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A B S T R A C T   

The purpose was to quantify ocular dopamine in rabbits after stimulation of the optic nerve head with short- 
wavelength (blue) light to activate melanopsin expressed in the axons of intrinsically photosensitive retinal 
ganglion cells (ipRGCs). Dopamine levels in tears, aqueous humor, vitreous body, and retina (including choroid) 
were quantified after blue light stimulation of the optic nerve head of 15 rabbits with an optical fiber for 1 min, 
10 min, or no stimulation (n = 5, each group). The left eye of all rabbits was operated on to introduce the optical 
fiber and stimulate the optic nerve, while the contralateral eye served as internal control. One minute of blue 
light stimulation significantly increased dopamine concentration in the vitreous body of the treated eyes 
compared to the contralateral ones (P = 0.015). Stimulation for 10 min significantly increased dopamine con
centration in the vitreous body, as well as the aqueous humor (P < 0.05). Therefore, using an optical fiber 
approach to stimulate the optic nerve head with blue light significantly increased dopamine concentration in the 
aqueous humor and the vitreous body. This likely reflects an upregulation of retinal dopamine synthesis that 
could be attributed to ipRGC activation. However, the data provided in this study fell short of establishing a 
definitive link between dopamine release and ipRGC activation, mainly due to the lack of evidence supporting 
the expression of the melanopsin photopigment in the optic nerve.   

1. Introduction 

Intrinsically photosensitive retinal ganglion cells (ipRGCs) 
contribute to a multitude of processes and have far-reaching functional 
implications in the eye and brain. A specialized subset of retinal gan
glion cells, ipRGCs owe many of their unique properties to the photo
pigment melanopsin, a light-sensitive protein encoded by the gene Opn4 
(Do, 2019). Melanopsin is most sensitive to light in the blue range of the 
visible spectrum (λpeak = ~480 nm) and is expressed in the cell bodies, 
axons, and proximal dendrites of ipRGCs (Hattar et al., 2002). Unlike 
rods and cones, melanopsin allows ipRGCs to signal slow changes in 
ambient light conditions over prolonged periods (Do and Yau, 2010). As 
a result, ipRGCs have been implicated in various non-image-forming 
processes (Sondereker et al., 2020) – in particular, circadian entrain
ment and the pupil light response– since shortly after their discovery 
(Provencio et al., 1998). 

In the eye, ipRGCs influence the pupillary light reflex, circadian 
regulation, and contrast sensitivity, among other functions (Sondereker 
et al., 2020). Beyond the eye, ipRGCs have been found to project to more 
than a dozen brain regions in mice, including the suprachiasmatic nu
cleus, olivary pretectal nucleus, and dorsal lateral geniculate nucleus 
(Mure, 2021). The full extent of the contributions of this small, but 
influential subset of retinal ganglion cells is still under study (Sonder
eker et al., 2020). One interaction of particular interest in the retina is 
that between ipRGCs and dopaminergic amacrine cells (DACs) (Zhang 
et al., 2008). 

Located in the inner nuclear layer, DACs are the primary source of 
dopamine in the eye. An influential neuromodulator, dopamine in
fluences almost all major cell types in the retina. It is well-established 
that dopamine plays a critical role in adapting retinal processes to 
changing light conditions and participates in retinal circadian regulation 
(Witkovsky, 2004). Dopamine has also been implicated in ocular growth 
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and development, as well as myopia progression (Martinez-Aguila et al., 
2021; Zhou et al., 2017). 

DACs release dopamine in response to steady (Godley and Wurtman, 
1988) and flickering (Kirsch and Wagner, 1989) illumination, as well as 
periods of darkness (Weiler et al., 1997). There is some evidence that 
dopamine synthesis follows a U-shape in the mammalian retina, being 
stimulated under mesopic and photopic light conditions, and suppressed 
under scotopic conditions (Popova, 1995). All three photoreceptors 
–rods, cones, and ipRGCs– have been found to provide input to DACs 
(Roy and Field, 2019), but the precise mechanisms through which light 
influences dopaminergic processes in the retina remain unknown 
(Zhang et al., 2008). 

