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Visual pathway reveals the connection between neuronal activity of the brain and eye.
The neural networks of brain amplify the retinal signals resulting in the formation of
visual image. The laser injury in the retina may affect the visual pathway and may lead
to disruption of neuronal signals/activity. Therefore, we aimed to study the effect of
retinal injury induced by laser on cognitive abilities in laser-induced mouse model. We
have established laser model to understand the relation between retina and brain by
disrupting retinal pigment epithelial (RPE) layer and evaluate the effect of laser-induced
retinal injury on visuospatial memory. Age- and sex-matched C57BL/6J male mice were
taken for conducting the experiments. The laser model was established by using laser
photocoagulator to disrupt the RPE layer of the retina. After defined irradiation of laser
onto mouse retina, the fundus fluorescein angiography was performed to confirm the
laser spots. The visuospatial and short-term memory was performed using neurobehavioral test, that is, Morris water maze (MWM), and passive avoidance, respectively.
In MWM experiment, results showed that escape latency time, which was taken by
healthy and laser-injured mice was comparable. This was further validated by another
neurobehavioral analysis, that is, passive avoidance that showed nonsignificant difference between these two groups using independent t-test. Visuospatial memory may
not be affected by retinal injury induced by laser photocoagulation. It may depend on
the power of the laser and duration of the laser. The severe injury in the retina such as
optic nerve damage may cause dysfunctioning of visual pathway.
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Introduction
Several eye disorders such as age-related macular degeneration (AMD), diabetic retinopathy, glaucoma, retinal vein
occlusion, retinal ischemia, and retinal pigmentosa have retinal degeneration as a main symptom. It is considered as one
of the major causes of blindness.
Visual impairment affects retina, optic nerve, and different parts of brain such as thalamus, optic chiasma, optic
radiation, occipital lobes, and visual cortex. According to
the World Health Organization, globally 285 million people are visual impaired, out of which 39 million are blind
and majority of people are above 50 years of age or more,1
whereas 123.7 million people are with refractive errors, 6.9
million with glaucoma, 65.2 million with cataract, 3 million
with diabetic retinopathy, and 11 million with AMD, and it is
expected to double in next 10 years.2 In developing countries,
leading causes of visual impairment are AMD, glaucoma, and
diabetic retinopathy.
However, the prevalence of visual impairment is expected
to increase twofold by 2050.3,4 Moreover, there is a close relationship between visual impairment and cognitive decline
as both are neurodegenerative disorders and are related to
aging.5,6 The study showed the relation between macular
degeneration and Alzheimer’s disease (AD) in older age group
resulting in poor reading ability, distorted blurred faces due
to lack of sensory stimulus, and brain stimulus activity.7 It
was studied that visual performance has significant effect
on memory deterioration.8 A study reported correlation of
memory and learning with vision in 1,000 cataract-operated
patients and found significant improvement in memory task
and learning.9 Therefore, such results show that memory and
learning are significantly associated with vision.
Various research have shown the association of visual
performance with cognition function.6,7 The dysregulations
of blood retinal barriers has implicated age-related cognitive decline.10 In neurological disorders, disruption of retinal blood barrier leads to cognitive decline as signaling get
disrupted.11 Laser model has been used to study the visuospatial memory by either disrupting retinal layers or optic
nerve that transmits signal from retina to brain where visual
image formation occur known as visual perception.12 The
primary site of injury using laser photocoagulation is retina. There are two methods by which retina get disrupted
by laser, that is, one by targeting the Bruch’s membrane that
is an innermost layer of the choroid below retinal pigment
epithelial (RPE) layer. The proliferation of choroidal vessels
takes place that penetrate RPE through Bruch’s membrane
and leakage of lipids and blood from these new fragile blood
vessels under the retina and sometimes between the retinal
layers also occurs. This process is known as choroidal neovascularization.13 Second method is by directly targeting the
RPE that absorb laser beam, which gets converted into thermal energy leading to denaturation of cellular proteins.14 The
retinal injury model can be validated by visualizing damaged
retina through fundus fluorescein angiography (FFA), optical
coherence tomography, and electroretinogram. In our study,
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we have established the laser model and tried to investigate
that whether the retinal injury affects visuospatial memory.
Some studies have shown that visual impairment leads to
visual cortex damage. It has shown that neuronal cells in the
retina as well as its thickness also get affected in AD.15,16 The
retina shares various functions with central nervous system,
transmission of signal leads to visual perception, cognition,
image formation, and spatial memory. Therefore, keeping in
mind this doubted or unconfirmed relation between visual
problems and visuospatial memory or cognitive learning,
this laser-induced retinal injury model was established. This
model was used to study the effects of laser on visuospatial
memory or cognitive abilities via retinal degeneration using
standardized parameters such as 100-µm size of the laser.

Methods
All the experiments were performed under good laboratory
practice guidelines. All the protocols were approved by the
study director and quality assurance personnel.

