
Neuropathic injury is associated with non-ocular 
diseases, such as Alzheimer disease, and ocular diseases, 
such as ischemic optic neuropathy and glaucoma. Glaucoma 
is one of the most common and clinically relevant chronic 
retrogressive diseases of the optic nerve (ON). Glaucoma 

results in the slow, progressive death of retinal ganglion cells 
(RGCs), ultimately leading to irreversible blindness. There-
fore, protection of RGCs is currently an important target for 
glaucoma treatments. In addition, as one of the major risks of 
glaucoma is increased intraocular pressure (IOP), effectively 
controlling IOP is crucial for protecting RGCs from injury. 
Several techniques for reducing IOP exist, including IOP-
lowering medications, laser treatment, and glaucoma surgery. 
Nevertheless, despite controlling the IOP within the objective 
range, optic neuropathy may still develop in some patients. 
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Purpose: To investigate the neuroprotective effects of scutellarin, an active component of the multifunctional traditional 
Chinese herb Erigeron breviscapus (vant.) Hand.-Mazz. (EBHM), which has been used as a neuroprotective therapy for 
cerebrovascular diseases. We performed the experiments using in vitro and in vivo models of retinal neurodegeneration.
Methods: In the in vitro experiments, we exposed BV-2 cells to low oxygen levels in an incubator for 24 and 48 h to 
generate hypoxia models. We then treated these cells with scutellarin at concentrations of 2, 10, and 50 µM. Cell viability 
was measured using an enzyme-linked immunosorbent assay (ELISA). The levels of the components of the nucleotide-
binding oligomerization domain, leucine-rich repeat and pyrin domain containing 3 (NLRP3) inflammasome signaling 
pathway, including NLRP3, apoptosis-associated speck-like protein containing a caspase recruitment domain (ASC), 
cleaved caspase-1, interleukin-18 (IL-18), and IL-1β were analyzed using western blots and ELISAs. In the in vivo 
study, we raised the intraocular pressure of Brown Norway rats to 60 mmHg for 30 min to generate a high intraocular 
pressure (HIOP) model, that is, an acute glaucoma model. The rats were then treated with scutellarin via oral gavage 
for 2 consecutive weeks. The relevant components of the NLRP3 inflammasome signaling pathway were analyzed with 
western blots and ELISAs. Retinal ganglion cells (RGCs) were retrogradely labeled using 4% Fluoro-Gold, and then 
the numbers of cells were calculated. Retinal microglial cells were labeled using immunofluorescence, and then the 
morphological changes were observed.
Results: In the in vitro cell viability experiments, 50 µM scutellarin statistically significantly enhanced the viability rate 
when compared to 2 µM and 10 µM scutellarin (hypoxia + 50 µM EBHM group: 94.01±2.130% and 86.02±2.520% after 
24 and 48 h, respectively; hypoxia model group: 74.98±3.860% and 64.41±4.890% after 24 and 48 h, respectively; for 
all when compared to normal control, p<0.001). Scutellarin inhibited the expression of NLRP3 in vitro (the hypoxia + 
EBHM group/normal control group ratio versus the hypoxia model group/normal control group ratio: 2.30±0.12 versus 
4.06±0.19, p<0.01) and in vivo (the HIOP + EBHM group/normal control group ratio versus the HIOP model group/
normal control ratio: 3.39±0.42 versus 6.07±0.22, p<0.01). Scutellarin administration also reduced the upregulation of 
ASC, cleaved caspase-1, IL-18, and IL-1β in vitro and in vivo. In the in vivo study, the RGC survival rate was statisti-
cally significantly improved following scutellarin administration (p<0.001 versus the HIOP group), and the number of 
impaired retinal microglial cells was statistically significantly reduced following scutellarin treatment when compared 
with the HIOP model group.
Conclusions: EBHM extract scutellarin exhibits protective effects in retinal hypoxia models by inhibiting NLRP3 
inflammasome-mediated inflammatory reactions. Thus, EBHM extract scutellarin may be an appropriate therapeutic 
option for disorders related to retinal neurodegeneration, such as glaucoma.
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Thus, neuroprotection has been proposed as an important 
therapeutic strategy.

