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Histological assessment of the effect of 50mW red laser on retina at variable 
time intervals: animal model
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Abstract 
Objective: To assess the histopathological effect of 50milliWatt red laser pointer on mice retinal tissue at variable 
exposure times.  
Method: The experimental study was conducted in the Postgraduate Laboratory of the Unit of Medical Physics, 
Department of Physiology, College of Medicine, Mustansiriyah University, Baghdad, Iraq, from November 2020 to 
April 2021, and comprised albino mice. Histopathological effects on the retinal tissues were evaluated 
microscopically using conventional haematoxylin and eosin stain just after being exposed to commercially available 
50 milliWatt red laser pointers with 630nm wavelength at 1, 2 and 3 minutes, grouped as R1, R2 and R3, respectively. 
The laser beam was focussed on the right eye of the mice sedated with sodium pentobarbital, reserving the left eye 
for use as a control group. Data was analysed using SPSS 24. 
Results: Of the 12 mice, 4(33.3%) were in each of the 3 groups. There was significantly destructive effect of red laser 
on retinal outer cellular layers in all the groups compared to the controls (p<0.05). The effect was significant 
between R1 and R2 (p=0.0001), and between R2 and R3 (p=0.02). 
Conclusion: The handheld commercial red laser pointers could harmfully affect a wide range of mice retina and 
choroid. 
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Introduction 
Laser energy in the ultraviolet (UV) and far-infrared parts 
of the spectrum does not reach the eye, and, hence, it is 
not concentrated in the retina that may cause corneal 
damage1. Laser pointers can transfer more light energy 
into the eye than staring directly into the sun, and that 
could be harmful. This is owing to the refractive 
characteristics of cornea and crystalline lens that enhance 
irradiance (W/cm²) reaching the retina by 105 times2. 
Because of its consistent qualities and inexpensive cost, 
the red laser pointer is one of the most commonly used 
light sources3. By adding Indium gallium nitride (InGaN) 
or gallium nitride (GaN) self-organised quantum dots as 
the gain media, red lasers emit at 630nm, the longest 
wavelength obtained with the nitride system4. Red laser 
pointers can generate light at a variety of wavelengths, 
including infrared radiation, which is invisible to the 
naked eye5. The red laser's beam is difficult to perceive in 
a normal night environment6. During visual 
presentations, laser pointers have been used for years to 
highlight crucial regions on charts and screens. Laser 
pointers are not considered dangerous when they are 

used responsibly. While brief ocular exposure to the light 
emitted by these devices can be frightening and cause 
transient vision impairment, such exposures are too brief 
to cause permanent harm to the eye2. The majority of 
laser pointers on the market today have wavelengths of 
670nm to 632nm with a power of 5mW. Class 3R lasers, 
which have a maximum strength of 5mW, are potentially 
harmful to the eyes, and direct eye contact should be 
avoided7. The manufacturing of laser pointers for the 
general public is generally limited, but varies from 
country to country. The United Kingdom's Health 
Protection Agency suggested that laser pointers for the 
general public be limited to 1 milliWatt (mW) because no 
injuries have been documented at this level. Regulatory 
authorities in the United States allow lasers with a 
maximum power of 5mW. Studies have revealed that 
when observed for several seconds, laser beams with a 
low strength of <5mW induce irreversible retinal damage, 
although this is difficult due to the blink reflex of the eye8.  

The retina is the eye's light-sensitive innermost layer. The 
eye optics produce concentrated two-dimensional (2D) 
images on the retina, which are then translated into 
electrical impulses by the brain to produce visual 
impressions1.  The sensory retina and the retinal pigment 
epithelium are the two layers that make up the retina9. 
The layers of neurons that make up the neural retina are 
retinal ganglionic cell (RGC), inner plexiform layer (IPL), 
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inner nuclear layer (INL), outer plexiform layer (OPL), outer 
nuclear layer (ONL), inner segment (IS), and outer 
segment (OS). The ONL's photoreceptor cells (rods and 
cones) are the retina's principal light-sensitive cells and 
the image-forming visual system's sensors1,10. Black-and-
white vision is provided by using rods in low light. A 
brightly lit environment is best for cones because they are 
responsible for colour perception and high-acuity vision 
11. The neural retina of the eye is meant to provide a visual 
image of the environment. The only transparent 
structures in the human body are the clear ocular media; 
cornea, aqueous humour, crystalline lens and vitreous 
humour. This is owing to the clarity of the eye media and 
the eye's inherent focussing characteristics in the visible 
and near-infrared regions of the spectrum12. As a result, if 
light reaches the retina, the visual pigments in the rods 
and cones absorb a tiny quantity of light to trigger the 
visual response, while the remaining energy is absorbed 
in the retinal pigment epithelium (RPE) and choroid13. So, 
a large portion of the beam passes through the pigment 
epithelium, which is the fundus' first absorbing layer. 
Within this layer, the maximum absorption per unit 
volume occurs because it includes melanin granules1. It 
serves as a light absorber and is also the largest energy 
absorber in laser exposure5. It then starts a chain of 
chemical and electrical reactions that finally activate 
nerve impulses sent through the optic nerve fibres to 
different vision centres in the brain14. Laser pointer-
induced retinopathy is known to occur when certain laser 
pointers are focussed into a person's eye15. Misuse of a 
laser pointer can result in irreversible retinal damage, 
depending on wavelength, radiation output power, 
period of exposure, laser spot size, and damage 
localisation5.  