The input ipRGCs provide to DACs is unique, traveling retrogradely 
from the inner to the outer retina. This signaling likely occurs via 
intraretinal axon collaterals (Prigge et al., 2016) that communicate 
ambient light information to ON-sustained DACs facilitating dopami
nergic responses to gradual changes in light conditions (Zhang et al., 
2008). Functionally, signaling from ipRGCs to DACs contributes to 
dopamine-driven light adaptation processes (Prigge et al., 2016; Son
dereker et al., 2020) and retinal circadian regulation (Dkhissi-Benyahya 
et al., 2013). Yet, there remain questions about the interaction between 
ipRGCs and DACs and the influence of other photoreceptors – in 
particular, rods (Cameron et al., 2009; Munteanu et al., 2018; 
Pérez-Fernández et al., 2019) – may have on the light-mediated release 
of dopamine. 

The present study sought to explore the impact of ipRGC stimulation 
on ocular dopamine in rabbits. To do so, we employed a novel fiber-optic 
approach to selectively stimulate the melanopsin-containing axons of 
ipRGCs at the optic nerve head with short-wavelength (blue) light, in 
order to engage the ipRGCs-DACs signaling pathway. In humans, a vir
tual reality approach to stimulating the optic nerve head with blue light 
elicited the melanopsin-driven post-illumination pupil response (PIPR) 
(Schilling et al., 2020) and altered retinal activity (Amorim-de-Sousa 
et al., 2021; Schilling et al., 2022). The current investigation directly 
measured the effect of blue light stimulation of the optic nerve head on 
dopamine in the tears, aqueous humor, vitreous body, and retina 
(including choroid) of rabbits. It was hypothesized that blue light 
stimulation of the optic nerve head using an optical fiber would signif
icantly increase ocular dopamine relative to no light. 

2. Material and methods 

2.1. Study design 

An experimental, short-term prospective, and randomized study was 
carried out in compliance with the ARVO Statement for the Use of An
imals in Ophthalmic and Vision Research and with the Directive 2010/ 
63/EU of the European Parliament and the Council on the protection of 
animals used for scientific purposes. The study protocol was approved 
by the Animal Experimentation Ethics Committee of the Complutense 
University of Madrid (protocol code: ES280790000086). 

Dopamine levels in the tears, aqueous humor, vitreous body, and 
retina (including choroid) of rabbits were quantified after stimulation of 
the optic nerve head with blue light for 1 min or 10 min, or after no light 
stimulation (control group). The left eye of all rabbits was the experi
mental eye, while the right (contralateral) eye was used as a within- 
group control. The experiment was performed over 15 days with 1 
randomly selected rabbit being evaluated per day at the same time 
(10:00 a.m.) to avoid bias associated with the circadian fluctuation of 
dopamine. 

The stimulation time was chosen based on a previous study by 
Amorim-de-Sousa et al. (2021) performed on humans by electroreti
nography, who found that blue light stimulation of the optic nerve for 1 
min would be sufficient to activate the melanopsin present in the axons 
of ipRGCs. Thus, another group of rabbits stimulated for 10 min was 
added upon the possibility that stimulation for 1 min was insufficient to 

find measurable changes in ocular dopamine. 

2.2. Animals 

Fifteen male New Zealand white rabbits (n = 15) provided by the San 
Bernardo farm (Navarra, Spain) were used in this experiment. The 
rabbits were 2 months old and weighed between 3.0 and 3.5 kg at the 
start of the study. All animals were housed in cages under controlled 12 
h light-dark cycles (light on from 8:00 a.m. to 8:00 p.m.), an ambient 
temperature of 18 ◦C, and humidity of ~40% with free access to food 
and water. Before the beginning of the experiment, the rabbits were 
accommodated in their cages for 5 days to adjust them to their new 
environment. 

As both eyes of each rabbit were evaluated (the left eye was treated 
and the contralateral eye was used as an internal control), the total 
sample was divided into 3 groups: 5 rabbits underwent no light stimu
lation as a control, 5 rabbits were stimulated with blue light for 1 min, 
and 5 rabbits were stimulated with blue light for 10 min. 