Study Design
In this study, 6 to 8 weeks C57BL/6J male mice were used.
Animals were fed on standard diet and RO drinking water
was available ad libitum. Animals were maintained in
a 12-hour light/dark cycle. Utmost care was taken while performing experiments. All the experiments were conducted
in accordance with Institutional Animal Ethical Committee
(105/IAEC/720).

Laser Photocoagulation
Mice were anesthetized with the mixture of ketamine and
xylazine in the ratio 1:10 intraperitoneally in to mice and
their pupil was dilated with 1% tropicamide and phenylephrine. A slit lamp connected with laser photocoagulator
(IRIDEX) with 532 nm argon green laser wavelength was
used. Eight laser shots were given to both eyes. The laser
shots were given around optic disc in each eye with coverslips as a contact lens. The size of laser spots was 100 µm;
duration of exposure to laser pulse was 100 milliseconds;
power of the laser was 200 mW. These all parameters were
already standardized in our laboratory.17 The mice whiskers
were trimmed and eyes were kept moist and clean with sterile saline. After that, mice were placed on slit lamp laser system. The fundus was observed using coverslip with one drop
of hydroxypropyl methylcellulose. Once the site got visualized, eight laser shots were given to each eye in circular fashion around the optic disc.

Fundus Fluorescein Angiography
To validate the laser model, FFA was done after 24 hours of
laser injury. The animals were anesthetized and pupil was
dilated. The mice received tail vein injection of 0.2 µL of
fluorescein dye diluted in 1 mL normal saline. Immediately
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after injecting, fundus was focused. The vascular leakage
and size of laser lesion was determined by using Heidelberg
Engineering software. The laser-induced leakage validated
the establishment of laser model.

Neurobehavioral Analysis
Rotarod

The rotarod consists of circular rod rotating at constant speed
to measure muscular strength, motor coordination of mice.
After 1 month of laser injury, neurobehavioral assessment
was done. The mice were kept on rotating rod at constant
speed of 15 rpm for 180 seconds. The mice were allowed to
rotate on rotarod for 3 minutes to maintain the balance and
to avoid falling. The time taken by the mice to fall from rotating rod was recorded. The trial was done for three times daily
followed by Morris water maze (MWM).

Morris Water Maze

MWM was performed to measure the spatial memory of the
mice. After laser injury, the mice underwent neurobehavioral
analysis. It was 7 days protocol, first 6 days were acquisition
days and the seventh day was retrieval day. Before MWM,
mice were screened for swimming ability by rotarod experimentation. MWM consists of circular tank filled with water
with equally divided four quadrants named Q1, Q2, Q3, and
Q4. A circular white platform was submerged 1 cm below
the water surface kept in Q1 quadrant. The visual cues were
placed on the walls and pool side. The background of water
was colored white to identify and track the darker mice
against bright background in ANY-maze software. The complete protocol was recorded and tracked by using ANY-maze
video software connected with webcam. The water temperature was maintained between 21 and 24°C. Four trials were
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done every day and each trial was for 120 seconds. ANYmaze software measures various parameters such as escape
latency time of the mice, mean speed from platform to different quadrant, time spent by mice in each quadrant, distance
traveled by mice from each quadrant to platform, and mean
distance from the platform.

Passive Avoidance

Passive avoidance is the learning task used to measure
short-term memory. The instrument divided into two
equal parts named light chamber and dark chamber with a
gate between two. This protocol was performed for 3 days
for 10 minutes. On first day, mice were allowed to explore
both chambers freely. On second day (acquisition day) mice
were kept in the light chamber and gate was opened after
30 seconds and then time was recorded when mice entered
the dark chamber. In dark chamber, the mice received mild
foot shock of 20 mW and after that mice were removed
immediately from the box. On third day (test day), the time
spent by mice in light chamber was recorded to avoid foot
shock in dark.

Enucleation of Eye

Mice were euthanized by overdose of ketamine: xylazine
combination. The eyes were enucleated and stored at 80°C
for further experiments.

Results
Retinal Assessment

FFA: The fundus imaging was done after 24 hours of laser
injury. The vascular leakage at the injury site showing laser
lesions in eight laser group. The images were captured by
Heidelberg Engineering software as shown in ►Fig. 1.

Fig. 1 Fundus fluorescein angiography shown fundus image of the eye. (A) The healthy control group shows no leakage of fluorescein dye in
left and right eyes. (B) Although in eight laser group, the white arrows show leakage at injury site in both right and left eyes of laser group
after 24 hours of laser injury.
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Fig. 2 The MWM analysis showing learning in mice. (A) The day-wise escape latency time during acquisition days of mice in healthy control
(N = 5) and eight laser injury (N = 7). The ELT was found to be more in mice with eight laser group at day 1 as compared with the healthy control group. (B) Quadrant time: The time spent by mice in MWM quadrants Q1, Q2, Q3, and Q4 on retrieval day (seventh day). (C) The search
error measured as mean distance from hidden platform traveled was less in healthy group as compared with laser group but nonsignificant.
(D) Passive avoidance found more latency in eight laser group as compared with healthy group. The trial lasts for maximum 10 minutes.
ELT, escape latency time; MWM, Morris water maze.

