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Abstract 

β-Amyloid is the peptide which forms extracellular senile plaques in Alzheimer’s 

disease. Link of the β-amyloid to inherited form of Alzheimer’s disease and neurotoxicity 

of aggregated peptide has been suggested to the involvement of β-amyloid in the 

mechanism of pathology of this devastating disease. The toxicity of aggregated β-

amyloid is triggered by changes in calcium signal, mitochondrial energy metabolism and 

oxidative stress. Laser (1267nm)-induced singlet oxygen is shown to be able to modify 

proteins and accelerate energy metabolism that potentially may modify the effects of β-

amyloid. Using primary co-culture of neurons and astrocytes we studied the effect of 

laser-generated singlet oxygen on β-amyloid-induced calcium signal, mitochondrial 

energy metabolism and oxidative stress. We have found that singlet oxygen prevents 

aggregation of the full peptide βA 1-42, reduces the effect of β-amyloid on cytosolic and 

mitochondrial calcium elevation, reduces mitochondrial depolarization and depletion of 

NADH in mitochondria. As result it protected neurons and astrocytes against β-amyloid-

induced cell death. Thus, singlet oxygen could play neuroprotective role.  
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Alzheimer’s disease is the most common neurodegenerative disorder and the 

major cause of dementia. The histopathological features of this disease are extracellular 

senile plaques (formed by aggregated protein β-amyloid (βA)) and intracellular 

inclusions - nneurofibrillary tangles, which consist of aggregated tau proteins. In the 

monomer state, both – tau and β-amyloid play physiological roles. However, in 

oligomeric form full β-amyloids βA1-40 and βA1-42 become neurotoxic [1]. Mutations in 

the genes related to β-amyloid induce a familial form of Alzheimer’s disease [2]. All 

these facts suggest important role of aggregated β-amyloid in the mechanism of 

neurodegeneration in Alzheimer’s disease. β-amyloid is shown to be involved in various 

cellular processes which take part in the mechanism of neurodegeneration. Oligomeric 

and fibrillary form βA1-42 and βA1-40 are membrane-active and could form a pore in 

artificial and cellular membranes inducing ion conductivity [3–5]. This pore formation is 

dependent on the membrane cholesterol content [6] and it triggers calcium signal, 

mitochondrial depolarization and activation of NADPH oxidase, resulting in massive 

cytosolic ROS production [7]. Activation of NADPH oxidase in astrocytes is one of the 

key points in the mechanism of β-induced neurotoxicity, and the inhibitors of this 

enzyme successfully protected neurons and astrocytic cells [7,8]. Production of free 

radicals and excess of calcium in the matrix of mitochondria induce the opening of the 

mitochondrial permeability transition pore (mPTP), which causes rapid and short-term 

depolarization of mitochondria, accompanied by the release of cytochrome C and in 

some cells, activation of the DNA repairing enzyme PARP, which consumes NAD that 

limits NADH for mitochondria and induces mitochondrial dysfunction [9]. 

βA is a hydrophobic peptide that contains ROS-sensitive residues (Tyr10, His13, His14 

и Met35), photo-oxidative modification of these residues by excited singlet oxygen (1O2) 

can alter the hydrophobicity of beta-amyloid and disrupt the self-assembly of beta-

amyloid monomers [10] that may reduce the ability of βA for aggregation [11]. Singlet 

oxygen (1O2) is the common name for the electronically excited state of triplet oxygen, 

which is the lowest excited state of the oxygen dioxide molecule. Considering the ability 

of ROS to induce oxidative damage, the production of singlet oxygen by the illumination 

of photosensitizers is used to induce damage in unwanted cells and tumors [12]. It 

should be noted that singlet oxygen is produced in cellular enzymatic reactions by a 

number of peroxidase enzymes, including myeloperoxidase, lactoperoxidase, and 

chloroperoxidase. This occurs during reactions catalyzed by lipoxygenases and play 

