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Abstract: Each ocular tissue is vulnerable to infrared (IR) since at every stage through the eye's transmission IR is absorbed.
Thermal effect of IR to eyes is far more permanent although the absorption often causes cumulative damage over a long
period. Nevertheless, those exposed to very significant level of IR at any one time would be aware of its heating effect and
tend to protect themselves. The present work investigated the effect of IR on retina and the anti-inflammatory role of omega-3
polyunsaturated fatty acid (ω -3 PUSFA). The rabbits were divided into four groups; one of them served as control, the other
three groups was exposed to IR for 5, 10 and 20 minutes. Animals from these three groups were subdivided into two subgroups, one of them was sacrificed directly after IR exposure, while the other received omega-3 for 14 days before exposed to
IR .The animals were subjected to examination by electroretinogram (ERG) as well as analysis of Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) for retinal protein was carried out. The results indicated decrease of b-wave
amplitude and increase in the latency, in the electrophoresis pattern pronounced changes were observed. These changes were
more extensive in rabbits exposed to IR than those supplemented with omega-3. These finding suggest that omega-3 can
protect the retina from infrared injury for up to 10 minutes of exposure.
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1. Introduction
Infrared radiation (IR) is that part of the electromagnetic
spectrum associated with energy levels such that thermal
effects are produced when it is absorbed by matter. All
sources can be classified as either artificial or natural (sun)
and most sources that emit ultraviolet or visible radiation
will probably emit IR. This is important in considering the
potential occupational hazards from the multitude of artificial radiation sources. The infrared region exists between the
visible and microwave subdivisions of the electromagnetic
spectrum and is divided into the following three, biologically significant, bands: IR-A (near IR) between 760 and
1400 nm, IR-B (mid IR) between 1400 and 3000 nm, and
IR-C (far IR) between 3000 and 106 nm[1]. IR-A radiation
specifically is absorbed by the retina and is very ineffective
in producing retinal injuries [2]. In the occupational setting,
any work involving high temperature furnaces such as
glass-making or the iron and steel industries are areas where
risk assessments for IR exposure to eyes needs to be taken
seriously. Many lasers emit IR, in particular ones used in
medical fields such as the neodymium YAG laser emitting in

