
Article Not peer-reviewed version

Neuroprotective Effects of

Photobiomodulation and Taurine on SH-

SY5Y Cells

Rafaella Carvalho Rossato , Amanda Lira Albuquerque , Geisa Rodrigues Salles ,

Marimélia Aparecida Porcionatto , Alessandro E. Campos Granato , Henning Ulrich ,

Mariela Ines Batista dos Santos , Cristina Pacheco-Soares *

Posted Date: 4 April 2024

doi: 10.20944/preprints202404.0362.v1

Keywords: Alzheimer's Disease; Neuroprotection; Oxidative stress

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.



 

Article 

Neuroprotective Effects of Photobiomodulation  

and Taurine on SH-SY5Y Cells 

Rafaella Carvalho Rossato 1, Amanda Lira Albuquerque 1, Geisa Rodrigues Salles 2,  

Marimélia Aparecida Porcionatto 2, Alessandro Eustáquio Campos Granato 3, Henning Ulrich 3, 

Mariela Inês Batista dos Santos 1 and Cristina Pacheco-Soares 1,* 

1 Universidade do Vale do Paraíba - Av. Shishima Hifumi 2911, Urbanova – São José dos Campos/SP,  

Brazil – CEP 12244-000 
2 Universidade Federal de São Paulo - Rua Pedro de Toledo, 669, Vila Clementino/ São Paulo,  

SP – Brazil – CEP 04039032  
3 Departamento de Bioquímica, Instituto de Química, Universidade de São Paulo,  

Av.Prof. Lineu Prestes 748, São Paulo 05508-000 

* Correspondence: cpsoares@univap.br 

Abstract: Alzheimer's Disease (AD) is a progressive uncurable neurodegenerative disease affecting 

millions worldwide. Various methods, including drug therapies and light emission diode (LED) 

irradiation, are promising alternatives for preventing and reducing the rapid progression of 

neurodegenerative diseases, also stimulating the reconstructing of neural tissue structures. In this 

study, we evaluated the neuroprotective and restorative effects of taurine combined with LED on 

human neuroblastoma cells (SH-SY5Y), under oxidative stress condition, a considerable modulator 

in AD. We evaluated LED at the wavelength of 660 nm and taurine under different concentrations 

before and after exposing SH-SY5Y cells to different concentrations of hydrogen peroxide (H2O2), 

assessing mitochondrial activity by the MTT colorimetric test and labeling live cell mitochondria by 

fluorescence using MitoTracker Orange. Cell viability was also evaluated by the trypan blue 

exclusion assay, and we verified cellular morphological structures by scanning electron microscopy 

(SEM). It was observed that neuroprotective effects are achieved by both LED and taurine when 

cells are exposed to them and later are stressed with H2O2. Comparing both agents, LED irradiation 

is sufficient to stimulate cell proliferation, representing an affordable candidate to contribute against 

neurodegeneration.  

Keywords: alzheimer's disease; neuroprotection; oxidative stress 

 

1. Introduction 

Alzheimer's Disease (AD) has been considered a global public health priority by the World 

Health Organization (WHO). Our understanding of the causes and potential drug targets for AD is 

mainly theoretical, consisting of well-defined concepts and hypotheses. Following this framework, 

medications have been developed to mitigate the progression of the disease [1].  

AD is the leading cause of dementia in individuals aged 60 and above, representing 50–75% of 

all dementia. Globally, gathered statistical data shows a higher susceptibility to AD among females 

than males, with this risk further escalating with advancing age [2]. The number of people live with 

AD, currently is approximately 50 million, and studies indicate that this number could double every 

20 years [3–5].  

