
Please cite this article as follows: Abd Eldaiem MS, Ahmed SA, Elsaeid AA, Hassan AA, Ghoneim DF, Ibrahim AM. Light-emitting diode 
laser therapy for hyperoxia-induced retinal abnormalities. J Lasers Med Sci. 2021;12:e64. doi:10.34172/jlms.2021.64.

Original Article

doi 10.34172/jlms.2021.64

Light-Emitting Diode Laser Therapy for Hyperoxia-
Induced Retinal Abnormalities

Maha Sabry Abd Eldaiem1, Salwa Abdelkawi Ahmed2* ID , Aziza Abdelmonem Elsaeid1, Aziza Ahmed 
Hassan3, Dina Fouad Ghoneim3, Ahlam Mohammed Ibrahim1

1Physics Department, Faculty of Science, Al Azhar University (Girls), Cairo, Egypt
2Biophysics and Laser Science Unit, Vision Sciences Department, Research Institute of Ophthalmology, Giza, Egypt
3Ophthalmic Unit, National Institute of Laser enhanced Science, Cairo University, Cairo, Egypt

Abstract
Introduction: Hyperoxygenation is linked to numerous effects in a variety of organ systems. It can 
cause tissue damage by generating reactive oxygen species (ROS), increasing oxidative stress, and 
inducing cell death by apoptosis. The present study aimed to evaluate the effects of low-level laser 
therapy on the retina in response to acute hyperoxia in animals. 
Methods: A total of 70 Wistar albino rats were evaluated in the present study: 10 rats were designated 
as a control group, and the rest were exposed to hyperoxia (O2, 90%) for 3 days, 1 week, and 
2 weeks (20 rats each). Each group was divided into two subgroups (n = 10), one of which was 
designated as hyperoxia only. The other was treated with a 670 nm light-emitting diode laser (2 
sessions/one week, ~ 9.0 J/cm2) in each eye. The animals were euthanized, and their retinas were 
dissected for analysis of protein content, sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), total antioxidant capacity (TAC), hydrogen peroxide (H2O2), malondialdehyde (MDA), 
and histological examination. 
Results: We found that two weeks of hyperoxia induced an increase in retinal protein content 
(P < 0.001), an alteration in the intensities and molecular weights of protein fractions, a significant 
decrease in the TAC level (P < 0.01), and a noticeable increase in H2O2 and MDA levels (P < 0.001). 
Histological examination revealed fragmentation of the photoreceptors and neovascularization in 
the outer and inner plexiform layers. Furthermore, the data showed remarkable improvement in the 
retinal protein contents, oxidative state, and retinal structure after light-emitting diode laser therapy. 
Conclusion: Light-emitting diode laser therapy was found to be a useful treatment paradigm for 
reducing hyperoxia-induced retinal damage.
Keywords: Hyperoxia; Light-emitting diode laser therapy; Retinal protein; Oxidative stress; 
Histological examination.
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Introduction
A suitable level of cellular oxygen is essential for 
normal vital processes in living systems. Decreasing the 
oxygen (O2) level is life-threatening, especially in severe 
conditions, such as in the setting of coronavirus disease 
2019 (COVID-19).1 Supplemental oxygen is required 
in hypoxemic patients to improve cell metabolism and 
function while limiting organ dysfunction. Nevertheless, 
in patients suffering from hypoxemia, increasing the 
oxygen concentrations delivered throughout the body can, 
in turn, cause harmful hyperoxia outcomes.2 Additionally, 
hypoxemia creates an endogenous damage-associated 
molecular structure that causes vasoconstriction and 
inflammatory responses.3 

Bronchopulmonary dysplasia (BPD) is a neonatal 
disease that affects preterm infants and occurs as a result 
of arrested lung development.4,5 Furthermore, Preterm 

infants with BPD and exposed to supplemental oxygen 
are at risk of retinopathy of prematurity (ROP).

ROP is the most well-known disease leading to blindness 
in childhood. ROP is strongly related to elevated oxygen 
levels, which can cause weakened retinal vessels, retinal 
detachment, and visual impairment.6

Moreover, a reduction in retinal blood flow in response 
to hyperoxia has been well described in an animal model.7 
Oxygen-induced retinopathy was occurred in mice (at 
day 7 postnatal) exposed to hyperoxia for five days. These 
mice develop vaso-obliteration followed by pre-retinal 
neovascularization.8,9 In the rat model of OIR, exposed 
to fluctuation between 50% and 10% oxygen for 14 days, 
retinal neovascularization developed between avascular 
and vascular retina.10 Rats exposed to hyperoxia (75% 
oxygen) from day 4 to day 14 postnatal, followed by 14 
days in room air, decreased lung alveolarization and 
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reduced retinal thickness.11

Systemic hyperoxic stress causes the caliber of retinal 
vessels to change by approximately 14% and 9% in healthy 
adults due to vasoconstriction of the veins and arteries 
respectively. 12

Photobiomodulation (PBM), or irradiation with 
wavelengths from 600-1000 nm (far-red to near-infrared), 
has been shown to be beneficial in the treatment of several 
types of tissue damage,13-15 including inflammation, tissue 
injuries, diabetic ulcers, radiation-induced ulcers, and 
neurodegenerative diseases.16-18

PBM has been used successfully in the treatment of 
several retinal problems, such as retinitis pigmentosa 
and age-related macular degeneration (AMD), as well 
as in animal models of diabetic retinopathy (DR).19,20 It 
has been confirmed that PBM at a wavelength of 670 nm 
decreases the damaging effects of laser-induced injuries 
in the retinas of elderly patients, as well as methanol 
toxicity in rat retinas.21,22 Additionally, 670 nm light can 
significantly protect photoreceptors in the retina against 
light damage.13,23 The most beneficial outcome of using 
670 nm light in the treatment of retinal diseases, including 
AMD and DR, is the marked reduction of oxidative stress 
and the inflammatory response.24,25

The present study aimed to investigate the potentially 
hazardous side effects of hyperoxia on the rat’s retina and 
to explore the experimental retinopathy that developed 
in this model after exposure to 90% of O2. We focused 
on retinal protein content and structure, oxidative stress, 
and retinal histological structure since the retinal vessels 
are highly vulnerable to oxygen up-take levels. Moreover, 
we evaluated whether the low-level light-emitting diode 
(LED) laser therapy would preserve the retina against 
this severe hyperoxia-induced disruption in the retina 
or whether these retinal changes reached the point of no 
recovery.