2.3. Experimental setup 

Fig. 1 shows the experimental setup. The optical system (Thorlabs; 
Newton, New Jersey, USA) was composed of a light-emitting diode 
(LED) driver, a 17.2 mW blue LED with a maximum (peak) intensity at 
470 nm, a 13.2 mW red LED with a maximum (peak) intensity at 631 nm 
(Fig. 2), an optical fiber coupled to a cannula 200 μm in diameter (0.22 
NA, length = 20 mm) that reduced the LED power output to a maximum 
of 7 mW, and a stereotactic system. The rabbit model used was selected 
because the diameter of the cannula is smaller than the optic nerve head 
of these animals. 

The control knob of the LED driver had 6 positions, corresponding to 
1.2, 2.3, 3.5, 4.7, 5.8, and 7.0 mW (positions 1 to 6, respectively) 
through the optical fiber. The stereotactic system was composed of two 
translation stages with standard micrometers to direct the optical fiber 
in two horizontal directions, a travel vertical translation stage, and a 
manual rotation stage. The optical fiber was coupled to the bracket of 
the stereotactic system with a self-made 3D-printed piece. 

The optical bench was cut to incorporate a VX75 slit lamp (Luneau 
Technology; Chartres, France) to observe and control the positioning of 
the cannula over the optic nerve head. Additionally, a lifting platform 
was used to place the rabbits perpendicularly to the slit lamp, inside a 
cage incorporating a self-made 3D-printed chinrest. 

2.4. Surgical and stimulation procedures 

The surgery and light stimulation procedures were performed in a 
dark room illuminated by a red LED (between 600 and 700 nm) to avoid 
influencing dopamine synthesis. The rabbits were anesthetized by an 
intramuscular injection of ketamine (50 mg/kg) and xylazine (5 mg/kg). 
Additionally, one drop of commercial topical anesthesia (Alcon Cusí; 
Barcelona, Spain) composed of 5 mg/ml of tetracaine chlorhydrate and 
0.5 mg/ml of naphazoline chlorhydrate was instilled in each eye. After 5 
min, the nictitating membrane was retracted with a surgical clamp and a 
hole was made in the nasal portion of the eye, at pupillary center height, 
with a 23G syringe. The optical fiber was then inserted into the eye using 
the stereotactic system. The positioning of the optical fiber over the 
optic nerve head was observed through the slit lamp using a 90 D non- 
contact slit lamp lens (Volk Optical; Mentor, Ohio, USA). The navigation 
of the optical fiber was guided by the red LED to avoid stimulating the 
retina with blue light. 

Once the optical fiber was positioned over the optic nerve head, the 
light source was changed to the blue LED for stimulation. In the control 
group, the light source was switched off and the optical fiber was kept 
over the optic nerve head for 10 min. In the group of rabbits stimulated 
for 1 min, the maximum intensity of the blue LED (driver position 6) was 
selected. In the group of rabbits stimulated for 10 min, the intensity of 
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the blue LED was increased every 2 min (from driver position 1 through 
5). 

2.5. Sample collection and processing 

Twenty minutes after removing the optical fiber, the rabbits were 
sacrificed by an intravenous injection of sodium pentobarbital (300 mg/ 
kg). The tears and aqueous humor were collected while the rabbits were 
alive, whereas the vitreous body and retina (including choroid) were 
collected after the rabbits were sacrificed. 

The tears were collected using a Schirmer’s strip (Lenticon; Madrid, 

Spain) for 5 min, immediately before the surgical procedure (pre-con
dition), as well as 20 min after light stimulation (post-condition). The 
Schirmer’s strips were stored in Eppendorf tubes containing 200 μl of 
ultrapure water at − 80 ◦C until processed. The aqueous humor was 
extracted with a 25G syringe to obtain 100–150 μl from each eye and 
was stored at − 80 ◦C. 

