levels of Tau 1 compared between rat 1 and 2, Bioptron exposure (a) Warm sample, 10 minutes exposure; 
(b) Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes exposure; (d) Cold sample, 20 minutes exposure 
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Figure 31 Levels of PGSK3β measured in Rat 1, Bioptron exposure (a) Warm sample, 10 minutes 
exposure; (b) Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes exposure; (d) 
Cold sample, 20 minutes exposure 
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Figure 32 Levels of PGSK3β measured in Rat 2, Bioptron exposure (a) Warm sample, 10 minutes 
exposure; (b) Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes exposure; (d) Cold 
sample, 20 minutes exposure 
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Figure 33 Levels of PGSK3β compared between rat 1 and 2, Bioptron exposure (a) Warm sample, 10 minutes exposure; 
(b) Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes exposure; (d) Cold sample, 20 minutes exposure 
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Figure 34 Levels of P205 measured in Rat 1, Bioptron exposure (a) Warm sample, 10 minutes exposure; 
(b) Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes exposure; (d) Cold sample, 20 
minutes exposure 
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Figure 35 Levels of P205 measured in Rat 2, Bioptron exposure (a) Warm sample, 10 minutes 
exposure; (b) Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes exposure; (d) Cold 
sample, 20 minutes exposure 
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Figure 36 Levels of P205 compared between rat 1 and 2, Bioptron exposure (a) Warm sample, 10 minutes exposure; (b) 
Warm sample, 20 minutes exposure; (c) Cold sample, 10 minutes exposure; (d) Cold sample, 20 minutes exposure 



63 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 37 Levels of Tau 1 measured in Rat 2, VieLight exposure (a) Warm sample, 20 minutes 
exposure; (c) Cold sample, 20 minutes exposure 

Figure 38 Levels of PGSK3β measured in Rat 2, VieLight exposure (a) Warm sample, 
20 minutes exposure; (c) Cold sample, 20 minutes exposure 

Figure 39 Levels of P205 measured in Rat 2, VieLight exposure (a) Warm sample, 20 
minutes exposure; (c) Cold sample, 20 minutes exposure 
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6 DISCUSSIONS 
 

6.1 Cancer disease 

 
The potential therapeutic benefits of photobiomodulation (PBM) in cancer treatment are an 
ongoing debate, with inconsistent findings across various in vitro and in vivo studies (Hamblin, 
2018b; Tam et al., 2020). The efficacy of PBM appears to be intricately linked to several key 
factors, including the wavelength of light used, dosage, target cell line, and specific exposure 
conditions (Bensadoun et al., 2020b; Robijns et al., 2021b, 2022b; Zein et al., 2018b). This 
variability underscores the complexity of PBM's mechanisms of action and their interaction 
with the diverse nature of cancer cells: while some studies report promising anti-tumor effects, 
others have observed negligible impacts or even potential tumor-promoting effects under 
certain circumstances (Ando et al., 2011; Baxter et al., 2017b; Robijns et al., 2021a). This 
contradiction emphasizes the necessity for more systematic investigations to decode the 
complex interplay between PBM and the molecular landscapes of different cancer types (Jo et 
al., 2023; Kara et al., 2018). 
 
Our study aimed to elucidate these variations by systematically assessing the viability 
responses of three cancer cell lines (PC3, HeLa, and MCF7) under varying irradiation 
conditions. We employed two distinct light sources: the NeuroPro Device Module A (Vielight, 
Toronto, Canada) emitting near-infrared light at 810 nm, and the Bioptron Pro 1 device 
(Zepter, Zurich, Switzerland) producing hyperpolarized light with a spectrum range of 350-
3400 nm and a polarization degree exceeding 95% (590-1550 nm). 
In this investigation, the experimental protocol maintained a uniform beam spot distance of 125 
mm throughout all irradiation scenarios. Then, to examinate different conditions varying the 
time parameter, the experiments were categorized into four groups, detailed in the Materials 
and Methods section (10, 15, 20, and 20 minutes with a 10-minute break in between). 
A power density of 60 mW/cm2 was chosen for NeuroPro-exposed samples, in line with 
previous studies, facilitating comparisons with the Bioptron device's fixed power output of 40 
mW/cm2. 
 
