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Abstract 
● AIM: To compare the damage of light-emitting diodes 
(LEDs) with different color rendering indexes (CRIs) to the 
ocular surface and retina of rats. 
● METHODS: Totally 20 Sprague-Dawley (SD) rats were 
randomly divided into four groups: the first group was 
normal control group without any intervention, other three 
groups were exposed by LEDs with low (LED-L), medium 
(LED-M), and high (LED-H) CRI respectively for 12h a 
day, continuously for 4wk. The changes in tear secretion 
(Schirmer I test, SIt), tear film break-up time (BUT), and 
corneal fluorescein sodium staining (CFS) scores were 
compared at different times (1d before experiment, 2 and 
4wk after the experiment). The histopathological changes 
of rat lacrimal gland and retina were observed at 4wk, 
and the expressions of tumor necrosis factor-α (TNF-α) 
and interleukin-6 (IL-6) in lacrimal gland were detected by 
immunofluorescence method. 
● RESULTS: With the increase of light exposed time, 
the CFS value of each light exposed group continued 
to increase, and the BUT and SIt scores continued to 
decrease, which were different from the control group, and 
the differences between the light exposed groups were 
statistically significant. Hematoxylin-eosin (HE) results 
showed that the lacrimal glands of each exposed group 
were seen varying degrees of acinar atrophy, vacuole 

distribution, increasing of eosinophil granules, etc.; the 
retina showed obvious reduction of photoreceptor cell layer 
and changes in retinal thickness; LED-L group has the 
most significant change in all tests. Immunofluorescence 
suggested that the positive expressions of TNF-α and IL-6 in 
the lacrimal glands of each exposed group were higher than 
those of the control group. 
● CONCLUSION: LED exposure for 4wk can cause the 
pathological changes of lacrimal gland and retina of rats, 
and increase the expression of TNF-α and IL-6 in lacrimal 
gland, the degree of damage is negatively correlated with 
the CRI.
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INTRODUCTION  

I n 2015, the International Dry Eye Working Group 
recognized that dry eye disease (DED) is a multifactorial 

ocular surface disease[1]. The loss of tear film homeostasis 
and ocular surface symptoms are its main characteristics, 
insufficient water type is one of the common subtypes of dry 
eye[2]. Studies have shown that inflammation is one of the 
key factors in the pathogenesis of dry eye[3]. Lacrimal gland 
is the main place for secretion of tear fluid. Inflammation of 
the lacrimal gland will seriously affect the composition of 
the tear film and produce DED. A variety of inflammatory 
factors have been confirmed to be involved in the pathology 
of dry eye, among which tumor necrosis factor-α (TNF-α) and 
interleukin-6 (IL-6) play an important role[4]. They are both 
core members of the cytokine network, IL-6 is a cytokine 
that regulates inflammation and an important regulator of B 
cell and T cell functions. In patients with dry eye, multiple 
inflammatory factors increase in the conjunctival epithelium, 
and IL-6 is the most valuable[5].
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The emergence of light-emitting diodes (LEDs) has a 
revolutionary impact on the development of artificial light 
sources. Living for a long time in the LEDs exposure 
environment will cause irreversible phototoxicity to eye[6], 
such as damaging corneal epithelial microvilli and then 
destroying tear film stability, inflammation and degeneration 
of the retina, etc[7]. The color rendering index (CRI) is an index 
comprised between 0 and 100, defining the ability of a light 
source to reproduce the various colors of objects illuminated 
by it when compared to a reference light source[8]. By 
definition, daylight has a CRI of 100. In the lighting industry, 
Ra is used to quantitatively evaluate the CRI of the light[9]. 
It’s reported that a light source with a larger CRI is closer to 
natural light and has better visual comfort[10]. So, since the CRI 
is related to visual comfort, will it affect the occurrence of dry 
eye and the morphological changes of eye? In this study, rats 
were exposed to three LEDs with different CRIs to observe 
dry eye indicators, lacrimal gland and retinal pathological 
changes. The protein expression levels of TNF-α and IL-6 in 
the lacrimal gland were assessed via immunofluorescence. We 
aim to support the practicality and feasibility of this model, 
and to provide a certain degree of experimental basis for 
the optimization of the new LED from the animal experiment 
level.
MaTeRIals aND MeThODs   
Ethical Approval  This experimental conformed to the 
standards of the ARVO Statement for the Use of Animals 
in Ophthalmic and Vision Research. The experiment has 
passed the animal experiment ethics audit of Fujian Medical 
University, and the ethics number is LLSLBH-20210625-002.
Induction of Animal Model Through LEDs  Twenty healthy 
adult male SD rats, weighing 220±20 g, without eye disease 
[Shanghai SLAC Laboratory Animal Center, License key: 
SCXK (Hu) 2017-0005] were randomly divided into 4 groups: 
the normal control group and three LED exposed groups with 
low (LED-L), medium (LED-M), and high (LED-H) CRI 
respectively. Before the experiment, all rats were accustomed 
to dark for 2d, except for the control group, the rats remained 
were housed in a breeding cage installed with an LED tube on 
the top, and the outer periphery of the cage was covered with 
a light-shielding cloth. Three LED tubes with different CRIs 
(CRI=10, 83, 95 Ra, 500±50 lx, Sungoing Optoelectronics 
Technology Co., Ltd., Quanzhou, Fujian Province, China) were 
installed respectively to irradiate 12h every day, continuing for 
4wk, and the remaining 12h was under natural light. During 
the light exposure, the device was kept ventilated, and the 
temperature of the light cage was controlled at about 25°C. All 
rats were fed and drunk freely. The normal control group was 
fed without any intervention under natural light.

