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Caffeic acid phenethyl ester attenuates nuclear
factor-kB-mediated inflammatory responses in Miiller
cells and protects against retinal ganglion cell death
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Abstract. Glaucoma is characterized by the death of retinal
ganglion cells (RGCs) and visual field defects, and is a
leading cause of blindness worldwide. Caffeic acid phenethyl
ester (CAPE), a natural polyphenolic found in propolis from
honeybee hives, can inhibit the activation of nuclear factor «
light-chain-enhancer of activated B cells (NF-xB) and has
therapeutic potential in inflammatory disease. The present
study used a rat model of optic nerve crush (ONC) injury to
investigate the effect of CAPE on glaucoma. The death of
RGCs at day 14 was significantly reduced in CAPE-treated
animals compared with the non-treated group according to
Brn3a and TUNEL staining. In addition, CAPE decreased
the severity of inflammation in the retina, reflected by the
decreased expression of inflammatory cytokines, including
interleukin (IL)-8, IL-6, inducible nitric oxide synthase,
cycloooxygenase-2, tumor necrosis factor-o and chemo-
kine C-C ligand-2, in CAPE-treated rats. The hypertrophy of
astrocytes and Miiller cells (gliosis) caused by ONC was also
found to be attenuated by CAPE, accompanied by the inhibi-
tion of NF-«B signaling. Similarly, in vitro, CAPE suppressed
the proliferation and migration of primary astrocytes induced
by lipopolysaccharide, as well as the activation of NF-«xB.
These results suggest that CAPE protected against RGC and
attenuated inflammatory responses in a rat model of ONC by
suppressing NF-«xB activation.
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Introduction

Glaucoma is a progressive neurodegenerative eye disease
and is a leading cause of irreversible blindness globally (1-3).
Increased intraocular pressure and retinal ganglion cell (RGC)
death are the most common symptoms of glaucoma. Strategies
to alleviate intraocular pressure, such as topical drugs, laser
treatment and surgery, cannot completely suppress the progres-
sion of visual field defects in some patients (1). Although some
neuroprotective strategies have been investigated, to date,
there are no convincing data to support an effective therapy
for glaucoma (4-6). Therefore, developing novel neuroprotec-
tive therapies to protect or regenerate RGCs in glaucoma is
necessary.

Although the precise mechanism underlying glaucoma
remains unclear, it is becoming increasingly clear that glial
cell activation and neuro-inflammation exacerbate the loss of
RGCs in the retina after optic nerve injury (7-9). Therefore,
anti-inflammatory agents may be a potential effective
neuro-protective therapy to protect RGCs in the retina of
patients with glaucoma.

Recently, various natural and potentially therapeutic
compounds have attracted the attention of researchers (10-12).
Caffeic acid phenethyl ester (CAPE), an active phenolic compo-
nent in the propolis of the honeybee hive, has been reported
to be a potent antioxidant and suppressor of nuclear factor
k-light-chain-enhancer of activated B cells (NF-«xB) (13). CAPE
has a multitude of beneficial biological properties, including
antioxidant, anti-inflammatory, antiviral, anti-proliferative,
neuroprotective, hepatoprotective and cardioprotective capaci-
ties (13-18). Some studies have described the anti-apoptosis
effect of CAPE in neurons induced by ischemia-reperfusion
or low potassium levels by blocking the production of reac-
tive oxygen species and inhibiting caspase activity (19,20).
However, there have been no published studies investigating
the role of CAPE in protecting against RGC death using the
optic nerve crush (ONC) model for glaucoma.

In the present study, the survival and apoptosis of RGCs
after ONC injury with and without CAPE treatment were
compared. The protective role of CAPE in ONC-induced RGC
apoptosis and neuro-inflammation was demonstrated. The
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expression of cytokines in the retina was suppressed by CAPE,
as well as the activation of NF-«xB in astrocytes. The present
study provides detailed evidence supporting the neuroprotec-
tive effect of CAPE on RGCs.