role in physiology of cells [13].  
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However, there are some disadvantages and limitations to currently available 

photosensitive nanomaterials and after many years of study treatment with 

photosensitizers is still subject of discussion but not the medical treatment. Although it 

can be used for sterilizing effect of ROS [14] that also cannot exclude effect of the 

photosensitive chemicals. There are some others way to produce singlet oxygen but 

they are also limited by using of chemicals [15]. Relative recently, it was found that 1O2 

can be generated without any activating compound, by exciting cell molecules with 

specific wavelengths of optical radiation [16,17]. Oxygen has the highest absorption 

coefficient in the band 1262-1268 nm. With this in mind, lasers with a wavelength of 

about 1270 nm are currently widely used to generate singlet oxygen in various tissues 

[18]. Interestingly, the generation of singlet oxygen without the use of photosensitizers 

has been shown to exhibit non-damaging effects such as activation of bioenergetics in 

brain cells and lack of effect on opening of mitochondrial mPTP [19,20]. 

Here, we show that 1267 nm laser-induced singlet oxygen protects neurons and 

astrocytes against βA-induced cell death. Singlet oxygen changes the ability of full 

peptide βA 1-42 for aggregation and significantly reduces β-amyloid-triggered calcium 

signal in cytosol and mitochondria. Importantly, the generation of singlet oxygen 

protects neurons and astrocytes against βA-induced PARP activation and NADH 

depletion which has always been linked to ROS production and ultimately, to oxidative 

stress.  

 

2. Methods  

Cell culture 

Co-cultures of cortical neurons and glial cells were prepared as described 

previously with modifications [21], from Wistar rat pups 2–4 days post-partum. Cortices 

were washed into ice-cold PBS (Ca2+, Mg2+-free, Gibco, UK), minced and trypsinised 

(0.25% for 15 min at 37° C), triturated and plated on poly-D-lysine-coated coverslips 

and cultured in Neurobasal A medium (Gibco, USA) supplemented with B-27 

(Invitrogen, UK) and 2 mM L-glutamine. Cultures were maintained at 37°C in a 

humidified atmosphere of 5% CO2 and 95% air and used after 12 days.  

Laser specification 
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For this study, a laser diode LD-1267-PM 500 (Innolume GmbH, Germany) for 

laser radiation at a wavelength of 1267 nm, and a specially manufactured quartz fiber-

optic cable were used. The cable provided radiation transmission with minimal signal 

attenuation in the spectral range of 400-2000 nm and a numeric aperture of 0.22. The 

results of the in silico study of the distribution of the thermal field in biological tissue and 

additional thermal imaging measurements [22] helped to select safe laser irradiation 

parameters to avoid overheating of the cell culture and produced a singlet oxygen [23]. 

Singlet oxygen production 

The production of singlet oxygen was quantified using 10 μM Singlet Oxygen 

Sensor Green (SOSG, Invitrogen, Oregon, USA), with excitation at 488 nm and 

emission at 525 nm. Data acquisition was carried out in real-time to capture dynamic 

changes in singlet oxygen levels. 

Measurement of cytosolic Ca2+ and mitochondrial membrane potential 

Simultaneous measurements of intracellular Ca2+ and mitochondrial membrane 

potential were produced after loading with 5 μM Fura-2 AM and Rhodamine 123 

(Invitrogen by Thermo Fisher Scientific, USA) in HBSS, using excitation at 340, 380 and 

490 nm and emission at 515 (Cairn Research, Kent, UK).  

Measurement of cytosolic and mitochondrial Ca2+ 

For measurement of cytosolic and mitochondrial Ca2+ concentrations, 30 min 

incubation of the neurons and astrocytes with 5 µM Fluo-4 AM or 5 µM X-Rhod-1 AM at 

room temperature was used for loading. Fluorescence of fluo-4 and x-rhod-1 was 

measured using a Zeiss 900 confocal microscope (40X objective) using 488 nm and 

563 nm lasers for excitation and emission at 505-550 nm or 580-630 nm, respectively. 