Schirmer I Test  Schirmer I test (SIt) was performed at the 
beginning of the experiment, 2 and 4wk after the experiment. 
According to the standard of Fujihara et al[11], a 1×17-mm2 
size filter paper strip (Tianjin Jingming New Technology 
Development Co., Ltd., China) was used to measure the 
amount of tears produced over 2min. The strip was placed in 
the lateral canthus of the eye. The rats were operated to keep 
their eyes closed during the course of the test. After removal, 
the lengths of color change on the trips were measured under 
a microscope and recorded in millimeters. Repeat 3 times for 
each eye and take the average.
Break-up Time  The tear film break-up time (BUT) was measured at 
the beginning of the experiment, 2 and 4wk after the experiment. 
Dip the fluorescein sodium test paper (Tianjin Jingming New 
Technology Development Co., Ltd., China) with 1 drop of 
normal saline, lightly touch the inner side of the lower eyelid of 
the rat and wait for 3min to make the fluorescein sodium evenly 
distributed. BUT was recorded (in seconds) when the first black 
dry spot appears on the cornea under the cobalt blue light of 
a slit-lamp microscope (SL-7, Sun Kingdom, Chongqing, 
China). Repeat 3 times for each eye and take the average.
Corneal Fluorescein Sodium Staining  The staining of 
the cornea was performed to assess the degree of corneal 
damage observed under the cobalt blue light of the slit-lamp 
microscope. Dip the fluorescein sodium test paper with 1 
drop of normal saline, lightly touch the inner side of the lower 
eyelid of the rat and wait for 3min to make the fluorescein 
sodium evenly distributed. With reference to the method of 
Koh et al[12], the scoring standards are as follows: the cornea 
is divided into four quadrants and scored separately, and the 
scores are added to form the final score. A score of 0 suggested 
an absence of fluorescein staining, a score of 1 suggested the 
slight punctate staining was less 30, a score of 2 suggested the 
punctate staining was exceeded 30 but there were no flakes, a 
score of 3 suggested there had severe diffuse staining but no 
plaque, and a score of 4 was given when plaques of fluorescein 
was appeared. Corneas were examined every two weeks 
beginning the first day.
Hematoxylin-Eosin Staining  After the experiment, the rats 
were killed by intraperitoneal injection of 10% chloral hydrate. 
The lacrimal gland and retina were taken out and fixed in 4% 
paraformaldehyde and FAS eyeball fixation solution (G1109-
50ML, Wuhan Servicebio Technology Co., Ltd., Wuhan, 
China) for 72h. The tissues were dehydrated with gradient 
alcohol, transparent xylene, and paraffin embedding. Finally, a 
4-micron thick tissue specimen was obtained using a paraffin 
slicer for hematoxylin-eosin (HE) staining. Observation and 
collection of images was under a 400× optical microscope.
Immunofluorescence Staining  After light exposure, the 
expression of TNF-α and IL-6 in the lacrimal gland were 

