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Abstract. - OBJECTIVE: To explore the influ-
ence of fenofibrate on the diabetic retinopathy
(DR) in rats via the sirtuin1 (SIRT1)/nuclear fac-
tor-kB (NF-kB) signaling pathway.

PATIENTS AND METHODS: A total of 30 SD
rats were divided into group A (DR group), group
B (fenofibrate treatment group) and group C
(Healthy group). Rats in group A were intraper-
itoneally injected with 50 mg/kg streptozotocin
(STZ) for 5 days without feeding. After fasting
for 2 days, blood was drawn from the tail veins
of the rats to measure blood glucose, and blood
glucose =16.7 mmol/L represented that the mod-
el was eligible. Those in group B were injected
with STZ and nourished with the mixed feed con-
taining fenofibrate (10 mg/kg). Those in group C
were intraperitoneally injected with normal sa-
line and set as negative control group. The reti-
nal structure of rats in the three groups was ob-
served via immunohistochemical staining, and
the apoptosis of retinal ganglion cells (RGCs)
was evaluated via terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling
(TUNEL) assay. Moreover, the protein expres-
sions of Sirtuini (SIRT1) and NF-kB were detect-
ed using immunofluorescence assay and West-
ern blotting.

RESULTS: According to the immunohisto-
chemical staining results, rats in group C had
intact retinal nuclear layer tissues without phe-
nomena such as fracture, disorderly arrange-
ment, blur structures, and nerve fiber layer ede-
ma. Those in group A exhibited fracture of retinal
nuclear layer tissues, disorderly arranged cells,
blur retinal structures at all layers, and a quite
evident nerve fiber layer edema. Compared to
that in group A, the nerve fiber layer edema in
group B was significantly improved. The TUNEL
assay results revealed that compared to normal
rats in group C, those in group A and group B
had apoptotic RGCs. Additionally, the number of
apoptotic cells was the largest in group A, and
compared to that in group A, it was notably re-
duced in group B after treatment with fenofi-
brate. According to the immunofluorescence as-
say results, after being treated with fenofibrate,
rats in group B showed a significantly lower pro-

tein expression level of NF-kB in the retina than
in group A. Based on the Western blotting detec-
tion results, the protein expression level of NF-
KB in group B was evidently lower than that in
group A, and was the highest in group A and the
lowest in group C. Compared to that in group C,
the protein expression level of SIRT1 in group B
was increased.

CONCLUSIONS: Fenofibrate facilitates the ex-
pression of SIRT1 in the retinal tissues to reduce
the NF-kB activity, thereby treating DR in rats.
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Introduction

Diabetic retinopathy (DR), an ocular complica-
tion, is not only the leading cause of vision loss in
most diabetic patients, but also the primary factor
for blindness in adults in developed countries and
China'?. Although laser therapy can help prevent
and delay DR, it is less effective for severe pa-
tients. Results of epidemiological studies have
indicated that the majority of diabetic patients
suffer from several complications, in which DR
is the most common disease, and that the key is
to investigate effective approaches to effective-
ly alleviate the disease in patients**. Sirtuinl
(SIRT1) depends on nicotinamide adenine (NAD)
to deacetylate and regulate the histones, thereby
affecting multiple factors in the retina. This role
is evident in the induction of DR3¢, SIRT1, which
was originally found in yeast, was a highly con-
servative gene with the ability of regulating ener-
gy limitation™ Some studies”!’ have found that
the expression of SIRT1 is closely related to the
activity of nuclear factor-kB (NF-xB), and SIRT1
influences the acetylation of NF-xB while acting
on the substrate pS3 to extend survival and life
span. The research revealed that the onset of DR
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involves vascular endothelial growth factors, in-
tercellular adhesion molecule-1, and E-selectin,
all regulated by NF-xB'"'?. The activity of NF-
kB is enhanced in the lesion tissues and, as long
as it is suppressed through interventions, diabetes
mellitus will be effectively controlled. Fenofibrate
is a peroxisome proliferator-activated receptor
(PPAR)-a agonist that regulates blood lipid"*!.
In recent years, medical researches have demon-
strated that fenofibrate has a certain inhibitory ef-
fect on DR and plays some particular role in the
progression of DR. Further studies'>'® have shown
that fenofibrate modulates the activity of super-
oxides to resist oxidation in retinopathy tissues,
thereby repressing cell apoptosis and migration,
and the activity of inflammatory factors. There-
fore, in the present study, the rat model of DR was
established and the comparison experiment was
conducted to explore whether fenofibrate affects
DR in rats via the SIRT1/NF-kB signaling path-
way.

