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Ginkgo biloba delays light‑induced photoreceptor degeneration
through antioxidant and antiapoptotic properties
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Abstract. Intense exposure to artificial bright light increases
the risk of retinal damage resulting in blurred vision and
blindness. Long‑term exposure to bright light elevates oxida‑
tive stress‑induced apoptosis, which results in photoreceptor
cell degeneration. However, to the best of our knowledge,
the molecular mechanism associated with light‑induced reti‑
nopathy remains unclear. In the present study, the mechanisms
involved in light‑induced oxidative stress and apoptosis were
investigated along with the protective effects of Ginkgo biloba
(EGb 761) in photoreceptor cell degeneration. EGb 761
was administered to mice at a dose of 50 or 100 mg/kg for
7 days prior to exposure to bright light (5,000 lux for 24 h).
Furthermore, photoreceptor cell disorders were evaluated
using electroretinogram (ERG) and H&E staining analyses.
The expression levels of antioxidant genes and proteins ERK,
thioredoxin (Trx) and nuclear factor erythroid 2‑related factor
2 (Nrf‑2) and the induction of apoptosis cytochrome c (Cyc),
cleaved caspase‑3 and Bax, were determined by reverse
transcription‑quantitative PCR and western blotting. ERG
and histological analysis revealed that exposure to bright light
induced functional and morphological changes to the photo‑
receptor cells. Exposure to bright light increased the levels of
Cyc, cleaved caspase‑3 and Bax, and decreased the levels of
phosphorylated (p‑) Erk, Nrf‑2 and thioredoxin (Trx). However,
treatment of mice with EGb 761 increased the expression levels
of antiapoptotic (Bcl‑2) and antioxidant (p‑Erk, Trx and Nrf‑2)
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proteins and decreased the expression levels of the apoptotic
genes (Cyc, cleaved caspase‑3 and Bax). Based on these find‑
ings, the present study suggested that prolonged exposure to
light induces photoreceptor cell degeneration, where EGb 761
treatment may serve a therapeutic effect on the development of
photoreceptor cell degeneration.
Introduction
Light is the ultimate powerful agent for the maintenance of
circadian clocks. However, prolonged exposure to artificial
light disturbs circadian rhythms (1,2) and leads to retinal
degeneration, such as macular degeneration and retinitis
pigmentosa, which is associated with photoreceptor degen‑
eration (3). Prolonged exposure to bright light mediates
photoreceptor cell death, which is an irrevocable retinal
disorder and causes impaired vision function, vision loss or
blindness (4,5). However, to the best of our knowledge, the
pathogenesis of light‑induced damage to the retina is unclear.
Excessive light exposure promotes a cascade of oxidative
stress‑associated events involved in retinal degeneration (6,7),
which serves a pivotal role in accelerating several degenera‑
tive diseases such as age‑related macular degeneration (AMD)
and retinitis pigmentosa (RP) (3). Overproduction of reac‑
tive oxygen species (ROS) can lead to retinal functional and
morphological changes that result in vision impairment (8,9).
Nuclear factor erythroid 2‑related factor 2 (Nrf‑2) is a redox
regulator (10) that belongs to the leucine zipper transcription
factor family, which normally binds to keap1 in order to form
a complex. In response to oxidative stress, keap1 activity is
reduced, which increases Nrf‑2 levels to maintain cellular
homeostasis (11). Thioredoxin (Trx) is an antioxidant, which
contains an active site Cys‑Gly‑Pro‑Cys domain (12). The latter
serves an important role in cellular oxidative stress (13,14). Trx
is a potent regulator of Nrf‑2 that serves an important role in
redox signaling (15). Additionally, it regulates the antiapop‑
totic signaling pathway, which can protect photoreceptor cells
from retinal degeneration (15,16).
Ginkgo biloba (EGb‑761) is a traditional Chinese medicine,
which contains a naturally occurring compound extracted
from the green dried leaves of the Ginkgo biloba tree (17,18).
EGb‑761 has been used to treat chronic inflammatory and
autoimmune disease in patients for several decades (18). Due
to its antioxidants and cytoprotective properties, EGb‑761
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has received considerable attention regarding the prevention
of neurodegenerative diseases (19). It can be used to prevent
oxidative stress by regulating antioxidant proteins, such as
Nrf‑2, which is a redox regulator that stabilizes oxidative
stress (20,21) by activating the Erk signaling pathway (22). A
light damage mouse model has been previously used to explore
the protective effect of Ginkgo biloba in the development of
chronic diseases (23).
Apoptosis, also referred to as programmed cell death,
is the main cause of photoreceptor cell death involved in
retinal degeneration (5). Apoptosis occurs via the activation
of the Bax‑dependent mitochondrial cascade, which releases
cytochrome c (Cyc) into the cytoplasm and consequently
initiates the activation of cleaved caspase‑3 (15,24,25). This
suppresses Bcl2, induces apoptosis via the Bax/Bcl2 and
caspase‑mediated signaling pathways, and leads to retinal
degeneration (25,26). As discussed in previous studies, pretreat‑
ment with EGb‑761 decreases cell death via the Bax/Bcl2
signaling pathway and exerts a protective effect against
apoptosis that delays photoreceptor degeneration (27,28).
However, the protective effect of EGb‑761 on light‑induced
photoreceptor degeneration and the associated mechanism of
action are not fully understood.
In the present study, a light damage mouse model was used
to evaluate the effects of EGb 761 on light‑induced photore‑
ceptor degeneration and to explore the associated mechanism
of action. The present study aimed to provide evidence for
the treatment or prevention of light‑induced photoreceptor
degeneration.
Materials and methods
Animal model. In total, 20 male and 20 female BALB/cJ
mice (age, 8‑12 weeks), weighing 18‑20 g (Dalian Medical
University Laboratory Animal Center) were housed for
1 week for acclimization in the lab environment. All mice
were maintained at 22±2˚C and 30‑70% humidity, under 12‑h
dark/light cycle with free access of food and water supply. All
procedures were approved by the Institutional Animal Care
and Use Committee of the Dalian Medical University (Dalian,
China). The extract of Ginkgo biloba leaves (EGb‑761) was
provided by Sigma‑Aldrich; Merck KGaA.
Drug administration. Mice were randomly divided into
four groups as follows: No treatment (Control); Light (L);
Light + Low Ginkgo (L + LG); and Light + High Ginkgo
(L + HG). A total of 10 mice were used in each group. The
mice were pretreated with EGb‑761 for 7 days and received an
intraperitoneal injection once per day, at a dose of 50 mg/kg
(L + LG) or 100 mg/kg (L + HG). The drug was dissolved in
saline solution. Mice in the control and light groups received
intraperitoneal injections of normal saline solution.
Light exposure. The mice were adapted in the dark for 24 h
prior to the experiments and exposed to 5,000 lux (diffuse
horizontal illuminance) of white fluorescent light (400‑750 nm)
for 24 h. The procedure of light exposure was the same as
that described in a previous study (29). During light exposure,
one mouse was maintained per cage with a sufficient supply
of food and water. The eyes of four mice were enucleated at