Various treatments have been found to have neuropro-
tective effects, including nerve growth factors (e.g., brain-
derived neurotrophic factor and basic fibroblast growth 
factor), alpha 2 adrenergic agonists such as brimonidine, and 
plant extracts (e.g., extracts of Ginkgo biloba and Erigeron 
breviscapus) [1,2]. Among the plant extracts that have been 
identified as having protective effects, Erigeron breviscapus 
(vant.) Hand.-Mazz. (EBHM) is a plant species endemic to 
southwestern China and an important traditional Chinese 
herb used to treat various diseases, such as heart disease, 
cerebral infarction, digestive disorders, and apoplexy [3]. 
Scutellarin, a flavone glucuronide (5,6,4′-trihydroxyflavone-
7-O-glucuronide), is the major active component of EBHM 
and has been used as an herbal medicine to treat ischemic 
cardiovascular and cerebrovascular diseases [4-6]. A previous 
study using a transient focal cerebral ischemia model demon-
strated that EBHM extract suppressed apoptosis and attenu-
ated neuronal apoptosis [7]. Moreover, scutellarin alleviated 
the motor deficits caused by multiple sclerosis by inhibiting 
the apoptosis of neural stem cells and promoting their 
differentiation into myelin-producing oligodendrocytes [8]. 
Collectively, these results elucidated some of the mechanisms 
by which EBHM extract protects against neurodegeneration.

Hypoxia is a typical inducer of neurodegeneration in 
a variety of cell types [9]. In glaucoma, hypoxia-induced 
injury leads to the death and morphological degeneration 
of RGCs, loss of retinal function, and finally, to vision loss 
[10]. Recently, several studies reported that hypoxia induces 
retinal injury through inflammation in an animal model 
of high IOP (HIOP), which leads to RGC injury [11,12]. In 
turn, RGC injury may then lead to ON injury and even to 
glaucoma, as the axons of RGCs constitute the ON. Previous 
research indicated that injury leads to the formation of multi-
meric protein complexes called inflammasomes between the 
nucleotide-binding oligomerization domain, leucine-rich 
repeat and pyrin domain containing 3 (NLRP3) protein of the 
Noll-like receptor (NLR) family, and two adaptor proteins, 
apoptosis-associated speck-like protein containing a caspase 
recruitment domain (ASC) and caspase-1 [13]. Inflamma-
somes are key signaling platforms that detect microbial and 
sterile stressors and activate the highly proinflammatory 
interleukin-18 (IL-18) and IL-1β [14]. Thus, NLR proteins 
have rapidly emerged as pivotal regulators of innate immu-
nity, in which NLRP3 is a prominent player.

It is currently unclear whether scutellarin has anti-
inflammatory effects in RGCs. In the present study, we 
proposed that scutellarin plays roles in promoting cell 

viability and preventing apoptosis in RGCs. Thus, we 
investigated whether scutellarin exerts protective effects on 
RGCs specifically under hypoxic conditions. We also aimed 
to explore the neuroprotective effects of scutellarin against 
hypoxia-induced retinal neurodegeneration, as well as the 
underlying mechanisms. Only a few studies have exam-
ined the effects of scutellarin on inflammation. We report 
that scutellarin partially inhibited the activation of NLRP3 
inflammasomes under hypoxic conditions in vitro and in 
vivo, improved the survival rate of RGCs, and decreased the 
number of impaired retinal microglia. These findings suggest 
that scutellarin could potentially serve as a treatment for 
retinal neuroinflammation.