Materials and Methods

Modeling and Grouping

A total of 30 Sprague-Dawley (SD) rats weigh-
ing 180-200 g were purchased from Guangdong
Medical Laboratory Animal Center. This investi-
gation was approved by the Animal Ethics Com-
mittee of Qingdao University Animal Center.
All the SD rats were divided into group A (DR
group), group B (fenofibrate treatment group) and
group C (Healthy group). Rats in group A were
intraperitoneally injected with 50 mg/kg strepto-
zotocin (STZ) for 5 days without feeding. After
fasting for 2 days, blood was drawn from the tail
veins of the rats to measure blood glucose, and
the model with blood glucose >16.7 mmol/L was
deemed eligible. Those in group B were injected
with STZ and nourished with the mixed feed con-
taining fenofibrate (10 mg/kg). Those in group C
were intraperitoneally injected with normal saline
and set as negative control group.

Main Reagents and Instruments

STZ (Enzo Biochem, USA), rat anti-NF-xB
monoclonal antibody (Abcam, Cambridge, MA,
USA), goat anti-rabbit IgG (Suzhou Juneng
Technology, Suzhou, China), reverse transcrip-
tions-polymerase chain reaction (RT-PCR) kit
(Shanghai Superchip Technology, Shanghai, Chi-
na) and NF-«xB primers (Shanghai Yu Bo Biotech,
Co., Ltd., Shanghai, China).

Immunohistochemical Staining of Retinas

After being fed for 2 months, rats were sacri-
ficed via breaking the neck to excise the left eye-
balls and completely separate the retinas. First,
retinas were sealed in paraformaldehyde solution
for 4 h, and with the ocular anterior segments re-
sected, the retinas were dehydrated using ethanol
according to the following steps: 75% ethanol for
1.5 h, 95% ethanol for 1.5 h, 95% ethanol for 1
h, anhydrous ethanol for 1.5 h, anhydrous ethanol
for 1 h, No. 1 xylene for 0.5 h and No. 2 xylene for
0.5 h. After being paraffin-embedded, they were
cut into 4 pm-thick slices and added with 3% hy-
drogen peroxide (H,0,) to inactivate endogenous
enzymes. Then, the slices were sealed in 6% goat
serum and incubated with the primary antibody
(diluted at 1:100) at 4°C overnight. After that,
products were warmed at 37°C for 45 min and in-
cubated with the secondary antibody (diluted at
1:1000), followed by staining using diaminoben-
zidine (DAB) staining solution (Solarbio, Beijing,
China) and counter-staining using hematoxylin.
Finally, the structure of the model tissues in the
three groups was observed under a high-power
microscope.

Detection of Apoptosis of Retinal
Ganglion Cells (RGCs) via Terminal
Deoxynucleotidyl Transferase-Mediated
dUTP Nick End Labeling (TUNEL)

The retinal sections were routinely embedded
in paraffin, and the paraffin-embedded sections
in group A, B, and C were sealed in a sealing
reagent according to the instructions of TUNEL
(Novus, Littleton, CO, USA) assay. Then, three
pieces of retinal sections were sampled from
group A, B, and C, respectively, and observed in
five high-power fields of view under the fluores-
cence microscope to count the number of green
TUNEL-positive cells and analyze apoptosis of
the RGCs.

Detection of Protein Expression of NFxB
Via Immunofluorescence Assay

After digestion, the RGCs were harvested,
transformed into suspension, centrifuged at 8000
rpm for 8 min and rinsed using phosphate-buff-
ered saline (PBS) preheated at 37°C 2-3 times
in the culture plate. Then, the slides on which
the cells grew were washed in PBS for 3 times
(3 min/time). Subsequently, they were sealed in
4% paraformaldehyde for 0.5 h, rinsed with PBS
for 2-3 times and added with 0.5% Triton X-100
(prepared with PBS) to rupture the membranes
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for 10 min. After that, cells were washed using
PBS 2-3 times again and sealed with goat serum
for 0.5 h. With the blocking solution blot up, they
were incubated with the rat primary antibody at
4°C in the dark for 12 h. After the creeping slides
were washed 3 times (3 min/time) using Phos-
phate-Buffered Saline and Tween-20 (PBST) and
the excess liquid was blot up using absorbent pa-
per, cells were added dropwise with the diluted
fluorescence-labeled secondary antibody at 20-
37°C in the wet box for 1 h and washed in PBST
for 3 times (3 min/time). The resulting cells were
added dropwise with 4°,6-diamidino-2-phenylin-
dole (DAPI; Beyotime, Shanghai, China) to stain
the nuclei in the dark for 5 min, and the excess
DAPI was washed away using PBST for 4 times (5
min/time). Finally, with the liquid absorbed using
absorbent paper, the creeping slides were sealed
in the sealing solution containing anti-fluores-
cence quencher and observed under the fluores-
cence to acquire images.