The progression of AD causes loss of neural extensions and impairment of their surroundings, 

leading to brain atrophy by reducing connectivity between synapses, cellular metabolism, and loss 

of neural recovery ability. Cognitive functions are affected in AD which are responsible for 

conducting daily activities, such as loss of ability to plan and capabilities of speaking and writing, 

making affected individuals unable to perform self-care activities [6].  
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Oxidative stress has a pivotal role in AD, where the excessive production and release of reactive 

oxygen species (ROS) cause brain cells damage, contributing with the extensive neuronal loss. The 

search for a cure for AD is being widely explored to discover an early diagnosis and more effective 

treatments. It is already known that there are drugs that delay disease progression, promoting a better 

quality of life for the patient. There are also alternatives to prevent the progression of the disease, 

such as phototherapy and the use of antioxidants. The study by Lee et al., 2020 [7] showed that taurine 

promotes neuroprotective effect on neural cells, characterized as an antioxidant. Recent studies also 

indicate that taurine at low concentrations has beneficial properties in neurodegenerative pathologies 

and that light emitting diode (LED) irradiation modulates cells. On the other hand, it is known that 

phototherapy performed by LED, or light amplification by stimulated emission of radiation (laser) is 

a non-invasive treatment possibility to improve brain function [8]. Therefore, the present study 

evaluates the effects of taurine on neural cells under oxidative stress conditions induced by hydrogen 

peroxide (H2O2), an important hallmark of AD. Phototherapy with LED was also performed to verify 

cellular biomodulation. Thus, as illustrated in Figure 1, the objective of this study was to analyze the 

potential therapeutic effects of taurine combined with LED in an in vitro model of AD, where neuron-

like cells were exposed to H2O2, to induce oxidative stress.  

Further, we aimed to establish the ideal concentration of H2O2 to induce oxidative stress, the 

ideal antioxidant concentration of taurine, the ideal fluence of LED irradiation, and to verify the 

neuroprotective and neurorestorative ability of taurine associated with LED in SH5Y5 human 

neuroblastoma cells, which are used as in vitro model for TAU pathology and Alzheimer’s disease 

[9,10] ( 

 

Figure 1. Graphical abstract. Taurine and LED treatments of neuronal SH-SY5Y cells exposed to H2O2. 

The diagram demonstrates the varying effects under different conditions: without pretreatment, with 

pretreatment, and with H2O2 induction: the SH-SY5Y cells, cell death, and neuroprotection. 

2. Materials and Methods 

2.1. Reagents 

Hydrogen peroxide (H2O2) induced oxidative stress in human neuroblastoma cells (SH-SY5Y) to 

simulate Alzheimer's conditions. Taurine, a neuroprotective amino acid, was employed for pre-

treatment and treatment experiments. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
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bromide) was used for colorimetric mitochondrial activity assessment. MitoTracker Orange, a 

fluorescent dye, was used for live cell mitochondrial labeling. Trypan blue dye was employed for the 

evaluation of cell viability. Hydrogen peroxide, taurine, MTT, MitoTracker Orange, Trypan blue dye, 

and SEM supplies were sourced from Sigma-Merck (St. Louis, Missouri, United States). CM-

H2DCFDA (5-(and -6)-Chloromethyl-2,7-dichlorodihydrofluorescein diacetate) and TMRM 

(tetramethyl rhodamine methyl ester) were acquired from Invitrogen- Thermo Fisher Scientific 

(Carlsbad, California, United States).  

2.2. Cell Culture 

The experiments were conducted with the cell line SH-SY5Y (Human Neuroblastoma ATCC - 

CRL-22660. Cell culture was conducted in 25 cm2 cell culture flasks with Dulbecco’s Modified Eagle 

Medium: Nutrient Mixture (DMEM/F12, Gibco), supplemented with 10% fetal bovine serum (FBS) 

and 1% antibiotic and antimycotic, at 37 °C, in an atmosphere of 5% CO2. SH-SY5Y cells were seeded 

at a density of 1x105 cells/well in 24-well plates. Cells were then incubated at 37°C and 5% CO2 

overnight to allow cell adhesion.  

2.3. Irradiation 

Irradiation was performed using the Biopdi/Irrad-Led5 660 LED device (Biopdi – São Carlos, 

São Paulo, Brazil – Applied Photobiology Laboratory for Health – IP&D, UNIVAP). The irradiation 

parameters were at wavelength of 660 nm ± 5 nm. The Biopdi/Irrad-Led5 device consists of 54 LEDs 

for irradiation, with each LED having a power of 70 Mw, covering an area of 150 cm² and providing 

a power density (irradiance) of up to 25 Mw/cm². Following irradiation, cells were incubated for 24 

hours at 37°C and 5% CO2.  

