
Reactive oxygen species (ROS), which are mainly

generated by mitochondrial electron transport [1�3], can

cause considerable damage to various cell types. This is

especially true for the retina, which is exposed to photon

flux during the entire life of an organism, and in addition

its cells are characterized by high rate of oxygen metabo�

lism and high content of polyunsaturated fatty acids [4,

5]. Thus, conditions are created for regular production of

a large amount of ROS that damage retinal structures,

especially photoreceptor cells – the rods and cones [6�

11]. It has been demonstrated on many in vitro and in vivo

models that the penetrating cation 10�(6′�plasto�

quinonyl)decyltriphenylphosphonium (SkQ1) has high

antioxidant activity due to its ability to remove ROS from

the mitochondrial matrix [12�14].

According to our earlier data [15, 16], the antioxi�

dant SkQ1 has protective effect on the neural retina, reti�

nal pigment epithelium (RPE), and choroid cultivated in

preparations of the posterior segment of albino rat eyes,

significantly reducing cell death in these structures and

preventing macrophage transformation of RPE cells. In

the present study we examined the ability of Visomitin

SkQ1�containing eye drops to provide prophylactic and

therapeutic effects on albino rat retina damaged by expo�

sure to high intensity light according to the LIRD (light�

induced retinal degeneration) model [17, 18].

MATERIALS AND METHODS

Visomitin eye drops were obtained from the Institute

of Mitoengineering, Lomonosov Moscow State

University. The composition of the eye drops (per

100 ml): 0.0155 mg SkQ1, 10 mg benzalkonium chloride,
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Abstract—The human retina is constantly affected by light of varying intensity, this being especially true for photoreceptor

cells and retinal pigment epithelium. Traditionally, photoinduced damages of the retina are induced by visible light of high

intensity in albino rats using the LIRD (light�induced retinal degeneration) model. This model allows study of pathological

processes in the retina and the search for retinoprotectors preventing retinal photodamage. In addition, the etiology and

mechanisms of retina damage in the LIRD model have much in common with the mechanisms of the development of age�

related retinal disorders, in particular, with age�related macular degeneration (AMD). We have studied preventive and ther�

apeutic effects of Visomitin eye drops (based on the mitochondria�targeted antioxidant SkQ1) on albino rat retinas dam�

aged by bright light. In the first series of experiments, rats receiving Visomitin for two weeks prior to illumination demon�

strated significantly less expressed atrophic and degenerative changes in the retina compared to animals receiving similar

drops with no SkQ1. In the second series, the illuminated rats were treated for two weeks with Visomitin or similar drops

without SkQ1. The damaged retinas of the experimental animals were repaired much more effectively than those of the con�

trol animals. Therefore, we conclude that Visomitin SkQ1�containing eye drops have pronounced preventive and therapeu�

tic effects on the photodamaged retina and might be recommended as a photoprotector and a pharmaceutical preparation

for the treatment of AMD in combination with conventional medicines.
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200 mg oxypropyl methylcellulose, 900 mg sodium chlo�

ride, 810 mg sodium dihydrophosphate, 1.1635 g sodium

hydrogen phosphate dodecahydrate, and water to total

volume 100 ml.

Animals. Healthy two�month�old female albino

Wistar rats (n = 36) were used for the experiments, six of

them serving as controls. Prior to the experiment, the ani�

mals were kept under normal vivarium conditions (12 h

light/12 h dark); we conducted regular external inspec�

tion of their eyes. Upon completion of the experiment,

the rats were decapitated under chloral hydrate (Sigma,

USA) anesthesia (500 mg/kg intraperitoneally). All the

procedures were consistent with the protocols approved

by the Russian Academy of Sciences Commission on

Bioethics and performed in compliance with the ethical

rules of the European Directive FELASA�2010.

