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Dopamine (DA) is one of the most important neurotransmitters in the human
body, which is becoming a key breakthrough for addressing myopia,
neurodegenerative diseases such as Parkinson’s disease and Alzheimer’s
disease, and mental diseases such as depression and schizophrenia. However,
the activity of DA shows diurnal and seasonal variations, which may be due to the
influence of solar activity time on the biological clock of the suprachiasmatic
nucleus. By irradiating ARPE-19 cells with red and near-infrared light of different
wavelengths, we studied and confirmed that the secretion and transformation of
the light-induced neurotransmitter DA significantly depend on light wavelength
and light dose. LED-chip light sources with emission peaks at 620, 680, 730, 800,
and 850 nm and phosphor-converted LED light sources with emission peaks at
710 and 830 nm were used. It was confirmed that both the red and near-infrared
light with variant wavelengths and doses can induce DA secretion to some extent.
Yet, the concentrations of DA induced by thewideband spectral light ofW710 and
SW830 are higher than those induced by the narrowband single-LED-chip light
and remain relatively stable under variant light doses. Among all the light sources,
the model SW830 light source is the best one. This paper proposes a noninvasive
way to induce the secretion of neurotransmitter DA and paves a reliable way to
treat myopia, neurodegenerative diseases, and other diseases by using the
neurotransmitter DA and the basic knowledge of photophysiology.
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1 Introduction

Dopamine (DA) is one of the most important neurotransmitters in the human body
that widely regulates motor control, emotion expression, cognitive function, and reward
feedback (Lu et al., 2019). There are many methods to promote DA secretion. For example,
regular aerobic exercise and strength training can directly stimulate the release of DA (Çinar
et al., 2025), and listening to cheerful music can quickly activate the reward circuit of the
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brain (Reybrouck et al., 2021). As far as the synthesis pathway of DA is concerned, consuming substances rich in tyrosine, such as bananas,
nuts, and fish, as well as an appropriate amount of caffeine and antioxidant substances, will provide the raw materials for the synthesis of DA
(Mozaffarian, 2019). In addition, ensuring adequate good sleep (Andrea et al., 2017) and exposure to sunlight (Stern, 2013) can also help
maintain the normal rhythm of the DA system. Moreover, the dopaminergic signaling pathway is the key to maintaining normal
physiological functions. An imbalance in the synthesis and metabolism of the neurotransmitter DA may lead to some disorders of normal
functions of the human body related to mental disturbance and neurodegenerative diseases (Klein et al., 2019).

DA dysfunction is closely related to various neurological and psychological diseases, such as Parkinson’s disease (Hirano, 2021),
schizophrenia (Petty et al., 2019), depression (Taylor et al., 2022), addictive behaviors (Wise and Jordan, 2021), and attention-deficit
hyperactivity disorder (Madras et al., 2005). It has been widely recognized among the ophthalmology community that DA regulates the
elongation of the eye axis in axial myopia (Nebbioso et al., 2014). All these demonstrate the crucial role of DA in behavioral control and the
necessity of understanding DA secretion and transformation for developing new treatment strategies for brain diseases.

In addition to Parkinson’s disease andmyopia, the neurotransmitter DA could potentially offer a new treatment pathway for Alzheimer’s
disease since it can increase the production of neprilysin, an enzyme that breaks down beta-amyloid plaques in the brain. Yet, levodopa
(L-DOPA) is the direct precursor of DA. L-DOPA treatment can help reduce harmful beta-amyloid plaques and improve the memory
function in a mouse model of Alzheimer’s disease (Watamura et al., 2024). Nevertheless, it is known that L-DOPA treatment causes serious
side effects in patients. Notably, alterations in the photoperiod, circadian rhythm, and light exposure can cause anxiogenic and depressive
behavior in diurnal adult mammals (Dulcis et al., 2013). Changes in the light–dark cycle have profound effects on humanmood and behavior
as well, contributing to a variety of disorders such as seasonal affective disorder (Birren and Marder, 2013). A diurnal rhythm of DA
metabolism has been reported in various animal species (Nir and Michael Iuvone, 1994). Stimulation of DA biosynthesis in light is due to the
activation of tyrosine hydroxylase (TH) to produce 3,4-dihydroxyphenylalanine (DOPA) and the induction of aromatic L-amino acid
decarboxylase (AAAD), which catalyzes the formation of DA (Nir and Michael Iuvone, 1994). In many biological models, the effect of light
on the release of DA in the retina has been verified through various experimental methods (Pozdeyev and Lavrikova, 2000; Ke et al., 2017; Lu
and Tong, 2024).