2.4. Treatment 

The optimal concentrations of H2O2 for inducing cellular stress in SH-SY5Y cells was 

standardized. Different energy densities of LED at 660 nm were compared to enhance cell viability. 

A dose-response curve for taurine was also performed. Pre-treatments involving LED and taurine 

with H2O2 were conducted. Cells were pre-treated with LED and/or taurine at optimal concentrations 

before H2O2-exposure. Additionally, treatment experiments were performed using LED and taurine 

together with H2O2-exposure. 

2.5. Viability Assay 

Cell viability was assessed using 0.2% Trypan Blue dye (Sigma). After the treatments, the culture 

medium was carefully removed, and 150 Μl of 0.2% Trypan Blue was added for 5 minutes. Cells were 

then washed with PBS, and 150 Μl of PBS was added for cell counting under a bright-field microscope 

Leica DLM.  

2.6. MTT Assay 

Mitochondrial activity was assessed using the colorimetric MTT (3-[4,5-dimethylthiazol-2-yl]-

2,5-diphenyltetrazolium bromide) assay (Sigma). After the respective treatments, ells were incubated 

with 0.5 mg/mL MTT solution diluted in culture medium was added to each well and incubated for 

3 hours, at 37°C in a 5% CO2 atmosphere. After incubation, the MTT solution was carefully aspirated, 

and cells were incubated with 400 µLl of dimethyl sulfoxide (DMSO) for 5 minutes, under constant 

agitation. Absorbance was measured at 570 nm using a spectrophotometer Packard SpectraCount 

BS10000.  

2.7. Mitochondrial Membrane Potential Analysis 

MitoTracker Orange chloromethyltetramethylrosamine (CMTMRos) (Invitrogen, Carlsbad, CA) 

was used to assess mitochondrial membrane potential (ΔΨm). After treatments, cells were incubated 
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with MitoTracker Orange (1 mM) for 30 min, at 37°C in a 5% CO2 atmosphere. Cells were washed 

with PBS and imaged under a fluorescence microscope (EVOS FL Cell Imaging System, Thermo 

Fisher Scientific). Red fluorescence intensity was measured and analyzed to assess mitochondrial 

membrane potential.  

2.8. Scanning Electron Microscopy (SEM) 

SH-SY5Y cells were subjected to SEM to evaluate morphological changes after treatment. Cells 

were fixed in 0.1 M sodium cacodylate solution containing 2.5% glutaraldehyde and 4% 

paraformaldehyde for 1 h. Then, the fixative solution was removed, and cells were washed twice 

with PBS. Dehydration was conducted in a series of increasing ethanol concentrations (70% to 100%), 

exposed for 10 min each. Then, samples were dehydrated with 100% ethanol + hexamethyldisilane 

(HMDS) (1:1) for 10 minutes and pure HMDS for another 10 minutes. After HMDS complete 

evaporation, samples were metalized on a sputter coater (EMITECH K 550 X®). The analysis was 

conducted using an EVO-Zeiss® Scanning Electron Microscope, capturing images of the control, 

H2O2, LED + H2O2, taurine + H2O2, and LED + taurine + H2O2 exposure groups. 

2.9. Statistical Analysis 

Statistical analysis was performed using GraphPad Prism software (version 8.0). Data were 

expressed as mean ± standard deviation. One-way analysis of variance (ANOVA) followed by 

Tukey’s multiple comparisons test was used for comparisons between multiple groups. The level of 

significance was set at p < 0.05. All experiments were performed in triplicate with three repetitions. 