Effect of light-emitting diodes on rats
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assessed by immunofluorescence staining. Deparaffinize and 
rehydrate the slices, antigen retrieval, goat serum blocked, anti-
TNF-α antibody and anti-IL-6 antibody (GB11188, GB11117, 
Servicebio) were added dropwise. All sections were incubated 
overnight in a humid box at 4°C, washed with phosphate 
buffer saline (PBS) solution three times the next day and then 
incubated with fluorescent secondary antibody (GB23102, 
Servicebio) in the dark. The 4’,6-diamidino-2-phenylindole 
(DAPI; G1012, Servicebio) counterstained the cell nucleus, 
added autofluorescence quencher after avoiding light at room 
temperature. Representative images were viewed and captured 
using an Ortho-Fluorescent Microscopy (Nikon Eclipse C1; 
Nikon, Japan), and Image J was used to calculate the average 
fluorescence intensity. 
Statistical Analysis  Summary data conforming to the normal 
distribution were report as means±standard error of mean 
(SEM) and P value <0.05 was regarded as the standard for 
statistical significance. Multivariate repeated measurement 
analysis of variance was applied to compare the SIt, BUT, 
and CFS scores among different groups, and then further 
comparison was applied by the Student’s t-test. A one-way 
analysis of variance was used to compare the TNF-α and IL-6 
expression among different groups. All parametric statistical 
analyses were performed on SPSS Statistics 23 (SPSS, Inc., 
An IBM Company, based in Chicago, IL, USA) and GraphPad 
Prism 8.0 (GRAPHPAD Software, Inc., San Diego, CA, USA).
ResUlTs
Schirmer I Test Scores After Light Exposure for 2 and 4wk  
In the Schirmer’s test, no significant difference among the 
four groups was observed before the light exposure. As time 
increases, the Schirmer’s test scores of the LED-L, LED-M, 
and LED-H groups decreased to 6.86±0.48, 8.12±0.48, and 
8.84±0.77 mm respectively after 2wk, while the control group 
was 10.42±0.69 mm, and the differences between the exposed 
group and the control group were statistically significant 
(P<0.05). Compared with the LED-L group, the LED-M group 
and the LED-H group had more tear secretion which made the 
differences statistically significant (P<0.05). After 4wk, the SIt 

scores of the LED-L group (4.34±0.82 mm) were statistically 
lower than that of the LED-H group (8.92±0.56 mm) 
and LED-M group (7.20±0.78 mm, P<0.05). Meanwhile, the 
difference between the LED-M group and the LED-H group 
was statistically significant (P<0.05). With the increase of 
LEDs exposed time, the tear secretion of the LED-L group and 
the LED-M group decreased markedly (Table 1, Figure 1A).
Tear Break-up Time After Light Exposure for 2 and 4wk  
The BUT of the LED-L group (11.60±0.46s) and the LED-M 
group (12.88±0.31s) were shorter than that of the control group 
(14.08±0.28s) after 2wk (P<0.05), and the difference between 
these two groups were statistically significant (P<0.05); But 
there was no statistically significant difference between LED-H 
group and the control group. After 4wk, the BUT of the all 
light exposed groups were shortened again, the BUT of the 
LED-L, LED-M, and LED-H groups decreased to 6.82±0.34s, 
9.60±0.77s and 12.74±1.07s, which showed the statistical 
significance of the differences compared with the control 
group (14.44±0.73s, P<0.05). At the same time, there were 
statistically significant differences between LED-M, LED-H, 
and the LED-L groups (Table 2, Figure 1B).