The current study was planned to assess the 
histopathological effect of 50mw red laser pointer on 
mice retinal tissue at variable exposure times.  

Materials and Methods 
The experimental study was conducted in the 
Postgraduate Laboratory of the Unit of Medical Physics, 
Department of Physiology, College of Medicine, 
Mustansiriyah University, Baghdad, Iraq, from November 
2020 to April 2021. 

After approval from the institutional ethics committee, 
the sample was raised with albino male mice who were 
divided into three equal groups in relation to the duration 
of exposure to red laser. The mice in all the groups had 
free access to food and fluids. 

Diode laser pointers (Shenzhen Huianqi Technology Co., 
Ltd, China) were chosen with a gallium-aluminium-

arsenide emitter having an output power of 50mW and a 
wavelength of 630nm for red laser. Using a small 
handpiece, it was possible to produce a focussed beam. 
The energy was measured using an optical power meter 
(Gentec-E, Mestro, Canada). 

The laser beam was focussed on the right eye of mice 
sedated with sodium pentobarbital, reserving the left eye 
for use as a control group. Histopathological effects on 
the retinal tissues were evaluated microscopically using 
conventional haematoxylin and eosin (H&E) stain just 
after exposure to 130mW/cm2 of total power density for 1, 
2 and 3 minutes, grouped as R1, R2 and R3, respectively. 
The laser irradiations were carried out in the dark with 
proper protective eyewear on. The irradiation was carried 
out at a mean temperature of 23±2°C. 

The exposed and non-exposed eyes of the experimental 
animals were quickly infected and perfused with 10% 
neutral-buffered formalin solution for at least 24 hours 
after they were sacrificed by cervical dislocation. 

The eyeball samples were sliced into two pieces, 
embedded in paraffin blocks, sectioned into 4μm 
sections, and then placed on adhesive slides to be stained 
with H&E. Using a light microscope, each section was 
examined by a double-blind histopathologist to 
determine the extent to which the retinal tissue had been 
destroyed, if any had been, and classified as no lesion, 
mild, moderate or severe, which corresponded to ˂5%, 5-
25 %, 25-50% and 50-100% of normal retinal tissue in 
each section1.  

Data was analysed using SPSS 24. Data was expressed as 
mean + standard deviation. Data was analysed at 95% 
confidence interval (CI), and p<0.05 was considered 
statistically significant. 

Results 
Of the 12 mice, 4(33.3%) were in each of the 3 groups. 
There was significantly destructive effect of red laser on 
retinal outer cellular layers in all the groups compared to 
the controls (p<0.05). Group R1showed retinal tissue 
injury at the site of exposure with mean destruction score 
15.25±0.957%, which was mild and mainly reversible 
injury. The changes included mild thinning in OPL, mild 
loss in the cellular stratification of ONL with few 
cytoplasmic vacuolation, disrupted IS and OS due to mild 
interstitial oedema, a few vesicular hydronic swellings in 
RPE with mild choroid vascular congestion (Figure 1A).  

Group R2 showed retinal tissue injury with mean 
destruction score 30 ±3.366%, which was moderate and 
irreversible injury The changes included mild loss of 
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stratification in INL, moderate thinning in OPL, moderate 
loss of cellular stratification in ONL with pyknosis and 
interstitial oedema, moderate disruption of IS and OS, 
moderate choroid vascular congestion and focal 
haemorrhage at the site of exposure (Figure 1B). 