METHODS

Ethics statement: All of the animal experiments were 
performed in accordance with the Association for Research 
in Vision and Ophthalmology (ARVO) Statement for the 
Use of Animals in Ophthalmology and Vision Research 
and the Institutional Animal Care and Use Committee of 
Peking University. All of the procedures were approved by 
the Animal Care and Use Committee of Peking University 
People’s Hospital (Beijing, China).

Cell culture and treatments: BV-2 mouse microglial cells 
(Appendix 1) were obtained from the American Type Culture 
Collection (ATCC, Manassas, VA). The cells were cultured 
in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, 
Waltham, MA) supplemented with 10% fetal bovine serum 
(Thermo Fisher Scientific) at 37 °C in a humidified incubator 
under 5% CO2. Scutellarin was purchased from Shanghai 
Jinsui Bio-Technology Co. Ltd. (Shanghai, China). For cell 
culture experiments, scutellarin was first dissolved in saline 
and then diluted in culture medium to the final concentra-
tion (2 μM, 10 μM, or 50 μM). Hypoxia was induced in the 
cultured cells through incubation at low oxygen levels (1% 
O2, 5% CO2, and 94% N2; Thermo Electron Corporation, 
Waltham, MA) for 24 or 48 h; some cells were treated with 
scutellarin.

Cell viability measurement: A bromodeoxyuridine cell 
proliferation assay kit (#6813; Cell Signaling Technology, 
Danvers, MA) was used to evaluate BV-2 cell viability, as 
previously described [15]. This assay was analyzed using an 
enzyme-linked immunosorbent assay (ELISA), which was 
then read using a microplate reader (Finstruments Multiskan 
Model 347; MTX Lab Systems, Inc., Vienna, VA) at 450 nm. 
The BV-2 cells were seeded in 96-well plates (5,000 cells per 
plate) and incubated for 24 or 48 h under hypoxic conditions, 
as described above. Each group contained 5 × 103 BV-2 cells. 
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Each experiment was performed in five wells and repeated 
at least three times.

Animal model of acute glaucoma: Brown Norway (BN) rats 
(male, 180–200 g) were housed under 12 h:12 h light-dark 
conditions and provided food and water ad libitum. HIOP was 
induced by injecting saline into the eye. Under 10% chloral 
hydrate anesthesia (3 ml/kg bodyweight, intraperitoneal 
injection), the anterior chamber of the right eye, which was 
cannulated with a 30-gauge infusion needle, was connected 
to an experimental tubing system that was attached to a 
normal saline reservoir on the other side. Saline flowed into 
the eye, and the reservoir was elevated to maintain an IOP of 
60 mmHg, which was measured with a tonometer (Tono-Pen; 
Medtronic, Dublin, Ireland), for 30 min. A sham procedure 
performed without manipulating the IOP in the left eye 
served as the control. After 30 min, the needle was removed. 
The animals were treated with scutellarin orally at a dose of 
50 mg/(kg·day), which was selected based on a previously 
published study [5], for 2 weeks. The animals were eutha-
nized using cervical dislocation at the end of second week.

Western blot analysis: Cell lysates (the number of BV-2 cells 
was 5 × 106 in each group) and retinal tissues (the tissues were 
obtained from six eyes in each group) were harvested sepa-
rately and used for analysis of protein expression. Western 
blot was performed using the following primary antibodies 
(Abcam, Cambridge, UK) at 1:1,000 dilution: anti-NLRP3 
(ab91525), anti-cleaved caspase-1 (ccasp-1; ab108362), and 
anti-ASC (ab127537). Anti-beta-actin (#4907) was purchased 
from Cell Signaling Technology (Beverly, MA). Nitrocel-
lulose membranes were then incubated with horseradish 
peroxidase–conjugated secondary antibodies (1:3,000; Dako, 
Tokyo, Japan) for 1 h at room temperature. The density of 
each band was analyzed using ImageJ software [16]. Relative 
changes in protein expression were calculated with controls 
as the baseline. Each experiment was repeated at least three 
times.