the IR-A bands and the C [O.sub.2] laser, which emits in the
IR-C range. Arc lamps and any radiant heater also emit IR.
Retinal burns from exposure to industrial sources, such as
xenon lamps, infrared lasers and metal arc inert gas welding,
are typical. Deliberate gazing at the sun has been show to
produce a solar retinopathy, on account of the thermal
damage and is typical to that seen in viewing solar eclipses.
These effects are normally permanent [3-6]. It is generally
assumed that IR photons, because of their low energy levels,
do not react photochemical in biological tissues [7] but the
synergism between thermal and photochemical effects in the
lens and retina has been studied in some experiments.
Thermal enhancement of photochemical reaction has been
experimentally demonstrated [8,9], although the effect is
less than a factor of two; this has been taken into account.
Many studies have attempted to establish threshold exposure
values for the human retina but this is very complex area. In
addition to the physical factors, such as exposure duration
and irradiance levels, eyes vary in their degree of retinal
pigmentation, which undoubtedly has an effect on the degree
and extent of damage by infrared radiation. Studies have
shown that the longer wavelength infrared radiation requires
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higher irradiance at the cornea to produce a retinal burn.
This is pertinent since at lower wavelengths, much more
infrared passes through to the retina [10]. Work on rhesus
monkeys in 1979 by Ham et al [11] found that to produce
retinal lesions of 159 µm in size (which is the size of the
sun’s image produced on the retina by sun gazing), radiant
exposures on the retina from two spectral wavebands
(400-800 nm and 700-1400 nm) were required with exposure durations from 1-1000 seconds. The inverse relationship between power and duration was maintained for exposure durations of 10 seconds or longer, with the radiant
exposure (product of power and duration) being 400 Jcm for
the 400- 800 nm waveband. For the 700-1400 nm waveband,
a radiant exposure of 70000 Jcm was required, with duration
of 1000 seconds only, since they were unable to produce a
retinal burn with exposures shorter than 1000 seconds. In
another study in which the heat transport within both the
human and rabbit’s eyes was calculated, the calculated
ocular temperature was rapidly increasing with the exposure
time for the first 2 minutes, then gradually leveled off and
reached the maximum within approximately 5 minutes.
Furthermore, it takes several minutes for the eye to cool
down after the exposure ceases [12, 13].The Security
Equipment Assessment Laboratory on the hazards of IR
when installing surveillance features utilizing IR emitters
found that the minimum safe exposure for IR at 10mW/cm2
was 1000 seconds of continuous exposure before there was a
risk of eye damage [14].
Omega-3 fatty acids (also called ω−3 fatty acids or n−3
fatty acids) are fats commonly found in marine and plant oils.
They are long chain polyunsaturated fatty acids (LCPUFAs)
with a double bond (C=C) starting after the third carbon
atom from the end of the carbon chain. Mammals depend on
dietary intake of n-3 fatty acids through sources such as fish
oil, because mammalian cells lack enzymes necessary to
synthesize the 18-C precursor of n-3 fatty acids and to
convert n-6 to n-3 fatty acids [15] n-3 fatty acids are highly
concentrated in the brain and retina and are believed to be
important in neuronal development and damage repair[16].
Docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA, the precursor to DHA) are two major n-3 fatty acids
and are concentrated in retina and retinal vascular endothelium [17]. Photoreceptors are abundantly enriched in DHA
with amounts up to approximately 50% of photoreceptor rod
outer segment lipids [18]. Vital retinal functions depend on
the existence of an adequate proportion of DHA in retinal
lipids [19]. DHA prevents the apoptosis of photoreceptor
cells that otherwise inevitably occurs during their early
development in vitro [20]. Biophysical and biochemical
properties of DHA may affect photoreceptor membrane
function by altering permeability, fluidity, thickness, and
lipid phase properties. Tissue DHA status affects retinal cell
signaling mechanisms involved in phototransduction. DHA
may operate in signaling cascades to enhance activation of
membrane-bound retinal proteins and may also be involved
in rhodopsin regeneration. Tissue DHA insufficiency is
associated with alterations in retinal function. Omega-3 (ω-3)

(LCPUFAs) exhibit cytoprotective and cytotherapeutic actions contributing to a number of anti-angiogenic and neuroprotective mechanisms within the retina. ω-3 LCPUFAs
may modulate metabolic processes and attenuate effects of
environmental exposures that activate molecules implicated
in pathogenesis of vasoproliferative and neurodegenerative
retinal diseases. These processes and exposures include
ischemia, chronic light exposure, oxidative stress, inflammation, cellular signaling mechanisms, and aging [17].
The present study investigated the effect of irradiation to
IR with different exposure times (5, 10 and 20 minutes) and
the role of omega-3 in altered retinal function as assessed by
SDS polyacrylamide gel electrophoresis and electroretinogram.