2 weeks after light exposure for outer nuclear layer (ONL)
thickness analysis and electroretinography assessment. The
eyes of six mice were enucleated immediately after light
exposure to detect possible rapid changes by western blotting
and reverse transcription‑quantitative PCR (RT‑qPCR). After
electroretinogram (ERG) detection, the mice were sacrificed
using an overdose of carbon dioxide (30% volume/min) at the
end of the experiments before enucleation.
ERG. Prior to light exposure, the mice were adapted to the
dark overnight and anesthetized with an intraperitoneal injec‑
tion of pentobarbital‑sodium (60 mg/kg) 30 min before the
experiment. The pupils were dilated by applying one drop
0.5% tropicamide prior to performing ERG analysis. ERG
was performed using an LKC ERG system (GT‑2008v‑3;
Gotec, Inc.; http://www.gotechina.com/product/?110_471.
html). Phototopic ERGs were generated at 3 cd.sec/m 2 flash
intensity. Each flash lasted for 5 msec and the interval was
2 sec. The amplitudes of the a‑wave and b‑wave were recorded.
The ERG wave from both eyes of the same animal was
recorded simultaneously.
Histological analysis. H&E staining was performed for
morphological analysis as described in our previous study (30).
The eyeball was removed and fixed for 24 h at room tempera‑
ture in Bouin's solution (glacial acetic acid: Formaldehyde:
Saturated picric acid=1:5:15; freshly prepared). Subsequently,
it was placed in 70% ethanol for 48 h at room temperature, or
until the yellow color of Bouin's solution was faint or disap‑
peared. For dehydration, each eyeball was passed through a
series of alcohol solutions as follows: 80 and 90% ethanol for
15 min each, 95% ethanol (twice for 10 min each) and 100%
ethanol (twice for 10 min each). The eyeballs were subsequently
passed through xylene for 10 min and then 5 min, respectively,
before the tissues were soaked in paraffin wax for 10 min at
58˚C. The paraffin‑embedded tissues were sectioned using a
thickness margin of 5 µm. The sections were deparaffinized
first using xylene followed by a descending ethanol gradient.
The slices were stained with H&E each for 5 min at room
temperature. The ONL thickness of the retinal optic nerve was
measured at eight different positions at a distance of 0.22 mm
from the inferior hemisphere to the superior hemisphere using
light microscope with Element BR software (magnification,
x40; Ver5.30.00; Nikon Corporation).
RT‑qPCR. The total RNA was extracted using RNAiso
Plus (Takara Bio, Inc.) from the retina tissue according to
the manufacturer's protocols. The concentration of RNA
was measured using a NanoDrop spectrometer (NanoDrop
Technologies; Thermo Fisher Scientific, Inc.). cDNA was
synthesized from 1 µg total RNA using the PrimeScript™ RT
reagent Kit (Perfect Real Time; Takara Bio, Inc.) according
to the manufacturer's protocol. qPCR was performed using
TB Green® Premix Ex Taq™ (Takara Bio, Inc.) as follows:
Initial denaturation at 95˚C for 30 sec; followed by 40 cycles
of amplification (95˚C for 30 sec, 95˚C for 30 sec, 55˚C for
30 sec and 72˚C for 30 sec), 95˚C for 1 min, 55˚C for 30 sec,
95˚C for 30 sec. GAPDH was used as an internal control. The
2‑ΔΔCq method (31) was used to analyze the data. The primer
sequences used were: GAPDH forward, 5'‑TGTGATG GG
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Figure 1. EGb‑761 protects the retinal function measured by electroretinogram. (A) Amplitudes of a‑wave and b‑wave exposed to 5,000 lux of light for 24 h
with/without EGb‑761 pre‑treatment. Statistical analysis of the (B) a‑wave and (C) b‑wave. The data are presented as the mean ± SD (n=3 in each group).
**
P<0.01, ***P<0.001, ****P<0.0001. EGb‑761, L + HG (100 mg/kg); L + LG (50 mg/kg). L, light, LG, Low Ginkgo; HG, high Ginkgo.

