Light pollution: the
possible consequences
of excessive
illumination on retina

Abstract

Light is the visible part of the electromagnetic
radiation within a range of 380-780 nm;
(400-700 on primates retina). In vertebrates, the
retina is adapted to capturing light photons
and transmitting this information to other
structures in the central nervous system. In
mammals, light acts directly on the retina to
fulfill two important roles: (1) the visual
function through rod and cone photoreceptor
cells and (2) non-image forming tasks, such as
the synchronization of circadian rhythms to a
24 h solar cycle, pineal melatonin suppression
and pupil light reflexes. However, the excess of
illumination may cause retinal degeneration or
accelerate genetic retinal diseases. In the last
century human society has increased its expo-
sure to artificial illumination, producing
changes in the Light/Dark cycle,

as well as in light wavelengths and intensities.
Although, the consequences of unnatural
illumination or light pollution have been
underestimated by modern society in its way
of life, light pollution may have a strong
impact on people's health. The effects of
artificial light sources could have direct con-
sequences on retinal health. Constant exposure
to different wavelengths and intensities of
light promoted by light pollution may produce
retinal degeneration as a consequence of
photoreceptor or retinal pigment epithelium
cells death. In this review we summarize the
different mechanisms of retinal damage
related to the light exposure, which generates
light pollution.
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Introduction

Light is the most potent entraining agent of life
on earth that synchronizes circadian rhythms to
a 24 h solar Light:Dark (LD) cycle. In mammals,
light is detected by rods and cones that mediate

Eye (2016) 30, 255-263

© 2016 Macmillan Publishers Limited All rights reserved 0950-222X/16

&

vvww.nature.com/eye

MA Contin, MM Benedetto,
ML Quinteros-Quintana and ME Guido

visual function, and by intrinsically
photosensitive retinal ganglion cells, which
primarily project to the suprachiasmatic nucleus
in the hypothalamus to regulate circadian
rhythms and pupillary light reflexes.!?
However, as a consequence of modern life,
the alteration of the LD cycle by exposure to
artificial light, impacts on living organisms and
causes a number of detrimental effects, namely,
the disturbance of behavioral and metabolic
rhythms, alteration in diverse light-regulated
physiological and psychological functions, and
an environmental degradation with a strong
force of selection on biodiversity.3 Lighting
may alter natural light regimes spatially,
temporally, and spectrally and influences
biological systems, particularly the distinction
between light as a resource and as an
information source.® Today our homes, work
places, and streets are brightly illuminated by
artificial electric lights during the day and night.
Urban developments such as baby lights, TVs,
computers, streetlights, emergency lights, or any
environmental alteration are called ‘light
pollution’, which is widely spread across the
world and in constant growth.”8

When Thomas Alva Edison (1879) invented
the first electric bulbs, the effects of light
pollution were underestimated; human society
has changed ever since and today people
rarely experience total darkness; so we are
continuously exposed to unnatural illumination.
The lack of dark experience promoted by
excessive exposure to different wavelengths and
intensities of light may produce circadian
dyssynchrony, and thus metabolic
dysfunction.®1? Although light pollution
effects have been analyzed from the social and
economic points of view, from the vision of
human health they have only been studied in
relation to circadian rhythms;!3!4 but not in
relation to direct retinal damage, even when
unnatural illumination may have drastic
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consequences on vision, mainly on the retina and its
physiology.