All data presented were obtained on at least 5 coverslips and 2-3 different cell 

preparations. 

ROS (superoxide production) measurements  

Reactive oxygen species (mainly superoxide production) was measured using 5 

μM dihydroethidium (DHE, Invitrogen Oregon, USA) as a ratio of oxidized product 

excitation 530nm and emission above 560nm and non-oxidized (DHE)  excitation 380 

nm with emission at 450 nm. No loading of cells was used and measurements were 
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taken after application of 5 μM DHE and this probe was in the medium during the time 

of experiment.  

Measurement of the NADH 

Mitochondrial NADH autofluorescence was measured using excitation light from 

a monochromator at 360 nm. The emitted light was reflected through a 455 nm long-

pass filter to a cooled CCD camera.  To separate mitochondrial NADH autofluorescence 

from cytosolic NADH signal and NADPH autofluorescence activation, the fluorescence 

was taken between minimal values after activation of respiration with 1μM FCCP and 

maximal NADH after inhibition of mitochondrial respiration and NADH consumption with 

1 mM KCN [21]. 

Thioflavin T fluorescence spectroscopy 

The ability of singlet oxygen to inhibit β-amyloid aggregation (βA25-35 and βA1-

42) was evaluated using 25μM thioflavin T (ThT). ThT become fluorescent when bound 

to amyloid aggregates and used as an indicator of peptide aggregation with excitation 

by 450 nm and measured at 482 nm. Fluorescence measurements were performed on 

a FLUOstar Omega multifunctional microplate reader using 90-well microplates.  

Fluorescence measurements were taken immediately after mixing of the βA/ThT 

mixtures and continues for 5 hours. The relative changes in fluorescence intensity of 

ThT were calculated as (F-F0)/F0, where F and F0 are the fluorescence intensities of 

ThT in the presence and absence of βA peptides, respectively. 

Cell death 

For toxicity assays, the cells were loaded simultaneously with 20 µM propidium 

iodide (PI), which exhibits a red fluorescence following a loss of membrane integrity and 

binding to the nuclea, and 4.5 µM Hoechst 33342, which labels nuclei blue, to count the 

total number of cells. 

Data analysis and statistics  

Data and statistical analyses were performed using OriginPro (OriginLab Corp., 

Northampton, USA) software. Data are presented as means ± standard error of the 

mean (SEM). Differences were considered to be significantly different if p<0.05 by 

ANOVA with the Tukey post-hoc test. 
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3. Results 

Singlet oxygen changes βA-induced calcium signal and mitochondrial 

depolarization  

β-amyloid is able to induce calcium signal through the formation of a pore on the 

membrane and mitochondrial depolarization in astrocytes and to induce cell death in 

neurons [4,7,24]. 

In agreement with previously published literature [4,7,25], simultaneous measurement 

of  [Ca2+]c with Fura-2 and mitochondrial membrane potential (Δψm) with potential-

sensitive probe Rhodamine-123  showed that the application of the full peptide βA 1-42 

(5 μM) or the short peptide βA 25-35 (5 μM) to primary cultures induced an increase in 

[Ca2+]c in astrocytes (n=290 cells), but not in neurons from the same co-culture (Fig. 1 

A,B,C,G). Importantly, application of the βA1-42 or βA 25-25 also induced mitochondrial 

depolarization (Fig 1A, B, D, H). The generation of the singlet oxygen by the illumination 

of the cells with a 1267 nm laser (100 J/cm2) following the application of beta-amyloid 

led to a reduction in the amplitude of the βA-induced calcium signal for βA 25-35 (n=120 

astrocytes) to 44±5% of control (n = 120 astrocytes; p<0.001) and (βA 1-42, n=89 

astrocytes) to 57±5% of control (n=109; p<0.01; Fig. 1 C,G). Laser-induced singlet 

oxygen production decreased the effect of βA 1–42 on Δψm to 59±5% (n = 109; p<0.01; 

Fig. 1 D,H) and for βA 25–35 to 79±6% of control (n=120 astrocytes) in astrocytes (Fig. 