TGTGAACCACGAGAA‑3' and reverse, 5'‑GAGCCCT TC
CACAATGCCAAAGTT‑3'; BCL2 antagonist/killer 1 (Bak‑1)
forward, 5'‑ACGA ACTCTTCACCAAGATCGCCT‑3' and
reverse, 5'‑TCAA ACCACG CTG GTAGACGTACA‑3'; and
Cyc forward, 5'‑AGATGTTGTTGATGATGGG CCTGC‑3'
and reverse, 5'‑AAGCCAGCTTTCGACTCTTCAGGA‑3'.
Western blotting. Total protein was extracted from retinal
tissues for 30 min using freshly prepared ice‑cold lysis
buffer (cat. no. KGP2100; Nanjing Keygen Biotech Co., Ltd.).
The lysate was homogenized and centrifuged at 1,000 x g
for 10 min at 4˚C before the supernatant was collected
and centrifuged again at 12,000 x g for 20 min at 4˚C.
The supernatant was separated and preserved at ‑80˚C for
subsequent use. The protein concentration was measured
using a bicinchoninic acid protein assay kit (Nanjing
KeyGen Biotech Co., Ltd.). Equal amount (20 µg) of proteins
were separated by SDS‑PAGE (12‑15%) and transferred
onto polyvinylidene difluoride membranes, which were
blocked using 5% nonfat milk at room temperature for 1 h.
Subsequently, the membranes were incubated with primary
antibodies against GAPDH (dilution, 1:1,000; ProteinTech
Group, Inc.), Bcl2 (dilution, 1:1,000; ABclonal Biotech
Co., Ltd.), Bax (dilution, 1:1,000; ABclonal Biotech Co.,
Ltd.), cleaved caspase‑3 (dilution, 1:1,000; Nanjing KeyGen
Biotech Co., Ltd.), ERK (dilution, 1:500; Beyotime Institute
of Biotechnology), phosphorylated (p‑)Erk (dilution, 1:500;
Beyotime Institute of Biotechnology), Trx (dilution, 1:200;
Santa Cruz Biotechnology, Inc.) and Nrf‑2 (dilution, 1:500;
cat. no. 163961‑1‑AP; ProteinTech Group, Inc.) overnight at
4˚C. The membranes were washed with 1X TBS with 0.1%
Tween 20 (TBST) three times for 15 min (5 min/wash).
Subsequently, the membranes were probed with goat
anti‑rabbit IgG for 1 h at room temperature, and washed with
1X TBST three times for 45 min (15 min/wash). The protein