Damaging of albino rat retina using the LIRD model.
Before illumination, the rats were kept in the dark for

14 h for dark adaptation of their eyes, and then they were

exposed to bright light for 14 h. The high�intensity visible

light source was an NC�DE 70W/DW RX7s metal halide

lamp (NARVA, Germany) with the following specifica�

tions: power 70 W, luminous flux 5000�5500 lumens,

color temperature 4000 K. The lamp was placed 2 m from

the animal cages, which corresponded to intensity of reti�

na illumination of 2500�3000 lx.

Preventive effect of Visomitin SkQ1�containing eye
drops on albino rat retina. Rats (n = 18) of the experi�

mental (n = 9) and control (n = 9) groups received,

respectively, SkQ1�containing eye drops or similar drops

without SkQ1 (placebo) for 15 days; in both cases, one

drop per day was placed in the left and right eyes of each

animal. Upon completion of the course, the animals were

illuminated with the light of high intensity, and then were

kept in the dark for 3 h. Immediately thereafter, six rats

from the experimental and six rats from the control

groups were euthanized. The remaining animals (three

from each group) were kept for 15 days under the usual

conditions (without illumination or administration of the

eye drops) and then were euthanized.

Therapeutic effect of Visomitin SkQ1�containing eye
drops on albino rat retina. The rats (n = 12) were illumi�

nated with the high�intensity light and then kept for 15

days under the usual light conditions. The experimental

group (n = 6) of illuminated animals received SkQ1�con�

taining eye drops, and the control group (n = 6) received

drops of the same composition without SkQ1 (placebo);

in both cases the animals received one drop per day in the

left and right eyes. Upon completion of the 15�days

course of administration of the eye drops, the animals

were euthanized.

Histological processing. Eyeballs isolated immedi�

ately after decapitation of the animals were placed in a

Bouin’s fixative solution, and after two days the posterior

segment containing retina, choroid, and sclera was isolat�

ed. Fixed preparations of the eye posterior segment were

then washed in 70% alcohol and were subjected to routine

histological processing including dehydration in alcohols

of increasing concentration and embedding the properly

oriented samples in paraffin. Sagittal serial sections (500

from each eye, 7�μm thick each) were obtained from the

paraffin blocks using a microtome (Reichert, Austria).

The sections fixed on slides (Menzel�Glaser, Germany)

were deparaffinized, rehydrated, stained with Carazzi’s

hematoxylin and eosin following the standard protocol,

and mounted in Canada balsam.

Morphometric analysis. Serial histological prepara�

tions were studied using Vanox AH�3 (Olympus, Japan),

Jenaval (Carl Zeiss, Germany), and AxioScope A.1 (Carl

Zeiss) microscopes. Microphotographs were obtained

using an AxioCam MRc5 high�resolution digital camera

(Carl Zeiss). Viewing and processing of the micropho�

tographs, addition of scales, and morphometric measure�

ments were performed using the AxioVision 8.0 (Carl

Zeiss) and Adobe Photoshop CS6 Extended (Adobe

Systems, USA) softwares.

The width of the outer nuclear retinal layer (ONL)

was examined 3 h after photodamaging. To estimate the

change in this parameter caused by the intense light, two

retinal preparations were randomly chosen from each

group of rats euthanized 3 h after photodamaging. Five�

hundred measurements of ONL width were carried out in

60 serial sections from each such preparation, in eight dif�

ferent areas from the dorsal to the ventral sides of the eye

(two dorso�peripheral areas, two dorso�central areas, two

ventro�central areas, and two ventro�peripheral areas).

ONL atrophic area size was evaluated 15 days after

the high�intensity illumination. For this, two retinal

preparations with the most severe damage were selected

from each group of rats euthanized 15 days after illumi�

nation. ONL atrophic area size was determined as the

product of the number of consecutive sections with

detected ONL atrophy, section width (7 μm) and the

length of the atrophy zone (in μm) in each section.

The length of the inner segments of photoreceptor

cells was determined in the area of the highest light�sen�

sitivity on 60 sections randomly selected from each group.

The data were processed to determine the statistically sig�

nificant differences of sample mean values using the

Mann–Whitney test at p = 0.05. Results were calculated

and plotted using the MS Office Excel and ORIGIN 8.1

programs.