Neurobehavioral Assessment

Morris water maze: Before MWM, the mice were undergone
rotarod experiment to determine the swimming ability.
All mice were found to be swim well, and their motor coordination and muscular strength was strong. After three trials of 3 minutes, mice had undergone MWM experiment.
ANY-maze software was attached to webcam to track the
mice. It was found significant reduction in the swimming
path on day 1 in healthy group as compared with laser group
(►Fig. 2A). However, all mice were learned to reach the platform but were nonsignificantly. ►Fig. 2B depicts that the mice
spent time mice in each quadrant at seventh day of the experiment. It was found that mice spent more time in Q1 quadrant
where the hidden platform was placed but nonsignificantly,
whereas, mice spent maximum time in Q2 and Q4 quadrants
significantly (►Fig. 2B). The mean distance from platform was
found to be nonsignificant in both groups (►Fig. 2C).

Passive Avoidance

After MWM, to confirm the learning and memory ability,
the mice were subjected to passive avoidance in which time
spent by mice in the light chamber to avoid shock was noted.
We found that mice had learned and remain in the light

chamber maximum time for 10 minutes on day 3 in both
healthy control and laser group (►Fig. 2D).

Statistical Analysis
IBM SPSS version 22 was used for the statistical analysis,
whereas baseline values were checked for normalcy and
baseline group comparisons were done by using independent samples t-test.

Discussion
Visual system is the process in which signals get transmitted,
processed, and interpreted by axonal retinal ganglion cells
and primary cortex in brain to form visual perception. The
neuronal cells in the retina extend axons from retinal ganglion cells to optic nerve to brain mainly in primary cortex to
form image. Brain is able to remember entire series of images
formed by retina when we move eye results in spatial memory. Since the image produced by eye is directly correlated
with the brain18 as the electrical signal get transmitted from
retinal photoreceptors cells to brain through optic nerve
which is responsible for visual perception, thus impairment
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in the visual function will affect the brain function and
understanding directly. Understanding the mechanism of
visual and cognitive function will provide evidence to understand the disease with another important perspective. This
invokes the need to study the effects of visual impairment on
brain function and to study the effect of the treatment used
for vision repair on the brain function.
In retinal degenerations such as retinitis pigmentosa and
AMD, diabetic retinopathy begins with loss of photoreceptor,
impaired macula and later on results in loss of inner retinal
neurons, but significant numbers of bipolar and ganglion
cells remain for many years that can be reversed by electrical
stimulation of the retina or the optic nerve.19
In our study, we observed that laser-induced retinal
injury do not affects the learning and memory. In spatial
memory test, laser-injured mice showed learning and
memorizing at the retrieval day when the hidden platform
was removed. This test was validated by fear-motivated
test in which laser-injured as well as healthy mice spent
maximum time in light chamber to avoid foot shock.
Some of the studies have shown that learning and visual
memory may not be correlated. Yancopoulos (2016) used
anti-VEGF treatment to abolish clinical neovascularization; however, investigations to examine its association
with cognitive improvement have been lacking. While they
found significant results in the treatment of angiogenic eye
disorders, they did not report the impact on neurobehavioral.13,20 Prusky et al examined the role of visual acuity in
animal model and found that the mice with reduced visual
acuity were found to be deficit in place of learning and do
not differ their learning ability in MWM.21 Similarly, Storchi
et al demonstrated that innate behavior has various advantages in vision test mainly by determining the visual capabilities with intact visual function in mice model and in
retinal degeneration.22
Hence, we studied the association between laser-induced
retinal injury and memory in mice model. Many studies
have shown that the neuronal and retinal degeneration
are correlated with each other. Neuronal cell death results
in cognitive and visual impairment. Also, neurodegeneration affects retina. In neurological disorders such as AD
and Parkinson’s disease, retinal thickness reduced in mild
cognition impairment as compared with healthy control
group.23,24 Although various studies from our group have
independently analyzed the role of risk and genetic factors
in onset of neurodegeneration, we had not examined the
association between two clinical situations, that is, vision
loss and cognitive deficit.25-43 However, there are studies that
have shown the correlation between visual impairment and
cognition in the population and found significant association
between them.44-46
Oktem et al found significant correlation between retinal
thickness and mild cognition in AD patients as compared
with control group.47 However, our results have shown that
visuospatial memory is independent of retinal injury induced
by laser photocoagulation.
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Limitations of the Study
The molecular analysis such as reverse transcription polymerase chain reaction, immunohistochemical staining to
check the expression of different neuronal marker and apoptotic marker is yet to be done. The samples were stored at
–80°C for further experimentation.

Conclusion
Visuospatial memory may not affect by retinal injury induced
by laser photocoagulation. It may depend on the power of the
laser and duration of the laser. The severe injury in the retina such as optic nerve damage may cause dysfunctioning of
visual pathway.
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