Human beings have lived under the sun for approximately 200,000 years, evolving from a primitive society to modern civilization. In the
long process of evolution, humans have adapted to sunlight. Therefore, one prominent advantage of light-induced DA secretion is that it is
safe and has no side effects. In the past, the discussion on light exposure and DA secretion mainly focused on violet and visible light, aiming at
myopia control (Nguyen et al., 2019; Carpena-Torres et al., 2023; Tian et al., 2021; Strickland et al., 2020). However, recent research shows
that visible fluorescent light is harmful to DA neurons and induces neurodegeneration (Fasciani et al., 2020; Romeo et al., 2017; Ahamed et al.,
2014). On delivering the 710 nm far-red light into the substantia nigra pars compacta of mice using a micro-optical fiber, it was found that the
firing rate of DA neurons was enhanced four-fold from 2.2 impulse/s to 8.8 impulse/s. In photobiomodulation, the wavelength in the region
of 600 nm–1,100 nm is the most used, which differs from the visible light that is mainly in the wavelength region of 400 nm–700 nm for
indoor and outdoor lighting. Therefore, it is important to study the secretion and transformation of the neurotransmitter DA induced by light
in the wavelength region of 600 nm–1,100 nm for photobiomodulation.

In order to explore the light wavelengths and light doses that can effectively induce the secretion of DA, we studied the photophysiological
effects of red and near-infrared light on its secretion and transformation using a cell model that was adopted with the retinal pigment epithelia
(ARPE-19) cells. We believe that red and near-infrared light can immediately stimulate the secretion of DA and also induce multiple
transformations in neurotransmitters through a series of enzymatic reactions.

2 Methods

2.1 Experimental cell models

The ARPE-19 cells, which were bought from Wuhan Pricella Biotechnology Co, Ltd., were inoculated in cell culture flasks and then
grown at 37 °C in a humid atmosphere of 95% air and 5% CO2 in high-glucose DMEM supplemented with heat-inactivated 10% fetal bovine
serum and 1% penicillin–streptomycin. Cells were passaged regularly using 0.25% trypsin-EDTA (Sigma). To examine the effect of light
exposure on the cells, the ARPE-19 cells in the logarithmic growth phase were first re-inoculated in a culture flask at approximately 1 × 106

cells/mL. At approximately 24 h after replating, the medium was replaced with fresh medium, and the cells were placed under the same
culture conditions.

2.2 Photobiomodulation

The ARPE-19 cells were irradiated with two types of light source. One was made with a single LED chip with emission peaks at 620 nm,
680 nm, 730 nm, 800 nm, and 850 nm, respectively; another was the phosphor-converted LEDs with two product models, i.e., the W710 and
SW830. The product model W710 has an emission peak at 710 nm in the wavelength range of 600 nm–850 nm, and the product model
SW830 has a main emission peak at 830 nm and a secondary peak at 710 nm in the wavelength range of 600 nm–1,100 nm. During the
irradiation process, the cells were taken out of the incubator and placed on the experimental table. The height from the lamp surface to the
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bottom of the cell culture dish was fixed at 10 cm, ensuring that light evenly illuminated the cells. At this height, the radiation light power
density was 3 mW/cm2, and the exposure times were 333, 667, 1,333, and 2,667 s, respectively, resulting in energy densities of 1, 2, 4, and 8 J/
cm2. To prevent interference from other light sources, the outside of the cell culture dish was wrapped with tin foil, and the experiment was
conducted in dark, as shown in Supplementary Figure S1. The cells in the control group were treated in the same way, but not exposed to light.

2.3 Enzyme-linked immunosorbent assay (ELISA) on dopamine

After the cells were first exposed to light, they were cultured in the incubator for 24 h. Then, the cells were irradiated with light for a
second time. One hour after the second light treatment, the ELISA test was conducted. The quantity of the neurotransmitter DA in the cells’
supernatant of each group was detected by indirect ELISA, and the DA ELISA kit was used. Each test was replicated two times, and then the
average values and errors were concluded, as shown in Table 1. The standard product or samples were added to the 96-well plate, and then the
biotinylated antibody working solution was added and incubated at 37 °C for 45 min. After washing three times, 100 μL of the enzyme
conjugate working solution was added, incubated at 37 °C for 30 min, washed five times, 90 μL substrate solution was added, incubated at
37 °C for 15 min, and finally, 50 μL termination solution was added. The absorbance of each hole was immediately measured by a microplate
reader at a wavelength of 450 nm.

