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Abstract. – OBJECTIVE: To observe whether 
edaravone has a therapeutic and protective ef-
fect on retinal injury in diabetic rats through the 
nuclear factor-κB (NF-κB) pathway. 

MATERIALS AND METHODS: The 
Sprague-Dawley rat model of diabetes was es-
tablished and divided into diabetes model group 
(model group) and edaravone treatment group 
(treatment group). Also, normal control group 
(control group) was set up. After successful 
modeling, the blood and retinal tissues of rats 
were collected. Then, the blood glucose con-
tent and serum interleukin-6 (IL-6) were detect-
ed. Antioxidant indexes, superoxide dismutase 
(SOD), and malondialdehyde (MDA), were de-
tected via enzyme-linked immunosorbent assay 
(ELISA), while the number of corneal nerve fi-
bers was observed microscopically. Moreover, 
the gene and protein expressions of SOD and 
NF-κB pathway in tissues were detected via 
quantitative Reverse Transcription-Polymerase 
Chain Reaction (qRT-PCR) and Western blotting. 

RESULTS: The level of blood glucose in mod-
el group was increased compared with that in 
control group (p<0.05), indicating the success-
ful modeling. The levels of tumor necrosis fac-
tor-α (TNF-α), IL-6, and IL-1 were significant-
ly higher in model group than those in control 
group. In terms of the antioxidant indexes, the 
level of MDA in model group was significantly 
higher than that in other two groups, while the 
level of SOD in treatment group was significant-
ly increased and close to that in control group. 
Besides, the number of corneal nerve fibers sig-
nificantly declined in model group, while it was 
increased in treatment group but still lower than 
that in control group. According to the gene de-
tection results, the mRNA expression of NF-κB 
p65 was markedly higher in model group than 
that in control group, and it was decreased in 
treatment group, while the mRNA expression of 
SOD showed the opposite trend. The protein ex-
pression of NF-κB p65 was remarkably higher 
in model group than in control group, was de-
creased in treatment group, and was close to 
that in control group, while the protein expres-
sion of SOD showed the opposite trend. 

CONCLUSIONS: Edaravone can affect the ox-
idation and antioxidation through the NF-κB sig-
naling pathway, thereby exerting a therapeutic 
and protective effect on retinal injury in diabet-
ic rats.
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Introduction

Diabetes is a lifelong progressive disease 
caused by the inability to produce insulin or ful-
ly use insulin in the body, which is characterized 
by a high glucose concentration in the blood. Di-
abetes can be controlled but will not disappear, 
and it has become one of the diseases with a high 
mortality rate in the world, threatening eyesight 
and leading to cataract in earlier diabetic patients. 
In many developed countries, diabetes is a major 
cause of non-invasive amputation, blindness, vi-
sual impairment, and end-stage renal disease in 
adults, and the risk of glaucoma in diabetic pa-
tients is almost twice that in non-diabetic ones1. 
Diabetic retinopathy (DR) is a retinal disease and 
it is estimated by researchers that the number of 
DR cases will increase to about 200 million in 10 
years2. The adverse outcome of DR is represented 
by the irreversible changes caused by hyperglyce-
mia in the metabolic and biochemical pathways, 
and it is the main cause of acquired blindness in 
adults, in which the retinal microvascular injury, 
vascular swelling, and exudation occur. If there 
is no prevention, new blood vessels will begin to 
grow, eventually leading to retinal detachment3. 
Moreover, DR is a persistent disease and develops 
in stages, and age plays an important role in dia-
betic vascular injury. Retinopathy is rarely detect-
ed in the first few years after the onset of diabetes; 
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however, its morbidity rate increases to 50% 10 
years after the onset of diabetes and to 90% 25 
years after the onset. The morbidity rate of DR 
increases with the prolonged survival time of di-
abetic patients. The sustained high concentration 
of circulating glucose, through the acute and/or 
repeated cumulative long-term changes, can dam-
age the retina in DR, leading to oxidative stress 
and inflammation, and reducing the integrity of 
the vascular wall4-6. Inflammation occurs in reti-
nal vascular endothelial cells with the age, which 
is considered as a key driver of pathophysiology 
in DR. Increasing the expression of pro-inflam-
matory cytokines, such as tumor necrosis factor-α 
(TNF-α), can further promote the occurrence of 
retinopathy in diabetic rats7,8.

