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Jiang: Flavonoid Glycoside in Macular Degeneration

This study aimed to investigate the effects of flavonoid glycoside on mitochondrial dysfunction and
inflammatory oxidative stress in macular degeneration. Sixty specific-pathogen-free male Bagg and Albino
mice were randomly divided into control, model and flavonoid glycoside. Human retinal pigment epithelium
cells ARPE-19 were cultured and treated with dimethyl sulfoxide, sodium iodate and flavonoid glycoside
respectively. Fundus fluorescein angiography was used to detect the number of mouse retinal leakage;
optical coherence tomography retinal thickness. A wave and B wave were detected by electroretinogram.
Hematoxylin and eosin staining was used to observe the morphology of mouse retina; phalloidin, translocase
of the outer mitochondrial membrane complex subunit 20 and cyclooxygenase III staining were performed
on mouse retinal pigment epithelium cells by immunofluorescence. Adenosine triphosphate content in retinal
pigment epithelium cells of mice in each group was detected. Compared with the control mice, the number
of retinal leakage points in the model increased, the retinal thickness, A wave and B wave decreased, and the
levels of Fas and FasL protein increased significantly. After treatment with flavonoid glycoside, the number of
retinal leakage decreased the retinal thickness, A wave and B wave increased, and the levels of Fas and FasL
protein decreased significantly. Flavonoid glycoside can significantly improve the mitochondrial dysfunction
and inflammatory oxidative stress of retinal pigment epithelium cells and play a good role in protecting

macular degeneration.
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Macular degeneration is a major blinding eye
disease in people over 65 y old, which can lead
to irreversible vision loss. At present, the global
prevalence rate is about 3 %. Macular degeneration
is an age-related blindness degenerative fundus
disease. With the aging of the population, the number
of patients increases year by year. The pathogenesis
of macular degeneration is complex. Retinal
Pigment Epithelium (RPE) degeneration causes the
degeneration of retinal receptor cells, which is a factor
leading to visual impairment. The mechanisms that
affect RPE degeneration may include inflammation,
oxidative stress and mitochondrial dysfunction!'!,
Sodium iodate (NalO,) is a strong oxidant, which can
be used as a retinal toxin to cause RPE damage, so it
can be used to induce macular degeneration. NalO,
can be used to construct mouse macular degeneration
model and in vitro macular degeneration model.
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Macular degeneration can be divided into two types;
dry and wet, of which 90 % are dry. The fundus of
dry macular degeneration is mainly manifested as
atrophy of choroidal capillaries, vitreous verruca
and RPE. In the late stage, map atrophy of the
macular area can occur, leading to a significant
decline in vision. Some dry macular degeneration
will progress to wet macular degeneration. In recent
years, great progress has been made in the treatment
of wet macular degeneration due to Anti-Vascular
Endothelial Growth Factor (VEGF), but there is no
effective treatment for dry macular degeneration.
Flavonoid glycoside is the main active components in
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Ginkgo biloba leaves. Many studies have confirmed
that flavonoid glycoside have the pharmacological
functions of antioxidation, improving brain
cell metabolism, analgesia, anti-inflammatory,
bacteriostasis, anti-cancer and enhancing immunity.
Studies have shown that flavonoid glycoside have a
good effect on scavenging free radicals, superoxide
anion, hydrogen peroxide and other harmful
substances. However, whether flavonoid glycoside
can alleviate macular degeneration has not been
reported!®!?!,

The aim of this study was to explore the effects of
flavonoid glycoside on mitochondrial dysfunction
and inflammatory oxidative stress in macular
degeneration by establishing a mouse model of
macular degeneration and an in vitro cell model.

MATERIALS AND METHODS
General information:

60 Specific-Pathogen-Free (SPF) grade 7 w old male
Bagg and Albino (BALB/c) mice were purchased
from Hubei Beiente Biotechnology Co., Ltd. with
the license number of SCXK (E) 2021-0027. The
average body weight of mice was (20.42+£2.94) g.
Feeding conditions were; temperature 25°, humidity
55 %, natural light, free drinking and eating. All
experimental processes conform to the 3R principle.