Detection of Protein Expressions of SIRT1
and NF-xB Via Western Blotting

The tissue lysate was prepared by evenly
mixing an appropriate volume of radioimmuno-
precipitation assay (RIPA) with phenylmethyl-
sulfonyl fluoride (PMSF; Beyotime, Shanghai,
China), a protease inhibitor, with a ratio of 100:1.
Retinal tissues were isolated, sheared into piec-
es and lysed using the lysate. Then, tissues were
placed into an Eppendorf (EP) tube, centrifuged
in a low-temperature high-speed centrifugal ma-
chine at 4°C and 14,000 rpm for 30 min, and the
protein supernatant was extracted. Subsequently,
proteins were denatured via heat bath at 95°C for
10 min. The protein samples prepared were stored

in the refrigerator at —80°C for later use. After
quantification using bicinchoninic acid (BCA)
kit (Pierce, Rockford, IL, USA), dodecyl sulfate,
sodium salt-polyacrylamide gel electrophoresis
(SDS-PAGE) gel was prepared, and the protein
samples stored were loaded into the SDS-PAGE
gel wells for electrophoresis under the constant
voltage of 80 V. After electrophoresis for 2.5 h,
the proteins were transferred onto polyvinylidene
difluoride (PVDF) membranes (Roche, Basel,
Switzerland) by the semi-dry transfer method,
and the membranes were soaked in the Tris-Buff-
ered Saline and Tween 20 (TBST) containing
5% of skim milk powder, shaken slowly using a
shaking table and sealed. After sealing, they were
incubated with the primary antibody diluted with
5% skim milk powder and washed using TBST
for 3 times (10 min/time). Then, they were incu-
bated with the secondary antibody at room tem-
perature for 2 h and rinsed using TBST and TBS
twice and once, respectively (10 min/time). The
resulting proteins were detected using enhanced
chemiluminescence (ECL) reagent and exposed
in a darkroom. Their relative expression level was
analyzed using the Image-Pro Plus v6 software
(Media Cybernetics, Silver Spring, MD, USA).

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 (SPSS, Chicago, IL, USA) software
was used to statistically analyze the apoptosis of
RGCs and expressions of SIRT1 and NF-«xB in the
three groups of rats. The 7-test and single-factor
analysis were performed for comparisons among
the three groups. All the statistical results were
expressed as mean + SD, and p<0.05 was consid-
ered statistically significant.

Figure 1. Changes in the structures of rat retinas in all the groups (magnification: 100x).
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A group

B group

C group

Figure 2. Changes in TUNEL-positive RGCs in each group of rats (magnification: 100x).

Results

Histomorphological Changes of Retinal
Tissues Detected Via
Immunohistochemical Staining

The healthy rats in group C had intact retinal nu-
clear layer tissues without fracture, disorderly ar-
rangement, blur structures, and nerve fiber layer ede-
ma, while the rats in group A exhibited fracture of
retinal nuclear layer tissue, disorderly arranged cells,
blur retinal structures at all layers, and a quite evident
nerve fiber layer edema. Compared to that in group
A, the nerve fiber layer edema in group B was sig-
nificantly improved. The above results indicated that
fenofibrate markedly improved the histomorphology
of the retinal tissues in diabetic rats (Figure 1).

Apoptosis of RGCs Detected
Via TUNEL Assay

The apoptosis index of the RGCs in group
A, B, and C was (13.205£1.023), (9.317+0.936)
and (0.839+0.127), respectively. According to
the above results, rats in group A showed more
apoptotic RGCs (green fluorescence spots) than
normal rats in group C and, compared to that in
group A, the number of apoptotic RGCs was sub-
stantially reduced in group B after treatment with
fenofibrate, showing a statistically significant dif-
ference (p<0.05) (Figures 2 and 3).

Protein Expression of NF«B in
Retinal Cells According to The
Immunofiluorescence Assay Results

The immunofluorescence assay results showed
that the protein expression level of NF-kB in the
retinal cells of rats was significantly lowered in
group B after fenofibrate treatment compared to
that in group A (Figures 4 and 5).

Protein Expressions of SIRT1 and NFxB
in Rat Retinas

According to the Western blotting detection re-
sults, the protein expression of NF-xB in group
B was evidently lowered compared to that in
group A, and it was the highest in group A and
the lowest in group C (p<0.05). In addition, group
A exhibited a notably lower protein expression
level of SIRT1 than group B [(0.057+0.031) vs.
(0.065£0.027)], and the protein expression level of
SIRT1 in group C was higher than that in group
A and group B [(0.103+0.029) vs. (0.057+0.031) vs.
(0.065£0.027)] (p<0.05) (Table I and Figure 6).