1 E,F). Thus, singlet oxygen decreases effects of βA on [Ca2+]c and mitochondrial 

membrane potential.  

Singlet oxygen prevents mitochondrial Ca2+ overload induced by βA 

β-amyloid-induced mitochondrial depolarization is partially dependent on mitochondrial 

calcium uptake [25,26]. In order to investigate if laser-produced singlet oxygen has an 

effect on β-amyloid-induced mitochondrial calcium uptake, we measured [Ca2+]m with 

fluorescent indicator X-Rhod-1 and cytosolic Ca2+ with a Fluo-4. In agreement with 

experiments with Fura-2 measurements (Fig. 1), the application of 5 µm βA1-42 or 5 µm 

βA25-35 to a co-culture of cortical neurons and astrocytes trigger of changes in [Ca2+]c 

of astrocytes (n=77 astrocytes for βA1-42; n = 105 astrocytes for βA25-35; Fig. 2 A,B). 

It should be noted that both peptides – βA1-42 and βA 25-35 induced calcium signal in 

the cytosol, which triggered the mitochondrial calcium uptake (Fig. 2A,B). However,  
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treatment of the cells with laser-induced singlet oxygen in the presence of βA 

significantly reduced the amplitude the [Ca2+]c changes for βA 25-35 to 15±3% of control 

(n=111 astrocytes; p<0.001; Fig. 2 C) and for βA1-42 to 63±3% of control (n=88; 

p<0.01; Fig. 2G) and reduced the amplitude of mitochondrial calcium uptake. Hence, for 

βA 25-35 it decreased to 39±6% of control (n=111 astrocytes; p < 0.001; Fig. 2D) and 

for βA1-42 to 36±4% of control (n=88; p<0.001; Fig. 2H). Thus, singlet oxygen 

decreases βA-induced mitochondrial calcium uptake in astrocytes.  

Singlet oxygen prevents βA-induced depletion of mitochondrial NADH 

βA-induced calcium signal activates NADPH oxidase, resulting in oxidative stress and 

mitochondrial depolarization which is induced by calcium and depletion of mitochondrial 

substrate NADH by the DNA repairing enzyme poly(ADP-ribose)-polymerase (PARP) 

[7,9]. In agreement with previously published results, the application of βA 25-35 (5 μM; 

n=120 cells) or βA1-42 (5 μM; n=89 cells) induced slow and progressive decrease of 

NADH autofluorescence of cortical co-culture compared to control (Fig. 3 A,B,C). 

Preincubation of primary co-cultures with the inhibitors of PARP, 3-aminobenzamide 

(3AB, 1 mM, 20 min), reduced the effect of β-amyloid on the NADH autofluorescence 

signal (Fig. 3 D,E).  

It should be noted that the generation of singlet oxygen by 1267 nm laser not only 

prevents βA-induced depletion of mitochondrial NADH pool but even increases it from 

30±2% (βA 25-35, n =112 cells) to 143.7 ± 4.3% (n = 110 cells; p < 0.001) and from 59± 

5% (βA 1-42, n =112 cells) to 154 ± 6 (n=112 cells; p < 0.001) relative to control (n = 

150 cells) (Fig. 3 F,G,H). Thus, singlet oxygen inhibits NADH depletion, which is 

induced by another ROS – superoxide anion which is produced in the NADPH oxidase 

in response to the action of βA [27]. 

1267 nm laser produce singlet oxygen production but decrease βA-induced 

superoxide production 

In agreement with the previously published [19,20] illumination of the primary neurons 

and astrocytes with 1267 nm laser (100 J/cm2) induced an increase in the rate of SOSG 

fluorescence that corresponds to an increase of singlet oxygen production (Fig. 4A). 