2.4 Neurotransmitter detection on other neurotransmitters

Other neurotransmitters including glutamine, glutamic acid, tyrosine, DA hydrochloride, norepinephrine hydrochloride, and kynurenic
acid were measured using the high-performance liquid chromatography (HPLC) method andmerely tested one time. First, the solution of the
standard product was prepared. Then, the metabolites were extracted. An appropriate amount of the samples was taken into a 2-mL
centrifuge tube, and 100 μL 2% formic acid and methanol solution was accurately added and mixed in a vortex. Then, 400 μL of aqueous
solution was accurately added and swirled well. The solution was centrifuged at 12,000 rpm for 10min at 4 °C, and the supernatant was passed
through a 0.22-μm filter membrane. Next, 100 μL of the supernatant was taken and added to 20 ng/mL of Trp-d5 internal standard 100 μL,
swirled well, and added into the test bottle as a low-concentration substance detection sample. An appropriate amount of the supernatant and
2% formic acid methanol solution were taken, diluted 200 times with water, and swirled well. Then, 100 μL of the diluent solution was taken
and added to 20 ng/mL of Trp-d5 internal standard 100 μL, swirled well, and added into the test bottle as a sample for high-concentration
substance detection. Finally, the neurotransmitters and their concentration were tested on a HPLC instrument (AB Sciex, ExionLC) using an
ACQUITY UPLC® HSS T3 column (2.1*150 mm, 1.8 μm, from Waters, United States).

3 Results

3.1 Light sources and their spectra

Figure 1 displays the emission spectra of the light sources used in this study. Figure 1A shows the emission spectra of the red and far-red light
sources with emission peaks at 620, 680, and 730 nm; Figure 1B shows the emission spectra of near-infrared light sources with emission peaks at
800 and 850 nm, respectively. The light sources in Figures 1A, B with narrowband spectral configuration are all made using a single LED chip. The
light sources in Figures 1C, D with broadband emission are made from phosphors by coating the mixture of different phosphors on the 450-nm
blue-emitting LED chips, i.e., the phosphor-converted LEDs. In photobiomodulation, the cellular andmolecular mechanisms of cells’ cytochrome c
oxidase (CCO), located in themitochondria, weremostly utilized. During the biological activities, the photons absorbed byCCOwere used to trigger
the biochemical reactions and mitochondrial signaling reactions (Karu, 2014). The absorption peaks of the reduced CuA, the oxidized CuB, the
reduced CuB, and the oxidized CuA in CCO are located at 620, 680, 760, and 825 nm, respectively (Nguyen et al., 2019). The selected narrowband
peaks at 620, 680, 730, and 850 nm in this work are consistent or close to the absorption peaks of the reduced CuA, the oxidized CuB, the reduced

TABLE 1 Dopamine quantity upon light wavelengths and light doses (pg/mL).

620 nm 680 nm 730 nm 800 nm 850 nm W710 SW830

0 J/cm2 18.967 ± 7.410 18.967 ± 7.410 16.967 ± 4.204 16.967 ± 4.204 16.967 ± 4.204 16.967 ± 4.204 16.967 ± 4.204

1 J/cm2 21.171 ± 2.252 24.174 ± 2.252 18.919 ± 0.173 19.520 ± 0.300 18.919 ± 0.300 24.775 ± 2.853 19.369 ± 2.553

2 J/cm2 24.625 ± 3.003 35.436 ± 10.060 33.483 ± 11.751 36.787 ± 10.060 9.910 ± 1.952 33.934 ± 7.658 40.165 ± 8.183

4 J/cm2 24.324 ± 1.051 12.087 ± 1.877 24.775 ± 1.692 23.048 ± 1.877 23.574 ± 1.802 25.300 ± 1.426 25.601 ± 1.426

8 J/cm2 34.760 ± 10.886 32.508 ± 11.036 32.132 ± 11.546 32.883 ± 8.709 18.318 ± 1.952 23.799 ± 1.577 26.126 ± 0.150
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FIGURE 1
The emission spectrum of the light sources utilized in this work. (A) The light sources made using single-type LED chip with emission peak at 620,
680, and 730 nm, respectively, in red and far-red wavelength region, (B) the light sourcesmade using single-type LED chip with emission peak at 800 and
850 nm, respectively, in near-infrared wavelength region, (C) the phosphor-converted LED light source with emission spectrum in red and far-red
wavelength region of 600-850 nm (product codeW710), and (D) the phosphor-converted LED light sourcewith emission spectrum in red and near-
infrared wavelength region of 600-1100 nm (product code SW830).