Enzyme-linked immunosorbent assay: The levels of IL-1β 
and IL-18 were measured using IL-1β ELISA kits (MLB00C; 
R&D Systems, Minneapolis, MN) and IL-18 ELISA kits 
(7625, R&D Systems) [17]. Each assay was performed 
according to the manufacturer’s instructions. The optical 
density was determined at 450 nm using an absorption spec-
trophotometer (Finstruments Multiskan Model 347). Optical 
density values used for quantitative analysis were averages 
of five measurements.

Fluoro-Gold retrograde labeling: RGCs were retrogradely 
labeled with a 4% Fluoro-Gold (FG [Hydroxystilbamidine]; 
Fluorochrome, Denver, CO) solution applied bilaterally to 

the superior colliculus. Briefly, the rats were mounted on a 
stereotactic apparatus (Kopf Instruments, Tujunga, CA). Two 
holes were drilled on each side of the rat’s skull: at a position 
1.3 mm lateral to the sagittal suture and 2.5 mm anterior to 
the lambdoid suture. FG (3 µl) was injected into the superior 
colliculus at a depth of 6.0 mm below the skull. The holes 
were then filled with a sterile sponge (Gelfoam; Pfizer; New 
York, NY) soaked in 4% FG. In the HIOP model, retrograde 
labeling was performed 7 days after ocular hypertension was 
induced (7 days before the experimental endpoint). RGCs 
were labeled throughout the whole retina in the experimental 
and control conditions.

Quantification of RGC survival: FG retrograde labeling aids 
in the visualization of the retrograde transport of RGCs. 
Because transport deficits precede glaucomatous RGC death, 
this is an effective way to measure RGC death [18,19]. At the 
experimental endpoint, retinas were flat mounted on glass 
slides with the vitreous side up. The original retinal tissues 
that were made into flat mounts were obtained from six eyes 
in each group. Twelve images for each retina (three images 
for each retinal quadrant) were obtained using a fluorescence 
microscope (Carl Zeiss Meditec, Jena, Germany) at 20X 
magnification. The three pictures were at radial distances of 
1, 2, and 3 mm from the ON. The number of RGCs in each 
image was manually counted.

Whole-mount immunofluorescence staining for glial cells: 
Following enucleation, we fixed the eyes of the rats in 4% 
formalin at 4 °C overnight. On the following day, the retinas 
were dissected and washed three times in PBS (1X: 155 mM 
NaCl, 2.9 mM Na2HPO4-7H2O, 1.1 mM KH2PO4, pH 7.4) 
for 30 min and then incubated in 1% bovine serum albumin 
(BSA) and 0.5% Triton X-100 in PBS for 1 h at room tempera-
ture. The retinas were then incubated with mouse anti-CD11b 
primary antibody (1:100; Bio-Rad, Hercules, CA) in 1% BSA 
in PBS with 0.5% Triton X-100 at 4 °C overnight. CD11b 
functions as a microglia and macrophage marker. The retinas 
were then washed three times in PBS for 30 min and incu-
bated with lectin-fluorescein isothiocyanate (1:100; Sigma-
Aldrich, St. Louis, MO) diluted in 1% BSA in PBS with 0.5% 
Triton X-100 at 4 °C overnight. The retinas were washed 
another three times in PBS for 30 min and incubated in 
secondary antibodies (goat anti-mouse immunoglobulin G2a 
(IgG2a) Alexa Fluor® 488; 1:200; Invitrogen, Carlsbad, CA) 
in 1% BSA in PBS with 0.5% Triton X-100 for 1 h at room 
temperature, followed by another three washes in PBS for 30 
min. Finally, the retinas were prepared for flat mounting with 
four to five radial cuts and mounted in 50% glycerol in PBS 
on glass slides. The original retinal tissues that were made 
into flat mounts were obtained from six eyes in each group.
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Statistical analysis: Statistical analyses were performed using 
Prism (version 5.0; GraphPad Software Inc., San Diego, CA) 
and SPSS software (version 13.0; IBM Corporation, Armonk, 
NY). The results of the in vitro cell viability assessments 
are shown as mean ± standard deviation (SD). The western 
blot data, ELISA data, and RGC counts are shown as mean ± 
standard error of the mean (SEM). Differences between two 
groups were evaluated using two-sample t tests. Compari-
sons among groups were performed using one-way ANOVA 
(ANOVA), followed by Tukey’s honest significant difference 
post hoc tests (in vivo) and Bonferroni tests (in vitro). Differ-
ences were considered statistically significant at a p value 
of less than 0.05. We repeated all experiments at least three 
times, and representative experimental results are shown.