It is known that photoreceptor cells need light to
activate the photopigment, initiating the molecular
cascade called phototransduction. During the vision
process, the light captured produces photoreceptor cell
hyperpolarization and stop of neurotransmitter release;
however, light in excess (high irradiance or long-time
exposure) may cause eye injury when focused onto the
retina. Although the eye has developed very precise
mechanisms of light adaptation and has several protective
mechanisms against certain kinds of light exposure,
prolonged or intense exposure causes cell death of
photoreceptor cells and the resulting retinal degeneration
and blindness. Light pollution may affect the human
vision promoting retinal degeneration or accelerating
some genetic diseases, such as retinitis pigmentosa (RP)
or age-related macular degeneration (AMD).!5-18

Mechanisms of light-induced damage

Light is the visible part of electromagnetic radiation in the
wavelength range of 380-780 nm (violet to red light), where
short wavelengths carry more energy than long ones. In
living organisms, the radiant energy of electromagnetic
radiation is transferred to tissue and may produce injury
through photothermal, photochemical, and photomechanical
mechanisms. Briefly, photothermal damage occurs when the
rate of light liberated is faster than thermal diffusion,
promoting a rise of tissue temperature. The exposure time
that produces this kind of damage is around 0.1 and 1.0s.1”
A 10 °C increase of temperature in the retina induces protein
denaturalization resulting in thermal damage.
Photomechanical damage occurs when light energy is

deposited before mechanical relaxation can occur.?’

Photochemical damage of the retina

In the retina, the injury promoted by photochemical
damage is independent from photothermal and
photomechanical ones. Light absorbed in a chromophore
initiates chemical reactions that may result in the transfer
of energy, protons, or electrons to other molecules,
which may become chemically reactive, process known as
‘oxidative stress’ (see below).2! One of the main causes of
oxidative stress in the retina is the exposure to unnatural
ambient light,?? where the severity of photochemical
damage is influenced by many factors such as exposure
time, intensity (high, moderate, or low), distribution

of the radiant energy over the visible spectrum, body
temperature, circadian phase, animal age, and
environmental conditions. Retinal light damage is more
pronounced in dorsal superior retina than in other
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adjacent areas, and it can be divided into two classes:
(1) damage produced by low irradiance levels of white
light, mediated by the activation of rhodopsin in
photoreceptor cells; it may take days or weeks and
usually it is principally located in the photoreceptor cells,
and (2) damage produced by exposure to high irradiance
with an action spectrum peaking at short wavelength
of white light, where injuries occur at the retinal pigment
epithelium and in some photoreceptor cells.?123-26
In addition, under certain conditions of exposure, light
could have cumulative effects in the processes of retinal
damage. In this sense, Noel ef al demonstrated that, in
rats, 5 min of light exposure do not produce any effect
over the retina, but if this exposure time is repeated three
or four times, within 1h of dark interval, significant
damage to the retina occurs. However, if the retina is
allowed to recover for more than 1h in the dark, it does
not present significant changes.?? Ham et al reported in
rats that two 1000 s exposures at 441.5nm spaced 48 h
apart produced a lesion at one-half of the 1000 s threshold
power. Furthermore, four or more exposures at one-fourth
threshold spaced 48 h apart did not produce a lesion.?”
Sperling et al, in 1980, compared lesions from a single
120 min exposure with those of daily intermittent
exposures, and found histological different patterns with
damage in daily exposure.28 In Rhesus monkey, Griess
et al?® showed that after time intervals of light exposure,
retinal sites were re-exposed to determine the split-dose
threshold related to the single-dose threshold through the
additivity effect, which depend on time between
exposures; they observed that recovery of tissue could
be fitted by a single exponential with a time constant of
4 days.?” After that, Organisciak et al showed in rats that
intermittent light exposure causes greater visual cell
damage than continuous light exposure (in same time and
light source)?* and in 2006, Dong et al showed in mice that
photochemical retinal injury from cumulative effect is
caused by free radicals generated by continuous light
exposure.’? Altogether, these findings demonstrate that
retinal damage by intermittent light exposure promotes
an irreversible damage, may be by the conditions, or
schedule, by which the light is administered.

Because human society has changed the illumination
conditions, we can speculate that light pollution
may have negative consequences in retinal health. The
intermittent exposure to artificial light produced by shift
work activity, the exposure to high irradiance of artificial
light by inside sources or lack experience of darkness
could cause cumulative effects of damaged mechanism
promoting retinal damage or accelerating retinal diseases,
mainly in older individuals where anti-oxidative stress
mechanisms are less effective.