Based on the results obtained regarding the viability of exposed cells, it must be noted that the 
hyperpolarized light seems efficient for shorter exposure intervals with respect to Neuropro-
irradiated cells which led to a significant reduction in cells only after 20 minutes of exposure. 
In the latter case, we observed that longer time exposure reduced cell viability. Interestingly, 15 
minutes of exposure was associated with an increase in cell proliferation and metabolism but 
when the interval is lengthened to 20 minutes, we observed a significant decrease in cell 
viability. It is crucial to notice that such trend is still valid for the Bioptron, observing that the 
outcome of both first (10 minutes) and the fourth (20 minutes with a 10-minute break in 
between) group is significantly reduced in terms of viability. 
 
Regarding the re-irradiation experiments, the idea was to get some hints about the duration of 
eventual effects on cells by the EMFs applied. As Figure 14.b and Figure 14.d suggest, both 
devices demonstrated significant results, leading to a decrease in viability. These findings 
indicate that multiple exposures to irradiation result in increased cell death. However, the effect 
is much stronger in the case of Bioptron. More elucidations are needed in this case, to further 
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understand how the EMFs effects the cells in time. Hence, a next step will be testing other cell 
lines as we did for the above experiments explained. 
 
Moreover, the role of the medium has been investigated to see if it effects the results in terms 
of beneficial effects produced by such light therapies. As expected, it appears to exist a direct 
involvement of the medium when exposed to the NIR spectrum. It is already known, that 
bound molecules interacting with aqueous solution can absorb the radiation, possibly limiting 
the efficacy of the therapy (Serhan et al., 2019; Szymborska-Małek et al., 2018).  
 
Proving that, the viability of exposed media following 10 minutes exposure is significantly 
higher in value than the direct irradiation on cells’ one; considering then the 15- and 20- 
minutes medium exposure, the resulting trend indicates a time-dependent decrease in viability. 
Hence, the leading hypothesis suggested is the screening effect of the medium over an 
approximately 10-minutes interval when exposed to irradiation in the NIR (NeuroPro), which 
drove us to test a longer time expo-sure for avoiding such effect and favor a better performance 
in terms of therapy efficiency and efficacy. 
 
However, it is important to notice that such screening phenomenon does not seem to be present 
in the case of the hyperpolarized light, which is the reason why the exposure intervals have not 
been changed over the experiments. 
 
To further validate the window optimization for both Bioptron and Vielight devices, the energy 
fluence (dose) was set at 2.4 J/cm2 for testing two distinct cell lines, HeLa and MCF7. 
The results show a decrease in viability due to a longer time exposure, that was significantly 
confirmed in the case of the MCF7 cell line, but not in the HeLa cells for the NeuroPro 
irradiation. This is not surprising because HeLa cells have previously been shown not to 
respond to the NIR irradiation with such lower doses. Indeed, the scientific evidence show a 
slightly decrease in viability starting from an energy fluence of about 5 J/cm2 (H. B. Kim et al., 
2021). These observations underscore the importance of cell line-specific characteristics in 
cellular response to light irradiation. The viability trend observed in the case of Bioptron-
irradiated samples was confirmed for HeLa cells. This trend was also observed for the first 
group (10 minutes) of MCF7 cells. However, for the 20-minute group with a 10-minute break, 
the trend was opposite, supporting the aforementioned hypothesis of dependence on the 
specific features of each cell line. 
It is worth noting that for both HeLa and MCF7 cells, exposure for a duration of 15 minutes led 
to a decrease in viability, although not significantly, indicating a certain flexibility in choosing 
the exposure window up to a maximum of 20 minutes, beyond which a significant proliferation 
was observed. 
 
Keeping track of the effect of a dose of 2.4 J/cm2, we investigated the possible structural 
changes after the irradiation, using immunofluorescence staining, on PC3 and HeLa cell lines, 
considering the results obtained which were equal in trend for 10-minutes Bioptron-irradiated 
samples and 15-minutes NeuroPro-irradiated ones. Confirming again the idea of cell-line 
dependency, both actin and tubulin staining in PC3 and HeLa cells displayed different 
characteristics. In particular, the former highlighted a shrinkage of the cytoplasm toward the 
nucleus favoured by the actin filaments after the irradiation of Bioptron and Vielight as well; 
tubulin filaments instead do not show a relevant difference between treated and control samples 
considering both light therapies employed for the irradiation, even if a lightly dimmer signal is 
present in the control group of the Neuro-Pro-irradiated cells. For this reason, it is not possible 
to determine eventual change in the disassembly or assembly dynamic because of the light 
therapy.  
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In contrast, HeLa cells exhibited no significant alterations in cytoplasmic morphology. 
However, our findings suggest a propensity for microtubule assembly and reorganization 
within these cells under the experimental conditions employed. 
The observed changes in tubulin staining patterns may reflect light-induced alterations in 
microtubule polymerization or depolymerization, which could impact cellular functions and 
viability, again with a feature dependent on the cell-line type. 
 