Materials and Methods
Experimental Animals
A total of 70 female Wistar rats (12 weeks old, weighing 
200 ± 20 g) were kept in a constant 12-hour light/dark 
cycle with a balanced diet and free access to water. 

Experimental Groups Designation
The rats all underwent slit-lamp biomicroscopy prior 
to exposure to hyperoxia to ensure that there were no 
signs of intraocular edema or inflammation. Of the 70 
experimental rats, 10 were designated as the control group, 
which did not receive any treatment. The remaining 60 
rats were divided into three separate groups and then each 
group was kept in a plexiglass chamber with dimensions 
of 40 cm × 60 cm × 50 cm (width *length * height). The 
rats were exposed to hyperoxia (90% O2) for 20 hours/day, 
for 3 days, 1 week, and 2 weeks (n = 20 for each group). 
For each group, the rats were divided into two subgroups, 

one that did not receive treatment (n = 10) and one that 
was exposed to low-level LED laser therapy (n = 10). 

Hyperoxia Exposure
The O2 in the plexiglass chamber was regulated by a 
medical gas regulator (YR-88; China). A gas bubbler was 
utilized to humidify the O2 entering the chamber (Figure 
1). An Ultrasonic Oxygen Sensor Module (Gasboard 
7500E, Wuhan Cubic Optoelectronics Co., Ltd.) was 
simply fixed inside the plexiglass chamber and checked 
three times daily to indicate the oxygen concentration 
(0 ~ 100% ± 1.8%). The sensor had dimensions of 12 cm 
× 2.2 cm × 1.4 cm (L*W*H) and operated at 12.0 ± 0.5 
VDC, < 50 mA and Pmax 0.6 W. The chamber was opened 
daily to feed and water the rats, and the temperature inside 
the chamber was maintained at 25 ± 1°C, with humidity 
not exceeding 23%.

Light-Emitting Diode Laser Treatment 
The hyperoxia group was treated with 670 nm light 
from LED-pumped solid-state laser (DPSSL-DRIVER II, 
Cobolt; China) attached to a laser probe (0.4 mm). The 
distance between the probe and the eye was 7-9 cm. A 
laser beam was delivered directly to the rats’ eyes for 90 
seconds using a convex lens (20X) to focus the beam on 
the retina. The power of the laser was 50 mW/cm2 (only 2 
sessions/1 week, 3 days apart), and the total radiant energy 
exposure was approximately 9000 mJ/cm2 (~9.0 J/cm2) for 
each eye. The rats were euthanized under anesthesia after 
3 days, 1 week, or 2 weeks, and the eyes were removed for 
analysis.

Extraction of Retinal Protein
The retinas were resected from the posterior chamber 
of the eye and homogenized in protein lysis buffer 
(RIPA) with protease inhibitor (Sigma-Aldrich, Inc.; St. 
Louis, MO, USA). The samples were sonicated for 20 

Figure 1. Schematic Presentation for the Hyperoxia Exposure 
Chamber.
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seconds and then centrifuged for 20 minutes at 12 000 
rpm. The supernatant was then withdrawn for different 
measurements. 

The total retinal protein content was estimated 
colorimetrically at 750 nm (Spectrophotometer Evo 600, 
Thermo Fisher Scientific; Madison, WI, USA).26 Retinal 
protein electrophoresis was performed via sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), using 3% stacking gel and 12% separating gel. 
The molecular weights obtained for the retinal proteins 
were characterized using an automatic scanner (R-112, 
Beckman Coulter; Brea, CA, USA).27 

The total antioxidant capacity (TAC) of the retinas 
was determined using a colorimetric method at 510 nm 
(Biodiagnostic Co., Egypt), through an enzymatic reaction 
of the antioxidants in the retina with a pre-defined amount 
of exogenously provided hydrogen peroxide (H2O2).28 
The quantitative determination of H2O2 was carried out 
colorimetrically at 510 nm (Biodiagnostic Co.; Egypt). 
The H2O2 product for the retinal protein was correlated 
to the total concentrations of oxidative molecules in the 
sample.29 Malondialdehyde (MDA) levels were detected 
at 534 nm (Biodiagnostic Co., Egypt). It depends on 
thiobarbituric acid interaction with the MDA in the retina 
to yield thiobarbituric acid reactive substances (TBARS).30

Histological Examination 
The eyes were removed from the rats, injected with, and 
soaked in 4% glutaraldehyde in 0.1 M phosphate buffer 
saline (PBS; pH 7.4). The posterior portion of the eye 
was dissected into 1 mm3 sections and then fixed for an 
additional 8 hours with freshly prepared glutaraldehyde 
buffered solution (pH 7.4). The sections were washed 
for 1 hour with PBS at 4°C, immersed in 1.33% osmium 
tetroxide, and dehydrated in cold ethanol (50%, 70%, 80%, 
90%, and 96%). The samples were embedded in freshly 
prepared Araldite CY212 mixtures. Semi-thin (1 μm) 
sections were cut using an ultratome (LKB Produkter; 
Sweden) and were then stained with toluidine blue, after 
being placed on glass slides for microscopic examination.