Induced photochemical damage as a model of genetic
diseases

In many human diseases such as AMD and RP,
photoreceptor cells' death is the principal event of retinal
degeneration and it is known that the excessive exposure
to natural or unnatural light may accelerate many of
these.313% As such, models of light-induced
photoreceptor cells' death have been widely used to
clarify the mechanism of injury in AMD and RP. Among
the advantages of light exposure models over genetic
animal models are: (1) lead to faster photoreceptor cells'
degeneration, 2) initiate cell death of large numbers of
photoreceptor cells in a synchronized manner, as opposed
to genetic models, where photoreceptor cells are at
various stages of health or degeneration, and (3) produce
selective photoreceptor cells' death.3*

Different established methods of light exposure are
widely used in different vertebrates (fish, frogs, rats,
and mice), allowing researchers to study the biochemical
mechanism of retinal degeneration. Although different
species may share some features in the biochemical
mechanism of death in light damage, they seem to develop
specific systems for each type of animal, therefore, to
reduce confusion and advance our understanding about
damage mechanisms, the researchers must be cautious
about differences between species. As mentioned above,
the severity of retinal damage is graded with light
condition, because of that; the different setups of exposure
to produce damage differ in light quality, intensity, or
duration. in general, experiments using rich-energy blue
light involve very short exposure periods to generate
retinal degeneration (in the range of minutes) and for
broadband green- and white-light exposure, durations
vary between hours and weeks.?”’*537 Due to this
diversity, it is hard to compare results obtained from
different setups; however, the use of different models of
light damage has helped identify different pathways of
photoreceptor cells' apoptosis induced by light*®3° and
could be useful both in the study of RP or AMD and in the
effect of light pollution in modern society.

A work on albino and pigmented lines of gnatl™~ and
wild-type mice in a mixed background of 129 sv and
balb/c exposed to white-light fluorescent (ultraviolet
impermeable) described two apoptotic pathways:

(1) bright light-dependent apoptosis of photoreceptor
cells through a mechanism requiring activation of
rhodopsin but not of the phototransduction mechanism,
and (2) low-light-dependent photoreceptor cells'
apoptosis by photopigment activation and subsequent
downstream signal transduction.’® However, it is difficult
to establish a threshold between high- and low-intensity
damage because it may depend on the species and genetic
alteration of the animal studied.
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Bright light retinal damage