Construction and treatment of macular

degeneration mouse model:

Prior to the experiment, no eye abnormalities were
found in all the mice under the slit lamp. Sixty rats
were randomly divided into control, model and
flavonoid glycoside with 20 mice each. NalO, powder
is dissolved in normal saline to form a 20 g/l solution,
which is temporarily stored in a refrigerator at 4°.
Mice in each group except the control were injected
via tail vein 25 pl/g NalO,, after the injection, place
the mice in a quiet, clean and warm environment
until they wake up for subsequent experiments.

The control mice were injected with the same
volume of normal saline through the tail vein. After
the mice woke up, the flavonoid glycoside was given
20 and 40 mg/kg flavonoid glycoside by gavage and
the flavonoid glycoside were dissolved in normal
saline to prepare a fixed 1 ml solution for gavage; the
control and model were perfused with equal volume
of normal saline once a day for 1 w.
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Cell culture and treatment:

Human RPE (ARPE-19) cells were purchased from
ATCC library and further verified by Shanghai
Shengyi Applied Biotechnology Co., Ltd. through
Short Tandem Repeat (STR) analysis. The cells were
cultured in Dulbecco’s Modified Eagle Medium
(DMEM)/F12 medium supplemented with 100 U/ml
penicillin, 100 pg/ml streptomycin and 10 % Fetal
Bovine Serum (FBS) at 37° and 5 % Carbon dioxide
(CO,) was added in the incubator.

Before the experiment, change the culture medium
every 2 d. For each experiment using cultured ARPE-
19 cells, the culture density was 1x10* cells in 96
well plates, 2x10* cells in 24 well plate, 2x10° cells
in 6 well plate, 5x10° cells in 6 cm plates. 1 d later,
ARPE-19 cells were treated with Dimethyl Sulfoxide
(DMSO), NalO, (dissolved in DMSO) and flavonoid
glycoside (dissolved in DMSO) for 24 h.

Fundus fluorescence contrast instrument detection:

The mouse mydriasis, 10 % sodium fluorescein
injection (2 ml/kg) was injected intraperitoneally
and after the sodium fluorescein was circulated to the
fundus, the Fundus Fluorescein Angiography (FFA) was
performed on the right eye of the mouse with the FFA
instrument; after FFA examination, Optical Coherence
Tomography (OCT) was performed and fundus
photography was performed. The retinal thickness was
measured by two skilled ophthalmologists.

Electroretinogram (ERG):

The mice were anesthetized with 1.0 % pentobarbital
sodium buffer for 12 h after dark adaptation. After pupil
dilation, the ERG was recorded with silver chloride
click ring. The stainless steel needle behind the ear
and tail was used as reference electrode and grounding
electrode. After the baseline was stable, the ERG was
detected.

Hematoxylin and Eosin (H&E) staining:

After fixing the eyeball with 4 % Paraformaldehyde
(PFA), the eyeball was fixed and embedded with
paraffin and the eyeball was sliced continuously
parallel to the eye axis, with a thickness of 5 pum.
Retinal sections were stained with hematoxylin,
washed with distilled water and restained with eosin
dye. After xylene transparent, neutral gum film, optical
microscope (200x) used to observe the retinal structure.
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Immunofluorescence:

After the mice were killed by decapitation, eyes were
removed, 4 % PFA was fixed at room temperature for
1 h, cornea, lens, muscle and retina were removed
and RPE was obtained. Fix RPE at 4 % PFA room
temperature for 1 h, 1x Phosphate Buffered Saline
(PBS) was washed for 5 min, followed by 1 h of chalk
in PBS containing 10 % FBS and 0.5 % Triton X-100.
Using Alexa Fluor® 594 phalloidin was used to stain
RPE. After 30 min of staining, Translocase of the
Outer Mitochondrial Membrane complex subunit 20
(TOMM20) was stained for 30 min; or Cyclooxygenase
(COX) NI staining for 30 min, 4',6-Diamidino-2-
Phenylindole (DAPI) staining for 30 min and 1x PBS
wash for 5 min.