bands were visualized using enhanced chemiluminescence
agent (Beijing Solarbio Science & Technology Co., Ltd.), and
Image lab (version: 4. 1.0.2177; Bio‑Rad Laboratoties, Inc.)
software was used to analyze the data.
Statistical analysis. The experimental data were obtained from
at least three independent experiments. The data are presented
as the mean ± SD. One‑way ANOVA was used to analyze the
data. All data were analyzed using GraphPad Prism 8 software
(GraphPad Software, Inc.). P<0.05 was considered to indicate
a statistically significant difference.
Results
Protective effect of EGb‑761 against light‑induced retinal
degeneration. To evaluate the protective effect of EGb‑761 on
light‑induced retinal damage, mice were exposed to 5,000 lux
of white light for 24 h and treated with EGb‑761 for 7 days
prior to exposure to light. To analyze the visual function
of the retina, an ERG was performed (Fig. 1). The results
suggested that the amplitudes of the a‑wave and b‑wave were
significantly decreased in mice exposed to 5,000 lux of bright
light for 24 h compared with the levels noted in the control
group (Fig. 1). However, a fractional protective effect could be
observed when mice were treated with EGb‑761 (L + LG and
L + HG) for 7 days prior to exposure to white light. As shown
in Fig. 1, the amplitude of the a‑wave was increased (L + LG)
and the amplitudes of the b‑wave were significantly increased
in the EGb‑761 (L + LG and L + HG) groups compared with
that in the light‑damage group (Fig. 1A‑C).
EGb‑761 delays light‑induced photoreceptor degeneration.
To evaluate the protective effect of EGb‑761 on photoreceptor
degeneration, H&E staining was performed. The morpho‑
logical evaluation using H&E staining indicated a massive
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Figure 2. Protective effect of EGb‑761 in light‑induced photoreceptor degeneration. (A) Effect of EGb‑761 on the morphology of the retina in light‑damaged
mice (magnification, x400). (B) Spider graph of ONL thickness in the light‑induced retinal degeneration groups. (C) Thickness of the ONL in light‑treated
mice. The data are presented as the mean ± SD (n=3 in each group) ****P<0.0001. EGb‑761, L + HG (100 mg/kg); L + LG (50 mg/kg); ONL, outer nuclear layer;
RPE, retinal pigment epithelium; OS, IS, INL, inner nuclear layer; GCL, ganglion cell layer.

Figure 3. EGb 761 treatment increases the protein levels of Trx, Nrf‑2 and p‑Erk in light‑induced mouse retina degeneration. Protein expression levels
of (A) Nrf‑2, p‑Erk and (B) Trx were detected by western blotting. Semi‑quantification of (C) Nrf‑2, (D) p‑Erk and (E) Trx. The data are presented
as the mean ± SD (n= 4 in each group). *P<0.05, **P<0.01. L + HG (100 mg/kg); L + LG (50 mg/kg); Nrf‑2, nuclear factor erythroid 2‑related factor 2;
p‑, phosphorylated; Trx, thioredoxin.

loss in photoreceptor cells, which reduced the ONL thickness
of the retina in the light‑induced retinal degeneration group
compared with the control group (Fig. 2). However, the process

could be prevented by pre‑treatment with EGb‑761 (LG and
HG; Fig. 2). These findings suggested that EGb‑761 could
delay photoreceptor degeneration and improve the visual and
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Figure 4. EGb 761 treatment decreases the expression levels of Cyc, Bax, Bak‑1 and cleaved caspase‑3, and increases the expression levels of Bcl2 in light‑induced
mouse retina degeneration. The expression levels of (A) Cyc and (B) Bak‑1 were detected using reverse transcription‑quantitative PCR. (C) Expression levels
of cleaved caspase‑3, Bax and Bcl2 were detected using western blotting. Semi‑quantification of (D) cleaved caspase‑3, (E) Bax and (F) Bcl2. The data are
presented as the mean ± SD (n=4 in each group). *P<0.05, **P<0.01, ***P<0.001. Bak‑1, BCL2 antagonist/killer 1; Cyc, cytochrome c; L + HG (100 mg/kg);
L + LG (50 mg/kg).

compared with the control group. However, pre‑treatment with
EGb‑761 significantly increased the p‑Erk/Nrf‑2/Trx levels
compared with those in the light‑induced retinal degeneration
group. However, there is no significant difference between
that in the Light and L + HG groups for Nrf‑2 (Fig. 3).
These results indicated that treatment with EGb‑761 reduced
oxidative stress‑induced by light damage by activating the
p‑Erk/Nrf‑2/Trx signaling pathway.