3. Results 

The generation of oxidative stress in SH-SY5Y cells was evaluated by standardizing the H₂O₂ 

dosage. Thus, exposures to various concentrations of H₂O₂ (50 µM to 2.5 Mm) were performed to 

standardize an effective dose of oxidative stress. We observed that 200 µM of H₂O₂ resulted in a 

significant reduction in mitochondrial activity (Figure 2A) and cell viability (Figure 2B) compared to 

the control group (p < 0.001). 

 

Figure 2. Mitochondrial activity and cytoviability of SH-SY5Y exposed to different concentrations of H2O2. 

Evaluation of oxidative stress in SH-SY5Y led to standardizing H₂O₂ dosage. Exposures ranged from 

50 µM to 2.5 Mm, with 200 µM of H₂O₂ showing a significant decrease in mitochondrial activity (a) 

and cell viability (b) compared to controls (** p < 0.01 and *** p <0.001). 

Irradiation of SH-SY5Y cells was performed with LED at an energy density of 3 J/cm². The LED 

exposed group increased mitochondrial activity when compared to the control group (p < 0.01). At 

higher energy densities (5 J/cm² and 10 J/cm²), mitochondrial activity was statistically reduced  

(Figure 3). 
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Figure 3. Mitochondrial activity of SH-SY5Y under different LED densities exposure. SH-SY5Y cells 

irradiated with LED at 3 J/cm² showed a notable boost in mitochondrial activity, however, higher 

densities of 5 J/cm² and 10 J/cm² led to a significant decrease in activity (**p<0.01 and ***p<0.001, 

compared with control group). 

Regarding the use of taurine in SH-SY5Y cell culture, the concentrations up to 0.5 mg/mL did 

not negatively affect mitochondrial activity or cell viability. In comparison, concentrations of 1.0 

mg/mL and 3. 0 mg/mL significantly reduced mitochondrial activity (Figure 4A) and viability (Figure 

4B), compared with the control group (p < 0.001). 

 

Figure 4. Mitochondrial activity and cytoviability of SH-SY5Y under different taurine concentration 

exposures. In SH-SY5Y, taurine up to 0.5 mg/mL had no adverse effects. However, concentrations of 

1.0 mg/mL and 3.0 mg/mL notably decreased mitochondrial activity (a) and cell viability (b) 

(***p<0.001). 

Regarding the pre-treatment of SH-SY5Y cells with LED before the induction of oxidative stress 

by H2O2, a significant neuroprotection effect was observed (Figure 5A), preserving mitochondrial 

activity and cell viability after cells exposure to H₂O₂. It is triggered by H₂O₂, and the same effect is 

observed with pre-treatment using taurine (Figure 5B).  
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Figure 5. Mitochondrial activity of SH-SY5Y under (A) LED or (B) Taurine pre-treatments before H2O2 

exposure. Pre-treatment of SH-SY5Y cells with LED before H2O2-induced oxidative stress showed 

significant neuroprotection (a), keeping mitochondrial activity and cell viability. Similarly, taurine 

pre-treatment yielded comparable results (b). (**p<0.01 and ***p<0.001, compared with respective 

H2O2-exposure-only groups). 

The combination of LED + Taurine exposure before H₂O₂ exposure showed a synergistic 

neuroprotection, significantly preserving mitochondrial activity and cell viability compared to the 

group only exposed to H₂O₂ (p < 0.001), as shown in Figure 6 A. However, when cells are first exposed 

to H₂O₂ and then treated with combined LED irradiation + taurine, no restorative effect was observed 

(Figure 6B), indicating that the combined therapy is more protective than restorative, when 

evaluating mitochondrial activity and cell viability.  

 

Figure 6. Mitochondrial activity of SH-SY5Y under combined LED+Taurine pre-treatments before H2O2 

exposure (A). The treatment combining LED + Taurine followed by H2O2 exposure provided a 

synergistic neuroprotective impact, notably keeping mitochondrial function compared with the H₂O₂-

exposed only group (***p < 0.001, compared with H2O2-exposed-only groups). Mitochondrial activity of 

SH-SY5Y under combined LED+Taurine together with H2O2 exposure (B). Post-stress treatment using LED 

and taurine after H2O2 exposure did not fully recover mitochondrial function, suggesting that pre-

treatment offers superior neuroprotection (***p<0.001, compared with H2O2-exposure-only group). 