Materials and methods

Animals and the ONC model. All 72 Sprague-Dawley rats
(8-12 weeks of age, male; weight, 170-200 g) used in this study
were provided by the Shanghai Laboratory Animal Center of
the Chinese Academy of Sciences (Shanghai, China). Animals
were housed in a temperature-controlled room (22+3°C)
with a 12-h light/dark cycle under specific-pathogen free
conditions and provided with free access to water and food.
All experimental animal protocols were approved by the
Institutional Animal Care and Use Committee of Wenzhou
Medical University (Wenzhou, Zhejiang, China). The ONC
protocol was adapted from previous studies (10,21). Briefly,
rats were anesthetized using pentobarbital sodium (40 mg/kg;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). A small
incision was then made in the superior and lateral conjunctiva,
and gentle dissection was performed to expose the optic nerve,
and to avoid tissue damage and infraorbital trauma. The optic
nerve was crushed for 10 sec using a vascular clip at the site
2 mm posterior to the globe. The integrity of the retinal blood
supply was verified, and rats with severely reduced perfu-
sion were excluded. Before the application of the coverslip,
the eye was moisturized using sodium hyaluronate 1 mg/ml
(Hylo-COMOD, Ursapharm, Germany). For each experiment,
ONC was performed on the left eye.

CAPE treatment. Rats were randomly assigned to one of four
groups (n=18 each): the control (Con); the Con + CAPE; the
ONC; and the ONC + CAPE. No surgery was performed in
the control rats. Rats were injected with 10 gmol/kg CAPE
(Sigma-Aldrich; Merck KGaA) intraperitoneally 10 min after
the surgery according to a method described in a previous
study (22). Equal amounts of vehicle (i.e., instead of CAPE)
were administered to the rats in the control and the ONC groups.

Brn3a-labeled flat-mounted retinas. Fourteen days after
surgery, the rats were euthanized with carbon dioxide, and the
eyeballs were enucleated and fixed using 4% paraformaldehyde
at 4°C overnight. Retina flat mounts were carefully prepared
and incubated with blocking buffer (0.3% Triton X-100 and
2% donkey serum) for 1 h at room temperature after washing
with phosphate-buffered saline (PBS). The retina flat mounts
were then incubated with rabbit monoclonal antibody for
brain-specific homeobox/POU domain protein 3A (Brn-3a)
(dilution 1:100; cat. no. ab232480; Abcam, Cambridge, MA,
USA) overnight at 4°C, followed by anti-rabbit Alexa Fluor 594
(dilution 1:500; cat. no. R37117; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) for 2 h at room temperature. The slides
were then examined using a confocal microscope (TCS SP5;
Leica Microsystems GmbH, Wetzlar, Germany; magnifica-
tion, x200), and 10 microphotographs were captured for each
retina.

TUNEL apoptosis assay. Terminal deoxynucleotidyl trans-
ferase dUTP nick end labeling (TUNEL) staining was
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performed using a commercially available kit (One-Step
TUNEL Apoptosis Assay kit; cat. no. C1086; Beyotime
Institute of Biotechnology, Haimen, China). Frozen tissue
sections were rinsed with PBS for 10 min and incubated
with 0.5% Triton X-100 for 5 min at room temperature. The
TUNEL reaction mixture (50 ul for each section) was added
and stained for 60 min at 37°C. DAPI was also used to visualize
nuclei. TUNEL-positive cells were examined using a confocal
microscope, three random fields for each sample was captured.

Immunofluorescent staining. Retinas were harvested on day
14 after ONC, and frozen sections (8 ym thick) were prepared
using a microtome (Leica Microsystems GmbH). Sections
were blocked with PBS containing 0.3% Triton X-100, 1% BSA
and donkey serum for 2 h to avoid non-specific staining. After
blocking, the sections were stained with primary antibodies for
mouse monoclonal anti-glial fibrillary acidic protein (GFAP)
(dilution 1:200; cat. no. abl0062) and rabbit polyclonal
anti-NF-xB-P65 (dilution 1:100; cat. no. ab16502) (both from
Abcam) at 4°C overnight, and further stained with fluorescein
conjugated secondary antibodies (anti-mouse Alexa Fluor 488
(dilution 1:500; cat. no. R37120; Thermo Fisher Scientific,
Inc.) and anti-rabbit Alexa Fluor 594). Sections were sealed
and examined using a scanning confocal microscope (Leica
Microsystems GmbH).

Rat primary astrocyte culture and cell treatment. Primary
rat astrocytes were prepared according to methods described
in previous studies (23,24). Briefly, mixed-glia cultures
were prepared from the dissected brains of newborn
Sprague-Dawley rats (1-3 days) and cultured in Dulbecco's
modified Eagle's medium (DMEM)/F12 supplemented with
10% fetal bovine serum (FBS). The culture medium was
changed on days 3 and 6. For purification, oligodendrocytes
and microglia were removed by shaking the flasks at 200 rpm
for 2 h at 37°C (days 10-12). The isolated astrocytes were
confirmed by immunostaining for CD11b and GFAP; astro-
cyte purity was >95%. The second passage of astrocytes were
used in this study.