Group R3 showed retinal tissue injury with mean 
destruction score at site of exposure 49.25 ± 6.55%, which 
was moderate to severe injury. The changes included loss 
of cellular stratification of INL, extensive disruption of 
OPL, extensive pyknosis and complete loss of cellular 
stratification in ONL, complete loss of IS and OS, moderate 
vesicular hydronic swelling and extended necrosis in RPE, 
severe vascular congestion, focal haemorrhage and 
chorio-capillary occlusions in the choroid (Figure 1C). 

The effect was significant between groups R1 and R2 
(p=0.0001), and between groups R2 and R3 (p=0.02) 

(Figure 2). 

Duration of exposure increased injury score directly 
in INL, OPL and IS/OS (p<0.05). The difference in the 
effect in ONL and RPE between groups R1 and R2 
was significant (p<0.001), but there was no 
significant difference related to RPE between 
groups R2 and R3 (p>0.05) (Figure 3). 

Discussion 
The misuse of commercially available low-power 
laser pointers has witnessed increasing public 
concern, because it not only can be distracting and 
annoying, but carry the potential risk of producing 
permanent retinal damage from transient, 
inadvertent laser pointer exposure16. The factors 

Figure-1: Microscopic changes seen in formalin-fixed-paraffin-embedded haematoxylin and eosin (H&E) stained mice retinal tissue section of (a) group R1that was exposed to 50mW 
red laser for 1min showing mild reversible retinal tissue injury 15.25+0.957% compared to (b) group R2 that was exposed to 50mW red laser for 2min and showed moderate mainly 
reversible retinal tissue injury 30+3.366%) and (c) group R3 that was exposed to 50mW red laser for 3min showing moderate irreversible retinal tissue injury 49.25+6.55%).  
X100. L: Lens, VB: Vitreous body, CC: Choroidal vascular congestion, CH: Choroidal haemorrhage, CO: Choroicapillary occlusions.

Figure-2: Total retinal damage following exposure to red laser of 50mW power at different 
1min, 2min and 3min. 
*p<0.05, **p<0.001), SD: Standard deviation. 

Figure-3: Comparison among retinal layer injury following exposure to 50mW red laser for 1min, 
2min and 3min. *p<0.05, **p <0.001). RPE: Retinal pigment epithelium, ISOS: Inner segment and 
outer segment, ONL: Outer nuclear layer, OPL: Outer plexiform layer, INL: Inner nuclear layer. 



J Pak Med Assoc (Suppl. 8) Open Access

The 16th scientific international conference S-413

that determine the initial tissue effect include the laser 
wavelength, laser power, laser waveform, tissue optical 
properties and tissue thermal properties. Light interacts in 
many ways with biological tissues that are influenced by 
the recipient’s optical properties so that when laser light 
strikes the tissue, it can reflect, scatter, be absorbed or get 
transmitted to the surrounding tissue17. The biological 
action in the tissue can only be realised if it is absorbed 
and converted into heat energy in the process. This 
indicates that the amount of tissue damage caused by the 
laser is dependent on the energy density, the pulse 
width/duration, and the heat conduction rate18. Laser can 
damage the retina by photochemical or/and thermal 
mechanisms19 depending on the laser wavelength, spot 
size, power, exposure time and other factors1. The light 
wavelengths, in the visible light spectrum, have been 
shown to be more readily absorbed than those on the 
infrared spectrum. Visible laser light, of short wavelength 
between 400nm and 700nm is highly absorbed by 
melanin, haemoglobin (Hb) and myoglobin, while 
infrared wavelengths have little pigment-specificity and 
the prime absorbing media are proteins and water20. 
Furthermore, longer wavelengths are able to reach and 
target deeper structures within the tissue, and, therefore, 
light transmission is critical18.  

In the current study, it was obvious that the red laser 
reached the retina, but its effect was mild-moderate, 
because red lasers have a long wavelength and so they 
generate lower energy levels and cause less damage 
when they pass through tissues, which make the energy 
of red laser pointer insufficient to be absorbed by RPE. 
Therefore, the red laser pointer requires longer durations 
of exposure and high power to cause permanent damage 
to the retina, but the harmful effect can spread to a wider 
extent on the retina. Thus, red laser can damage the outer 
retina due to the presence of photo-acceptor melanin 
granules where the highest absorption per unit volume 
usually occurs, and choroidal layers as well due to its high 
penetration7. 

Conclusion 
The handheld commercial red laser pointers could 
harmfully affect a wide range of mice retina and choroid. 
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