Statistical Evaluation
The data were obtained as mean ± SD, and the variations 
between the data were analyzed using a one-way analysis 
of variance (ANOVA) test. The Student’s t test was used 
to compare the control with different groups. Statistical 
significance was set at P < 0.05.

Results
Total Protein Content
The protein content of the control retina was 15.4 ± 0.7 
mg/g tissue (Figure 2). In the hyperoxia groups, this 
increased to 16.2 ± 0.7 mg/g tissue (P < 0.05), 18.6 ± 0.7 
mg/g tissue, and 22 ± 0.6 mg/g tissue (P < 0.001) after 3 
days, 1 week, and 2 weeks respectively, with corresponding 

changes of 5.2%, 21%, and 43% compared to the control. 
In the LED laser therapy groups, the protein content 
showed progressive improvement, with values of 15.3 ± 
0.8 mg/g tissue, 16.2 ± 0.4 mg/g tissue, and 15.6 ± 0.8 mg/g 
tissue after 3 days, 1 week, and 2 weeks respectively, with 
corresponding changes of about 0.6%, 5.2%, and 1.3%.

SDS-PAGE for Retinal Protein 
The control pattern of the retinal protein was separated 
into 11 fractions with different intensities (optical 
densities) for evaluation, at molecular weights of 285, 235, 
209, 175, 149, 120, 110, 83, 67, 46, and 36 kDa (Figure 3). 
After 3 days of hyperoxia, the separation pattern revealed 
the disappearance of the 285 kDa peak and a significant 
shift in the molecular weight from 235 to 247 kDa with 
an associated increase in the intensity. The fraction at 
175 kDa shifted to 184 kDa, with an associated increase 
in intensity, and the fraction at 83 kDa shifted slightly 
to a lower molecular region, with an associated decrease 
in intensity. The treatment of the retina with LED laser 
showed the reappearance of the 285 kDa peak, with a 
small increase in the molecular weight and improvement 
of most fractions.

After 1 week of hyperoxia, the scanning pattern showed 
a significant increase in the peak intensities at 285, 235, 
209, 175, 149, and 67 kDa, in addition to an apparent 
decrease in the intensity at 83 kDa (Figure 4). The 
scanning pattern after 1 week of hyperoxia and treatment 
with LED laser was characterized by an improvement in 
the peak intensities in the low, middle, and high molecular 
weight regions. By extending the hyperoxia to 2 weeks, 
the scanning pattern showed a noticeable elevation in 
the intensities of most retinal protein fractions compared 
with the control group (Figure 5), in addition to the 
disappearance of the fraction at 235 kDa. In contrast, the 
scanning pattern of SDS-PAGE after LED laser treatment 

Figure 2. The Total Protein Content of the Retina After Different 
Periods of Hyperoxia and After LED Laser Treatment Compared 
With the Control Group.
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showed improvement in most of the protein fractions, 
with a slight shift towards the lower molecular weight 
region. 

Oxidative Stress Determination
The TAC, H2O2, and MDA concentrations in the rat 
retinas exposed to hyperoxia and treated with LED 
laser are shown in Table 1. The TAC levels significantly 
increased compared to the control after 3 days and 1 
week of exposure to hyperoxia, with a percentage change 
of 16.8% (P < 0.05) and 31.8% (P < 0.001) respectively, 
followed by a significant reduction after 2 weeks, with 
a percentage change of 26.2% (P < 0.01). Moreover, the 
groups treated with low-level LED laser therapy showed 
gradual improvement in the TAC level compared to 
the hyperoxia group, with percentage changes of 10.4% 
(P < 0.05), 22.7% (P < 0.01), and 11.5% (P < 0.05) after 3 
days, 1 week, and 2 weeks respectively (Figure 6).

The level of H2O2 significantly increased after 3 days of 
hyperoxia, with a percentage change of 11.0% (P < 0.05). 
By continuing the hyperoxia for one week and two 
weeks, a highly significant increase in H2O2 levels was 
detected (Figure 7), with percentage changes of 39.0% 
and 61.0% (P < 0.001) compared with the control group. 
Moreover, treatment with LED laser revealed significant 
improvement in H2O2 levels compared with the hyperoxia 
group. The percentage changes after 3 days, 1 week and 2 
weeks were 3.9 % (P > 0.05), 9.8 % (P < 0.05) and 15.7 % 
(P < 0.01), as compared with the control group.

The MDA level in the control rat retina, a by-product 
of lipid peroxidation, was 61.3 ± 0.5 nM/g tissue. After 
3 days of hyperoxia, there was a noticeable elevation in 
the MDA level (Figure 8), with a percentage change of 
approximately 10.1% (P < 0.05). Moreover, there were 
significant increases in MDA after 1 and 2 weeks of 
hyperoxia, with percentage changes of 28.5% (P < 0.01) 
and 57.0% (P < 0.001) respectively. Treatment with 670 
nm LED laser therapy after 3 days of hyperoxia revealed 
a non-significant increase (P > 0.05) in the MDA level. 

After 1 and 2 weeks, the hyperoxia-treated groups showed 
significant improvement based on the period of hyperoxia 
exposure, with percentage changes of 11.2% (P < 0.05) 
and 28.0% (P < 0.01) respectively.

Histological Examination
Light micrograph of the control rat retina (Figure 9a) 
showed various retinal layers: retinal pigment epithelium 
(RPE), photoreceptor layer (PRL), outer and inner 
segments (OS and IS), outer limiting membrane (OLM), 
outer nuclear layer (ONL), outer plexiform layer (OPL), 
inner nuclear layer (INL), inner plexiform layer (IPL), 
ganglion cell layer (GCL), nerve fiber layer (NFL), and 
inner limiting membrane (ILM).