There are many works concerning bright light damage,
but in all of them the exposure is dramatic, because the
entire population of visual cells is affected in a very short
time. According to Noell et al, there are two mechanisms
of retinal damage: (a) ‘blue-light” and (b) ‘visual pigment-
mediated process’. They demonstrated clearly that,
certain conditions such as light above a definite
intensity, initiates a series of reactions that require the
activation of rhodopsin photopigment.*” In this sense,
Williams et al,*! using albino rats exposed to light with six
different interference filters of narrow band-pass, showed
a non-uniform distribution of damage across the retina,
and they found that these phenomena are a rhodopsin-
mediated mechanism (retinal photodamage peaking at
500 nm).*#2 By using a mouse model lacking measurable
amounts of functional rhodopsin (rpe™/~ mouse) Grimm
et al’” showed that the exposure to light do not induce
apoptosis, indicating that rhodopsin photopigment
constitutes the major mediator of light-induced
damage.*3** Remé et al® discussed photoreceptor cells'
death by apoptosis in blue and bright light, including the
role of rhodopsin and photochemically active bleaching
product that inflicts cellular damage;*° Organisciack
et al* describes the impact of intense light on retinal
degeneration in genetic animal models and the protective
effects of exogenous antioxidants and neurotrophic
factors, discussing the innate ability of the retina to resist
retinal light damage and its circadian-dependent
Vulnerabili’cy,45 and Grimm et al*® describes the methods
for short-term exposures to bright full-spectrum white
light and by short exposures to high-energy
monochromatic blue or green light.*47 All of them agree
with the short-term and dramatic mechanisms of entire
retinal degeneration where outer segments are involved.
In morphological studies, Ham et al*8 demonstrated that
the action spectrum for retinal damage near-ultraviolet
spectrum (405, 380, 350, and 320 nm wavelengths)
produced irreparable damage to rod and cone
photoreceptor cells showing that the retina was six
times more sensitive to 350 and 325 nm than to blue light
(441 nm).*8 Later, Gorgels et al*® demonstrated that
wavelengths in the range of 320 to 440 nm produced a
different mechanism of retinal damage than in animals
exposed to 470-550 nm range. Retinal damage increases
more from visible to ultraviolet wavelengths, indicating
that two morphologically distinct types of damages occur
in rat retina.*’ Compelling evidence indicates that shorter
wavelength (non-visible light) may not involve
photopigment processes. Among whole sunlight
spectrum received by the eyes, different eye tissues
absorb radiation of wavelengths before reaching the
retina and it vary depending on the species, pigmentation
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and age of the animal. It is know that rodent’s cornea is
thinner and transmit to retina much shorter wavelengths
light than human cornea, therefore absorb UV light,
and this should be taken into account when drawing
conclusions.’® However, in general, retinal damage
models are done in the spectrum of visible light range.
Here, we discuss some aspects of retinal degeneration
produced by bright light related to retinal oxidative stress
and the involvement of retinal pigment epithelium via
retinoid processing.

Effects of oxidative stress

Free radicals are atoms or groups of atoms with an

odd (unpaired) number of electrons that can be formed
when oxygen interacts with certain molecules. The higher
energy levels of free radicals are used to split the bond in
another molecule by electron or hydrogen exchange.
Together with hydrogen peroxide (H,O,) or 'O,, they are
called ‘reactive oxygen intermediates’. Some of the stimuli
that increases the production of reactive oxygen
intermediates include irradiation, aging, inflammation,
raised partial pressure of O, air pollutants (O3 and NO,),
cigarette smoke, and reperfusion injury (for details see
Beatty et alP!). Under noxious stimuli, these intermediates
can attack other molecules as carbohydrates, membrane
lipids, proteins, and nucleic acids promoting damage.>3
All these mechanisms are propagated as an uncontrolled
chain reaction leading the breakdown of membranous
structures, and therefore an extensive damage.21'52'54
The retina is probably the tissue that contains the highest
endogenous photosensitizers that can be excited by light
and, as a consequence, it is highly sensitive to damage.21
The proximity to choroidal blood vessels in the outer
retina favors photoreceptor cells and retinal pigment
epithelium cells to be highly oxygenated and consequently
more sensitive to oxygen imbalance and photochemical
damage;?>"% however, the retina has a system that
protects cells and tissue(s) against oxidative stress, aging
or deficient nutritional conditions. These mechanisms
could fail and the pathologic symptoms of retinal
degeneration begins.>

Low-light retinal damage

Despite the high number of papers published on retinal
light damage, most of them evaluate the effects of bright-
light exposure on retinal morphology and function.

The process of retinal cell death produced by low-
intensity light stress may be different and it has not been
well-characterized yet. In this section, we summarize the
information about the implications of low-light