Adenosine Triphosphate (ATP) determination:

ATP in RPE was measured using a fluorescent ATP
assay kit. In short, RPE was dissected and quickly
frozen in liquid nitrogen. After dissecting all the eyes,
thaw the tissues with 2 ml Dounce homogenizer and
25 ul determine the homogenate in buffer solution.
Centrifuge the sample at 4° at 13 000 g for 5 min. The
supernatant was collected and stored on ice. Mix the
sample or known standard with ATP reaction mixture or
background control mixture into two parts and incubate
them at room temperature for 30 min.

Detection of Malondialdehyde (MDA), Superoxide
Dismutase (SOD), Glutathione Peroxidase (GSH-
Px) and Catalase (CAT) activities in mouse retina
and RPE cells:

The retina of eyeball mice was extracted and
homogenized, centrifuged at 3000 rpm at 4° for 10 min
and the supernatant was used for detection. ARPE-19
cells were collected for detection. Sampling during
testing was done. The Optical Density (OD) values
were measured at the wavelengths of 550, 412 and 405
nm respectively according to the instructions of the
MDA, SOD, CAT and GSH-Px test kits and the enzyme
activity was calculated.

Western blot:

The Radio-Immunoprecipitation Assay (RIPA) lysate
(BB-3209, Bebo Bio, Shanghai, China) was used
to lyse and extract the total protein of the cell to be
tested. Sodium Dodecyl-Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE) separation, constant
voltage 80 V electric transfer to Polyvinylidene Fluoride
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(PVDF) imprinted membrane. After the membrane
sealing solution is sealed for 1 h, add monoclonal
antibodies against Fas, FasL, Glutathione Peroxidase 4
(GPX4), NADPH Oxidase 4 (NOX4), Neurofibromin
2 (NF2), caspase 3, caspase 7, caspase 8, Tumor
Necrosis Factor Receptor Superfamily Member 1 alpha
(TNFRSF1a), Receptor-Interacting Protein Kinase
(RIPK)-1, RIPK3 and incubate overnight at 4°. The
second antibody of goat anti-rabbit Immunoglobulin G
(IgG) (1:1000, Wuhan Bode Company, Wuhan, China)
labeled with horseradish peroxidase was incubated
at 37° for 1 h. PBS was washed for 3 times at room
temperature, 5 min/time and color was developed.

Statistical analysis:

Statistical Package for the Social Sciences (SPSS)
26.0 statistical software was used for data analysis.
The measurement data was expressed as "x+s", the
one way Analysis of Variance (ANOVA) was used for
data analysis. p<0.05 indicates that the difference is
statistically significant.

RESULTS AND DISCUSSION

FFA detected the number of leakage points in the
mouse retina. The number of leakage points in
the model was significantly higher than that in the
control. Compared with the model, the number of
retinal leakage points in the flavonoid glycoside
was significantly reduced (fig. 1A). OCT showed
that the retinal thickness of mice in the model was
significantly lower than that of mice in the control
and the retinal thickness of mice after flavonoid
glycoside treatment was significantly increased (fig.
1B). The amplitudes of A and B waves were recorded
by ERG. The A and B waves of model mice were
significantly lower than those of control mice. The
A wave and B wave of mice treated with flavonoid
glycoside were significantly higher than those of
mice in the model (fig. 1C and fig. 1D). The retina
of mice in each was stained with H&E and the cells
in each layer of the retina of the control mice were
arranged neatly and tightly; the cells in each layer
of the retina of the model mice were in disorder,
the outer nuclear layer was loosely arranged, the
cells were embedded in the inner/outer segments of
Inner Segment (IS)/Outer Segment (OS), the Inner
Nuclear Layer (INL) cells in the inner layer became
larger and loosely arranged, the amount of RPE
deposits increased and the cells appeared vacuole.
The cells in each layer of the flavonoid glycoside
mice were gradually arranged in order, the Outer
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Nuclear Layer (ONL) and INL cells in the outer
nuclear layer were closely arranged and the amount
of RPE deposits was reduced (fig. 1E). The protein
expression of Fas and FasL in the retina of model
mice was significantly higher than that of control
mice, while protein expression of Fas and FasL in
retina of flavonoid glycoside mice was significantly
lower than that of model mice (fig. 1F and fig. 1G).
These results indicated that the flavonoid glycoside
could significantly improve retinal damage in mice
with macular degeneration.