Astrocyte migration assay. Astrocytes were seeded in 24-well
plates. Astrocyte monolayers were gently and perpendicularly
scratched using a sterile pipette tip across the well when the
cells reached 70-80% confluence. The wells were washed
twice with medium to remove the detached cells and treated
with either CAPE or together with lipopolysaccharide (LPS)
for 16 h before being examined by inverted phase contrast
microscope. Photomicrographs of five randomly chosen fields
were captured, and the gap distance was quantitatively evalu-
ated using ImageJ v1.8.0 software (NIH; National Institutes of
Health, Bethesda, MD, USA). The migration rate was obtained
by comparing the migration distance of the experimental
groups with the control group.

Cell viability assay. Astrocyte viability was measured using a
commercially available Cell Counting Kit-8 (CCK-8; Dojindo
Laboratories, Kumamoto, Japan). Astrocytes were plated in
96-well plates (5x10° cells/well) and treated with different
concentrations of CAPE (0, 1, 5, 10, 20 or 40 M) or LPS
(1 pg/ml) for 48 h. To measure astrocyte viability, 10 ul of
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CCK-8 solution was added to each well in the dark. After a
1-h incubation at 37°C, absorbance was read using a micro-
plate reader (BioTek Instruments, Inc., Winooski, VT, USA)
at 450 nm.

Quantitative polymerase chain reaction (PCR). RNA from
retinas and astrocytes was isolated using a commercially
available kit (miRNeasy Mini kit; Qiagen, Duesseldorf,
Germany) and complementary DNA was synthesized using
PrimeScript™ RT reagent kit with gDNA Eraser (Takara
Biotechnology Co., Ltd., Dalian, China). Real-time quantita-
tive PCR was performed using SYBR Premix Ex Taq™ II kit
(Takara Biotechnology Co., Ltd.). Messenger RNA (mRNA)
expression of interleukin (IL)-8, IL-6, inducible nitric oxide
synthase (iNOS), cyclooxygenase-2 (COX-2), tumor necrosis
factor-a (TNF-a) and C-C motif ligand-2 (CCL-2) in retinas
were normalized to f3-actin using the 222 method (25).

Western blot analysis. Retinas were carefully separated from the
eye balls, placed in lysis buffer (1X RIPA Buffer, cat. no. 9806S;
Cell Signaling Technology, Danvers, MA, USA) and ultra-
sonicated on ice. Cell lysates were centrifuged at 12,000 x g for
10 min at 4°C to collect the supernatant protein. Protein concen-
trations were determined using a Pierce BCA Protein Assay Kit
(cat.no. 23225; Thermo Fisher Scientific, Inc.) and 30 pg of each
sample was blotted with 10% SDS-polyacrylamide gel electro-
phoresis and transferred on to polyvinylidene difluoride (PVDF)
membranes (EMD Millipore, Billerica, MA, USA). Following
blocking with 5% nonfat milk at room temperature (20-25°C) for
2 h, the membranes were incubated with monoclonal anti-GFAP
(dilution 1:1,000; cat. no. abl0062), polyclonal anti-NF-kB-P65
(dilution 1:1,000; cat. no. ab16502) or monoclonal anti-B-actin
(dilution 1:1,000; cat. no. ab8226) (all from Abcam) for 18 h
at 4°C. Protein expression was determined using horseradish
peroxidase-conjugated secondary antibodies (dilution 1:2,000;
cat. nos. 7074 and 7076; Cell Signaling Technology) and
visualized using SuperSignal™ West Femto Substrate Trial
kit (Thermo Fisher Scientific, Inc.). ImageJ v1.8.0 (National
Institutes of Health) was used for densitometry.

Statistical analysis. All data in the present study are expressed
as mean + standard deviation (SD) and analyzed using
GraphPad Prism 6.0 (GraphPad Software Inc., La Jolla, CA,
USA). Two-way analysis of variance (ANOVA), followed by
Turkey's multiple comparison test, was used to compare the
different groups; P<0.05 was considered to indicate a statisti-
cally significant result.