2. Materials and Methods
Sixteen healthy New Zealand, albino rabbits of either sex,
weighing 2-2.5kg, were used in this study. Animals were
randomly selected from the animal house facility at the
Research Institute of Ophthalmology, Giza, Egypt. The
experimental protocol was approved by the local ethical
committee that applies ARVO (The Association for Research in Vision and Ophthalmology) statements of using
animals in ophthalmic and vision research. Rabbits were
divided into four groups. One of them served as control, the
other three groups were exposed to IR for 5, 10 and 20 minutes. Animals from these three groups were subdivided into
two subgroups. One of them was decapitated directly after
IR exposure, while the other received omega -3 for 14 days
before exposed to IR.
Omega -3 (Omega 300 Arab Co. of gelatinous, pharmaceutical products, Egypt) used in this study was in the form
of fish-oil, gelatinous capsules, containing 1000 mg fish-oil.
Each capsule was evacuated by syringe carefully and given
to rabbits at a dose of 300 mg/kg once a day by an intra-gastric tube.
2.1. Source
IR was delivered from a General Electric Lamp, model
250R 50/10, placed 20 cm from the rabbit and aimed at each
eye. The lamp was calibrated at the Photometry Department,
National Institute of standards, Giza, Egypt. The wavelengths emitted from the anterior surface of the IR lamp as
provided by General Electric Lighting Division (Cleveland,
OH, USA)[21] were 0.34–0.4 µm (UV light), 0.4–0.76 µm
(visible light), 0.76–3.0 µm (IR-A, IR-B light 83%) and
3.0–7.0 µm (IR-C 10%). The total IR percentage emitted
was 93%. The irradiance of the IR lamp detected at 20 cm
was 0.2 W/cm2.
2.2. Electroretinogram
The animals were dark adapted for 3 hours before the
electrophysiological recording. They were anesthetized
intraperitoneally first with 100 mg/Kg ketamine then 5
mg/kg xylazine. After establishing the anesthesia, animals
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were placed on the pad of an operating table where their
body temperature was maintained at 37 ºC. Each rabbit was
positioned with its head resting to one side and local anesthetizing eye drops were also applied. The electroretinogram
(ERG) was recorded by using three Ag- AgCl electrodes.
The active electrode was a wick electrode placed at the
corneal periphery. The other two electrodes were placed on
the skin of the lower eyelid and on the ear, as reference and
earthed electrodes, respectively. A white flash was used in
this work with fixed intensity (4 lux) and duration (0.2 s).
The resulted electrophysiological signals were pre-amplified
using CEPTU pream. (Bioscience, UK). The pre-amplified
signals were delivered to a computer system attached to a
digital oscilloscope (Velleman Co., Taiwan), to be recorded
and analyzed by the provided software.
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return to normal value. By increasing the time of exposure to
IR for 20 min, there was no significant difference in rabbits
supplemented without or with omega-3, a selective reduction of the b-wave was observed to the extent that the peak of
b-wave failed to reach the baseline and substantially increased noise level.

2.3. Sodium Dodecyl Polyacrylamides –Gel Electrophesis(SDS – PAGE)
After electroretinogram, rabbits from both control and
experimental groups were sacrificed and biopsies of retina
were taken and processed for SDS -PAGE according to
laemmli 1970 [22]. Electrophoresis was carried out with
constant volt at 200 V, using 5% stacking gel and 12% separating gel. The separated proteins on polyacrylamides gel
were stained with coomassie blue R-250. The data were
representing graphically with an automatic scanner (model
R-112, manufactured by Beckman coulter, CA, USA).
2.4. Statistical Analysis
Data were presented as the mean ± SD. To determine the
significant difference between the groups, analysis of variance (ANOVA) procedure was used followed by student’s
t-test, where commercially available statistical software
package, SPSS-11 for windows, was used. The significance
level was set at P < 0.05

3. Results
The flash electroretinogram (ERG) is a valuable tool for
assessing retinal function as shown in figure (1) which illustrated a typical ERG after dark adaptation and is characterized by a prominent positive going b- wave arising in the
inner unclear layer.
Figures (2) and (3) illustrated b-wave amplitude and latency respectively as a function of the time of exposure to IR
without or with supplementation of omega-3. After 5 min
exposure, there was slightly reduction in the amplitude wave
by 8% and the latency increase by -2%. But for animals
supplemented with omega-3, there was no significant difference formed when compared with the control group.
After a 10 min exposure to IR without or with omega-3
supplementation, the marked reduction of b-wave amplitude
by 72% and 60% and latency increase by – 6% and – 4%
respectively. It was clear there was a significant improvement in b-wave in rabbits treated with omega-3 as compared
with untreated but amplitude and latency of b-wave didn't