Discussion

Diabetes can trigger multi-organ metabolic dis-
order and its complication. DR is capable of caus-
ing vision loss and keratopathy in patients, which
has become the main pathogenic factor for blind-
ness in Europe and America. The epidemiologi-
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Figure 3. Apoptosis of RGCs in each group of rats. *:
p<0.05, vs. group C and #: p<0.05, vs. group B.
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Figure 4. Protein expression of NF-«B in retinal cells detected via immunofluorescence assay (magnification: 40x).

Table I. Protein expressions of SIRT1 and NF-«B in retinas (»p<0.05).

Group SIRT1 protein NF-xB protein
Group A (DR group) 0.057+0.031" 0.792+0.015"
Group B (fenofibrate treatment group) 0.065+0.027* 0.602+0.032"
Group C (Healthy group) 0.103+0.029™ 0.501£0.027"*

Note: *: p<0.05, vs. group C and #: p<0.05, vs. group B.

cal study results have revealed that the incidence
rate of DR is gradually increasing as a growing
number of elderly people suffer from diabetes'”".
For a long time, the occurrence of DR has been
associated with hyperlipidemia and, as a PPAR-a
agonist, fenofibrate modulates the expressions
of liver apolipoprotein CIII mRNA, nucleus cell
chemokine-1, and NF-xB via PPAR-q.
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Figure 5. Protein expression of NF-kB in retinal cells de-
tected via immunofluorescence assay. *: p<0.05, vs. group C
and #: p<0.05, vs. group B.
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According to the experimental results in the
present study, the healthy rats in group C had in-
tact retinal nuclear layer tissues without phenom-
ena such as fracture, disorderly arrangement, blur
structure, and nerve fiber layer edema, while rats
in group A exhibited fracture of retinal nuclear
layer tissue, disorderly arranged cells, blur retinal
structures at all layers, and a quite evident nerve
fiber layer edema. Compared to those in group A,
the nerve fiber layer edema and the structures at
all layers in group B were significantly improved,
indicating that fenofibrate markedly improves the
histomorphology of the retinal tissues in diabetic

NF-xB

SIRT1

B-actin

A group

B group C group

Figure 6. Protein expressions of SIRT1 and NF-kB in retinas.



Effect of fenofibrate on diabetic retinopathy in rats via SIRT1/NF-«B signaling pathway

rats, thereby treating DR. Pharmacological stud-
ies have found that fenofibrate activates the Nrf2
signaling pathway in the retina and inhibits the
activation of NLRP3 inflammatory corpuscles to
alleviate oxidative stress and neuroinflammatory
response in DR, thus playing an important reg-
ulatory role in DR, which is consistent with the
results in this study.

Scholars?®?! have suggested that apoptosis of
RGCs enables DR to induce vision loss in pa-
tients, and monitoring also becomes a key to the
prevention of DR. According to the TUNEL as-
say results, the apoptosis rate of RGCs in rats in
group A were the highest, and after treatment
with fenofibrate, the number of apoptotic RGCs
was notably reduced in group B, suggesting that
fenofibrate prominently relieves cell apoptosis in
the retinal tissues of diabetic rats?**. The immu-
nofluorescence assay results showed that after
being treated with fenofibrate, the rats in group B
had a markedly lowered protein expression level
of NF-xB in the retinal cells compared to those
in group A. Pordel et al** suggested that block-
ing the AGEs/RAGE/NF-kB signaling pathway
can protect the retina in diabetic rats. Takizawa
et al® have found that the activity of NF-kB is
enhanced in the tissues of diabetic rats and, once
suppressed through interventions, diabetes can
be effectively improved. Yang et al*® have sug-
gested that NF-kB is abnormally activated prior
to apoptosis of islet cells. The activated NF-xB
affects islet cell functions to reduce the content
of blood insulin, thus promoting cell apoptosis®,
which conforms to the findings of the present
study. According to the Western blotting results,
the protein expression of NF-xB was evident-
ly lower in group B compared to that in group
A, i.e., the highest in group A and the lowest
in group C (p<0.05). Additionally, the protein
expression level of SIRT1 in group A was sub-
stantially lower than that in group B, and it was
higher in group C than in group A and group B
(p<0.05). Studies have shown that the expression
of SIRT1 is closely related to the activity of NF-
kB and, once depending on NAD, it deacetylates
the substrate p35 to extend survival and life span
of cells?”?. The increase in the activity of NF-xB
can induce immunosuppression, thereby trigger-
ing metabolic disorders in several organs in the
whole body, including keratopathy and other
comorbidities**°. NF-xB is activated in ocular
tissues, while SIRT1 is inactivated, resulting in
keratopathy. The above result is consistent with
that of the present study.

Conclusions

We showed that fenofibrate promotes the ex-
pression of SIRT1 in retinal tissues to repress NF-
kB activity, thereby playing a therapeutic role in
DR in rats.
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