Results

CAPE suppresses the loss of RGCs after ONC. To investi-
gate the protective effects of CAPE against ONC-induced
retinal damage, Brn3a immunofluorescence staining was
performed on the retinal flat mounts 14 days after ONC
injury. Representative retinal images are shown in Fig. 1A.
Brn3a-labeled RGCs were counted at the same distance from
the optic nerve head. As expected, the number of Brn3a-stained
RGCs decreased in the vehicle-treated ONC group (P<0.001)
compared with the control group. Notably, CAPE significantly
suppressed the loss of RGCs compared with the vehicle-treated
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Figure 1. CAPE enhances RGC survival in the retina after ONC. Immuno-
staining of Brn3a (red) was performed to determine the survival of RGCs
in retinas at day 14 after ONC. (A) Representative immunostaining images
of retinas. Scale bar, 100 gm. (B) Analysis of the number of Brn3a-positive
RGCs in the different groups. (mean + SD, n=6; ““P<0.001 compared with
the control group; “*P<0.001 compared with the ONC group). CAPE, caffeic
acid phenethyl ester; RGCs, retinal ganglion cells; ONC, optic nerve crush.

ONC group (Fig. 1B), but demonstrated no effect on RGCs in
intact retinas.

CAPE attenuates the apoptosis of RGCs in retinas after
ONC. To further examine the protective role of CAPE in the
retina after ONC, TUNEL-positive apoptotic cells in retina
frozen sections were stained at day 7. Few apoptotic cells in
the retinas were observed in the Con group and Con+CAPE
group (Fig. 2A), and a large number of TUNEL-positive
cells were found in the retinas after ONC. However, fewer
TUNEL-stained cells were found in the ONC+CAPE group
compared with the ONC group (Fig. 2B). These results
confirmed the protective effect of CAPE in the retina, and
CAPE significantly attenuated RGC apoptosis induced by
ONC.

CAPE inhibits cytokine expression in retinas after ONC.
To determine whether the inflammatory response caused by
ONC injury is affected by CAPE treatment, cytokine expres-
sion in retinas from the different groups was assessed using
real-time PCR. Compared with the control group, mRNA
levels of IL-8 (Fig. 3A), IL-6 (Fig. 3B), iNOS (Fig. 3C),
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Figure 2. CAPE decreases the death of RGCs in the retina. (A) TUNEL staining of retinal sections at day 7 post ONC. TUNEL (green) and DAPI (blue)
were double stained. Scale bar, 100 pm. (B) Analysis of the ratio of TUNEL-positive RGCs in retinas from the different groups. (mean + SD, n=6, “*P<0.001
compared with the control group; "#P<0.001 compared with the ONC group). CAPE, caffeic acid phenethyl ester; RGCs, retinal ganglion cells; ONC, optic
nerve crush; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.

COX-2 (Fig. 3D), TNF-a (Fig. 3E) and CCL-2 (Fig. 3F), were
significantly upregulated in the ONC group. Expression of
these pro-inflammatory cytokines were suppressed in rats that
received CAPE after ONC injury (Fig. 3A-F). These results
suggest that CAPE could effectively inhibit inflammation after
ONC.

CAPE prevents gliosis caused by ONC injury by inhibiting
NF-kB activation. It is well established that astrocyte hyper-
trophy and Miiller cells (gliosis) are induced by ONC (26).
To examine the contribution of activated astrocytes to the
protective role of CAPE after ONC injury, the expression of
GFAP by western blot analysis and immunostaining of retinal
sections was examined. As expected, the expression of GFAP
was increased on day 7 after ONC (Fig. 4A and B) and mainly
localized in astrocytes (Fig. 4D). The protein level of GFAP
was lower in the retinas of rats treated with CAPE than that in
the ONC group (Fig. 4A and B). Additionally, the increase in
NF-kB-p65 in the retina caused by ONC injury was suppressed
by CAPE (Fig. 4A and C). Importantly, double immunos-
taining revealed that NF-kB-p65 was mainly expressed in
GFAP-positive cells (Fig. 4D), suggesting that CAPE may
attenuate the gliosis response by inhibiting NF-xB activation.

CAPE suppresses the proliferation and migration of astrocytes
induced by LPS. To explore the effect of CAPE on astrocytes,

rat primary astrocytes were prepared and treated with different
concentrations of CAPE in vitro. Low doses of CAPE (0, 1,
5, 10 or 20 pM) demonstrated no effect on the viability of
astrocytes; however, 40 uM CAPE decreased the viability of
astrocytes after a 48-h treatment (Fig. 5A). LPS stimulated the
proliferation of astrocytes, indicated by the increase in cell
viability (Fig. 5B). Notably, CAPE (5, 10 or 20 xM) inhibited
the proliferation of astrocytes induced by LPS, reflected by the
significant decrease in cell viability (Fig. 5B). Furthermore,
CAPE suppressed the migration of astrocytes induced by
LPS (Fig. 5C and D). Together, these results suggested that the
protective role of CAPE in ONC may be associated with its
effect on astrocyte proliferation and migration.