The RPE of mice was stained with phalloidin and
the RPE damage area (fig. 2A) and RPE cell number
(fig. 2B) of mice in each were detected respectively.
The results showed that compared with the control
mice, the number of RPE cells in the model mice
was significantly reduced. Compared with model
mice, RPE injury in flavonoid glycoside mice was
significantly reduced and the number of RPE cells
was significantly increased. To further investigate
the effect of flavonoid glycoside on RPE cells, we
cultured ARPE-19 human RPE cells and detected cell
apoptosis by flow cytometry (fig. 2C). The results
showed that the apoptotic rate of ARPE-19 (model)
cells treated with NalO, was significantly increased
compared to the control. Compared with NalO,, the
apoptotic rate of ARPE-19 cells treated with NalO,
and flavonoid glycoside was significantly reduced.

Levels of oxidative stress indicators MDA (fig. 3A),
SOD (fig. 3B), CAT (fig. 3C) and GSH-Px (fig. 3D)
in mouse retina and ARPE-19 cells were detected.
The results showed that the MDA level in the model
mice and cells increased significantly compared to
the control, while the SOD, CAT and GSH-Px levels
decreased significantly. Compared to the model,
MDA levels in mice and cell flavonoid glycoside
decreased significantly, while SOD, CAT and GSH-
Px levels increased significantly.

To further explore the protective mechanism of
flavonoid glycoside on RPE cells, we observed the
morphology of mitochondria in each of mice through
transmission electron microscopy, and analyzed
the width (fig. 4A), length (fig. 4B) and area (fig.
4C) of mitochondria. We found that the width,
length and area of mitochondria in the model were
significantly higher than those in the control. The
morphology of mitochondria in flavonoid glycoside
mice was significantly improved. We labeled F-actin
with phalloidin to visualize RPE cell morphology
and labeled the mitochondrial protein TOMM?20.
The results showed that TOMM20 staining in the
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control mice was equal in the RPE cells, while in
the mouse model it was reduced and the staining was
inconsistent. The staining of TOMM20 in flavonoid
glycoside mice increased significantly and was more
uniform than that in model mice (fig. 4D). To further
explore changes in mitochondrial function in mouse
RPE cells in each, we measured ATP levels in the
RPE cells of the three groups of mice. The ATP level
of model mice was clearly reduced than the control
mice; however the flavonoid glycoside mice were
clearly increased. The results of the COX III protein
content test showed that (fig. 4E), the COX III protein
content of the model mice was significantly reduced
compared to control mice. Compared with the mouse
model, the protein content of COX IlI in the flavonoid
glycoside mice was significantly increased.

We detected the expression of stress (fig. 5A),
apoptosis (fig. 5B) and necrosis (fig. 5C) related
factors in mouse RPE cells and ARPE-19 cells. The
results showed that, compared with the control,
the stress factors GPX4, NOX4, NF2 proteins,
apoptosis indicators caspase 3, caspase 7, caspase
8 and necrosis indicators TNFRSFla, RIPKI,
RIPK3 proteins in the model mice and cells were
significantly increased. Compared with model mice
and cells, the stress factors GPX4, NOX4, NF2
proteins, apoptosis indicators caspase 3, caspase
7, caspase 8 and necrosis indicators TNFRSF1a,
RIPK1, RIPK3 proteins in flavonoid glycoside mice
and cells were significantly reduced.