exposure on the retina of different species. Noell et al??
described for the first time the damaging effect of light
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studying rat retina. In this study, retinal damage was
caused in free running rats by long exposure to relatively
low-light levels and the authors describe a depression of
electroretinogram responses and photoreceptor cells'
death.?? Later, other works demonstrated almost the
same effects in different low-light exposure models; for
example, Shear et al®’ showed that in albino rats the
retinal stimulation in continuous low white light
(~750 lux) causes a progressive deterioration of
photoreceptor cells. Based on structural retinal
observations, they found that irreversible damage occurs
in retinal pigment epithelium and photoreceptor cells
after 96 h of constant light illumination; however, in
shorter periods, structural changes were reversible.””
Similarly, Rapp et al 58 reported that rats exposed to 50 lux
for periods ranging from 1 to 4.5 days followed by 12 h in
darkness showed progressive photoreceptor cells' death,
while animals kept in constant light for longer times of
exposure showed a reduction in the level of rhodopsin
and an increase in electroretinogram b-wave threshold.”®
Hayasaka et al*® evaluated the activity level of
some lysosomal enzymes involved in the pathogenesis of
retinal degeneration, such as acid phosphatase,
p-glucuronidase, and Cathepsin D and B, showing that
the activity of enzymes continuously exposed to light was
higher than controls kept in LD.% Penn et al®® evaluated
the consequences of continuous exposure to 80 lux for
48 h at different postnatal age of Sprague-Dawley albino
rats. Under dark conditions, 5-week-old rats had ~20%
less rhodopsin than 10 and 15 weeks old, both of which
had ~7% less than 20 weeks old. However, in exposed
retinas, younger rats (5 and 10 weeks old) maintained a
net gain in the photopigment for longer times due to the
ability of rods to regenerate rhodopsin better than older
animals; implying a greater photoreceptor cells'
viability.® Moriya et al®! studied the temporal sequence
of ultrastructural changes induced by low-light exposure
(80 lux light) for various periods of illumination time.
They showed a set of early signs of abnormality such as
degradation of some disks membranes at the tips of
photoreceptor outer segment, disaggregation and
detachment of ribosomes, lighter matrices in swollen
mitochondria, disappearance of the Golgi apparatus, and
proliferation of autophagic bodies in the inner segments.
The authors report that these ultrastructural changes
suggest that the excessive bleaching of rhodopsin stressed
the metabolic capacity of rod cells and death occurs
because cells cannot maintain their anabolic balance.®!
Recently, in our laboratory we have begun to evaluate
the time course and molecular mechanisms of death in
Wistar rats during continuous low intensity light
exposure. We found that constant light, but not cyclic
exposure to 200 lux for 7 days, produces apoptotic cell
death of rods and does not alter rhodopsin expression



before photoreceptor cells' death.3> However, the
photopigment was more phosphorylated in ser®*
control animals. Further investigation need to be carried
out to know whether low-light damage could involve other
mechanisms in parallel to phototransduction cascade. It is
difficult to believe that in constant light other mechanisms
such as oxidative stress and the resulting production of
reactive oxygen species would not to be involved.3?

than in

Brief review of circadian rhythms

Circadian rhythms are biological oscillations within an
approximate 24-h period generated by a network of
transcriptional and translational loops in the expression of
so-called clock genes.26? Light is the main and strongest
synchronizer of the circadian system, while the retina is
responsible for sensing the environmental lighting
conditions, which change throughout the LD cycles, in at
least six orders of magnitude, to adjust endogenous clocks
located in the brain. Brainard et al®® found that human
melatonin levels were reduced most when volunteers
were exposed to monochromatic blue light between 0200
and 0330 hours and proposed a novel mechanism of
photoperception different from rod and cones.®364
Today it is known that to fulfill these functions, the retina
contains a subpopulation or intrinsically photosensitive
retinal ganglion cells that express melanopsin
photopigment and connect to the circadian or biological
clock center within the hypothalamus, at the base of the
brain.1 626560 These cells present a different
phototransduction mechanism from rod and cone cells,
involving the activation of phospholipase C and calcium
mobilization and membrane depolarization.!¢7=71
Melatonin is a protective, oncostatic hormone, and strong
antioxidant having evolved in all plants and animals that
present circadian phase. In vertebrates, melatonin is
normally produced by the pineal gland during the early
morning hours of darkness, and is regulated by LD
cycles.”? The exposures to visible wavelengths of light at
night produce suppression of normal nocturnal
production of melatonin by the pineal gland.*73-7>