Interestingly, Application of βA1-42 (1μM) did not change the rate of SOSG oxidation 

(Fig. 4B). In contrast, application of βA1-42 or βA 25-35 induced activation of ROS 

production measured with dihydroethidium (mainly superoxide anion; Fig. 4C,E). 
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Importantly, 1267 nm induced singlet oxygen production, significantly reducing the 

effect of βA1-42 on ROS production (Fig. 4D,E).  

In order to test whether laser-induced singlet oxygen and βA-induced superoxide anion 

quench the effect of each other on oxidative stress in neurons and astrocytes, we 

measured the effect of these triggers on the level of the endogenous antioxidant GSH 

using the fluorescent probe monochlorobimane (MCB, 50 μM). Application of βA 25-35 

expectably decreases the level of GSH to 73±2% of control (n=400 cells; p<0.01; Fig. 

4F,G) while the 1267 nm laser (100 J/cm2) decreased it even more – to 50±3% of 

control (n=420 cells; Fig. 4F,G). However, combination of the treatment of cells with 

laser irradiation and βA 25-35 kept the level of GSH similar to laser only (Fig. 4F,G). 

Thus, laser-induced singlet oxygen does not protect neurons and astrocytes against βA-

induced oxidative stress.  

Singlet oxygen alters aggregation of βA 1-42 

Activity and toxicity of βA are dependent on oligomerization [5]. The ability of βA to be 

aggregated was assessed by a fluorescent probe Thioflavin T (ThT, 25 µM). ThT bound 

to amyloid aggregates and fluorescence and can, therefore, be used as an indicator of 

peptide aggregation. Pretreatment of βA with 1267nm laser significantly reduced the 

ThT fluorescence in experiments with full-length peptide βA 1-42 (5μM) - from 206±30% 

(n=24 experiments) to 132±10% of control (n=24 experiments, p<0.001) (Fig. 5 A,B). It 

should be noted that the short length peptide βA 25-35 did not induce aggregation, and 

treatment of these peptides with a 1267 nm laser did not change ThT fluorescence in 

these experiments.   

Singlet oxygen protects neurons and astrocytes against Aβ-induced 

neurotoxicity 

To investigate if laser-generated singlet oxygen can modify the toxicity of βA, propidium 

iodide, which indicates cells with permeable plasma membrane (necrosis), and Hoechst 

33342 for detection of all cells were used. Incubation (24 hours) of co-cultures of 

neurons and astrocytes with full-length peptide β1-42 or short-length peptide βA25-35 

induced a relatively high,3-fold increase in the number of dead cells compared to the 

control of laser 1267 nm-treated cells (Fig. 6A-B). Laser-induced singlet oxygen 

protected neurons and astrocytes against βA-induced toxicity. Thus, percentage of 

dead cells decreased from 60 ± 3% (βA 25-35, n=450 cells) to 38 ± 4% (n=470 cells; 
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p<0.001) and from 57±2% (βA 1-42, n=320 cells) to 36±2% of control (n=440 cells; 

p<0.001) (Fig. 6A-B). It should be noted that laser irradiation alone did not increase the 

number of dead cells compared to the control (Fig. 6A). 

 

4. Discussion 

Here we show that laser-generated singlet oxygen protects neurons and 

astrocytes against β-amyloid neurotoxicity. βA is known to be able to increase ROS 

production (mainly superoxide and hydrogen peroxide through the NADPH oxidase) and 

to induce oxidative stress and mitochondrial dysfunction due to the activation of PARP 

and limitation in substrates [7,9,28]. Activation of ROS production in neurons and 

astrocytes with photosensitizers (that should also produce singlet oxygen) induced 

similar activation of PARP and substrate-limiting inhibition of mitochondrial respiration 

[29,30]. We can suggest that a combination of superoxide from NADPH oxidase and 

laser-generated singlet oxygen could enhance each other's action. However, treatment 

of co-culture of neurons and astrocytes with 1267 nm laser reduced the effect of βA on 

Δψm (Fig. 1). Singlet oxygen decreases the level of GSH but this effect is similar to 

results that both – βA and laser 1267 nm irradiation used for cell treatment (Fig. 4). It 

suggests that singlet oxygen prevents βA-induced ROS production and some other 

effects.  