In the three-day hyperoxia group (Figure 9b), slight 
fragmentation of the photoreceptor of the OS (single 
arrow) and edema of the IPL and GCL with the thickened 
endothelial lining layer (double arrows) were seen. 
After one week (Figure 9c), there were fragmented 

Figure 3. SDS-PAGE Scanning Patterns of Retinal Protein Exposed 
to Hyperoxia for Three Days and After Treatment With LED Laser 
Compared With the Control Group.

Figure 4. SDS-PAGE Scanning Patterns of Retinal Protein Exposed 
to Hyperoxia for One Week and After Treatment With LED Laser 
Compared With the Control Group.

Figure 5. SDS-PAGE Scanning Patterns of Retinal Protein Exposed 
to Hyperoxia for Two Weeks and After Treatment With LED Laser 
Compared With the Control Group.
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photoreceptors in the OS, intense staining of the ONL 
and INL, and edema of the IPL. Moreover, two weeks 
of hyperoxia (Figure 9d) led to the accumulation of 
numerous dense granules in the pigment epithelial cells 
(arrow) and complete photoreceptor fragmentation in the 
OS, and many cells were deeply stained in the ONL and 
INL. Additionally, apparent neovascularization (double 
arrows) was detected in both the OPL and the IPL. 
Furthermore, after 670 nm LED laser therapy, all retinal 
layers showed well-preserved cytoarchitecture (Figures 

9e, 9f, and 9g).

Discussion
In the present study, we evaluated the effectiveness of 
670 nm LED laser therapy in treating hyperoxia-induced 
alterations in retinal proteins and structures. A very high 
rate of O2 is consumed by the retina, and free radicals are 
generally generated in the mitochondria under hypoxic 
conditions. Under hyperoxic conditions, the number 
of free radicals’ increases, which can disrupt cellular 
constituents such as proteins, lipids, and nucleic acids, 
triggering cytotoxic effects.31

The results of the present study indicate that hyperoxia 
causes a significant increase in the protein content of 
the retina. This increase became more pronounced as 
the length of time exposed to hyperoxia increased. The 
increase in protein content was observed throughout 
the structural changes in the retinal proteins, as seen on 
SDS-PAGE. Several protein fractions in the low, middle 
and high molecular weight regions showed an increase 
in their intensities. The increase in protein content after 
exposure to hyperoxia (Figure 2) corresponds with 
increased fractions intensity. Moreover, the alterations in 
molecular weights may be due to structural degeneration 
and aggregation of the retinal proteins (Figures 3, 4, and 

Figure 8. Malondialdehyde (MDA) of Rat’s Retina Exposed to 
Hyperoxia and Treated With LED Laser Compared With the 
Control Group.

Table 1. TAC, H2O2, and MDA of Rat’s Retina Exposed to Hyperoxia and Treated With LED Laser Compared With the Control Group

Groups Periods
TAC (mM/g tissue ×10-3) H2O2 (mM/g tissue ×10-4) MDA (nM/g Tissue) 

Mean± SD % Change Mean± SD % Changes Mean± SD % Changes

Control - 8.2±0.5 - 5.1±0.2 - 61.3±0.5 -

Hyperoxia

3 Days 9.7±0.2 16.8% 5.7±0.3 11.0% 67.8±0.5 10.1%

1 Week 11.3±0.3 31.8% 7.6±0.1 39.0% 81.7±0.3 28.5%

2 Weeks 6.3±0.4 26.2% 9.6±0.5 61.0% 110.7±0.4 57.0%

Hyperoxia+ LED 
laser

3 Days 9.1±0.6 10.4% 5.3±0.6 3.9% 61.4±0.6 0.2%

1 Week 10.3±0.5 22.7% 5.6±0.4 9.8% 68.6±0.3 11.2%

2 Weeks 9.2±0.2 11.5% 5.9±0.2 15.7% 81.2 ±0.3 28.0%

Abbreviations: TAC, total antioxidant concentration; H2O2, hydrogen peroxide; MDA, malondialdehyde. 

Figure 6. Total Antioxidant Capacity (TAC) of Rat’s Retina Exposed 
to Hyperoxia and Treated With LED Laser Compared With the 
Control Group.

Figure 7. Hydrogen Peroxide (H2O2) Content of Rat’s Retina 
Exposed to Hyperoxia and Treated With LED Laser Compared 
With the Control Group.
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5).
Our results provide some reasonable expectations 

regarding the mechanisms that induce retinal protein 
changes after hyperoxia. One such mechanism is 
hyperoxia-induced proliferative retinopathy (HIPR).6 
HIPR causes disruption of retinal vessels, changes in 
vascular structure, angiogenesis, disorganization of the 
intra-retinal sheet, retinal detachment, inflammation, 
persistent hyaloid vasculature, and thinning in the 
central retina.6 In addition, hyperoxia-induced factor-1α 
protein levels, vascular endothelium growth factor, and 
the protein levels of the nuclear factor (erythroid-derived 
2) increased. Intra-retinal fibrinogen, inflammatory 
lymphocytes and macrophages were also observed.32 

Furthermore, stimulation of retinal angiogenesis 
by reactive oxygen species (ROS) in the retina, via 
molecular pathomechanisms and the activation of pro-
inflammatory pathways, may lead to the production of 
tumor necrosis factor and a subsequent generation of 
inflammatory and angiogenic mediators.33 Moreover, in 
the experimental model of O2-induced retinopathy (OIR), 
retinal neovascularization was originated between the 

vascular and avascular retinal boundaries.34 These new 
vessels contain different blood components responsible 
for elevating the protein content and changes in protein 
composition.