CAPE suppresses the expression of pro-inflammatory cyto-
kines and the activation of NF-xB in astrocytes. To investigate
whether the effect of CAPE on astrocytes was relevant to its
protective function in ONC, the expression of pro-inflammatory
cytokines and the activation of NF-kB in primary astrocytes
were examined. As expected, the increase in IL-8, IL-6, iNOS,
COX-2, TNF-a and CCL-2 (Fig. 6A-F) in astrocytes were
highly suppressed by CAPE treatment. Similarly, the activation
of NF-«xB was significantly suppressed by CAPE, demonstrated
by protein expression of GFAP and NF-xB-p65 (Fig. 6G-I).
These data were consistent with the results in the ONC model
animals.
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Figure 3. Influence of CAPE on pro-inflammatory cytokines following ONC. Relative mRNA levels of (A) IL-8, (B) IL-6, (C) iNOS, (D) COX-2, (E) TNF-a
and (F) CCL-2 in retinas 7 days after ONC were determined by quantitative PCR. (mean = SD, n=6, ““P<0.001 compared with the control group; “P<0.05,
"P<0.01, ""P<0.001 compared with the ONC group). CAPE, caffeic acid phenethyl ester; ONC, optic nerve crush; IL-8, interleukin (IL)-8; iNOS, inducible
nitric oxide synthase; COX-2, cyclooxygenase-2; TNF-a, tumor necrosis factor-a; CCL-2, C-C motif ligand.

Discussion

Several animal models have been developed to study
glaucoma (27-29) among which optic nerve crush (ONC)
is widely used to evaluate the survival of injured retinal
ganglion cells (RGCs) and inflammation of glia. ONC is an
acute injury that kills the majority of RGCs within the first
2 weeks and triggers atypical inflammatory response within
the injured eye (30-33). In the present study, using a rat ONC
model, we have demonstrated for the first time that caffeic
acid phenethyl ester (CAPE), exerted a neuroprotective
role and attenuated inflammatory responses by inhibiting
nuclear factor kappa light-chain-enhancer of activated B
cells (NF-kB) activation.

RGC death is an important feature of glaucoma, which can
lead to irreversible vision loss. CAPE markedly attenuated the

symptoms of ONC, indicated by the increase in Brn3a-labeled
RGCs and the decrease in TUNNEL-positive apoptotic RGCs
in the retinas of rats that received CAPE treatment 10 min
after surgery. In agreement with these data, Shi and colleagues
reported that CAPE inhibited the apoptosis of retinal cells
after ischemia-reperfusion injury (22).

NF-«B signaling is always activated in response to
elevated intraocular pressure, vascular diseases and oxida-
tive stress. Oxidative stress has been reported to be largely
responsible for the loss of RGCs, molecular damage and
cellular dysfunction in glaucoma. NF-kB activation is a
common pathological pathway in many diseases character-
ized by inflammation, such as rheumatoid arthritis, type
I diabetes and glaucoma (34-37). NF-xB activation was
reported in both human glaucoma optic nerve head astrocytes
and in experimental animal models (38,39). In this study,
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Figure 4. Effect of CAPE on the activation of NF-«xB in astrocytes. On day 7 after ONC, rat retinas in the indicated groups were harvested and lysed or
subjected to frozen sections. (A) Protein levels of GFAP and NF-xB-p65 in retina were detected by western blot analysis. Expression of GFAP (B) and
NF-«xB-p65 (C) in the different groups was compared using densitometric analysis. (mean + SD, n=6, ““P<0.001 compared with the control group; *P<0.01,
#P<0.001 compared with the ONC group). (D) Double immunofluorescent staining of NF-xB-p65 (red) and GFAP (green) in the retina. Scale bar, 100 ym.
CAPE, caffeic acid phenethyl ester; ONC, optic nerve crush; GFAP, anti-glial fibrillary acidic protein.
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Figure 5. Effect of CAPE on the viability and migration of primary astrocytes. (A) Cell viability of astrocytes exposed to different concentrations of CAPE
0,1,5,10,20 or 40 uM) for 48 h were detected with CCK-8. (B) The effect of different doses of CAPE (0, 1, 5, 10 or 20 #M) on the cell viability of LPS-treated
astrocytes. (C) Migration of astrocytes treated with LPS or CAPE were examined by scratch assay. No difference was found between the Con and Con+CAPE
groups 24 h after placing the scratch. An obvious increase in astrocytes in the LPS group was found to have migrated into the denuded space when compared to
the Con group. CAPE significantly suppressed the migration of the astrocytes treated with LPS. (D) Migration ratio (%) of astrocytes. (n=5, “P<0.05, ““"P<0.001