In our experiments, laser-induced singlet oxygen inhibited the aggregation of βA 

1-42 and had no effect on the short length peptide βA25-35, which did not induce 

aggregation (Fig. 5). Our results are in agreement with a number of publications which 

indicate scavenging the βA plaques [31] and reduction of βA aggregates by photo-

oxidation [11,32]. However, using photosensitizers can induce activation of other forms 

of ROS and can be very toxic for brain cells. Using the 1267 nm for the generation of 

singlet oxygen we have found that in these doses it is not toxic for neurons (Fig. 6) and 

even activates the mitochondrial energy metabolism in neurons and astrocytes [19]. 

Singlet oxygen did not change the aggregation of βA25-35 but significantly reduced the 

toxicity of this peptide and its effect on the Δψm, cytosolic and mitochondrial calcium 

signal. This may suggest that singlet oxygen oxidizes βA25-35 and changes its activity 

without an effect on aggregation or using some other ways for protection.  
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One of the possible, or additional, ways for neuroprotection could be an effect of 

singlet oxygen on mitochondrial respiration and Δψm. Laser-generated singlet oxygen 

can increase the mitochondrial pool of NADH [19], and in our experiments, singlet 

oxygen not only prevents βA-induced depletion of NADH in mitochondria but also 

increases it (Fig. 3).   

One of the first stages in βA-toxicity is the activation of the calcium signal in 

astrocytes [8]. βA induces a calcium signal in astrocytes and, in the later stages, also in 

neurons through the incorporation of aggregated peptides into the membrane, for which 

short-length peptide aggregation is not essential [4]. Importantly, treatment of the cells 

with 1267 nm laser significantly reduced βA-induced calcium signal in cytosol and 

mitochondria, suggesting that deactivation of the βA 1-42 (through inhibition of 

aggregation) and βA 25-35 (possibly through oxidation) is the main suppressor of 

toxicity of this peptide.  

Another possible explanation of the protective role of singlet oxygen, which can 

explain the effect on βA 25-35, may be activation of antioxidant pathways such as Nrf2 

or Hsp70, which also can play a role as a chaperone [33,34].  

Thus, 1267 nm laser-generated singlet oxygen is not toxic in the studied doses 

and can be potentially used as a cell protective strategy in Alzheimer’s disease. 
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Figure Legends 

Figure 1. Effects of 1267 nm laser-produced singlet oxygen on βA-induced calcium signal 

and mitochondrial depolarisation. Simultaneous measurements of Fura-2 ratio and Rh123 

fluorescence in cells treated with 5 μM βA 25-35 (A) or 5μM βA 1-42 (B). FCCP (1μM) is applied 

to depolarize Δψm and calibrate Rh123 signal. (C, D) Quantification of βA-induced Ca²⁺ signal 

(C) and mitochondrial membrane potential (D) in βA 25-35-treated cells, with and without 1267 

nm laser exposure. (E, F) Changes in Fura-2 ratio and Rh123 fluorescence upon 1267nm laser 

irradiation (orange bar) in βA 25-35 (E) and βA 1-42 (F)-treated cells. (G, H) Quantification of 

βA-induced Ca²⁺ signal (G) and mitochondrial membrane potential (H) in βA 1-42-treated cells 

after 1267 nm laser treatment.  