Table 1 The result of SIt in each group                   mean±SEM, mm                                                                  

Group Initial value 2wk 4wk
Control group 10.24±0.65 10.42±0.69 11.02±0.89
LED-L group 10.12±0.95 6.86±0.48a 4.34±0.82a

LED-M group 10.00±0.80 8.12±0.48a,b 7.20±0.78a,b

LED-H group 10.16±0.77 8.84±0.77a,b 8.92±0.56a,b,c

aCompared with the control group, P<0.05; bCompared with the 
LED-L group, P<0.05; cCompared with the LED-M group, P<0.05.

Figure 1 The comparison of the SIt, BUT, corneal fluorescein sodium staining of each group at different time  A: SIt score; B: Tear 
break-up time; C: Corneal fluorescein sodium staining. aCompared with the control group, P<0.05; bCompared with the LED-L group, P<0.05; 
cCompared with the LED-M group, P<0.05. SIt: Schirmer I test; BUT: Break-up time.

Table 2 Tear break-up time in each group                  mean±SEM, s

Group Initial value 2wk 4wk
Control group 14.28±0.55 14.08±0.28 14.44±0.73
LED-L group 14.86±0.71 11.60±0.46a 6.82±0.34a

LED-M group 14.86±0.78 12.88±0.31a,b 9.60±0.77a,b

LED-H group 14.40±0.73 13.72±0.86b 12.74±1.0a,b,c

aCompared with the control group, P<0.05; bCompared with the 
LED-L group, P<0.05; cCompared with the LED-M group, P<0.05.
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Corneal Fluorescein Sodium Staining  The corneal 
fluorescein sodium staining (CFS) scores were illustrated in 
Table 3 and Figure 1. The corneal epitheliums of the control 
group were smooth which were stained only in punctate 
form after fluorescein sodium staining. Whereas the corneal 
epitheliums of the LED-M group and the LED-H group were 
rough and the number of spot stains increased after 2wk, the 
corneal spot stains of the LED-L group increased significantly 
and flaky staining appeared meanwhile. After 4wk of LEDs 
exposure, severe fluorescein plaques appeared in the cornea of 
the LED-L group and the LED-M group (Figure 2). Compared 
with the control group (0.20±0.45 points), the differences of 
the CFS scores in the LED-L group (3.20±0.45 points) and the 
LED-M group (2.60±0.55 points) were statistically significant 
(P<0.05) after 2wk. There was no significant difference 
between the control group and the LED-H group, while there 
was significant difference between the three LED exposed 
groups (P<0.05). After 4wk, the corneal scores of the LED-L 
group (3.80±0.45 points) and LED-M group (3.40±0.55 points) 
had no statistical difference, while statistically higher than the 
control group and the LED-H group (P<0.05; Table 3, Figure 1C).
Histopathology of Lacrimal Gland  The normal lacrimal 
glands in the control group showed round, oval or irregular 
acinus with complete structure and uniform cytoplasm, 
which were tightly arranged. The cytoplasm of acinar cells 
were basophilic, the nucleus were round and varying in size. 
The cells were stained deeply which could visibly see the 
chromatin aggregation in the nucleolus. The lobules of the 
lacrimal gland in the LED-L group shrank and merged with 

the loose arrangement; the gland cavities were expanded and 
had vacuoles; the intracellular eosinophil granules increased 
significantly; the acinar cells had sparse distribution and 
different morphology. In the LED-M group, the lobules of the 
lacrimal gland were atrophied, the gland cavity were expanded 
and there were a large number of vacuoles, the intracellular 
eosinophilic granules increased, the irregular nucleoli were 
scattered meanwhile. Compared with other groups, the 
lobules of the lacrimal gland in the LED-H group were neatly 
structured, tightly arranged, and the structure was complete; 
the cytoplasm were uniform, the cytoplasmic eosinophilia was 
slightly increased; the nuclei of acinar cells were in different 
sizes, and the chromatins within the nucleolus were clearly 
aggregated (Figure 3).
Histopathology of Retina  The morphology of the retina of 
the rats was showed in Figure 4. There were complete overall 
structure in all groups, but each characteristics were explained 
below. In the control group, the retina layers were distinct and 
tight, and the thickness of the retina was about 174.0±7.601 μm. A 
clear inner limiting membrane (ILM) can be seen; the nerve 