compared with the Con group; "P<0.05, “P<0.01, #P<0.001 compared with the LPS group). CAPE, caffeic acid phenethyl ester; CCK-8, Cell Counting Kit-8;
LPS, lipopolysaccharide.
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Figure 6. CAPE suppresses the activation of astrocytes. Astrocytes were exposed to CAPE (20 uM) or LPS (1 pg/ml) for 12 h. Total RNA of astrocytes from
the different groups was extracted and the relative mRNA levels of (A) IL-8, (B) IL-6, (C) iNOS, (D) COX-2, (E) TNF-a and (F) CCL-2 in astrocytes were
examined quantitatively using real-time quantitative PCR. (G) Protein expression of GFAP and NF-kB-p65 in astrocytes treated with or without CAPE and
LPS in vitro was assessed by western blot analysis. The protein level of (H) GFAP and (I) NF-kB-p65 in the different groups was evaluated by densitometric
analysis. (mean + SD, n=3, “P<0.01, “"P<0.001 compared with the control group; *P<0.03, #P<0.01, *#P<0.001 compared with the LPS group). CAPE, caffeic
acid phenethyl ester; LPS, lipopolysaccharide; IL-8, interleukin (IL)-8; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2; TNF-a, tumor

necrosis factor-a; CCL-2, C-C motif ligand.

activation of NF-kB in astrocytes was also induced in a rat
ONC model and was suppressed in CAPE-treated animals.
Activated NF-kB enters the nucleus to induce transcription of
downstream inflammatory cytokines that exacerbate oxida-
tive stress. We found that CAPE also reduced the expression
of cytokines interleukin (IL)-8, IL-6, inducible nitric oxide
synthase (iNOS), cyclooxygenase-2 (COX-2), tumor necrosis
factor-a (TNF-a) and C-C motif ligand-2 (CCL-2), which was
consistent with previous studies in experimental ulcerative
colitis (40) and acute spinal cord injury (41). These data suggest
that the protective effects of CAPE in ONC may be related to
the alleviation of neuro-inflammation in the retina.
Considering the decisive role of gliosis in the pathological
course of RGC damage (42,43) we analyzed the expression of
GFAP using western blot analysis and immunohistochemical
staining. As expected, GFAP in the retina was upregulated
after ONC injury. It was interesting to find that CAPE allevi-
ated gliosis caused by ONC, as evidenced by the significant
downregulation of GFAP and NF-kB compared with the
ONC group. The effect of CAPE in astrocytes was further

confirmed in in vitro experiments. CAPE suppressed reactive
astrogliosis induced by LPS in vitro, reflected by the inhibition
of proliferation and migration of primary cultured astrocytes,
as well as the expression of GFAP and NF-«xB.

Data from the present study indicated that the protective
role of CAPE in experimental glaucoma may be mediated by
the anti-inflammatory function of CAPE in astrocytes through
inhibition of NF-«B activation. This may not be the only protec-
tive role of CAPE; other pathological changes in glaucoma,
including mitochondrial damage, endothelial dysregulation
and hypoxia may also be influenced by CAPE treatment. We
speculate that CAPE possibly functions by regulating intracel-
lular or extracellular signals, such as reactive oxygen species,
which are massively generated in glaucoma-related oxidative
stress and lead to the activation of NF-xB (37,44). Further
studies are necessary to explore the molecular mechanisms by
which CAPE inhibits activation of NF-xB. Whether CAPE can
block the translocation of NF-kB to the nucleus and inhibit
NF-«B binding to the target sequence warrants further inves-
tigation.
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In conclusion, our findings suggest that systemic administra-
tion of CAPE appears to afford neuroprotection in a rat model
of ONC injury, and controls retinal gliosis and the release of
pro-inflammatory mediators by suppressing NF-kB activa-
tion. CAPE may be a promising candidate for the treatment of
glaucoma. However, CAPE may act differently in mice, rats or
humans; therefore, more in-depth, systematic research is needed
to determine the molecular mechanisms, optimal concentrations,
and possible side effects of CAPE before its clinical application.
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