FIGURE 2
Relationship between the dopamine content in ARPE-19 cells and light doses of different wavelengths. (A)Content of dopamine as a function of light
dose. (B) Content of dopamine as a function of light wavelength.
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CuB, and the oxidized CuA. In addition, a narrowband peak at 800 nm, located between the absorption peak of the reduced CuB at 760 nm and that
of the oxidized CuA at 825 nm, was chosen. The broadbandW710 in 600 nm–850 nm could mainly cover the absorption peak of the oxidized CuB
and the reduced CuB and partly cover the main absorption peak of the reduced CuA and the oxidized CuA. Nevertheless, the broadband SW830 in
600 nm–1,100 nm can not only fully cover the absorption peaks of the reducedCuA, the oxidized CuB, the reducedCuB, and the oxidized CuA at 620,
680, 760, and 825 nm, respectively, but may also stimulate some other unknown mechanisms, such as ion channels and nano water in the cell
membrane (Chamkouri et al., 2024a; Chamkouri et al., 2024b).

3.2 Light induces the secretion of the neurotransmitter dopamine

Figure 2A presents the relationship of DA concentration as a function of light energy. Figure 2B plots the curves of DA concentration as a
function of light wavelength at each energy level of 0, 1, 2, 4, and 8 J/cm2. The values of DA concentration, as corresponding to Figure 2A, B, are
provided in Table 1. On the whole, the DA concentration of the ARPE-19 cells that were exposed to different light sources at variant energy was
higher than that of the sample without light irradiation in the dark. As can be seen from Figure 2A, among all the seven light sources of 620 nm,
680 nm, 730 nm, 800 nm, 850 nm, W710, and SW830, except for 850 nm, six of them efficiently enhance the DA concentration at 2 J/cm2. In
addition, there is another abnormal point at 4 J/cm2 for the 850-nm source, wherein the DA concentration is far lower than that of other energy
levels. Either at 1, 2, 4, or 8 J/cm2 is relatively, it can be distinguished clearly from Figure 2B that the DA concentration induced by 850 nm is lower
than that of other wavelengths at each corresponding energy level. When irradiated with the light wavelength of 850 nm, the changing trend was
opposite to that of other wavelengths. Regarding the 680 nm wavelength, only the DA concentration at 2 J/cm2 is lower than that of other energy
levels. These phenomena show the dependence of light-induced DA concentration on light wavelength and light doses. As seen in Figure 2A or
Figure 2B, the DA concentration induced by the broadband spectra of W710 and SW830 is relatively high and remains stable over variant energy
levels. Furthermore, from the perspective of different wavelengths, the light source SW830 is optimal. Although there are certain changes at different
doses, the overall changes are relatively stable, and the secretion of DA is relatively high.

Figure 2B shows that the DA concentrations induced by 680 nm at 4 J/cm2 and that by 850 nm at 2 J/cm2 are lower than those in the dark
condition. These abnormal data provide important clues for understanding the secretion and transformation of the neurotransmitter DA
induced by light. Based on the above results, we selected the light sources of 680 nm, 850 nm, and SW830 and the supernatant of ARPE-19
cells for further detection.

FIGURE 3
Optical micrographs of the ARPE-19 cells cultured under different light conditions.
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3.3 The influence of light on cell morphology

The cell morphology of the SW830 lamp-irradiated cells was compared with that of cells irradiated with wavelengths of 680 nm and
850 nm under dark conditions under an optical microscope (Figure 3), and it was further compared with the cell morphology of the control
group in the dark without light (Supplementary Figure S2).