Table 3 Fluorescent staining score in each group           mean±SEM

Group Initial value 2wk 4wk
Control group 0.00±0.00 0.20±0.45 0.80±0.45
LED-L group 0.00±0.00 3.20±0.45a 3.80±0.45a

LED-M group 0.00±0.00 2.60±0.55a 3.40±0.55a

LED-H group 0.00±0.00 0.60±0.55b,c 1.80±0.45a,b,c

aCompared with the control group, P<0.05; bCompared with the 
LED-L group, P<0.05; cCompared with the LED-M group, P<0.05.

Figure 2 Corneal fluorescein sodium staining diagram at different times in each group (×25).

Effect of light-emitting diodes on rats
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fibers in the nerve fiber layer (NFL) were arranged well; the 
nuclei in the ganglion cell layer (GCL) were mostly oval and 
dense; the inner plexiform layer (IPL) had intact structure; the 
inner nuclear layer (INL) nuclei were arranged neatly , mostly 
round and evenly stained; the outer plexiform layer (OPL) had 
a clear and complete structure; the outer nuclear layer (ONL) 
nuclei were tightly arranged, oval, darkly stained and about 
9-10 layers; the external limiting membrane (ELM) was clear 
and complete; the cells of the photoreceptor layer of rod and 
cone were tightly arranged; the retinal pigment epithelium 
(RPE) was normal in shape, arranged in a short cubic 

monolayer, and the cytoplasm contained pigment; the blood 
vessels in the choroid which contained pigment cells were clearly 
visible, and the boundaries of them could be seen obviously. 
The LED-L group had the thinnest thickness of about 
116.2±11.72 μm, which had a statistical difference compared 
with the control group (P<0.05). The NFL has sparse and 
disordered arrangement of nerve fibers; the number of ganglion 
cells were decreased, and the nuclei were small and round; 
the number of cell-layers of INL was significantly decreased 
and the distribution of cells were sparse; the OPL was thin and 
partially disappeared; the number of ONL cells was only 1-2, 

Figure 3 Morphological comparison of lacrimal gland pathological sections of rats in each group (×400)  A: Control group; B: LED-L 
group; C: LED-M group; D: LED-H group.