Nuclear factor-κB (NF-κB) is a widely-distrib-
uted transcription factor that can control many 
biological processes, such as inflammation and 
apoptosis9,10. NF-κB p65 is the most common in 
cells11 and p65 plays a key role in TNF-α-induced 
apoptosis. Studies12 have demonstrated that it can 
significantly inhibit TNF-α and protect the body 
from toxic damage caused by TNF-α. There-
fore, the regulatory mechanisms associated with 
NF-κB activation include nuclear localization, 
signal output, phosphorylation, and proteolytic 
processing. The disorder of NF-κB signal trans-
duction mechanism is a potential cause of a va-
riety of diseases13,14. Therefore, it is important to 
understand the correlation between NF-κB and 
various downstream signaling molecules. As a 
switch or sensor, NF-κB produces an inflamma-
tory response and activates inflammatory genes 
upon various stimuli. Many factors can activate 
the nuclear transcription factors, such as NF-κB15. 
Therefore, the dysregulation of NF-κB becomes a 
pathogenic driver16.

The pathogenesis of DR is affected by many 
factors. Therefore, the pathological state of pa-
tients cannot be effectively improved by most 
treatment means currently, resulting in poor prog-
nosis. Edaravone can effectively treat DR, but its 
specific molecular mechanism has not been fully 
clarified. There are few works on the regulatory 
effect of edaravone on NF-κB and its effect on 
DR. This is the key for the effective treatment to 
deeply analyze the molecular mechanism of its 
pathogenesis and search for new therapeutic tar-
gets and means. In the present report, it is spec-
ulated that edaravone can affect DR through the 
NF-κB signaling pathway. The classical diabetic 
animal model was established, the biochemical 
indexes were detected, and the changes in NF-

κB pathway gene and protein were detected via 
quantitative Reverse Transcription-Polymerase 
Chain Reaction (qRT-PCR) and Western blotting 
to reveal the therapeutic effect of edaravone on 
DR rats, and provide an experimental basis for the 
development of new drugs in the future.

Materials and Methods

Animal Grouping and Modeling
Male Sprague-Dawley (SD) rats were divided 

into diabetic model group (model group, n=10) 
and edaravone treatment group (treatment group, 
n=10). Also, normal control group (control group, 
n=10) was set up. The rat model of diabetes was 
established via intraperitoneal injection of Strep-
tozotocin (STZ). The research was approved by 
the Laboratory Animal Ethics Committee of our 
hospital. All animal operations were performed 
in accordance with the relevant regulations of 
the NIH Laboratory Animal Guide. Blood was 
drawn from the eyeballs and centrifuged, and the 
serum was collected and stored at –80°C to de-
tect the biochemical indexes. Then, the rats were 
anesthetized with pentobarbital sodium, and an 
appropriate number of retinal tissues was taken 
carefully and divided into two pieces, one used 
for enzyme-linked immunosorbent assay (ELI-
SA) and one stored at –80°C to detect the gene 
and protein expressions.

Detection of Blood Glucose Level
To observe whether the diabetes model was 

successfully established, the caudal venous blood 
was drawn and centrifuged after modeling, while 
the serum was collected to detect the blood glu-
cose level. The raw data were recorded and ana-
lyzed.

Detection of TNF-α, IL-1, and IL-6 
Levels Via ELISA

The serum stored in a refrigerator was taken 
out in advance and thawed to detect the levels of 
TNF-α, IL-1, and IL-6. Finally, the absorbance in 
each group was detected using a microplate read-
er, and the standard curve was plotted, based on 
which the changes in levels were analyzed.