The influence of light on the cell morphology was examined by taking photographs of the ARPE-19 cells that were cultured under
different wavelengths of light in combination with different light doses. Figure 3 presents the pictures, taken using an optical microscope, of
the cells cultured under 680 nm, 850 nm, and SW830 at the doses of 2, 4, and 8 J/cm2. The ARPE-19 cells are a type of typical adherent cell. As
can be seen from Figure 3 and Supplementary Figure S2, the cells exhibit a typical epithelial cell morphology, and the cells form a monolayer
structure through tight junctions. After being exposed to light, the cells in each group showed polygonal atypia. The cells cultured under
680 nm have long-egg or slender-body morphology, the cells cultured under 850 nm have round-egg or spheroid-body morphology, and the
cells cultured under SW830 also have round-egg or spheroid-body morphology. Comparatively, the cells cultured under SW830 are rounder
or more regular than those cultured under 850 nm and 680 nm. Moreover, with the light exposure energy increasing from 2 to 4 and then to
8 J/cm2, the cells’ density increased on the whole. In comparison, the cells cultured under SW830 at 8 J have the largest density, while the cells
cultured under 850 nm at 2 J/cm2 have the smallest density. See Supplementary Figure S2 for a comparison of the cells cultured under
different light conditions with the control group grown in dark,

3.4 The light-induced transformation of dopamine and other neurotransmitters

During physiological reactions, glutamine (Gln) can be hydrolyzed by glutaminase (GLS) into glutamic acid (Glu).

In addition, glutamic acid is one of the precursors for the synthesis of DA. It can generate α-ketoglutaric acid (α-KG) through
transamination, enter the citric acid cycle (TCA) to provide energy, or serve as an intermediate in amino acid metabolism.

More directly, tyrosine is catalyzed by tyrosine hydroxylase (TH) to L-DOPA (Baytas et al., 2024).

Subsequently, levodopa is converted into DA under the action of aromatic L-amino acid decarboxylase (AADC) (Maini Rekdal et al.,
2019).
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Among them, TH is a key rate-limiting enzyme in the process of DA synthesis. It catalyzes the first step of the conversion of
tyrosine to levodopa, which is generally regarded as the rate-limiting step in catecholamine biosynthesis. Studies have shown that in
rats, the secretion of DA and the activity of TH, the rate-limiting enzyme in DA biosynthesis, are regulated by light (Inukai
et al., 2022).

Since the neurotransmitters of glutamine, glutamic acid, and tyrosine are direct or indirect precursors for the synthesis of the
neurotransmitter DA, the change in the glutamine, glutamic acid, and tyrosine concentration as a function of light energy under the
irradiation of 680 nm, 850 nm, and SW830 in Figures 4A–C can be used to explain the variation in DA concentration upon exposure to
various light wavelengths and light doses in Figure 1. On the whole, the concentrations of glutamine, glutamic acid, and tyrosine
decrease rapidly with the increase in light energy upon irradiating the ARPE-19 cells with 680 nm and SW830, although there is some
difference in the efficacy between 680 nm and SW830 light sources. The concentration of glutamine and tyrosine decreases slightly by
irradiating with 850 nm at the energy level of 4J. However, the concentrations of glutamine, glutamic acid, and tyrosine remain
relatively stable and almost do not vary with the change in light energy upon stimulation with 680 nm, 850 nm, and SW830. Therefore,
the light of 680 nm and SW830 could promote the physiological reactions to produce the neurotransmitter DA, whereas it is difficult to
activate the reaction with the 850 nm light.

DA (in the free base form) is an organic base. The amino group (-NH2) in its molecule can undergo a neutralization reaction with
hydrochloric acid (HCl) to form DA hydrochloride.

Under alkaline conditions, DA hydrochloride can be neutralized to release free DA again.

In the central nervous system, DA is synthesized through anabolic pathways shared with other catecholamines, such as
L-demethyladrenaline (NE) and epinephrine (E) (Zhang et al., 2024). DA is the precursor of norepinephrine, and norepinephrine can
be further converted into epinephrine (Forero-Girón and Toro-Labbé, 2025).