Figure (4) illustrates the electrophoresis pattern of normal
rabbit’s retina exposed to infrared (IR) radiation for 5 minutes and retina from rabbits supplemented with omega -3
two weeks before exposure to IR. The normal pattern was

52

Mervat Ahmed Ali: Retinal injury induced by infrared radiation and anti-inflammatory role of omega-3

characterized by 8 fractions represent the different proteins
from retina with a molecular weights range of (145-10 KDa).
After exposure to 5 minutes, the intensity of different bands
significantly decreased and the peaks were shifted towards
low molecular weight. After supplementation with omega-3,
the electrophoretic pattern, to some extent, was match the
control.

After exposure to IR for 10 minutes the electrophoretic
pattern was shifted towards lower molecular weight (figure
5), the intensity of peaks decreased and there was diffusion
in the peaks. When the rabbits supplemented with omega-3
before IR exposure, the shift towards low molecular weight
was decreased but the pattern didn't match the control. The
intensity of peaks still was less than control.

When the rabbits exposed to IR for 20 minutes, the electrophoretic pattern dramatically changed with respect to
control as shown in figure (6). All the peaks were diffused
and its intensity significantly decreased. After omega-3
supplementation there was no recovery in the electrophoretic pattern.

4. Discussion
Exposure to IR radiation may cause forms of damage include scotoma, which is a loss of vision in aportion of the