Living organisms have complex antioxidant systems 
that counteract ROS and limit their harmful effects.35-37 

These antioxidants consist of enzymes, macromolecules, 
and a collection of small molecules. The complete 
antioxidant system consists of both endogenous 
antioxidants and food-derived antioxidants. Retinal lipids 
consist of different polyunsaturated fatty acids, such as 
choline phosphoglycerides and arachidonic acids, which 
are vulnerable to peroxidation.38

In the present study, we used the TAC assay to 
determine the effects of hyperoxia and LED laser therapy. 
Under hyperoxia, a large influx of ROS is produced due to 
the oxidation of cell components and lipid peroxidation 
of cell membranes.39 Two of the most prominent types 
of ROS are H2O2 and MDA (a lipid peroxide sensitive 
indicator produced when the free radicals attack the 
polyunsaturated fatty acids). They are considered 
important signs of oxidative stress.38,39

Figure 9. Light Micrograph of the Rat’ Retina: The control (a); hyperoxia for 3 days (b) with slight fragmentation of the photoreceptor 
layer (single arrow), edema of the inner plexiform layer (IPL) * and thickened of endothelial lining the ganglion cell layer (double arrows); 
Hyperoxia for one week (c) fragmented photoreceptor with deep staining of outer and inner nuclear layers (ONL and INL), and edema of 
the IPL; Hyperoxia for two weeks (d) accumulated granules in the pigment epithelial cells (arrow), complete fragmentation of photoreceptor 
outer segment (OS), several intensified stained cells of ONL and INL and neovascularization (double arrows) in both the outer plexiform 
layer (OPL) and IPL; hyperoxia for one day and treated with LED laser (e) showing more or less normal structure of retina with intact glial 
cell (arrow); hyperoxia for one week and treated with LED laser (f) unchanged structure; hyperoxia for two weeks and treated with LED 
laser (g) well preserved cytoarchitecture of the retina with intact glial cell (arrow). 
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This is in accordance with the results of the present 
study, which show a significant increase in H2O2 and 
MDA content after exposure to hyperoxia, the values of 
which increase with increasing periods of exposure. A 
disturbance between the antioxidant and oxidant levels 
occurs because of the generation of ROS after hyperoxia, 
and the established free radicals may damage cellular 
molecules.40,41 Contrarily, LED laser therapy stimulates 
the antioxidant defense system by elevating TAC and the 
deterioration of H2O2 and MDA, as shown in Table 1.

Free radicals interact with polyunsaturated fatty acids 
in cell membranes, resulting in lipid peroxidation that 
alters and breaks down membranous structures.42 These 
free radicals assault several cellular organelles, injuring 
and distorting lipids, proteins, and deoxyribonucleic acid 
(DNA). Retinal cell membranes with large quantities 
of photoreceptors are most affected by free radicals23 

which cause damage and degeneration, rendering them 
inactive.43

The results of the present study showed fragmentation 
of the photoreceptors of the OS and edema of the IPL 
and GCL with a thickened endothelial lining layer 
after exposure to hyperoxia for three days (Figure 9b). 
Moreover, after one week of hyperoxia, there were 
fragmented photoreceptors in the outer segment (OS), 
intense staining of the INL and ONL, and edema of 
the IPL (Figure 9c). Moreover, accumulation of dense 
granules in the pigment epithelial cells, fragmentation of 
photoreceptors in the OS, deeply stained cells in the ONL 
and INL, and neovascularization in the OPL and IPL 
were observed after two weeks of hyperoxia (Figure 9d). 
All these changes in the retinal structure after exposure 
to hyperoxia are in line with previous reports regarding 
the exposure of rats to hyperoxia, which showed an 
overgrowth of retinal vessels and several changes in 
the horizontal cell count, the thickness of OPL, and 
endothelial lining.44 Another previous study indicated 
the prevalence of neovascularization in the OPL, edema 
of the IPL, and deep staining of the ONL and INL. This 
growing neovascularization may cause retinal traction, 
vitreous hemorrhage, and retinal detachment.6

In contrast, low-level LED laser therapy after three 
days, one week, and two weeks of hyperoxia revealed no 
significant changes in retinal histology compared with 
the control. The results of the present study suggest that 
the significant decrease in intracellular production of free 
radicals that affect polyunsaturated fatty acid content in 
photoreceptors may be responsible for the disappearance 
of edema and improvement of retinal layers (Figures 9e, 
9f and 9g). Our results are in agreement with previous 
studies of the mouse retina, which proved the safety of 670 
nm light for the treatment of hyperoxia-induced damage, 
which can reduce stress markers and inflammatory 
markers in diseased retinas.14,45 These effects can be 
referred to as low-level laser interactions with the living 

system, which regulate the expression of several genes 
responsible for cell growth and vital cellular functions, 
such as protein synthesis enzymes, DNA repair proteins, 
antioxidant enzymes, and protein maintenance.46

The precise mechanism of LED laser therapy has not 
yet been defined. It has been suggested that light photons 
in the range of 670 nm are absorbed by the primary photo 
acceptor of 670 nm light, termed cytochrome c oxidase 
(COX), which is the rate-limiting enzyme in the terminal 
phosphorylation of the mitochondrial respiratory 
chain.46,47 It has been proposed that 670 nm light could 
increase the activity of COX in retinas and primary 
neurons. The low-level laser used in the present study 
facilitates the increase in redox status in mitochondria 
and elevates ATP synthesis and mitochondrial membrane 
potential, leading to cytoprotective, antioxidant and 
antiapoptotic effects, while accelerating cellular repair 
and healing.48-52

Conclusion
Prolonged hyperoxia in experimental rats causes many 
changes in the retina, characterized by retinal protein 
changes, the elevation of oxidative stress, and alterations 
in retinal histological structures. Our findings proposed 
that applying low-level LED laser therapy using 670 
nm light is an effective and easy procedure to reduce 
retinal inflammation and oxidative stress and to display 
a more substantial enhancement in the retina from 
hyperoxia-induced retinal abnormalities. Further, 
short-term exposure to a 670 nm LED laser may have 
a therapeutic role in several retinal diseases such as 
retinal neovascularization, photoreceptor degeneration 
associated with retinopathies such as DR and proliferative 
retinopathy.