RESULTS

Retinal damage caused by bright light. The structure

of the retina of intact albino rats (n = 6) was typical for

healthy tissue [19]. Figure 1 shows that the neural retina

(following the direction from its scleral to vitreal parts)

consists of three nuclear layers containing neuronal cell

bodies that are interleaved with two plexiform layers con�
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sisting of neuronal processes. The layers interacting with

RPE are located closer to the sclera; they include the

outer segments and bodies of photoreceptor cells that

together form the outer retina. The outer plexiform layer,

inner nuclear layer (INL) formed of interneuron bodies,

and ganglion cell layer are located more vitreally. The

inner plexiform layer is located between INL and gan�

glion cell layer, which together form the inner retina.

Damages typical for the LIRD models [17, 18, 20�

26] were found in the retina of albino rats exposed to illu�

mination with bright light (n = 9). Usually, morphologi�

cal manifestations of early photoinduced damages typical

for this model are found in the outer retina 2�4 h after

illumination. They include destruction of the photore�

ceptor layer, the initial stage of ONL thinning, pyknosis

of photoreceptor nuclei, as well as vacuolization, migra�

tion, and phagocytic activity of RPE cells [17, 27, 28]. In

our case, shortening and disorganization of outer and

inner segments of photoreceptor cells and pyknosis of

their nuclei were detected 3 h after photodamaging. Such

changes in photoreceptor chromatin indicating the

beginning of apoptosis caused the decrease in ONL thick�

ness, thinning of the outer plexiform retinal layer formed

by photoreceptor axons, and shifting of the bodies of pho�

toreceptor cells in the scleral direction. In addition, some

RPE cells migrated in the vitreal direction (Fig. 1) and

phagocytized the damaged segments of photoreceptor

cells (not shown). In some cases the neural retina was

Fig. 1. Examples of early photoinduced retinal damage in albino rats 3 h after exposure to bright light. a) Intact retina; b) ONL disorganiza�

tion and thinning; c) ONL cells migration in the vitreal direction (white arrows); d) migration of an activated RPE cell in the vitreal direc�

tion (black arrow). Retinal cross sections; staining with hematoxylin and eosin; ×1000 magnification; scale bar 20 μm.
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peeled off the RPE and choroid, demonstrating bucklings

(not shown) due to accumulation of edema fluid and cel�

lular debris underneath.

All the observed damages of the outer retina were of

multifocal nature, which indicates unequal photosensi�

tivity of its different areas. ONL thinning detected 3 h

after photodamaging showed that dorso�central retinal

area was most susceptible (Fig. 2).

Relatively late photoinduced damages typical for the

LIRD model are manifested in albino rat retinas several

days to several weeks after exposure to bright light. These

changes are present in outer retinal layers in the form of

subtotal ONL atrophy due to apoptotic death of photore�

ceptors and in inner retinal layers. In the latter case, it is

manifested in the formation of microneuromas and chan�

nels and shifting of INL neurons in the scleral direction,

resulting in significant general restructuring of the retina

[17, 18, 20�24, 26]. In our experiments, 15 days after the

illumination all the animals developed pronounced atroph�

ic changes in ONL and retinal plexiform layers as well as

accompanying migration of ONL and INL cells in the vit�

real and scleral directions, respectively (Fig. 3). Atrophic

loci were also observed in the RPE layer (not shown).

In addition, compensatory processes involving pri�

marily the Müller glia of the neural retina developed in

the albino rat retina during 15 days after its illumination

with bright light. For example, in retinal areas adjacent to

the areas of ONL atrophy, hypertrophy of glial cells

processes could be observed that was manifested in

increase in their thickness and number. Cysts and chan�

nels for draining the edema fluid were developing mainly

in the INL. Microneuromas were detected in the INL –

the clusters of neuronal�phenotype cells and randomly

arranged bundles of their processes (Fig. 3). Complete

destruction of retinal cytoarchitectonics up to indistin�

guishability of its layers could be observed in the most

severely affected retinal areas.