Detection of Levels of Antioxidant 
Indexes SOD and MDA in 
Retinal Tissues Via ELISA

After 150 mg of tissues stored in the refriger-
ator at –80°C were taken, quickly ground in the 
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mortar, the lysis buffer and the mixture were cen-
trifuged to separate the supernatant. Next, the 
levels of SOD and MDA in tissues were detected. 
Finally, the absorbance in each group was detect-
ed using the microplate reader and the standard 
curve was plotted according to the instructions, 
based on which the changes in levels were ana-
lyzed.

Microscopic Observation of Number of 
Corneal Nerve Fibers

The tissues were washed with running water 
for 24 h, dehydrated with gradient alcohol, rou-
tinely prepared into sections, and observed un-
der a microscope. Under the high-power field, 
the number of nerve fibers was counted using the 
ocular micrometer at the very center of the field 
twice, and the average was taken.

QRT-PCR
An appropriate number of retinal tissues cryo-

preserved in the ultra-low temperature refriger-
ator were taken and added into liquid nitrogen, 
followed by homogenization under low tem-
perature at 2000 rpm for 30 s. The total RNA 
was extracted from tissues, the RNA purity and 
concentration were detected qualified. Then, the 
primer sequences of target genes and internal 
reference glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) were designed according to the 
sequences in the GenBank (Table I), while the ex-
pression levels of target genes were detected via 
qRT-PCR. The relative expression levels of the 
related genes in tissues in each group were calcu-
lated using the 2-ΔΔCt method.

Detection of Related Pathway 
Proteins in Tissues

After 200 mg of tissues were placed into 10 
mL Eppendorf (EP) tube, they were placed on ice, 
added with lysis buffer proportionally prepared, 

and incubated in the refrigerator. Therefore, the 
tissues were fully lysed to release the tissue pro-
tein. Then, the mixture was centrifuged and the 
supernatant was collected. The protein concentra-
tion was determined according to the instructions 
of the bicinchoninic acid (BCA) kit (Pierce, Rock-
ford, IL, USA). The protein was loaded, subjected 
to electrophoresis, transferred onto a membrane, 
and incubated with the primary antibody and sec-
ondary antibody, followed by Western blotting. 
Finally, the image was developed using the gel 
imaging system.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM Corp. Released 2011, 
IBM SPSS Statistics for Windows, Armonk, NY, 
USA) was used for the processing of raw experi-
mental data, and multiple comparisons were per-
formed for raw data. The experimental results 
obtained were expressed as mean ± standard 
deviation (x– ± s), and p<0.05 suggested the sta-
tistically significant difference. GraphPad Prism 
7.0 (La Jolla, CA, USA) was used to plot the bar 
graph.

Results

Blood Glucose Level
To observe whether the diabetes model was 

successfully established, the blood glucose level 
was measured using a full-automatic biochemical 
analyzer. As shown in Figure 1, the blood glucose 
level in model group was significantly higher than 

Table I. PCR primer sequences.

 Target gene Primer sequences (5’-3’)

GAPDH GACATGCCGCCTGGAGAAAC
 AGCCCAGGATGCCCTTTAGT
SOD TTCAATAAGGAGCAGGGAC
TNF-α CTGCCGGACTACCTGGACTAT 
 CCTCACTTCCCTACATCCCTAA
GFAP TTGCAGTCCTTGACCTGCG
 GTAGGTGGCGATCTCGATG
NF-κB p65 ATACGTCGGCCGTGTCTAT
 GGAACTGTGATCCGTGTAGG

Figure 1. Blood glucose level in model group is significantly 
higher than that in the other two groups (p<0.05). *p<0.05, 
#p<0.05.
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that in the other two groups (p<0.05), indicating 
that the diabetes model was successfully estab-
lished and could be used for subsequent investi-
gations.

Serum TNF-α, IL-1, and IL-6 Levels
As shown in Table II, the levels of serum 

TNF-α, IL-1, and IL-6 were increased in model 
group (p<0.05), while they declined in treatment 
group (p<0.05).