MitoTracker Orange labeling visually confirmed mitochondrial protection following pre-

treatment with LED and taurine, preserving mitochondrial morphology and organization after induced 

oxidative stress. The images were obtained using a confocal microscope, and it is possible to verify the 

neuroprotective effect visually. Therefore, in this experiment, pre-treatment was conducted using LED 

(3 J/cm2) and taurine (0.5 mg/mL) and then added H2O2 (200 µM) to promote oxidative stress. The 

groups analyzed were Control; H2O2; LED + H2O2; taurine + H2O2; LED + taurine + H2O2. After exposure 

to H2O2, cell showed low SEM images clearly showed the morphological preservation of neural cells 
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projections in the LED + Taurine + H₂O₂ group compared to the H₂O₂ group, indicating the effectiveness 

of the combination of LED and taurine as a neuroprotective pre-treatment Figure 7A.  

MitoTracker staining emission and mitochondrial fragmentation, resulting from high ROS 

production (Figure 7B). However, in the LED + taurine pre-treatment group, mitochondria have a 

higher degree of organization compared to the H2O2 group. 

 

Figure 8. SEM and mitochondrial staining. (A) Morphological preservation of neural cells in the LED + 

Taurine + H₂O₂   group versus the H₂O₂-exposed group, demonstrating the neuroprotective potency 

of combining LED and Taurine as a pre-treatment. (B) After H2O2-exposure, cells reduced 

MitoTracker fluorescence emission and mitochondrial fragmentation is observed due to high ROS 

production (white arrows). However, with LED + taurine pre-treatment, mitochondria are more 

organized and distributed within the cytoplasm than in the H2O2-exposed only group. Scale bar: 

10µm. 

4. Discussion 

It is widely known that oxidative stress contributes with mitochondrial dysfunction and 

disorder, which is one of the key roles in the development and progression of AD. Moreover, 

oxidative stress results in damage of further cellular components, such as lipids, protein and DNA, 

accelerating the neurodegenerative process of the disease, contributing with the aggregation of 

amyloid beta plaques and neurofibrillary tangles, which are the main pathological features of AD. 

SH-SY5Y cells are an adequate model to study neurodegenerative processes induced by ROS. For 

instance, fruit and leaf extracts of mulberry were tested against H2O2-induced cytotoxicity [11]  

For in vitro studies, H2O2 is commonly used to induce cell oxidative stress [8]. Our results 

showed that SH-SY5Y cells exposed to 200 µM H2O2, for 24h, had mitochondrial dysfunction and 

cellular apoptosis [12,13], resulting in a significant reduction in cell viability compared to the control 

group (p<0.001). For this reason, this concentration and period of H2O2 exposure was stablished for 

all the following assays, which corroborates the results of previous studies [14].  

Photobiomodulation uses monochromatic or nearly monochromatic light from a laser or LED to 

modify biological functions [15]. This modulating effect is based on chromophores in cells and 

tissues, molecules capable of absorbing light whose excitation can influence other molecules and 

biochemical pathways with potential therapeutic effects [16].  

Sommer et al. (2012), reported that photobiomodulation reduced β-amyloid aggregates in SH-

SY5Y cells and observed a reduction in β-amyloid-induced oxidative stress and inflammatory 

responses in primary rat cortical astrocytes [17].  

Zhang et al. (2012), specifically reported that protein kinase B was activated by 

photobiomodulation at an energy density of 2 J/cm², promoting a series of anti-apoptotic effects [18]. 

Generally, energy densities between 0.5 J/cm² and 4 J/cm² applied to human neural cells have anti-

apoptotic and proliferative effects and can reduce ROS accumulation [15].  