Figure 2. Effects of 1267 nm laser-produced singlet oxygen on βA-induced cytosolic and 

mitochondrial calcium signal in primary astrocytes from co-culture with neurons. (A, B) 

Changes in Fluo-4 fluorescence (cytosolic Ca²⁺ indicator) and X-rhod-1 fluorescence 

(mitochondrial Ca²⁺ indicator) in cells treated with βA 25-35 (A) and βA 1-42 (B). FCCP (red bar) 

was used to uncouple mitochondria. (C, D) Quantification of mitochondrial Ca²⁺ signal in βA 25-

35-treated cells with and without laser exposure (p<0.001). (E, F) Changes in Fluo-4 and X-

rhod-1 fluorescence upon laser irradiation (orange bar) in βA 25-35 and βA 1-42-treated cells. 

(G, H) Quantification of mitochondrial Ca²⁺ levels in βA 1-42-treated cells after laser treatment.  
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Figure 3. 1267 nm laser-generated singlet oxygen protects mitochondrial NADH in 

astrocytes against β-amyloid-induced depletion. (A) Representative trace of NADH 

autofluorescence in control neurons and astrocytes with sequential addition of 1μM FCCP 

(mitochondrial uncoupler which induce consumption of mitochondrial NADH) and KCN (complex 

IV inhibitor which blocks respiration and consumption of NADH in mitochondria) to determine 

the total NADH pool. (B, C) Changes in NADH autofluorescence in cells treated with 5 μM βA 

25-35 (B) and 1 μM βA 1-42 (C). (D, E) Effects of 1 mM 3AB (PARP inhibitor) on NADH levels in 

βA-treated cells, indicating that PARP activation contributes to NADH depletion. (F, G) Changes 

in NADH autofluorescence upon laser irradiation (orange bar) in βA 25-35 (F) and βA 1-42 (G)-

treated neurons and astrocytes. (H) Quantification of NADH levels across experimental groups, 

demonstrating significant restoration by laser treatment. **p<0.01; ***p<0.001). 

Figure 4. Effect of 1267 nm laser on generation of singlet oxygen, βA-induced ROS 

production and GSH levels in neurons and astrocytes. (A) Effect of 1267nm laser on singlet 

oxygen production in neurons and astrocytes. B- effect of 5 μM βA1-42 on singlet oxygen 

production in neurons and astrocytes. C, D, E – effect of 5 μM βA1-42 on the rate of ROS 

production with or without laser 1267nm treatment. F-  Measurements of monochlorobimane 

(MCB) fluorescence, an indicator of intracellular glutathione levels. The data presented as  % of 

untreated control. G- Representative images of MCB fluorescence in astrocytes and neurons 

under different conditions: control, 1267nm laser, 5μM βA 25-35, laser + 5μM βA 25-35. βA 25-

35 reduces fluorescence intensity, while laser treatment preserves intracellular glutathione 

levels. **p<0.01; ***p<0.001 

Figure 5. Effects of 1267 nm laser irradiation on β-amyloid aggregation. (A) Thioflavin T 

(ThT) fluorescence kinetics showing amyloid fibril formation over time for βA 25-35 and βA 1-42 

with and without laser treatment. Higher ThT fluorescence indicates increased fibrillization. (B) 

Quantification of ThT fluorescence intensity expressed as a percentage of control. βA 1-42 

exhibits significantly higher fibrillization (p < 0.001), while laser treatment reduces fibril formation 

for βA 1-42 (p<0.001). 

Figure 6. 1267 nm laser generated singlet oxygen protect neurons and astrocytes against 

β-amyloid-induced cell death. (A) Quantification of dead cells (%) under different conditions. 

24-hour incubation of cells with 5μM βA 25-35 and 5μM βA 1-42 significantly increases the 

number of dead cells compared to control (p<0.001), while laser treatment reduces β-amyloid-

induced toxicity (p < 0.001). (B) Representative images of Hoechst 33342 (blue; live) and PI 

(red; dead cells) fluorescence.  
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