Figure 5. Schematic summary of the protective effects of EGb 761 against
light‑induced photoreceptor degeneration. Cyc, cytochrome c; Nrf‑2,
nuclear factor erythroid 2‑related factor 2; ROS, reactive oxygen species;
Trx, thioredoxin.

morphological function of the retina during light‑induced
damage.
Effect of EGb‑761 treatment on the p‑Erk/Nrf‑2/Trx signaling
pathway in mice exposed to light. The in vivo findings
suggested that the protein levels of Nrf‑2/Trx were significantly
decreased in the light‑induced retinal degeneration group

EGb‑761 treatment decreases the expression levels of proteins
of the cleaved caspase‑3/Bax/Bak‑1/Cyc signaling pathway and
increases Bcl‑2 expression. In order to investigate the effects
of EGb‑761 on light‑induced photoreceptor degeneration,
RT‑qPCR and western blotting were performed. Quantitative
analysis of mRNA (Fig. 4A and B) indicated that the expression
levels of Cyc and Bak‑1 were increased in the light‑induced
retinal degeneration group compared with the control group.
However, there is no significance in the difference among the
groups for Bak‑1. However, the expression levels of Cyc and
Bak‑1 were decreased following EGb‑761 treatment compared
with those in the light‑induced retinal degeneration group. In
addition, the protein expression levels of cleaved caspase‑3,
Bax and Bcl‑2 (Fig. 4C) were detected by western blotting. The
expression levels of cleaved caspase‑3 and Bax were increased
in the light‑induced retinal degeneration group compare with
those in the control group, which were in turn downregulated
following EGb‑761 pre‑treatment compared with those in the
light damage group, (Fig. 4D and E). Furthermore, the expres‑
sion levels of Bcl‑2 were decreased in the light‑induced retinal
degeneration group, and they were significantly increased
following treatment with EGb‑761 (Fig. 4F). The results indi‑
cated that the expression levels of cleaved caspase‑3/Bax/Cyc
were significantly increased in the light‑induced retinal degen‑
eration group compared with the control group, whereas this
effect was inhibited following treatment of the mice with
EGb‑761. This suggests that the cleaved caspase‑3/Bax/Cyc
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pathway is the mechanism through which light induces photo‑
receptor degeneration and also showed that EGb 761 inhibits
the effects of light on retinal degeneration through activating
the p‑ERK/Nrf2/Trx pathway (Fig. 5).
Discussion
In the present study, the protective effects of EGb 761 were
assessed in retinal degeneration. In addition, the molecular
mechanisms involved in the regulation of oxidative stress
and the cell death signaling pathway induced by white light
(5,000 lux) were explored. The results suggested that prolonged
exposure to white light led to photoreceptor cell degeneration,
characterized by the activation of the corresponding apoptotic
signaling pathway. However, little is known regarding the
signaling pathway associated with these processes. Treatment
of animals with EGb‑761 markedly reduced oxidative stress via
activation of the Nrf‑2/Trx/Erk signaling pathway. By contrast
to this effect, treatment of the animals with EGb 761 reduced
apoptosis via the regulation of the Bax/Bcl2 and caspase
signaling pathways. Therefore, the observations suggested that
EGb 761 may serve a crucial role in the clinical treatment of
retinal degenerative diseases.
The severity of light‑induced retinal impairment is
commonly associated with the induction of oxidative stress,
which is dependent on the light intensity and exposure time (32).
In various studies (23,29,33), the rat/mouse model has been
exposed to a variety of white light sources, with different inten‑
sities that ranged between 1,000 and 20,000 lux (6,7,8,12). In
addition, different irradiation rhythms, different light sources
and different spectra have different effects on the retina (3). It
has been reported in previous studies, that the decrease of light
intensity and alteration in the light constituents can reduce
the effect of retinal degeneration (3,6,34). These conditions
are known to cause retinal histopathological and functional
changes in animals (6,35). Therefore, the present study evalu‑
ated the effects of exposure to 5,000 lux of light for 24 h in a
mouse model by focusing on the assessment of different retinal
functions. The selected range was based on previous study (6).
Furthermore, our research group has used the same range in
previous study (3). Therefore, in the present study, this range
was selected. In the present study, prolonged exposure to white
light triggered a large burst in photoreceptor cell death, which
resembled the pathogenesis of retinal degeneration. The results
suggested that the induction of morphological and functional
changes following white light (5,000 lux) exposure contributed
to the development of retinal diseases. The amplitudes of the
a‑wave and b‑wave determined the induction of specific disor‑
ders associated with retinal function, and the amplitudes were
decreased in the light damage group and were accompanied
by loss of photoreceptor cells, reducing ONL thickness in the
outer segment of the retina. These results were similar to those
reported previously (29).
EGb‑761 is used for the treatment of different diseases,
such as neurodegenerative and retinal disorders (19).
Functional and morphological analysis demonstrated that
EGb‑761 could inhibit light‑induced retinal damage. These
results support previously reported data (23). However, little
is known regarding the molecular mechanism of EGb 761.
Therefore, the present study investigated the mechanism by