Photodamage�associated changes of the ganglion

cell layer (GCL) were less expressed, but death of cells of

this layer was observed in about one third of the retinal

samples obtained from the illuminated animals.

All the detected late retinal changes were of multifocal

character; damaged areas in the inner retina usually accom�

panied the atrophy and other damages in the outer retina.

Preventive effect of Visomitin SkQ1�containing eye
drops on retina of albino rats subjected to illumination with
bright light. In this series of the experiments, albino rats

received Visomitin SkQ1�containing drops (experimental

group) or similar drops without SkQ1 (control group) for

two weeks prior to the illumination. The state of retina in

the experimental and control groups was compared after

3 h and 15 days to determine whether Visomitin had a

preventive effect on the retina of illuminated animals.

The severity of early and late pathological processes in the

retina, typical for LIRD models, served as the criteria for

this comparison.

Death of photoreceptors whose bodies are located in

the ONL, resulting in the reduction of this layer thickness,

is one of the earliest events of light�induced retinal damage.

Comparison of ONL thickness in different areas of the reti�

nal preparations (n = 2) obtained from animals of experi�

mental and control groups, as well as from the intact rats,

showed that ONL thickness was significantly greater in the

experimental group (animals receiving Visomitin) than in

the control group 3 h after illumination (Fig. 2), the effect

of Visomitin being most pronounced in the central area of

the retina. The degree of preservation of the outer and

inner segments of photoreceptor cells, evaluated based on

their size 3 h after illumination, was shown to be greater in

rats from the experimental group both in peripheral and

central retinal areas (not shown). Finally, Visomitin was

shown to cause 3�fold reduction in the number of atrophic

and dystrophic RPE loci adjacent to the areas of ONL

damage and photoreceptor cell death (when compared to

the control, Table 1). In general, according to quantitative

assessment of the state of retina in the control and experi�

mental samples of the posterior eye segment, the results of

which are presented in Table 1, 3 h after illumination the

state of retina remained close to intact in the vast majority

of animals of the experimental group.

Fifteen days after illumination, ONL multifocal

atrophy was quite pronounced, and so we compared atro�

phy in the areas of this layer in experimental and control

retinal samples using two samples from each group of rats.

The average area size of ONL atrophy in the experimen�

tal group of animals was found to be significantly smaller

than in the control (Fig. 4), i.e. late changes in the outer

neural retina were also sensitive to the protective effect of

Visomitin. The data presented in Table 1 indicate that the

Fig. 2. Comparison of ONL thickness before illumination (1) and

3 h after illumination in different eye areas of rats preventively

treated with Visomitin eye drops (2) or similar eye drops without

SkQ1 (3). ONL thickness was measured in the following retinal

areas: ventro�peripheral (VP1, VP2), dorso�peripheral (DP1,

DP2), ventro�central (VC1, VC2), and dorso�central (DC1,

DC2). ONL is absent in the area of the optic nerve (ON) exit and

its thickness is zero. Each curve represents data obtained for two

retinal preparations.
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Fig. 3. Examples of late photoinduced retinal damages in albino rats 15 days after illumination with bright light. a, d) Intact retina; b) atro�

phy of outer and inner segments (PL) and bodies (ONL) of photoreceptor cells, shift of INL interneurons in the vitreal direction (arrow); c)

reactive gliosis (hypertrophic processes of the Müller glia are indicated by arrows); e) retinal microneuroma (black arrow); f) severe disorders

of retinal cytoarchitectonics; g) channel in the inner retina (white arrow) and retinal microneuroma (black arrow). Retinal cross sections;

staining with hematoxylin and eosin; magnification ×1000 (a�c) and ×400 (d�g); scale bar, 20 μm.
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same holds true for the late changes in RPE and inner

retina. Areas of hypertrophy of the processes of Müller

glial cells associated with the areas of ONL damage were

present in the INL of the control samples (Fig. 3), where�

as in the experimental samples reactive Müller gliosis was

far less pronounced. This is also true for the cases of such

severe changes as the development of channels and

microneuromas observed in the majority of control, but

not in experimental retinal samples (Table 1).