Ethical Considerations
All experiments were performed in accordance with the 
directions articulated in the Guide for Care and Use of Laboratory 
Animals and were permitted by the local experimental ethics 
committee at the Research Institute of Ophthalmology, Giza, 
Egypt.

Conflict of Interests 
The authors declare that they have no conflict of interest.

References
1.	 Dhont S, Derom E, Braeckel EV, Depuydt P, Lambrecht BN. 

The pathophysiology of ‘happy’ hypoxemia in COVID-19. 
Respir Res. 2020; 21(1):1-9. DOI:10.1186/s12931-020-
01462-5.

2.	 Vincent JL, Taccone FS, He X. Harmful effects of hyperoxia 
in postcardiac arrest, sepsis, traumatic brain injury, or 
stroke: the importance of individualized oxygen therapy 
in critically ill patients. Can Respir J. 2017; 2017: 2834956. 
DOI: 10.1155/2017/2834956

3.	 McEvoy CT, Aschner JL. The natural history of 
bronchopulmonary dysplasia: The case for primary 



Abd Eldaiem et al

 Journal of Lasers in Medical Sciences Volume 12,  20218

prevention. Clin Perinatol. 2015; 42(4):911-31. DOI: 
10.1016/j.clp.2015.08.014.

4.	 McEvoy CT, Jain L, Schmidt B, Abman S, Bancalari 
E, Aschner JL. Bronchopulmonary dysplasia: NHLBI 
Workshop on the primary prevention of chronic lung 
diseases. Ann Am Thorac Soc. 2014; 11(Supplement 3): 
S146-S53. DOI: 10.1513/AnnalsATS.201312-424LD.

5.	 Zaher TE, Mille E J, Morrow DM, Javdan M, Mantell L. 
Hyperoxia-induced signal transduction pathways in 
pulmonary epithelial cells. Free Radic Biol Med. 2007; 42(7): 
897-908. DOI: 10.1016/j.freeradbiomed.2007.01.021.

6.	 Lajko M, Cardona HJ, Taylor J M, Shah RS, Farrow K N, 
Fawzi AA. Hyperoxia-induced proliferative retinopathy: 
early interruption of retinal vascular development with 
severe and irreversible neurovascular disruption. PLoS 
One. 2016; 11(11): e0166886. DOI: 10.1371/journal.
pone.0166886.

7.	 Zhu Y, Park TS, Gidday JM. Mechanism of hyperoxia-
induced reduction in retinal blood flow in newborn 
pig. Exp Eye Res. 1998; 67(3): 357-369. DOI: 10.1006/
exer.1998.0535.

8.	 Smith LE, Wesolowski E, McLellan A, Kostyk SK, D’Amato 
R, Sullivan R, et al. Oxygen-induced retinopathy in the 
mouse. Invest Ophthalmol Vis Sci. 1994; 35(1):101-11. 

9.	 Stahl A, Connor KM, Sapieha P, Chen J, Dennison RJ, Krah 
NM, et al. The mouse retina as an angiogenesis model. 
Invest Ophthalmol Vis Sci. 2010; 51(6):2813-26. DOI: 
10.1167/iovs.10-5176.

10.	 Penn JS, Henry MM, Tolman BL. Exposure to alternating 
hypoxia and hyperoxia causes severe proliferative 
retinopathy in the newborn rat. Pediatric Res. 1994; 
36(6):724-31. DOI: 10.1203/00006450-199412000-00007.

11.	 Poon AWH, Ma EXH, Vadivel A, Jung S, Khoja Z, Stephens 
L, et al. Impact of bronchopulmonary dysplasia on brain 
and retina. Biol Open. 2016; 5(4):475-83. DOI: 10.1242/
bio.017665. 

12.	 Jean-Louis S, Lovasik J V, Kergoat H. Systemic hyperoxia 
and retinal vasomotor responses. Invest Ophthalmol Vis Sci. 
2005; 46(5):1714-1720. DOI: 10.1167/iovs.04-1216.

13.	 Albarracin R, Eells J, Valter K. Photobiomodulation protects 
the retina from light-induced photoreceptor degeneration. 
Invest Ophthalmol Vis Sci. 2011; 52(6):3582–3592. DOI: 
10.1167/iovs.10-6664.

14.	 Albarracin R, Natoli R, Rutar M, Valter K, Provis J. 670 nm 
light mitigates oxygen-induced degeneration in C57BL/6J 
mouse retina. BMC Neurosci. 2013; 14(1):1-4. DOI: 
10.1186/1471-2202-14-125. 

15.	 Wong-Riley MT, Liang HL, Eells JT, Chance B, Henry MM, 
Buchmann E, Kane M, Whelan HT. Photobiomodulation 
directly benefits primary neurons functionally inactivated 
by toxins: role of cytochrome c oxidase. J Biol Chem. 2005; 
280(6): 4761-4771.DOI: 10.1074/jbc.M409650200.