When the rabbits were sacrificed, their eyeballs were enucleated 
with a scalpel. The vitreous body was extracted with a 20G syringe to 
obtain 200–250 μl from each eye. The retina and choroid were separated 
from the sclera using a scalpel and were stored at − 80 ◦C in a single 
Eppendorf tube containing 500 μl of ultrapure water until processed. 

Fig. 1. Representative images of the experimental setup (a), the optical fiber during its positioning over the optic nerve head using the red LED (b), and stimulation 
of the optic nerve head with the blue LED (c). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 

Fig. 2. Normalized light spectrum of the optical fiber-coupled LEDs that were used during the experiment. The blue LED had a maximum (peak) intensity at 470 nm, 
while the red LED had a maximum (peak) intensity at 631 nm. Data were provided by the manufacturer (Thorlabs; Newton, New Jersey, USA). (For interpretation of 
the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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The retina was not separated from the choroid. Subsequent references to 
the retina refer to both the retina and the choroid. 

For processing, all samples stored in Eppendorf tubes were vortexed 
for 5 min. In the case of the tears, the Schirmer’s strip was removed after 
this step. Next, all the samples were heated in a dry bath at 98 ◦C for 2 
min and then immediately immersed in an ice bath for 5 min. Subse
quently, the samples were centrifuged at 15000 rpm and 4 ◦C for 10 min. 
Finally, the supernatant was transferred to a new vial to be analyzed in 
the high-performance liquid chromatography (HPLC) system. This pro
cessing method degraded 2.7% of the standard dopamine samples 
measured by HPLC. In addition, the retinal samples were not homoge
nized because this procedure generated other analytes interfering with 
the HPLC signal for dopamine quantification by the protocol described 
in the following section. 

2.6. Analysis by high-performance liquid chromatography 

The levels of dopamine in the tears, aqueous humor, vitreous, and 
retina (including choroid) were quantified using the Agilent 1260 HPLC 
system (Agilent Technologies; California, USA). A C18 KromaPhase 
column (Scharlab; Barcelona, Spain) with a particle size of 5 μm, a pore 
size of 100 Å, a length of 250 mm, and a diameter of 4.6 mm was used. 

To quantify dopamine amount following the protocol described by 
Muzzi et al. (2008), the mobile phase was composed of 0.02 M potas
sium phosphate buffer (Merck; Darmstadt, Germany) at pH 2.5 (A) and 
methanol (B). The composition of the mobile phase was changed ac
cording to this gradient: from 0 to 10 min with 97% (A) and 3% (B), from 
10 to 14 min with 80% (A) and 20% (B), from 14 to 22 min with 97% (A) 
and 3% (B), and the run finished at 30 min. The flow rate was 1 ml/min 
and the temperature was maintained at 22 ◦C. Dopamine was detected 
by injecting a total volume of 100 μl per sample and measuring the UV 
absorbance at 230 nm. This method of detection presented a sensitivity 
for dopamine quantification of 0.3 pmol (Fig. 3). 

The dopamine amount in the retinal samples (in nmol) was 
normalized to the total DNA weight (in μg) present in each of these 
samples. This normalization was necessary because the quantity of 
extracted retina varied for each eye (depending on the size of each eye). 
Thus, the dopamine amount was normalized to the DNA weight since the 
DNA weight is directly associated with the quantity of extracted retina. 
Consequently, the values for retinal dopamine were reported as nmol of 
dopamine per μg of DNA (nmol/μgDNA). For example, a retinal sample 
had a dopamine amount of 161.3 nmol and a DNA weight of 113 μg, 
resulting in a dopamine amount of 1.43 nmol per μg of DNA (1.43 nmol/ 
μgDNA). The DNA weight was measured using spectrophotometry with 
the NanoDrop 2000 system (Thermo Fisher Scientific; Waltham, 

Massachusetts, USA). 
The units for dopamine amount in the tears and the concentration of 

dopamine in the aqueous humor and vitreous are nmol and μM, 
respectively. 