Therapeutic effect of Visomitin SkQ1�containing eye
drops on retina of albino rats exposed to illumination with
bright light. In this series of the experiments, the rats were

first illuminated with bright light, and then SkQ1�con�

taining eye drops Visomitin (experimental group) or sim�

ilar drops but without SkQ1 (control group) were admin�

istered for two weeks. After 15 days, we compared the

state of the retina in these groups to determine whether

Visomitin has a therapeutic effect on the retina after the

illumination of animals. Table 2 summarizes the results of

quantitative evaluation of the late pathological changes in

retinal samples from the control and experimental ani�

mals demonstrating the pronounced protective effect of

Visomitin on the state of both outer and inner retina after

light�induced damage.

Measuring the areas of ONL atrophy in the experi�

mental and control samples with the most pronounced

changes (two samples from each group) showed that

administration of Visomitin results in the significant

reduction in the areas of ONL atrophy. Evaluation of the

atrophic area size in this layer in experimental samples 15

days after illumination shows virtually complete absence

of atrophic phenomena (Fig. 4). Visomitin also protects

the inner segments of photoreceptor cells of the dorso�

central retinal area, which serve as targets for light�

induced damage from photoinduced shortening: the

length of these segments in the experimental samples was

10 ± 1 μm, and in the control samples – 7 ± 1 μm.

Visomitin caused three�fold greater preservation of RPE

compared to the control samples (Table 2). According to

these criteria, Visomitin has a pronounced therapeutic

effect on the outer retina of rats, and its administration

largely prevents cell death and local RPE destruction.

The inner retina of placebo�receiving rats demon�

strated pronounced changes in cytoarchitectonics,

including the formation of channels to drain the edema

Photoinduced retinal changes

Early changes
Degradation of segments of pho�
toreceptor cells

Pyknosis of nuclei and death of
photoreceptors

Shift of ONL cells in the vitreal
direction 

Death of RPE cells

Migration of RPE cells

Retinal bucklings

ONL atrophy

RPE atrophy

Late changes
Shift of INL cells in the scleral
direction 

Formation of channels and
microneuromas in the inner 
retina 

Reactive gliosis

Death of the ganglion cell layer
cells 

Visomitin

17

17

33

14

14

14

33

17

17

17

17

17

placebo

100

100

100

42

28

28

83

33

50

67

83

33

Table 1. Preventive effect of Visomitin SkQ1�containing

eye drops on photoinduced retinal changes in albino rats

Number of retinal prepa�
rations with pathological

changes, %

Note: Rats received Visomitin eye drops or similar drops without SkQ1

(placebo) for 15 days, and then were illuminated with bright

light. Photoinduced retinal changes were studied after 3 h (early

changes) or after 15 days (late changes), taking seven prepara�

tions from each group for early changes and six preparations

from each group for late changes.

Fig. 4. Protective effect of Visomitin SkQ1�containing eye drops

on photoinduced retinal changes in albino rats. When studying the

preventive (left) and therapeutic (right) effects of Visomitin, we

compared ONL atrophic areas 15 days after illumination of the

rats with bright light.

0.06

0.04

0.02

Placebo Visomitin

Prevention

O
N

L 
at

ro
p

h
ic

 a
re

a 
si

ze
, 

m
m

2

0.14

0.12

0.10

0.08

0

**

**

Therapy

Placebo Visomitin



RETINOPROTECTIVE EFFECT OF VISOMITIN EYE DROPS 1107

BIOCHEMISTRY  (Moscow)   Vol.  79   No.  10   2014

fluid and microneuromas, six times more often than the

retina of experimental samples (Table 2). Thus,

Visomitin�induced improvement of the state of the outer

retina led to the reduction of pathological processes in the

areas of the inner retina.

It should be added that solitary lymphocytic inflam�

matory infiltrates were found in the choroid of control,

but not in the experimental samples of the eye posterior

segment (not shown).