which EGb 761exerted a protective effect against light‑induced
retinal degeneration. Previous literature reviews have reported
that the effect of EGb 761 is dose‑dependent (36,37). A dose
range of 40‑300 mg/kg has been found to be more effective in
the treatment of specific diseases (38,39). The present study
demonstrated that treatment with a low dose (50 mg/kg) of
EGb 761 was more effective in preventing retinal degeneration
than high‑dose treatment (100 mg/kg).
A previous study has reported that prolonged and intense
exposure to light promotes the induction of oxidative stress,
which is involved in the pathogenesis of various retinal
diseases (40). The Erk/Trx/Nrf‑2 signaling pathway serves
a pivotal role in redox balance. When the levels of cellular
oxidative stress are increased, the p‑Erk axis of unfolded
protein response mediates nuclear translocation of antioxidant
Nrf‑2 leading to increased expression of Trx (41), reduced
photooxidative stress and retinal degeneration (42). Overall,
the p‑Erk/Nrf‑2/Trx cascade is tightly involved in the regu‑
lation of the redox signaling pathway (43). Previous studies
have reported that the use of antioxidants is considered the
chief regulator of the cellular redox mechanism mediated
via the p‑Erk/Nrf‑2/Trx axis (3,44). This signaling pathway
(p‑Erk/Nrf‑2/Trx) can maintain the biological and physi‑
ological function of the retina (45). In the present study, EGb
761 treatment increased the levels of Trx, Nrf‑2 and p‑Erk in
a light damage mouse model. Therefore, the results suggested
that EGb 761 acted as an antioxidant that could serve a vital
role in retinal degeneration.
The excess levels of ROS and oxidative stress initiate
apoptosis or programmed cell death (46), which causes
photoreceptor cell death leading to various retinal diseases
and blindness (47). The Bak‑1/Cyc/Bax/cleaved caspase‑3
signaling pathway has attracted considerable attention and
is considered the major cause of photoreceptor cell death
noted in retinal diseases (47‑49). The cell death mechanism
is initiated by the translocation of Bax and Bak to the mito‑
chondrial membrane, and Cyc release into the cytosol (50,51).
This initiates the activation of cleaved caspase‑3, suppressing
Bcl2, and induces morphological and biochemical changes in
the retina (25,26). The results of the present study indicated
that exposure to light upregulated the levels of Cyc, Bak‑1,
Bax and cleaved caspase‑3 in the retina, while this process
was inhibited following pretreatment of the mice with EGb
761. This effect could protect photoreceptor cells from apop‑
tosis.
Overall, the data demonstrated that EGb 761 treat‑
ment delayed photoreceptor degeneration in light‑exposed
m ice. T he mecha n ism i nvolved activation of t he
p‑Erk/Nrf‑2/Trx axis and downregulation of the apoptotic
Bax/Bak‑1/Cyc/cleaved caspase‑3 signaling pathway, which
was concomitant with the upregulation of Bcl2 expression.
These results may suggest a putative role of EGb 761 in
the treatment of retinal degeneration. The lack of measure‑
ments of Cyc release into the cytosol and measurements of
mitochondrial membrane potential was a limitation of the
present study.
In conclusion, the present study suggested that EGb 761
treatment delayed photoreceptor degeneration induced by
light. The underlying mechanism was associated with inhibi‑
tion of apoptosis via downregulation of the Bax/Cyc/cleaved
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caspase‑3 signaling pathway and upregulation of Bcl2, which
led to inhibition of oxidative stress via the activation of the
p‑Erk/Nrf‑2/Trx signaling pathway.
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