It has consequences in the human physiology and could
have drastically negative effects on human health, such as
an increase in psychological distress levels”® and
development of cancer.”” In this respect, there are
indirect studies related to the exposure of shift workers to
light at night, which have higher incidences of breast and
colorectal cancer where one possible cause is melatonin
suppression by eyes exposure to light.578-8081 Light
pollution promoted by artificial light in modern life has
facilitated changes in the temporal architecture of human
lifestyle tending to do activities such as sleeping, eating,
and doing exercise at inappropriate times. All these
changes in the activities produce chronic circadian
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desynchrony and may affect health and lifespan as
metabolic and behavioral phenotype that may predisposed
to obesity.?? In many cases organisms have been shown to
be sensitive to extremely low levels of light at night, well
within levels of anthropogenic light pollution.333* The
unnatural illumination in light pollution could specifically
produce damage in the intrinsically photosensitive retinal
ganglion cells by constant illumination or
resynchronization in normal LD cycle, therefore, the lack of
information input by inner retina could add to the
phenomenon of circadian desynchrony.

In retina, it is thought that melatonin acts locally as a
nocturnal signaling molecule that regulates its physiology
on a temporal basis.??-8 Rhythms in this hormone persist
in isolated retinas or dissociated cells and remain visible
for a number of days in culture.3*? Melatonin is mainly
synthesized in the photoreceptor cells with higher levels
at night;89 however, it has been shown that the inner
retina of some vertebrates has the ability to synthesize it
as well; moreover, in some fish species, it is also produced
during the day.”?

Unnatural light sources

As we mention in this review, in the last years, the human
society expanded the unnatural illumination using
different kind of light sources. These artificial
illuminations changed our way of life altering the natural
LD cycle and therefore desynchronizing the biological
rhythms, and inducing behaviors of longer time of light
exposition with possible consequences in retinal health.
In the beginning of use of artificial illumination, the
light sources were compact fluorescent or incandescent
lamps. Most of the works' comments in this review have
been focused on light exposure models as white
fluorescent lamp or different wavelength or intensity light
allowing demonstrate the consequences in retina health.
In the last years; in order to protect the environment,
it was necessary to improve the energy performance of
domestic use of light. For this reason, the compact
fluorescent lamp is being replaced by light-emitting
diodes (LED), although the potential risk of retinal
damage that this kind of light entails, must be evaluated
(see Behar-Cohen et al?® and Behar-Cohen”®). LEDs
products emit blue light (wavelengths of 460-500 nm)
and, as mentioned above, blue-light exposure has a
powerful role on retinal degeneration. In our retinal
damage model, when we exposed wistar rats to constant
white light with LED sources at 200 lux, the
photoreceptor cells die after 5 days. The mechanism of cell
death could be attributed to constant activation of
phototransduction without discarding oxidative stress
mechanism.® In studies at higher intensity exposure
(3h of LED at 5000 lux), Sprague-Dawley rats showed a
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FUNCTION D Reduction in rhodopsin levels
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PUPILARY LIGHT REFLEX
PINNEAL MELATONIN SUPRESSION

Figure 1 Effect of Light Pollution on retina. Photoreceptor cells, retinal pigment epithelium, and intrinsically photosensitive retinal
ganglion cells could be affected by high or prolonged low-light exposure, promoted by light during the night or indoor artificial
illumination with high irradiance. These events may affect the general retinal physiology or accelerate some genetic diseases ending in
blindness. These phenomena called light pollution is promoted by the customs of modern life where the human society had changed the
natural circadian 1d cycle. Furthermore, as a consequence of photoreceptor cells' death (cone, rod, and intrinsically photosensitive retinal
ganglion cells); light pollution could have effects on the pineal organ, producing desynchronization of the circadian system,
malfunctions in pupillary light reflex, and metabolic dysfunctions endangering human health. R, rods; C, cones; H, horizontal; B,
bipolar; A, amacrine; ipRGCs, intrinsically photosensitive retinal ganglion cells; RPE, retinal pigment epithelium.