DISCUSSION

The LIRD (light�induced retinal degeneration)

model is often used when studying light�dependent dam�

ages of the retinas of animals [17, 18]. According to this

model, albino rat eyes are exposed to short�term illumina�

tion with light of high intensity (2000�3000 lx) or long�

term illumination with light of low or medium intensity

(200�500 lx) [20, 21]. Albino rats are used for the experi�

ments because the light sensitivity of their retina is greater

than that of pigmented animals due to the absence of

melanin pigment in the albino eyes (melanin protects reti�

nal structures against excessive light) [20, 22]. The

uniqueness of the LIRD model is that in addition to the

early damages in photoreceptor cells [24], it presents

delayed damages in the RPE–Bruch’s membrane–

choroid complex and even later compensatory�adaptive

processes in the inner retinal layers [23]. Since intense

illumination causes rather fast changes in retinal morphol�

ogy, histological study of eye sections is commonly per�

formed when using the LIRD model [17, 21, 23]. The

degree of retinal damage in the different versions of the

LIRD model varies and depends on a number of factors

such as light intensity, exposure time, light source, as well

as line, gender, age, and body temperature of the animals

[17, 29]. For example, it is better to use female rats as their

retinas are more sensitive to light�induced damage [29].

The dynamics of the destructive changes in the two major

retinal cell populations serving as targets for light effects

(photoreceptors and RPE cells) can also vary [30].

Numerous studies have been dedicated to research on

molecular and cellular mechanisms that underlie the pho�

toinduced damage of retinal cells [31] and the search for

compounds that could prevent or at least reduce such

damages. Since oxidative stress is an important compo�

nent of the pathogenesis of photoinduced retinal damage,

this search is mainly focused on compounds with antioxi�

dant properties. For example, it was shown that curcumin

and the green tea component epigallocatechin gallate,

when used perorally, could reduce the risk of rat retina

damage caused by bright light [32, 33]. Synthetic antioxi�

dants such as TEMPOL�H can also protect photoreceptor

cells, reducing the level of lipid peroxidation in them [34].

It has been demonstrated on a large number of in

vitro and in vivo models that penetrating cation SkQ1 has

high antioxidant activity [12�14]. However, the mecha�

nism of SkQ1 effect on eye retina damaged by bright light

remained unknown. We investigated this question in two

series of experiments with the LIRD model [17, 18] using

Visomitin SkQ1�containing eye drops. In the first series,

when we studied the preventive effect of Visomitin on the

retina, albino rats received Visomitin for two weeks, then

they were illuminated with bright light and the morphol�

ogy of their retina was analyzed 3 h and 15 days after the

illumination. In the second series, when we studied the

therapeutic effect of Visomitin on the retina, rats were

first illuminated with bright light, then they received

Visomitin for two weeks, and then the morphology of

their retinas was analyzed. In both cases, the control ani�

mals received eye drops of the same composition but

without SkQ1 following the same protocols.

Experiments on the preventive effect of Visomitin

have shown (Table 1 and Figs. 2 and 4) that these eye

drops have a pronounced protective effect on the albino

rat retina, reducing the risk of the formation of early

light�induced pathological changes and preventing their

further development. Visomitin also inhibits the expres�

sion of late light�induced retinal changes, in particular,

reactive gliosis, which increases the number and thickness

of the processes of Müller glia cells. These results are con�

sistent with data found in literature according to which

proliferative activity of Müller glia cells and their specific

density is increased in INL areas adjacent to outer retinal

damages [35, 36]. Glia is known to be involved in the pro�

duction and transport of a number of metabolites and

neurotrophic factors in the retina [37]. It is also possible

Photoinduced retinal changes

ONL atrophy

RPE atrophy 

Shift of INL cells in scleral 
direction

Formation of channels 
and microneuromas 
in inner retina

Visomitin

25

25

0

12

placebo

67

78

44

78

Table 2. Therapeutic effect of Visomitin SkQ1�contain�

ing eye drops on photoinduced retinal changes in albino

rats

Number of retinal prepa�
rations with pathological

changes, %

Note: Rats were first illuminated with bright light, and then received

Visomitin eye drops or similar drops without SkQ1 (placebo) for

15 days. Photoinduced retinal changes were studied immediate�

ly after the course of Visomitin instillation 15 days after light�

induced damage (late changes) taking seven preparations from

each group.
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that retinal glial cells can be transformed into poorly dif�

ferentiated precursors capable of differentiating into reti�

nal neurons under certain conditions [38]. It can be

assumed that retinal gliosis described in our experiments

can serve as a compensatory event, and Visomitin�caused

reduction in gliosis level reflects the lower level of photo�

damage.