16.	 Oron U, Yaakobi T, Oron A, Mordechovitz D, Shofti R, 
Hayam G, et al. Low-energy laser irradiation reduces 
formation of scar tissue after myocardial infarction in 
rats and dogs. Circulation. 2001;103(2):296–301. DOI: 
10.1161/01.cir.103.2.296.

17.	 Simunovic Z, Ivankovich A, Depolo A. Wound healing of 
animal and human body sport and traffic accident injuries 
using low-level laser therapy treatment: a randomized 

clinical study of seventy-four patients with control group. 
J Clin Laser Med Surg. 2000; 18(2):67–73. DOI: 10.1089/
clm.2000.18.67.

18.	 Muili KA, Gopalakrishnan S, Meyer SL, Eells JT, 
Lyons JA. Amelioration of experimental autoimmune 
encephalomyelitis in C57BL/6 mice by photobiomodulation 
induced by 670 nm light. PLoS One. 2012;7(1):24. 
DOI:10.1371/journal.pone.0030655.

19.	 Abrahan CE, Insua MF, Politi LE, German, OL, Rotstein 
NP. Oxidative stress promotes proliferation and 
dedifferentiation of retina glial cells in vitro. J Neurosci Res. 
2009; 87(4): 964-77. DOI: 10.1002/jnr.21903.

20.	 Geneva II. Photobiomodulation for the treatment of retinal 
diseases: a review. Int J Ophthalmol. 2016; 9(1): 145-152. 
DOI: 10.18240/ijo.2016.01.24. 

21.	 Eells JT, Henry MM, Summerfelt P, Wong-Riley MT, 
Buchmann EV, Kane M, Whelan NT, Whelan HT. 
Therapeutic photobiomodulation for methanol-induced 
retinal toxicity. Proc Natl Acad Sci USA. 2003;100(6):3439–
3444. DOI: 10.1073/pnas.0534746100.

22.	 Eells JT, Desmet KD, Kirk DK, Wong-Riley M, Whelan HT, 
Ver Hoeve J, et al. Photobiomodulation for the treatment of 
retinal injury and retinal degenerative diseases. In: Waynant 
R, Tata DB. (eds). Paper presented at: Proceedings of light-
activated tissue regeneration and therapy conference, 2008; 
New York. Doi:10.1007/978-0-387-71809-5_5 

23.	 Qu C, Cao W, Fan Y, Lin Y. Near-infrared light protect 
the photoreceptor from light-induced damage in rats. 
In: Anderson R, Hollyfield J, LaVail M. (eds) Retinal 
Degenerative Diseases. Advances in Experimental 
Medicine and Biology. Springer; 2010: 664:365–374. DOI: 
10.1007/978-1-4419-1399-9_42.

24.	 Tang J, Du Y, Lee CA, Talahalli R, Eells JT, Kern TS. Low-
intensity far-red light inhibits early lesions that contribute 
to diabetic retinopathy: in vivo and in vitro. Invest 
Ophthalmol Vis Sci. 2013; 54(4): 3681e3690. DOI: 10.1167/
iovs.12-11018.

25.	 Whitcup SM, Nussenblatt RB, Lightman SL, Hollander DA. 
Inflammation in retinal disease. Int J Inflamm. 2013; 2013: 
724648. DOI: 10.1155/2013/724648. 

26.	 Lowry OH, Rosebrough N J, Farr A l, Randall R J. Protein 
measurements with the folin phenol reagent. J Biol Chem. 
1951; 193:265-75. 

27.	 Laemmli UK. Cleavage of structural proteins during 
assembly of the head of bacteriophage T4. Nature. 1970; 
227(5259): 680-5. DOI: 10.1038/227680a0.

28.	 Koracevic D, Koracevic G., Djordjevic V, Andrejevic S 
and Cosic V. Method for the measurement of antioxidant 
activity in human fluids. J Clin Pathol. 2001; 54(5): 356-
361. DOI: 10.1136/jcp.54.5.356.

29.	 Aebi H. Catalase in vitro. Methods Enzymology. 1984; 
105,121–126. DOI: 10.1016/S0076-6879(84)05016-3.

30.	 Martinez R, Quintana K, Navarro R, Martin C, Hernandes 
M L, Aurrekoetxea I, et al. Pro-oxidation and antioxidant 
potential of catecholestrogens against ferryl-myoglobin-
induced oxidative stress. Biochem Biophys Acta. 2002; 
1583(2): 167–175. DOI: 10.1016/s1388-1981(02)00207-x.

31.	 Hardy P, Beauchamp M, Sennlaub F, Gobeil F Jr, Tremblay 
L, Mwaikambo B, et al. New insights into the retinal 
circulation: Inflammatory lipid mediators in ischemic 



Journal of Lasers in Medical Sciences Volume 12, 2021 9

LED Laser Therapy for Retinal Hyperoxia

retinopathy. Prostag Leukotr Ess. 2005;72: 301–325. DOI: 
10.1016/j.plefa.2005.02.004.

32.	 Terraneo L, Virgili E, Caretti A, Bianciardi P, Smaja M. 
In vivo hyperoxia induces hypoxia- inducible factor-1α 
overexpression in LNCaP tumor without affecting the 
tumor growth rate. Int J Biochem Cell biol. 2014; 51: 65-74. 
doi: 10.1016/j.biocel.2014.03.019. Epub 2014 Apr 2

33.	 Nita M, Grzybowski A. The role of the reactive oxygen 
species and oxidative stress in the pathomechanism of 
the age-related ocular diseases and other pathologies 
of the anterior and posterior eye segments in adults. 
Oxid Med Cellular Longev. 2016; 2016:3164734.  DOI: 
10.1155/2016/3164734.