2.7. Statistical analysis 

Statistical analyses were performed using the SPSS Statistics 23 
software (IBM; Chicago, Illinois, USA). The normality of the statistical 
variables was assessed using the Shapiro-Wilk test. Between-group sta
tistical comparisons of the treated eye (left) or the contralateral eye 
(right) were performed using the Student’s t-test for independent sam
ples (normal distributions) or the Mann-Whitney U test (non-normal 
distributions). Additionally, within each group, statistical comparisons 
between the treated eye and the contralateral eye were performed using 
the Student’s t-test for related samples (normal distributions) or the 
Wilcoxon signed-rank test (non-normal distributions). For the tears, the 
tests for related samples were also applied to compare baseline values 
(pre-condition) to values after stimulation (post-condition). A statistical 
significance level of 95% was established (p < 0.05). 

3. Results 

Dopamine levels in the tears, aqueous humor, vitreous body, and 
retina were analyzed in the treated and contralateral eyes of the rabbits. 
The treated eyes correspond to both the eyes that were operated on but 
not stimulated (control group), as well as those that were stimulated 
with blue light for 1 min or 10 min. The contralateral eyes were neither 
operated on nor stimulated. The results of dopamine levels in the tears 
(Fig. 4.a.) and retina (Fig. 4.d.) showed no statistically significant dif
ferences between the three groups or between the treated and contra
lateral eyes within each group (p ≥ 0.05). Besides, there were no 
differences between pre-condition and post-condition in tears (p ≥
0.05). On the other hand, stimulation of the optic nerve head with blue 
light for 10 min significantly increased the dopamine concentration in 
the aqueous humor (Fig. 4.b.) and vitreous body (Fig. 4.c.) when the 
treated and contralateral eyes were compared (p < 0.05). A significant 
increase in dopamine concentration was also found in the vitreous body 
after stimulation for 1 min (p = 0.015). Finally, there were no statistical 
differences in dopamine in the tears, aqueous humor, vitreous body, or 
retina between the treated and contralateral eyes in the control group (p 
≥ 0.05). 

Fig. 3. Calibration curve to calculate the dopamine limit of detection by the Agilent 1260 HPLC system and the protocol described by Muzzi et al. (2008). For a 
minimum relative area of 0.2 μV⋅s, the sensitivity for dopamine quantification was established at 0.3 pmol (n = 3, each point). 
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4. Discussion 

To our knowledge, this is the first study to investigate the effect of 
selective optic nerve head stimulation with short-wavelength (blue) 
light on ocular dopamine levels. In rabbits, the stimulation of the optic 
nerve head with blue light was accompanied by a significant increase in 
dopamine concentration in the vitreous body and aqueous humor. This 
stimulation did not result in measurable changes in dopamine in the 
tears or retina. In the control group, the surgical insertion of the optical 
fiber without light stimulation was not associated with significant 
changes in dopamine in the tears, aqueous humor, vitreous body, or 
retina. 

In the vitreous body, selective stimulation of the optic nerve head 
with blue light for 1 min significantly increased the concentration of 
dopamine relative to no light stimulation. After 10 min of blue light 
stimulation, the increase in dopamine concentration was also significant 
in the aqueous humor. The elevated concentration of dopamine in these 
structures was not accompanied by a measurable change in retinal 
dopamine content. Retinal dopamine levels reflect the total pooled 
dopamine in the retina and themselves do not provide meaningful in
formation about changes in retinal dopamine release (Feldkaemper and 
Schaeffel, 2013; Megaw et al., 1997). The rate of dopamine synthesis is 
closely tied to the demand, such that a change in dopamine synthesis 
may not be reflected in the tissue (retinal) dopamine levels (Megaw 
et al., 2001). 