According to the literature, light�induced damage of

the retina (which is normally an immune�privileged

zone) disturbs the blood–retinal barrier [39], resulting in

the possibility of inflammatory infiltration of the retina

[40]. In our experiments, illumination of the control rats

led to the development of solitary lymphocytic infiltrates

in the choroid of their retinas, which indicated damage to

the blood–retinal barrier. Visomitin administration pre�

vented the formation of such infiltrates, indicating the

protective effect of the eye drops on this barrier.

Experiments studying the therapeutic effect of

Visomitin have shown (Table 2 and Fig. 4) that these eye

drops reduce the risk of the development of late light�

induced pathological changes in the retina and lead to the

preservation of the population of photoreceptor cells.

Photoinduced death of these cells is known to occur not

at the moment of illumination, but gradually over some

time. During subsequent dark adaptation, photoreceptor

cells start entering caspase�dependent apoptosis [41],

leading to compensatory pathological changes in RPE

[18]. The described therapeutic effect of Visomitin on the

light�damaged retina can be explained by the protection

of photoreceptor cells against apoptosis. In particular, the

data obtained on cell cultures support this hypothesis.

According to these data, SkQ and other mitochondria�

addressed antioxidants prevent photoinduced apoptosis

of HeLa cells by reducing the level of oxidative stress in

them [42, 43]. It is also possible that the therapeutic effect

of SkQ1 is connected with the restoration of the outer

segments of some photoreceptor cells after their damage.

For example, there is some evidence of the possibility of

DNA repair in photoreceptor cells and reversibility of

light�induced changes [44]. Moreover, restoration of

outer photoreceptor segments in rats [45�47] and humans

[48] is possible even in case of complete destruction of

these photoreceptor segments as long as their perikaryon

and cell nuclei remain intact. These observations suggest

that Visomitin SkQ1�containing eye drops will be an

effective medication to stimulate restoration mechanisms

of retinal cells.

The described degenerative and atrophic light�

induced retinal damages are typical for LIRD models in

their nature and rate of development [17, 18, 20�24].

These damages were of multifocal character, being pres�

ent in both peripheral and central retinal areas. The

dorso�central retinal area was shown to be particularly

prone to light�induced damage, which is consistent with

its maximal sensitivity to light in rats and with data on

topographic studies on the LIRD model [29, 49]. The

dorso�central area of the rat retina can be considered as a

functional analog of the human retinal macula, the area

of sharpest vision. In this context, it is particularly impor�

tant to note that etiology and mechanisms of animal reti�

na damage under the conditions of the LIRD model have

much in common with the mechanisms of the develop�

ment of age�related retinal diseases. For this reason, the

LIRD model is widely used in research on new approach�

es to prevention and treatment of age�related eye diseases

[50], in particular, age�related macular degeneration,

AMD [24, 33, 51], since constant exposure of the human

retina to sunlight is considered to be one of the factors

contributing to the development of AMD [4, 52, 53].

The data of the presented study indicate the ability of

Visomitin SkQ1�containing eye drops to have pro�

nounced preventive and therapeutic effects on the retina

of rats exposed to bright light. Moreover, taking into

account the previously demonstrated therapeutic effect of

SkQ1 on AMD development in rapidly aging OXYS rats

[54, 55], Visomitin can be considered as a potential med�

ical preparation for the prevention and treatment of

human retina damages, in particular, those accompany�

ing age�related retinal macular degeneration.
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