Figure 4 Morphological comparison of retinal pathological sections of rats of each group (×400)  A: Normal control group; B: LED-L 
group; C: LED-M group; D: LED-H group. ILM: Inner limiting membrane; NFL: Nerve fiber layer; GCL: Ganglion cell layer; IPL: Inner 
plexiform layer; INL: Inner nuclear layer; OPL: Outer plexiform layer; ONL: Outer nuclear layer; ELM: External limiting membrane; RPE: 
Retinal pigment epithelium.
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and the cells were scattered; the photoreceptor layer of rod and 
cone was seriously thinned, and the thickness was consistent 
with RPE’s; the choroidal blood vessel density was increased. 
In the LED-M group, the thickness of the retina was about 
128.8±7.65 μm which was significantly lower than the control 
group (P<0.05) but higher than the LED-L group (P<0.05). 
Some of the nerve fibers in the NFL had disappeared; some 
cells in the GCL became uneven staining; the INL, which 
thickness was increased, had abnormal cells protruding into the 
IPL, uneven nucleoplasm staining, chromatin edge clustering, 
and sparse distribution of cells; the OPL had a reduced 
thickness and was discontinuous; the ONL had about 3-4 
layers of cells with loose distribution; the ELM was uneven; 
the cells of photoreceptor layer of rod and cone were sparsely 
distributed, the thickness of this layer increased slightly 
and obvious with the sparse arrangement; the choroid was 
obviously thickened with dense blood vessels. 
The LED-H group, with a thickness of about 131.0±4.758 μm, 
was similar to that of the LED-M group and was significantly 
lower than the control group (P<0.05) but higher than the 
LED-L group (P<0.05). While it was more regular and more 
flat when compared to the LED-M group; the ONL had about 
3-4 layers of cells, and the cells were polygonal, sparsely 
distributed; the photoreceptor layer of rod and cone was tightly 
arranged; the choroid thickness was close to that of the LED-M 
group, which had abundant blood vessels. The comparison of 
the retinal thickness is showed in Figure 5.
Expression of TNF-α and IL-6 in Lacrimal Gland  The 
result showed that the TNF-α was mainly stained in the 
cell nucleus. Compared with the control group, the average 
fluorescence intensity of lacrimal TNF-α in each exposure 
group had statistically significant differences (P<0.05). 
Pairwise comparison showed that the average fluorescence 
intensity of TNF-α in the LED-L group (10.49±2.73) was 
significantly higher than that of the LED-M group (5.94±2.10) 
and the LED-H group (4.13±1.37). Meanwhile, the IL-6 was 
mainly stained in the cytoplasm. The average fluorescence 
intensity of IL-6 in LED-L group (24.02±5.52) and LED-M 
group (18.09±5.20) was significantly higher than the control 
group’s (2.10±0.97; P<0.05). Compared with the light exposed 
groups, the fluorescence intensity of IL-6 in the LED-H group 
(3.84±1.80) was significantly lower than that in the LED-L 
group and LED-M group (P<0.05; Figure 6).
DIsCUssION
The incidence of dry eye has been increasing recently, but its 
pathogenesis is numerous and still unclear[13]. The tear film is 
divided into a mucin layer, an aqueous layer and a lipid layer. 
And dry eye syndrome is associated with a decrease in tear 
aqueous production and an abnormality of the lipid, protein, 
and mucin profiles. Among them, the abnormal decrease in 

tear aqueous is closely related to dry eye which is secreted 
by the main lacrimal glands. Studies have shown[14] that IL-6 
and TNF-α are expressed in the ocular surface tissues of rats 
with exorbital lacrimal gland-excision, indicating the IL-6 and 
TNF-α play an important role in the pathogenesis of the dry 
eye.
It’s widely known that the most harmful component of visible 
light is the blue wavelength (400-500 nm) that can potentially 
harm eye tissues[15-16], especially the retina[17], which can cause 
inflammation, angiogenesis and so on[18]. Vicente-Tejedor 
et al[19] removed the blue component of light and found it 
significantly decreased retinal damage after high intensity 
exposure. Although the accumulating experimental evidence 
has showed that exposure to blue light can affect many 
physiologic functions[20], and it can be used to treat circadian 
and sleep dysfunctions[21-22]. But too strong blue light will 
cause the inhibition of melatonin and affect sleep[23]. While 
the impact of LEDs on the lacrimal gland is rarely studied. 
The international standard CIE218:2016 made the Research 
Roadmap for Healthful Interior Lighting Applications Toggle 
navigation that recommended the “healthy lighting” indicator 
in which mentioned the CRI[24]. The spectrum emitted by the 
light determines the light color of the light, and a light with a 
wider spectral composition is more likely to provide a better 
color quality[9]. The current “Hygienic standard for day lighting 
and artificial lighting for middle and elementary school” 
issued by the Ministry of Health of the People’s Republic of 
China[25] pointed out that the CRI of the classroom lighting 
source should not be less than 80, especially in professional 
classrooms such as art, chemistry, and handicrafts, which 
affects the correct identification of the color of the object 
prevents the object from displaying its color truly, will cause 
vision problems such as color blindness and color weakness 
over time. The white LEDs mainly use blue chip (450-455 nm) 

Figure 5 The comparison of the retinal thickness of each group  
aCompared with the control group, P<0.05; bCompared with the 
LED-L group, P<0.05.  