Rather, previous research established that vitreal dopamine con
centration is a better indication of retinal dopamine release (Megaw 
et al., 2001; Ohngemach et al., 1997). The vitreous body is unable to 
synthesize or degrade dopamine or its metabolites and thus reflects the 
diffusion of these compounds from the retina (Megaw et al., 2001). 
Consistent with the light-mediated release of retinal dopamine, earlier 
work has demonstrated that vitreal dopamine increases in response to 
light exposure (Megaw et al., 1997, 2001). Indeed, the magnitude of 
change in vitreal content in response to light tends to be greater than 
that of retinal content (Parkinson and Rando, 1983). As a result, the 

elevated dopamine concentrations measured in the vitreous body and 
aqueous humor following blue light stimulation of the optic nerve head 
may be attributed to an increase in retinal dopamine release. In sum, as 
the retina is, to our knowledge, the only source of dopamine in the eye, 
the absence of a significant change in the total amount of retinal 
dopamine at the time of sampling is speculated to reflect a combination 
of diffusion and metabolism of the dopamine released in the retina in 
response to the blue light stimulation. Nevertheless, given the novelty of 
the fiber-optic approach employed to selectively stimulate the 
melanopsin-containing axons of ipRGCs at the optic nerve head, further 
research is warranted to better understand the implications of engaging 
this pathway on dopamine activity in the eye. Indeed, the light-mediated 
release of dopamine in the eye is an active area of research, and there are 
multiple hypotheses of the underlying mechanisms, including the rod 
activation hypothesis of light-dependent retinal dopamine release 
(Pérez-Fernández et al., 2019). 

At this time, it cannot be ruled out the possibility that the residual 
activation of melanopsin, which is also present in other ocular structures 
such as the lens and ciliary body (Alkozi and Pintor, 2015; Alkozi et al., 
2017), could mediate dopamine synthesis in the ocular anterior segment 
and synergistically increase dopamine release to the aqueous humor and 
vitreous body. However, despite the role of melanopsin in mediating 
melatonin production in the anterior segment having been studied over 
the past decade (Alkozi and Pintor, 2015; Alkozi et al., 2017), the 
mechanisms by which stimulation of melanopsin could modulate 
dopamine synthesis in the anterior segment (as suggested by the in
crease in dopamine concentration in the aqueous humor) or whether 
melanopsin is truly responsible for such modulation are still unknown. 

We attribute this upregulation of dopamine synthesis to ipRGC input 
to DACs for several reasons. First, the wavelength of the blue LED (λpeak 
= 470 nm) used in the treatment groups approximated the peak ab
sorption of melanopsin (λpeak = 480 nm) (Berson et al., 2002). This light 
source was carefully positioned using an optical fiber over the optic 
nerve head where the melanopsin-expressing axons of ipRGCs are the 
only light-absorbing structure. As a result, we can be reasonably certain 

Fig. 4. Average change in dopamine (nmol) in the tears (a), average dopamine concentration (μM) in the aqueous humor (b), average dopamine concentration (μM) 
in the vitreous body (c), and normalized dopamine content (nmol/μgDNA) in the retina (including choroid) (d) after blue light stimulation of the optic nerve head for 
1 min, 10 min, or with no stimulation (n = 5, each group) are shown. *p < 0.05, Student’s t-test for related samples, comparison between the contralateral and 
treated eyes. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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that ipRGCs were the predominant photoreceptors receiving light input 
and thus the only source of light information to DACs. This approach to 
engaging the ipRGC-DAC signaling pathway via the optic nerve head is 
supported by previous research employing a virtual reality system to 
selectively stimulate the optic nerve head of young adults (Amor
im-de-Sousa et al., 2021; Schilling et al., 2022). The results of Amor
im-de-Sousa et al. (2021) and Schilling et al. (2022) showed that blue 
light stimulation of the optic nerve led to an increase in the amplitude of 
the electroretinogram (ERG) b-wave. The ERG b-wave reflects electrical 
activity in the inner plexiform layer, where ipRGCs and DACs synapse. 
Additionally, no changes were observed in the amplitude of the ERG 
a-wave, which is associated with photoreceptor action potentials. 
Nevertheless, further research will be important to better understand the 
signaling mechanisms leading to light-induced dopamine release in the 
retina and the potentially varied influences of the rod, cone, and ipRGC 
input (Zhao et al., 2017). In this regard, the findings of the present study 
contradicted part of the hypothesis proposed by Pérez-Fernández et al. 
(2019) in rodents. Their study found no involvement of ipRGCs in retinal 
dopamine release, but our study did not rule out the possibility that rod 
activation also mediates this dopamine release in rabbits. It should be 
noted that rodents, rabbits, and humans may have different or multiple 
mechanisms for light-activated dopamine release, but the experimental 
approach of the present study did not provide sufficient evidence to 
draw a definitive conclusion regarding these mechanisms. 