SOD and MDA Content 
DR is closely related to oxidation and antioxi-

dation. As shown in Table III, MDA content was 
increased in model group (p<0.05) and decreased 
in treatment group (p<0.05). SOD content showed 
the opposite trend (p<0.05).

Number of Corneal Nerve Fibers 
Observed Microscopically

The number of corneal nerve fibers and the 
density of nerve plexus declined significantly 
in model group (p<0.05), while the number of 
corneal nerve fibers was increased in treatment 
group (p<0.05) but still smaller than that in con-
trol group (Figure 2).

QRT-PCR Results
SOD content was remarkably decreased in 

model group (p<0.05) and increased in treatment 
group (p<0.05). The content of TNF-α, GFAP, 
and NF-κB p65 was remarkably increased in 
model group (p<0.05) and remarkably decreased 
in treatment group (p<0.05) (Figure 3).

Related Proteins in Tissues
As shown in Figure 4, the protein expression 

of SOD was significantly decreased in model 
group (p<0.05) and increased in treatment group 
(p<0.05), while the protein expression of NF-κB 
p65 was increased significantly in model group 
(p<0.05) and significantly declined in treatment 
group (p<0.05).

Discussion 

DR is one of the major causes of blindness in 
the world. Reports17 have demonstrated that al-

Note: The levels of inflammatory factors TNF-α, IL-1 and IL-6 are increased in model group (p < 0.05), while they decline in 
treatment group (p < 0.05). ap < 0.05, bp <0.05.

Table II. Serum TNF-α, IL-1, and IL-6 levels.

 Group  IL-1 (mg/L) TNF-α (fmol/mL) IL-6 (mg/L)

Control group 25.35 ± 5.67 15.34 ± 3.25 14.29 ± 5.58
Model group 89.64 ± 7.25a 35.52 ± 5.24a 80.35 ± 7.45a

Treatment group 29.78 ± 3.86b 18.29 ± 5.54b 30.12 ± 6.29b

Note: MDA content is increased in model group (p < 0.05) and decreased in treatment group (p < 0.05). SOD content shows the 
opposite trend (p < 0.05). ap < 0.05 vs. control group, bp < 0.05 vs. model group.

Table III. SOD and MDA content.

 Group  MDA (mmol/g) SOD (μ/mg)

Control group 2.0 ± 0.38 30.34 ± 0.85
Model group 7.1 ± 0.55a 14.52 ± .79a

Treatment group 4.78 ± 0.36b 24.29 ± 1.32b

Figure 2. Number of corneal nerve fibers. The number of 
corneal nerve fibers and the density of nerve plexus decline 
markedly in model group (p<0.05), while the number 
of corneal nerve fibers is increased in treatment group 
(p<0.05) but still smaller than that in control group. *p<0.05 
vs. control group, #p<0.05 vs. model group.
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most all diabetic patients have DR at some time 
point, and the number of DR patients aged 65 
years old and above increases more significant-
ly in the United States. Although there are many 
mechanisms hypothesized to be involved in DR, 
its pathogenesis remains unclear18. A considerable 
amount of evidence indicates that the inflamma-
tory response characterized by chronic low-lev-
el inflammation and immune disorder plays an 
important role in the pathogenesis of DR19. In 
addition, inflammation plays an important and 
complex role in DR-induced oxidative stress and 

NF-κB activation20. NF-κB, a transcription fac-
tor, promotes the production of TNF-α and the 
expression of inflammatory cytokines. The bind-
ing affinity of NF-κB DNA is increased in retinal 
cells of diabetic animals cultured in high glucose, 
exerting a pro-inflammatory effect21. It has been 
found that the level of TNF-α is significantly in-
creased in DR patients22, and the increased level 
of TNF-α facilitates the occurrence of retinopathy 
in turn23. In the present study, the rat model of 
DR established the pathogenesis of DR and found 
its potential therapeutic methods. This model is 

Figure 3. QRT-PCR results. The SOD content is remarkably decreased in model group (p<0.05) and increased in treatment 
group (p<0.05). The content of TNF-α, GFAP and NF-κB p65 shows the opposite trend. *p<0.05, #p<0.05.