FIGURE 4
Change of neurotransmitters’ concentration upon irradiation of light dose on ARPE-19 cells with 680 nm, 850 nm, and SW830 light sources. (A)
Glutamine; (B) glutamic acid; (C) tyrosine; (D) dopamine hydrochloride; (E) norepinephrine hydrochloride; (F) kynurenic acid. In this figure, the curves
were connected with modified Bezier function.
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Quinolinic acid (kynurenic acid, Kyna) and DA are two molecules with important functions in the nervous system, and their interaction
involves multiple aspects, such as neurotransmitter regulation, oxidative stress, and the mechanism of mental disorders (Kondo et al., 2024).
Quinolinic acid indirectly regulates the activity of dopaminergic neurons by antagonizing NMDA receptors and α7 nicotinic acetylcholine
receptors, especially playing a key role in the reward, cognitive, and motor functions (Toyoda, 2019). Kyna and DA are two different
neuroactive substances that belong to the products of the tryptophan metabolism pathway and the tyrosine metabolism pathway,
respectively. Their conversion relationship is not direct, but they can be indirectly related through common metabolic pathways or
interactions.

Kyna is derived from the kynurenine pathway of tryptophan metabolism.

DA is derived from the catecholamine pathway of tyrosine metabolism.

The metabolism of tryptophan and tyrosine depends on aromatic amino acid hydroxylase (AAAH) and cofactors (such as
tetrahydrobiopterin, BH4). Thus, the conversion of DA and Kyna is competitive. When tryptophan metabolism is enhanced (such as
during inflammation), more cofactors may be consumed, indirectly inhibiting TH and reducing DA synthesis.

As can be seen from Figures 4D–F, with 850 nm irradiation, the concentrations of DA hydrochloride (DH), norepinephrine
hydrochloride (NH), and Kyna almost do not change with light energy increasing from 1 to 8 J/cm2. However, the concentration of
DH, NH, and Kyna increases rapidly with light energy increasing from 0 via 1 J/cm2–2 J/cm2. It reaches a maximum at 2 J/cm2 and then
decreases a little when light energy further increases via 4 J/cm2–8 J/cm2.

On the whole, the concentration of glutamine, glutamic acid, and tyrosine decreases rapidly with the increase in light energy upon
irradiation of the ARPE-19 cells with 680 nm and SW830, although there is some difference on the efficacy between 680 nm and SW830 light
sources. The concentration of glutamine and tyrosine decreases a little on irradiation with 850 nm at the energy level of 4 J. However, the
concentrations of glutamine, glutamic acid, and tyrosine remain relatively stable and almost do not vary with the change in light energy upon
stimulation with 680 nm, 850 nm, and SW830. Therefore, the light of 680 nm and SW830 could promote the physiological reactions to
produce the neurotransmitter DA, whereas it is difficult to activate the reaction with the light of 850 nm. The increase in these metabolites of
DH, NH, and Kyna from 2 J to 8 J in Figure 4 can explain the decrease in DA concentration in Figure 2. It has to be noted that the
concentration of DH in Figure 4D still increases with the light energy from 1 J to 8 J under the stimulation of SW830. The reaction between
DA and DH is not a typical chemical transformation but involves processes such as acid–base neutralization or salt formation. In the human
body, the DA hydrochloride dissociates into DA and chloride ions, exerting the function of a neurotransmitter. In other words, the
conversion of DA into DH is beneficial for the long-term functioning of DA, which can explain how the high concentration of DA was
obtained by inducing with SW830 from 1 J to 8 J in Figure 2.

Notably, DA (especially the free base) is easily oxidized to quinone compounds by high-energy photons. Yet, the low-energy photons of
near-infrared light at 850 nm or 830 nm cannot activate the reaction, as concluded form Figure 4. In photobiomodulation, the deep red light
of 670 nm was mostly used, which makes use of the cellular mechanism of CCO by exciting the absorption of oxidized CuBoxid in the
mitochondria to produce adenosine triphosphate (ATP), which is the energy source for cells (Karu, 2014). In addition to the mechanism of
CCO, the exceptional low concentration of DA observed in Figure 2 under irradiation with 680 nm at 2 J/cm2 may be due to the activation of
other related metabolic enzymes (such as MAO or COMT). Light exposure may affect the intracellular signaling pathways, promoting the
enhancement of the activity of these enzymes, thereby accelerating the metabolic transformation of DA.

DA is oxidized and deaminated by MAO to form 3, 4-dihydroxyphenylacetaldehyde (DOPAL) (Goldstein, 2021), and the chemical
reaction formula is:
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In addition, DA can also react with S-adenosine methionine (SAM) under the action of COMT to generate 3-methoxytyramine (3-MT)
(Casal et al., 2016), and the chemical reaction formula is as follows:

Notably, different from the illumination results of other wavelengths, after being exposed to light with a wavelength of 850 nm, the
changing trend is opposite to that of other groups, which suggests that the 850 nmwavelength plays an important role in storing DA although
it cannot stimulate the transformation and digestion of DA. It likely helps maintain the redox state, supply water for synthesis, or activate
other signaling paths.