34.	 Penn JS, Henry MM, Tolman BL. Exposure to alternating 
hypoxia and hyperoxia causes severe proliferative 
retinopathy in the newborn rat. Pediatr Res. 1994;36(6):724–
31. DOI:10.1203/00006450-199412000-00007.

35.	 Yanik M, Erel O, Kati M. The relationship between 
potency of oxidative stress and severity of depression. Acta 
Neuropsychiatr. 2004; 16(4): 200-203. DOI: 10.1111/j.0924-
2708.2004.00090. x.

36.	 Harma M, Harma M, Erel O. Oxidative stress in women 
with preeclampsia. Am J Obstet Gynecol. 2005; 192(2): 656–
657. DOI: 10.1016/j.ajog.2004.07.094.

37.	 Yeni E, Gulum M, Selek S, Erel O, Unal D, Verit A, et 
al. Comparison of oxidative/antioxidative status of 
penile corpus cavernosum blood and peripheral venous 
blood. Int J Impot Res. 2005; 17(1): 19-22. DOI: 10.1038/
sj.ijir.3901262.

38.	 Graziosi A, Perrotta M, Russo D, Gasparroni G, D’Egidio 
C, Marinelli B, et al. Oxidative stress markers and the 
retinopathy of prematurity. J Clin Med.  2020;  9(9): 
2711. DOI: 10.3390/jcm9092711.

39.	 Liu W, Chen Q,  Liu J,  Liu KJ.  Normobaric hyperoxia 
protects the blood brain barrier through inhibiting Nox2 
containing NADPH oxidase in ischemic stroke. Medical 
Gas Res. 2011; 1(22):1-8. DOI: 10.1186/2045-9912-1-22.

40.	 Demirbag R, Gur M, Yilmaz R, Kunt AS, Erel O, Andac 
MH. Influence of oxidative stress on the development 
of collateral circulation in total coronary occlusions. 
Int J Cardiol. 2007; 116(1): 14-19. DOI: 10.1016/j.
ijcard.2006.02.012.

41.	 Rabus M, Demirbağ R, Sezen Y, Konukoğlu O, Yildiz 
A, Erel Ö, et al. Plasma and tissue oxidative stress index 
in patients with rheumatic and degenerative heart valve 
disease. Arch Turk Soc Cardiol. 2008; 36(8): 536-540. 

42.	 Shan Y, Ye X, Xin H. Effect of the grape seed 
proanthocyanicin extract on the free radical and energy 

metabolism indicators during the movement. Sci Res Essay. 
2010; 5(2):148-153. DOI: 10.5897/SRE.9000414

43.	 Bowers, F, Valter K, Chan S, Walsh N, Maslim J, Stone 
J. Effects of oxygen and bFGF on the vulnerability of 
photoreceptors to light damage. Invest Ophthalmol Vis Sci. 
2001; 42(3): 804-815. 

44.	 Dorfman A, Dembinska O, Chemtob S, Lachapelle 
P. Early manifestations of postnatal hyperoxia on the 
retinal structure and function of the neonatal rat. Invest 
Ophthalmol Vis Sci. 2008; 49(1): 458-466. DOI: 10.1167/
iovs.07-0916.

45.	 Heinig N, Schumann U, Calzia, D, Panfoli I, Ader M, 
Schmidt M H, et al. Photobiomodulation Mediates 
Neuroprotection against Blue Light Induced Retinal 
Photoreceptor degeneration. Int J Mol Sci. 2020; 21(7): 
2370. DOI: 10.3390/ijms21072370.

46.	 Desmet KD, Paz DA, Corry JJ, Eells JT, Wong-Riley MT, 
Henry MM, et al. Clinical and experimental applications 
of NIR-LED photobiomodulation. Photomed Laser Surg. 
2006; 24(2): 121-128. DOI:10.1089/pho.2006.24.121.

47.	 Kaur C,  Foulds WS,  Ling EA.  Blood-retinal barrier in 
hypoxic ischaemic conditions: basic concepts, clinical 
features and management. Prog Retin Eye Res. 2008; 
27(6):622-47. DOI: 10.1016/j.preteyeres.2008.09.003.

48.	 Begum R, Powner MB, Hudson N, Hogg C, Jeffery G. 
Treatment with 670 nm light upregulates cytochrome C 
oxidase expression and reduces inflammation in an age-
related macular degeneration model. PloS One. 2013; 8(2): 
e57828. DOI: 10.1371/journal.pone.0057828.

49.	 Kaynezhad P, Tachtsidis I, Jeffery G. Optical monitoring of 
retinal respiration in real time: 670 nm light increases the 
redox state of mitochondria. Exp Eye Res. 2016; 152:88-93. 
DOI: 10.1016/j.exer.2016.09.006. 

50.	 Calaza KC, Kam JH, Hogg C, Jeffery G. Mitochondrial 
decline precedes phenotype development in the 
complement factor H mouse model of retinal degeneration 
but can be corrected by near infrared light. Neurobio 
Aging. 2015; 36(10):2869-2876. DOI: 10.1016/j.
neurobiolaging.2015.06.010.

51.	 Gkotsi D, Begum R, Salt T, Lascaratos G, Hogg C, Chau 
KY, et al. Recharging mitochondrial batteries in old eyes. 
Near infra-red increases ATP. Exp Eye Res. 2014;122: 50-53. 
DOI: 10.1016/j.exer.2014.02.023

52.	 Kokkinopoulos I, Colman A, Hogg C, Heckenlively J, 
Jeffery G. Age-related retinal inflammation is reduced 
by 670 nm light via increased mitochondrial membrane 
potential. Neurobiol aging. 2013; 34(2): 602-609. DOI: 
10.1016/j.neurobiolaging.2012.04.014.