Following the same line, ATP has been measured for both Bioptron and NeuroPro irradiation 
samples respectively after 10- and 15-minutes exposure.  
For the case of NIR irradiation, there is a decrease in glycolytic ATP and lactate levels, 
suggesting that light exposure may modulate cellular metabolism, potentially reversing the 
Warburg effect and promoting a more oxidative phenotype. Indeed, such phenomenon is based 
on an “aerobic glycolysis”, which consists in a favored glycolysis over the oxidative 

phosphorylation even when oxygen is available (Liberti & Locasale, 2016b; Otto, 2016b; 
Vander Heiden et al., 2009b; Ward & Thompson, 2012b).  Mitochondria appear to be activated 
leading to a production of ATP which is about 5-fold bigger than the glycolytic one. 
Surprisingly, the repetition of this experiments for the hyperpolarized light treatment led to 
three different results: an initial switch to glycolytic activity with an evident damage to 
mitochondria; the second one, resulted in an increased mitochondrial activity as well as the 
production of the glycolytic ATP; finally there is a decrease in glycolytic ATP followed by a 
10-fold increase in the mitochondrial one, as it happens for samples irradiated by NeuroPro.  
This suggest that it exists a correlation between the aggressiveness of the cancer cell type and 
its progressive growth in culture over time, explaining the contrasting results obtained in 
Bioptron irradiated samples together with a possible influence of the hyperpolarized light itself. 
This is consistent with a synergistic upregulation of both glycolytic and mitochondrial 
pathways, potentially reflecting a metabolic adaptation strategy to meet the increased energy 
demands associated with cellular repair and recovery processes. 
 
To better understand such outcomes, further investigations are needed involving mitochondria 
as a target and genetic studies to ameliorate the characterization of PBM and hyperpolarized 
light applied to cancer cells and to develop a standardized protocol. 
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6.2 Alzheimer's disease 

 
 
 
Photobiomodulation (PBM) has emerged as a promising therapeutic approach for Alzheimer's 
disease (AD), offering potential benefits in addressing the complex pathophysiology of this 
neurodegenerative disorder (Huang et al., 2024). The mechanisms of PBM in AD treatment are 
multifaceted, targeting various aspects of the disease's pathology, the studies have demonstrated 
that PBM can improve mitochondrial function, increase ATP production, and reduce oxidative 
stress, all of which are crucial for maintaining neuronal health and function (Ramanishankar et 
al., 2024; Huang et al., 2024). These effects collectively contribute to potential neuroprotection 
and cognitive improvement in AD patients. 
 
Despite the promising findings, recent research has highlighted the need for further investigation 
into the efficacy of PBM for AD treatment. A randomized, blinded study using a mouse model of 
AD showed no preventive effect of PBM on behavioral tests or histological analyses (Sipion, 
2023). This contradictory result underscores the complexity of AD pathology and the need for 
more comprehensive studies to establish standardized protocols and confirm the long-term 
efficacy of PBM in AD management. 
 
Turning to our experimental findings, we focused on the effects of PBM on key proteins 
involved in AD pathology: Tau1, GSK3β, and p-tau205. Tau is a microtubule-associated protein 
that becomes hyperphosphorylated in AD, leading to the formation of neurofibrillary tangles 
(Lantero-Rodriguez et al., 2024). 
Tau 1 is the non-phosphorylated form of tau protein, which plays a crucial role in maintaining 
microtubule stability in neurons (Saltmarche, 2017). In AD, the balance between phosphorylated 
and non-phosphorylated tau is disrupted, with a shift towards increased phosphorylation leading 
to the formation of neurofibrillary tangles (Lim, 2024). GSK3β is a kinase that plays a crucial 

role in tau phosphorylation and has been implicated in AD pathogenesis (Huang et al., 2024). P-
tau205 is a specific phosphorylation site on tau that has recently gained attention as a potential 
biomarker for AD (Lantero-Rodriguez et al., 2024).  
In our experiments, we examined the effects of two different irradiation devices (Vielight 
NeuroPro Alpha2 and Bioptron MedAll devices) at various time points, comparing warm and 
cold samples.  
 