The MTT assay results showed (Figure 3) that an energy density of 3 J/cm² under oxidative stress 

significantly increased mitochondrial activity compared to the H2O2-exposed group (p<0.001). This 

energy density was determined for further experiments, indicating that neuroprotective and 

proliferative effects are not observed at 4 J/cm², as the literature suggests [15].  
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According to Che et al. (2018), the cytoprotective action of taurine is achieved, improving neural 

cell metabolism, and preventing cellular apoptosis [19]. This cytoprotective action occurs mainly by 

taurine's ability to facilitate cellular permeability, preventing the formation of ROS and the damage 

resulting from them, also acting as a buffer, maintaining the medium's pH, and capturing electrically 

viable ions [7].  

As mentioned, excessive oxidative stress damages cells, potentially triggering necrotic or 

apoptotic cell death. Mitochondria are the primary site of ROS production, and excess ROS can 

damage them [207]. Mitochondria are cytoplasmic organelles in eukaryotic cells, responsible for most 

adenosine triphosphate (ATP) production. Studies report that mitochondrial dysfunction is 

associated with oxidative stress, contributing to structural abnormalities, synaptic loss, and cell 

degeneration [21,22].  

Maintaining mitochondrial function is crucial, especially when exposed to chemical or physical 

stressors. Mitochondria play a fundamental role in triggering and sustaining the apoptotic pathway. 

When exposed to toxins, they may undergo organelle compromise, morphological alterations, and 

impaired mitochondrial dynamics [23,24].  

Fluorescent staining with MitoTracker Orange is highly responsive to mitochondrial membrane 

potential and is considered an indicator for verifying oxidative stress in mitochondria [25]. In the 

experiment conducted with pre-treatment using LED and taurine under H2O2 action, we observed 

that the control group exhibited well-organized mitochondria with visually more intense 

fluorescence than the H2O2 group. H2O2 caused mitochondrial fragmentation; a reduced MitoTracker 

fluorescence shows ROS production and is recognized as a reliable assay to examine oxidative stress, 

even with low-level ROS formed in mitochondria [26]. The LED + taurine + H2O2 group showed a 

remarkable improvement in mitochondrial integrity, distribution, and organization (Figure 7B), with 

a considerable proportion of them remaining intact after treatment. To further understand these 

structural alterations, it was stated that ROS causes oxidative stress [27], highly detrimental when 

produced excessively in our bodies, leading to structural alterations in proteins, lipids, and nucleic 

acids, leading to cell death. The deposition of β-amyloid aggregates, and the hyperphosphorylation 

of TAU protein, the main hallmarks of AD, leads to neural physiology alterations, especially in 

synapses, causing cellular impairment and death [28]. In agreement, Monteiro et al. (2011) showed 

that this TAU protein hyperphosphorylation results in its deposition in cellular filaments responsible 

for the neurodegeneration process occurring in AD [29].  

5. Conclusions 

This study elucidates the importance of combining LED irradiation and taurine as potential pre-

therapeutic tools against the oxidative stress in AD. First, it was stablished 200 µM H₂O₂, exposed for 

24h, as oxidative stressor agent in SH-SY5Y cells. Irradiating SH-SY5Y cells with LED at an energy 

density of 3 J/cm² demonstrated a notable increase in mitochondrial activity, especially compared to 

the control group. When administered at up to 0.5 mg/mL, Taurine did not show adverse effects on 

mitochondrial activity or cell viability. Most importantly, the combination of pre-treatment with LED 

and Taurine exhibited a remarkable synergistic neuroprotective effect against oxidative stress, which 

was confirmed by MitoTracker Orange and SEM, demonstrating the preservation of mitochondrial 

morphology and organization post-oxidative stress, respectively-treatment with LED and Taurine 

offered notable protection; the combined treatment post oxidative stress did not fully restore 

mitochondrial activity or cell viability, underscoring the importance of early and preventive 

intervention. In summary, the findings of this study highlight the potential of LED and Taurine as 

neuroprotective agents against oxidative stress in SH-SY5Y cells. These insights may provide novel 

approaches for preventing and treating neurodegenerative diseases associated with oxidative stress, 

such as AD. However, further studies are needed to fully understand the underlying mechanisms 

and confirm these observations in in vivo models and clinical trials. 
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