Figure 4. QRT-PCR results. The protein expression of SOD is significantly decreased in model group (p<0.05) and increased 
in treatment group (p<0.05). The protein expression of NF-κB p65 shows the opposite trend (p<0.05). *p<0.05, #p<0.05.
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the most similar to the clinical pathophysiological 
process of DR. The blood glucose level in model 
group was significantly higher than that in control 
group, suggesting that the rat model of DR was 
established successfully and could be used for 
subsequent experiments.

Studies have revealed that inflammation plays 
an indispensable role in the occurrence and de-
velopment of DR. With the increase of inflam-
matory cells, the clinicopathological changes of 
DR are aggravated24. In the present work, the 
levels of IL-6, IL-1, and TNF-α were increased 
in model group, suggesting that the increased 
levels of IL-6 and TNF-α further promote the 
development of DR and further aggravate the 
inflammatory response. After treatment with 
edaravone, their levels declined, and the disease 
was improved, indicating that edaravone has 
an excellent therapeutic effect on DR. TNF-α 
takes up an indispensable position in the devel-
opment of inflammation in DR rats. Also, IL-6 
can stimulate the excessive production of other 
inflammatory mediators25,26. The results in this 
paper were consistent with those in the previous 
studies, demonstrating that edaravone can inhib-
it excess inflammatory cytokines, prevent irre-
versible damage to cells caused by the excessive 
production, stimulate various anti-inflammatory 
substances, and resist inflammatory injury. The 
role of oxidative stress in DR has attracted much 
attention. For example, SOD widely exists and 
prevents abnormalities in diabetic nerve conduc-
tion27, MDA can counteract the effect of SOD 
and has cytotoxicity28, while abnormally-ex-
pressed GFAP in tissues can indicate the neuronal 
degeneration29. Edaravone reduces the concentra-
tion of oxygen free radicals and suppresses the 
delayed neuronal death30. In the present research, 
it was found that MDA content was markedly 
higher in model group than that in the other two 
groups, while SOD content showed the opposite 
trend, suggesting that the disease is improved 
after treatment with edaravone, which was con-
sistent with the research results of Izuta et al27. 
In addition, the number of corneal nerve fibers in 
model group was significantly reduced, while it 
was increased in treatment group but still smaller 
than that in control group. Such changes have also 
been found in the study of Schultz et al31.

Studies32 have shown that the release of IL-6 
can activate the downstream NF-κB pathway and 
edaravone can control DR, and effectively pre-
vent its further deterioration through intervention 
in the NF-κB pathway. Therefore, the effects of 

edaravone on the expressions of SOD and NF-κB 
in retinal tissues of DR rats were further observed 
in this report. Results manifested that the mRNA 
level of NF-κB p65 declined, while that of SOD 
was increased in treatment group. To determine 
whether the protein expression had the same trend 
as mRNA expression, the changes in proteins 
were further observed. It was found that the pro-
tein expression of NF-κB p65 declined, while that 
of SOD was increased in treatment group, con-
sistent with the results of gene expression. The 
above findings suggest that edaravone inhibits the 
NF-κB pathway and excessive production of in-
flammatory factors to prevent their further impact 
on the retina of DR rats. Such an effect has been 
proved, but there are still some limitations. In the 
future, the mechanism of action of edaravone will 
be further explored by various methods.

Conclusions

We revealed that edaravone may exert a protec-
tive effect in DR, which can relieve the inflamma-
tory cell infiltration, reduce the oxidative prod-
ucts, and improve the retinal neural structure. 
Such an effect is mainly realized by mediating 
NF-κB. This investigation provides a theoretical 
basis for prevention and treatment of DR, as well 
as new ideas for further research.
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