Effect of light-emitting diodes on rats
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and yellow phosphor to generate white light in common[26-28]. 
This method will directly lead to the phenomenon of low CRI 
and uneven color space distribution, even arise the blue light 
hazards due to the blue light dominance[29]. Therefore, we have 
reason to say that the higher the CRI and the closer to natural 
light, the better the light color quality may be.
We used three kinds of LEDs with three CRIs from low to 
high to build a new rat dry eye model. It is observed that the 
lacrimal gland and retina showed three different degrees of 
damage after these three kinds of LEDs exposing for 4wk. The 
immunofluorescence of the inflammatory factor TNF-α and 
IL-6 in the lacrimal gland showed that with the decrease of 
CRI, the expression of inflammatory factors increased. The SIt 
value is the easiest way to reflect the condition of tear aqueous. 

It’s can be seen that the SIt value of rats in all light exposed 
groups decreased compared with the control group after 2wk, 
and it was further reduced until the end of the experiment 
among which the low CRI (LED-L) group decreased most 
significantly. These results may suggest that the lacrimal gland 
exposed to LEDs has undergone morphological changes and 
inflammation, then affected the normal function of the lacrimal 
gland, so the aqueous layer was damaged that leaded to a 
decrease in the SIt.
In this study, a spectrometer (OHSP-350UV, HOPOO 
Light&Color technology Co., Ltd., Hangzhou, China) was 
used to measure the spectrum of LEDs (Figure 7). The LED 
with a CRI of 10 is a pure blue tube, and this spectrum is in 
the blue wavelength (400-500 nm). The LED with a CRI of 83 

Figure 6 Immunofluorescence comparison of TNF-α and IL-6 in lacrimal gland tissue of each group (×400)  aCompared with the control 
group, P<0.05; bCompared with the LED-L group, P<0.05; cCompared with the LED-M group, P<0.05.

Figure 7 Spectral distribution map of each group.
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has a strong spectral continuity covering the red wavelength 
(400-700 nm), while its energy is not uniform, of which the 
energy of the blue wavelength is still the highest. The LED 
with a CRI of 95 not only has a strong spectral continuity, but 
a completeness performance that is close to the natural light 
spectrum. At the same time, it reduces the blue peak value 
and increases the peak value of green wavelength and red 
wavelength (500-700 nm), and it has the high saturation and 
uniformity of various colors closing to the full-spectrum LED.
Color rendering is one of the comprehensive effects of the 
spectrum, especially it has a great relationship with the 
proportion of the three wavelengths of red, green and blue[30]. 
LEDs that have a spectrum closing to the natural spectrum can 
better replace the ordinary LEDs, which can restore colors, 
improve visual comfort, and control the peak of blue light 
and reduce the blue light damage to the eye importantly[31]. 
Therefore, the differences of blue light component in these 
three LEDs spectra may have caused the different levels of 
inflammatory factors and abnormal morphology of lacrimal 
glands between the groups, which affected the tears aqueous 
and caused dry eyes in rats. 
All of the exposed groups appeared decrease in retinal thickness, 
the closer the spectrum is to the full spectrum, the smaller 
the change in retinal thickness; the higher the blue light 
component, the more severe the damage to the photoreceptor 
cell layer. The thickening of the photoreceptor layer of rod 
and cone in the LED-M group may be a compensatory result 
of metabolic disorders after this layer being damaged. At the 
same time, all light exposed groups have increased choroidal 
thickness and blood vessel density, which may be related to 
the increase in retinal vascular permeability and compensation 
after light damage to the blood-retinal barrier, and it remains to 
be explored later. 
The comprehensive effect of the spectrum is affected by a 
variety of factors, including the color rendering, illuminance, 
irradiance, correlated color temperature, visible light wavelength 
and spectral luminous efficiency, etc[32]. Therefore, while 
considering the safety and effectiveness of the light source, it 
must be considered comprehensively to carry out the optimization 
of different lighting places. The research in this article not 
only provides the light selectivity for building the rat dry eye 
model, but also a certain degree of experimental basis for the 
optimization of new LEDs and the improvement of lighting 
standards from the animal experiment level, explains the importance 
of CRI of LEDs at the level of eye tissue rather than visual.
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