In summary, the red light at 680 nm can effectively stimulate the generation of DA, but its concentration is not stable due to the transformation
into other compounds; is hard to induce the secretion of DA under the near-infrared light of 850 nm, but it plays an important role in maintaining
the stable concentration of DA; interestingly, the concentration of DA induced by broadband spectral light of SW830 is high and stable. For these
phenomena, we have to consider some deeper mechanisms that are involved in the activation by light in the secretion and transformation of
neurotransmitters in which the reactive oxygen species or membrane photoreceptors are most probably involved (Karu, 2014). The occurrence and
development of myopia is strongly related with the neurotransmitter DA, and the elongation of the eye axis in axial myopia is responsible for the
deficiency of DA. In terms of suppressing myopia progression in lens-induced guinea pigs, we observed that the action involved regulating the
photoreceptor-related genes to improve photoreceptor function by transcriptomics analysis (Ding et al., 2025). The decrease in the concentration of
glutamate along with the increase inDAproduced in the subthalamic nucleus (STN) area, stimulated by delivering the near-infrared light of 840 nm
wavelength with 130Hz pulse repetition deep in the brain to rats using a fiber-coupled laser stimulator, was found byKuo et al., which demonstrated
the potential of a therapeutic strategy for DA-related diseases such as Parkinson’s disease using deep-brain light stimulation. The dependence of DA
concentration on laser photon power was also observed (Kuo et al., 2014). Thus, the results in Kuo et al. (2014) support our conclusions presented in
Figures 4A, B. Nevertheless, compared with the invasive method adopted in Kuo et al. (2014), it appears that a non-invasive method by radiating
mice skin can perform the same function (Ding et al., 2025), exhibiting significant progress. Further research on this point will be presented in our
upcoming paper on the Parkinson’s disease model mice.

Although the interesting results and some useful data have been achieved in this study, we are aware of the limitations of this work. Herein, the
cells’ model and the test on DA concentration with a kit method were doped. If animal or human models were used and the test on DA
concentration was conducted by analyzing the blood or cerebrospinal fluid using the HPLC method, the experimental values would be more
accurate and evaluable. Further studies are necessary in future for extrapolating the in vitro results to biological or clinical settings.

4 Conclusion

Through the study of irradiation of ARPE-19 cells with different light wavelengths and light doses from different light sources, we confirm that
the secretion and transformation of the light-induced neurotransmitter DA significantly depend on the light wavelength and light dose. Two types of
light sources were used. One type is the single-LED chip light source, with emission peakwavelengths at 620, 680, 730, 800, and 850 nm, respectively,
and the other type is the broadband spectral configuration phosphor-converted LED light sources. As for the phosphor-converted LEDs light
sources, one with modelW710 has an emission wavelength range of 600 nm–850 nmwith a peak at 710 nm, and the other with model SW830 has
an emission wavelength range of 600 nm–1,100 nm showing a main peak at 830 nm and a secondary peak at 710 nm. The use of different
wavelengths and different light doses can induce the secretion of the neurotransmitter DA to a certain extent, but some light sources have obvious
effects, while others do not. The concentration of DA induced by some light sources can remain relatively stable, while for others, it undergoes rapid
transformation. Specifically, when ARPE-19 cells were irradiated with a narrowband light source fabricated from a single-chip LED with emission
peak wavelength of 680 nm at the light dose of 2 J/cm2, the activity of the enzymes related to DA synthesis could be effectively activated, thereby
promoting DA production. However, when the light dose increased to 4 J/cm2, it triggered the metabolic decomposition of DA, resulting in a
decrease in DA content. When the ARPE-19 cells were irradiated with a narrowband light source fabricated from a single-chip LED with a peak
emission wavelength of 850 nm, the changing trendwas opposite to that of other groups. It decreased evidently at 2 J/cm2, yet, it increased at 4 J/cm2.
Overall, the concentrations of DA induced by the broadband phosphor-converted LEDs light sources of W710 and SW830 are relatively high and
remain stable, compared with those of single-LED chip light sources. Among them, the effect of the SW830 light source is better. This indicates that
the secretion of the neurotransmitter DA induced by light involves the synergistic effect of multiple signals.
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