The biggest harm of macular degeneration is the
permanent loss of vision in the central macular
region, which has become the second disease of
eye diseases in people over 50 y old in China. Wet
macular degeneration is related to abnormal
choroidal neovascularization. At present, the
commonly used treatment method is intravitreal
injection of VEGF antibody, which can achieve the
purpose of treatment by inhibiting angiogenesis and
the effect is good. Dry macular degeneration is mainly
characterized by visual damage caused by massive
destruction of RPE, which plays an important role in
maintaining the blood retinal barrier, participating in
the visual circulation and phagocytosis of exfoliated
cells!*8, The destruction of RPE can lead to the
aggravation of inflammatory reaction and oxidative
stress. NalO, can specifically act on RPE, resulting
in the destruction of RPE barrier and photoreceptor
cell functions, thus causing pathological changes
in retinal photoreceptors and choroids, resulting
in retinal damage. Therefore, reducing oxidative
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damage is of great significance for disease treatment.  studies have confirmed that flavonoid glycoside have
anti-inflammatory and analgesic effects. It has been
reported that flavonoid glycoside can significantly
inhibit ear swelling and paw swelling in mice, so it is
concluded that flavonoid glycoside have certain anti-
inflammatory effects. In this study, a mouse model
of macular degeneration was established and the
number of retinal leakage, retinal thickness, A wave
and B wave, and retinal apoptosis indicators Fas and
FasL were compared®-?*l, We found that flavonoid
glycoside can significantly reduce the number of
retinal leakage, improve the retinal thickness and
increase the retinal A wave and B wave. These

Studies have shown that flavonoid glycoside can
effectively scavenge DPPH free radicals and animal
experiments have shown that they have strong
reducing power and can effectively inhibit the
production of MDA, a lipid peroxidation product.
Some studies have reported the antioxidant effect
of flavonoid glycoside in vitro. The results show
that flavonoid glycoside can better inhibit the
autoxidation and induced oxidation of mice liver
homogenate and have a better scavenging effect
on a variety of free radicals!'®?%. In addition, other
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results indicate that flavonoid glycoside have a very
significant effect on the recovery of retinal injury!2¢-3%,

Through further exploration, we found that the
improvement of flavonoid glycoside on macular
degeneration may be achieved by acting on RPE
cells. In the mouse experiment, it was found that the
RPE damage area of flavonoid glycoside mice was
significantly reduced and the number of RPE cells
was significantly increased®!3!. Cell experiments
showed that flavonoid glycoside could significantly
reduce the proportion of apoptosis. These results
suggest that flavonoid glycoside can improve macular
degeneration by protecting RPE cells from damage.

In the in-depth mechanism exploration, we found
that flavonoid glycoside may protect RPE cells from
damage by improving the stress and mitochondrial
dysfunction of RPE cells. The results of this study
showed that flavonoid glycoside could significantly
reduce the content of MDA in the retina and RPE
cells of macular degeneration mice and significantly
increase the content of SOD, CAT and GSH-Px.
Mitochondrial dysfunction in RPE cells may lead
to the disruption of the metabolic balance of RPE
cellsB¥. The results of this study showed that the
mitochondria of the mice with macular degeneration
showed obvious swelling, the width, length and area
of the mitochondria were significantly increased
and the ATP level and COX III protein content were
significantly reduced. The width, length and area of
mitochondria in mice treated with flavonoid glycoside
were significantly reduced, and ATP level and COX
III protein content were significantly increased™!. At
the same time, we detected that the proteins of stress
factors GPX4, NOX4, NF2, apoptosis indicators
caspase 3, caspase 7, caspase 8 and necrosis
indicators TNFRSF1a, RIPK1, RIPK3 in RPE cells
of flavonoid glycoside mice and human RPE cells
were significantly reduced. These results suggested
that flavonoid glycoside can effectively improve the
stress and mitochondrial dysfunction of RPE cells,
and protect RPE cells by regulating the expression of
stress, apoptosis and necrosis indicators6371,

In conclusion, flavonoid glycoside can significantly
improve the mitochondrial dysfunction and
inflammatory oxidative stress of RPE cells and play
a good role in protecting macular degeneration.
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