significant reduction of electroretinogram b-wave increasing of reactive oxygen species production and
amplitudes and mean outer nuclear layer thicknesses; DNA damage indicating that three LD (12: 12 h) cycles of
however, previous injections of hydrogen-rich saline exposure to LED lighting affect in vitro human retinal
solution showed protection against these light-induced pigment epithelium. After that, Shang et al*

retinal degeneration.”® Recently, Chamorro et al demonstrated apoptosis and necrosis of photoreceptor
demonstrated that human retinal pigment epithelium, cells and free radical production in the retina in Sprague—
exposed to three LD (12:12h) cycles, using LED Dawley rats exposed to blue LEDs (460 nm) or full-

at blue-468 nm, green-525nm, red-616 nm, and white spectrum white LEDs.%” Again, light exposure models on
light, decrease 75-99% cellular viability, and increase different rats, time exposure, and intensity can yield
66-89% cellular apoptosis. They also demonstrated an different results and is hardly possible to compare
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results obtained from different setups. However, the fact
that LED technology produces retinal damage in all the
intensities and wavelengths studied must be taken

into account when deciding what kind of artificial
illumination to use.

Conclusions

The consequences of permanent light exposure are still
unknown and even analyzing all knowledge in retinal
light damage, we cannot rule out the risk of a chronic
(intermittent or not) or high exposure to light promoted
by light pollution on visual system. Cones, rods, retinal
pigment epithelium, and intrinsically photosensitive
retinal ganglion cells could be affected by high or
prolonged light exposure induced by habits of modern
life (Figure 1). Cumulative effects, long exposure by
absence of profound experiences of dark during the night
and high irradiance exposure by LED technology may
affect the retinal physiology promoting cell death and the
consequent blindness and desynchrony.

The background knowledge about high- or low-light
retinal damage in different animal models, allow us to
speculate the potential damage that this kind of
luminance could cause in the human retinal health.
Light pollution may increment or accelerate oxidation
mechanisms in which antioxidants defenses cannot revert
these processes and the simple exposure during different
periods to unnatural illumination during dark could
produce retinal damage. In addition, light pollution could
be a trigger for inherited diseases such as AMD and RP,
promoting early onset of symptoms or accelerating the
retinal degeneration processes. Furthermore, due to
photoreceptor cells' death (cone, rod, and intrinsically
photosensitive retinal ganglion cells), unnatural
illumination could add effects of desynchronization of the
circadian system or cause malfunctions in pupillary light
reflex or other non-imaging forming tasks.

Future research focused on the study of the use of LED
technology should be considered. The intensities,
duration, and spectrum of wavelength light that are using
as artificial sources should be taken into account in future
research. The information retrievable on in vitro and
in vivo models in different animals will be useful for the
knowledge of retinal degeneration mechanisms, and for
discovery of drugs that can prevent or revert these
processes. However, at time to compare the knowledge,
we must not lose sight of the differences in the eye
anatomy between species. Several strategies could be
used to minimize it and address experimental condition
that may not be performed in primates by the system
complexity. For example, the use of filters that do not let
pass wavelength absorbed by rodent cornea to simulate
the primate cornea; or the use of total retina of rat
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(without macula and low cones) to study the rod
photoreceptors cell death, could be useful to non-primate
animal models and therefore resemble primates.

Maybe, by ecological advantages, it is difficult to
reduce the use of LED, so the application of appropriate
filters may prevent the intensities of blue light;
decreasing upon arrival to the eye, improving the lighting
system, and decreasing the risk of retinal degeneration.
Basic research can help about this regard.
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