visual field resulting from damage to the retina where radiation is absorbed. Even low level in absorption can cause
symptoms such as simple redness of the eye, but higher level
can lead to swelling, hemorrhaging and lesion [23, 24].
In order to perform another quantitative analysis of photoreceptors response to retinal pigment epithelium and
neurosensory retinal destruction, ERG was registered at
different exposure time. The b-wave amplitude was strongly
temperature dependent [25, 26]. After 5 and 10 minutes of
exposure to IR figure 2 showed ERG disturbances, b-wave
amplitude reduced with increase exposure time and increase
in b-wave latency b-wave reduction would result from
greater defect in signal transmission between photoreceptor
and bipolar cells , temperature can affect the functional
properties of photoreceptors in a variety of way, it may
directly alter the composition and characteristics of the
membranes, the cytoplasm and visual molecules , it may
affect certain features of the cellular metabolism, or it can
exert an effect on the hormonal system of the animal, which
in turn, may influence the adaptation state and thus determine visual sensitivity [27] nevertheless, the complete RPE
disintegration and subsequent acute photoreceptor degeneration observed after 20 minutes exposure. Figures (6) and
(7) resulted in total suppression of scotopic retinal function.
This indicates advanced functional damage to the whole
retinal area.
Evidence by SDS-PAGE , after exposure times ( 5 and 10
minutes ) are given in figures (4) and (5) it is clear that there
were change in the molecular weight , electrophoretic mobility and intensity of different peaks resulting different
retinal proteins fractions , after 20 minutes exposure, figure
(3) showed disappearance of major retinal protein pattern,
there is a lack of expression of protein or expression of new
stressed protein these results attributed to IR radiation may
cause at diverse biological effects of thermal origin [7].
There is a relationship between exposure time and thermal
effect [28-30]. Irreversible thermal damage in the retina
typically occurs only after the ambient temperature in the
retina raised at least 10oC [31]. Depending on the extent of
damage induced by the rise in thermal energy, cells may
undergo apoptosis secondary to lower level thermal damage
(55-58oC), apoptosis and necrosis For more severe levels of
thermal damage (60-68oC). In contrast to apoptosis necrosis
is usually induced by massive physical or chemical injury
moreover it affect groups of cells and is accompanied by
inflammation, and immediate cell death secondary to more
severe thermal exposure (72oC or greater) on cellular and
molecular level, increase in temperature cause denaturation
of proteins, loss of molecular tertiary structure, and fluidization of membranes [32-34]. Infrared rays that are transmitted through the ocular media to the retina are absorbed by
the pigment epithelium (PE) of the retina injury occurs in the
neural layers through indirect heating. The effect of the
infrared on the retina causes enzymes to denature, which
play important roles in the process of energy production of
cells, additionally the protein translation machinery which
may affects on the membrane structure [10]. Heat stress by
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elevation of temperature induce the hsp70 (heat shock protein) in cultured retina and (hsp70) mRNA species in vivo
retina [35-37]. It is expected that the production of such a
stress protein contribute to changing membrane structure.
This structural alteration in the retina and RPE may change
the transport mechanism between them for rhodopsin regeneration resulting in reduction of threshold and the amplitude of ERG parameters [38].
No retinal changes have been shown in ERG record and
electrophoretic pattern after 5 minutes exposure in rabbits
supplemented with n-3 fatty acid. After 10 minutes rabbits
that were given n-3 fatty acid showed a slower progression
of retinal lesions. The results demonstrated an obvious
benefit of long chain n-3 fatty acid intake. The beneficial
effects of n-3 fatty acids in various physiological and pathological situations are well-documented [39]. The n-3
fatty acids act as an energy source as well as an important
unique cell component, especially in cellular membranes.
DHA is particularly rich in retinal photoreceptor outer
segments [39].The highest concentrations in the body for
DHA per unit area are found in the photoreceptor disk
membranes and the overall percentage of DHA can reach 50%
of total retinal fatty acids [40, 41]. The unique fatty acid
composition in retinal photoreceptor outer segment disk
membranes is essential for maintaining a healthy retina.
DHA affects membrane function by altering permeability,
membrane order, thickness, lipid phase properties, and the
activation of membrane-bound proteins [17].The special
structure of DHA, the position of the first unsaturated bond
at the n-3 fatty acids (between ∆-20 and ∆-19) carbon, provides an advantage in efficiency of membrane dynamics
over that observed in an otherwise structurally identical fatty
acid with the first double bond at the n-6 carbon [41]. The
n-3 fatty acids and their derivatives play an extensive role in
numerous biological processes, such as inflammatory cascades, apoptosis, and neuroprotection [17]. These are related
to direct actions on plasma membranes, altered inflammatory response and control of gene expression. We focus on
the role of n-3 fatty acids in inflammation because the role of
inflammation after IR exposure is evident. We focused on
the arachidonic acid metabolism pathway because it interacts with n-3 fatty acids metabolism in various ways such as
plasma membranes [17]. Neuronal membranes are composed of high levels of PUFA, especially DHA and arachidonic acids [39]. Arachidonic acid (C20:4n-6) is the substrate for the synthesis of a range of biologically active
compounds (eicosanoids) including prostaglandins, thromboxanes, and leukotrienes. These compounds can act as
mediators in leukocyte chemotaxis and inflammatory cytokine production. When fish oil (high n-3 fatty acids) is provided, EPA is incorporated into cell membrane phospholipids at the expense of arachidonic acid, leading to less substrate available for eicosanoid synthesis[42], high n-3 fatty
acids decreased the production of inflammatory eicosanoids
(PGE2 and LTB4), which was correlated with amelioration
of retinal lesions. High levels of n-3 fatty acids had lesion
reversion may be via a shunted arachidonic acid metabolism
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that resulted in decreased pro-inflammatory derivatives
(prostaglandin E2 and leukotriene B4) and an increased
anti-inflammatory derivative (prostaglandin D2). No significant difference in the subgroups without or with n-3 fatty
acid supplementation after 20-minutes of exposure. As a
result extreme exposure of the eye, may cause dominate
retinal burns and regenerative capabilities of the retina are
very limited, therefore any retinal damage results in severe
loss of visual acuteness [7].
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