The observed changes in Tau 1 levels following PBM treatment suggest that this intervention 
may influence the phosphorylation state of tau proteins. Specifically, an increase in tau 1 levels 
could indicate a shift towards a more balanced tau phosphorylation state, potentially mitigating 
the formation of neurofibrillary tangles (Saltmarche, 2017). Indeed, in rat 2, two measurements 
confirmed this trend in both in 10- and 20- minutes exposure to HPL.  
 
Regarding GSK3β, our results showed a decrease in GSK3β activation following PBM treatment 
more evident in the warm slices of rat 2 exposed for 10 minutes to Bioptron device. In the cold 
samples, the effects are variable depending on the time of exposure and the rat used. For this 
reason, is complicated to confirm or denied previous results, that generally shows an increase of 
phosphorylated kinase GSK3β (Squarcio et al., 2023). 
 
For p-tau (specifically p-T205), we found increased levels in treated warm samples exposed to 
HPL for 20 minutes. In cold samples we found some contrasting results between the two rats. 
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Indeed, we cannot draw some conclusions about the slice that underwent a hypothermia. 
 
The differences we observed between warm and cold samples are particularly intriguing, the 
temperature dependence in PBM on AD-related proteins, is still under development, but previous 
research suggests that tissue temperature may be an important factor in modulating the biological 
effects of PBM, possibly by affecting enzyme kinetics or cellular stress responses. 
 
Overall, while our results provide intriguing insights into the potential of PBM for modulating 
AD-related proteins, they also underscore the complexity of this approach and the need for 
rigorous, systematic research to fully understand and optimize PBM for potential AD 
applications. 
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7 CONCLUSIONS AND FUTURE WORK 

 
This thesis aimed to explore the potential therapeutic applications of photobiomodulation 
(PBM) and hyperpolarized light (HPL) in two distinct areas: cancer treatment and Alzheimer's 
disease (AD). By investigating the effects of these light-based therapies on various cellular 
processes and protein dynamics, we sought to contribute to the growing body of knowledge in 
these fields and potentially uncover new avenues for treatment. 
 
In the cancer-focused portion of our study, we examined the effects of PBM and HPL on three 
cancer cell lines: PC3, HeLa, and MCF7. Our experiments revealed complex and often cell 
line-specific responses to light therapy. Key findings included differential responses to 
exposure duration, with short exposures to HPL generally leading to decreased cell viability 
across all cell lines, while longer exposures produced variable effects. Each cell line exhibited 
unique patterns of response to both PBM and HPL, highlighting the importance of tailoring 
light therapy protocols to specific cancer types. 
Both PBM and HPL induced significant changes in cellular metabolism, often shifting the 
balance between glycolytic and mitochondrial ATP production. This suggests a potential for 
light therapy to modulate the Warburg effect, a hallmark of cancer metabolism. 
Immunofluorescence studies revealed alterations in cytoskeletal organization and 
mitochondrial morphology following light exposure, particularly in PC3 cells. Our experiments 
also suggested that the culture medium plays a role in mediating the effects of light therapy, 
potentially by absorbing or modifying the incoming radiation. 
 
In the Alzheimer's disease portion of our study, we focused on the effects of PBM and HPL on 
key proteins involved in AD pathology, namely Tau1, pGSK3β, and p-tau205. We observed 
distinct responses to light therapy in warm (37°C) versus cold (25°C) brain slice samples, 
suggesting that temperature may be a crucial factor in modulating the effects of PBM and HPL 
in neural tissue. Both PBM and HPL appeared to influence the levels of non-phosphorylated 
Tau (Tau1) and phosphorylated Tau (p-tau205), although the effects were often variable and 
dependent on specific experimental conditions. Our results indicated that light therapy could 
modulate the activation of pGSK3β, a key kinase involved in Tau phosphorylation, although 

the effects were not always consistent across different experimental conditions. 
 
Our research demonstrates the complex and promising potential of photobiomodulation and 
hyperpolarized light in addressing two of the most challenging medical conditions of our time: 
cancer and Alzheimer's disease. While our findings reveal intriguing possibilities for 
modulating cellular behavior and protein dynamics through light-based interventions, they also 
underscore the need for continued, rigorous research in this field. The cell-specific and 
condition-dependent nature of the observed effects highlights the importance of developing 
tailored, precise protocols for light therapy applications. 
 
As we move forward, it is crucial to build upon these findings with more comprehensive 
studies that address the limitations of our current work. By expanding our understanding of the 
mechanisms underlying PBM and HPL effects, optimizing treatment parameters, and 
transitioning to in vivo and clinical studies, we can work towards harnessing the full potential 
of these innovative therapies. 
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