Knowledge of the interactions between ipRGCs and DACs, and the 
role of light in this signaling pathway, may have implications for various 
fields of research. Both ipRGCs (Do, 2019; Sondereker et al., 2020) and 
dopamine (Witkovsky, 2004) participate in several key retinal pro
cesses, including circadian regulation and retinal light-adaptation, 
which contribute to visual function. Melanopsin (Chakraborty et al., 
2021), retinal dopamine (Zhou et al., 2017), and light (Jiang et al., 
2018) have also been implicated in ocular growth and myopia devel
opment. There is evidence that the rate of dopamine release, rather than 
overall retinal dopamine content, may be the signal that controls ocular 
growth (Ohngemach et al., 1997). In this case, understanding the 
light-mediated signaling mechanisms that influence dopamine release in 
the retina, including if this involves ipRGC input, could be crucial to 
advancing scientific understanding of myopia development and control 
of its progression. 

Finally, while the current study included a no light stimulation 
control group, mid- (green) and long-wavelength (red) light-stimulation 
control groups would provide a better understanding of any influence of 
other photoreceptors on the modulation of ocular dopamine in future 
studies. Additionally, while the optical fiber stimulation approach was 
carefully designed to minimize scattered light (in particular, by cir
cumventing the cornea and lens, two major sources of intraocular light 
scatter (van den Berg, 1995) and illuminate only the optic nerve head, 
the inadvertent activation of optic nerve-peripheral melanopsin due to 
light diffusion cannot be completely ruled out. Light reflection in the eye 
may have been also exacerbated by the use of albino rabbits, which do 
not have a retinal pigment epithelium. On the other hand, direct com
parison with other studies in the scientific literature has some limita
tions due to methodological differences in the species used, sample 
collection and processing, or data analysis, among other aspects. 

5. Conclusions 

Selective stimulation of the optic nerve head with short-wavelength 
(blue) light was associated with significantly elevated dopamine con
centrations in the aqueous humor and vitreous body compared to no 
light stimulation. The increase in dopamine concentration observed in 
these structures could be attributed to an upregulation of dopamine 
release in the retina. The novel stimulation approach used here allowed 
us to hypothesize that ipRGC input to DACs would be responsible for the 
increase in retinal dopamine synthesis. This study contributes to the 
ongoing effort to understand the mechanisms through which light 

mediates retinal dopamine activity and the involvement of ipRGCs in 
these processes. However, the data provided in this study fell short of 
establishing a definitive link between dopamine release and ipRGC 
activation, mainly due to the lack of evidence supporting the expression 
of the melanopsin photopigment in the optic nerve. More research is 
necessary to elucidate the physiological mechanisms by which mela
nopsin is stimulated, how ipRGCs and DACs communicate, the impact 
this interaction has on the retinal dopaminergic system, and the broader 
implications of ipRGC-mediated light-driven dopamine production on 
retinal function and ocular growth regulation for controlling myopia 
progression. 
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The authors want to thank Miguel Ángel Antón Revilla for his tech
nical support in developing the stereotactic system to stimulate the optic 
nerve head and Nikita Wong for her assistance in preparing the 
manuscript. 

References 

Alkozi, H.A., Pintor, J., 2015. TRPV4 activation triggers the release of melatonin from 
human non-pigmented ciliary epithelial cells. Exp. Eye Res. 136, 34–37. 

Alkozi, H.A., Wang, X., Perez de Lara, M.J., Pintor, J., 2017. Presence of melanopsin in 
human crystalline lens epithelial cells and its role in melatonin synthesis. Exp. Eye 
Res. 154, 168–176. 

Amorim-de-Sousa, A., Schilling, T., Fernandes, P., Seshadri, Y., Bahmani, H., González- 
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