RESULTS

Scutellarin increased the viability of BV-2 cells under hypoxic 
conditions: We performed an experiment to study the effects 
of scutellarin on BV-2 cell viability under hypoxic condi-
tions. We found that BV-2 cell viability decreased statisti-
cally significantly after exposure to hypoxic conditions in 
a time-dependent manner (***p=0.0001 in the 24 h model 
group and ***p<0.0001 in the 48 h model group, one-way 
ANOVA). BV-2 cell viability was reduced by approximately 
25.02% after 24 h (Figure 1A) and by approximately 35.59% 
after 48 h (Figure 1B). However, scutellarin treatment statis-
tically significantly increased the viability of BV-2 cells 

under hypoxic conditions when compared with the untreated 
hypoxia group (Figure 1; 24 h, 10 µM versus normal control, 
85.07±4.80%, **p<0.01; 24 h, 50 µM versus normal control, 
94.01±2.13%, ***p<0.001; 48 h, 10 µM versus normal 
control, 80.94±2.39%, ***p<0.001; 48 h, 50 µM versus 
normal control, 86.02±2.52%, ***p<0.001).

Scutellarin inhibited the expression of the NLRP3 inflamma-
some signaling pathway in BV-2 cells under hypoxic condi-
tions: Hypoxia induced an increase in the expression levels 
of NLRP3 inflammasomes, while treatment with scutel-
larin statistically significantly decreased the levels of these 
proteins after hypoxic injury (***p<0.0001, ***p=0.0005, 
***p=0.0006, ***p=0.0012, and ***p<0.0001 in the model 
groups of NLRP3, ASC, cleaved caspase-1, IL-1β, and IL-18, 
respectively, one-way ANOVA). However, scutellarin inhib-
ited the expression of NLRP3 (Figure 2A, the hypoxia + 
EBHM group/normal control ratio versus the hypoxia model 
group/normal control ratio: 2.30±0.12 versus 4.06±0.19, 
**p<0.01), ASC (Figure 2B, the hypoxia + EBHM group/
normal control ratio versus the hypoxia model group/normal 
control ratio: 1.33±0.11 versus 2.58±0.22, **p<0.01), and 
cleaved caspase-1 (Figure 2C, the hypoxia + EBHM group/
normal control ratio versus the hypoxia model group/normal 
control ratio: 1.43±0.11 versus 2.58±0.22, *p<0.05). Repre-
sentative western blot images are shown in Figure 2D. Scutel-
larin also reduced the expression levels of IL-18 (Figure 2E, 
the hypoxia + EBHM group/normal control ratio versus the 

Figure 1. Cell viability in microglial cells in vitro. Cell viability of BV-2 microglial cells after 24 h (A) and 48 h (B). “Normal” represents 
the non-treated control group, “Hypoxia” represents the hypoxia model group, and “Hypoxia + EBHM” followed by “2 µM,” “10 µM,” or 
“50 µM” represent the three concentrations of scutellarin treatment used in the hypoxia model group. The number of viable cells was 5 × 
103 in each group. The number of cells decreased statistically significantly under hypoxia but was markedly elevated following treatment 
with scutellarin. The data are expressed as mean ± standard deviation (SD). Each experiment was repeated at least three times. Panel (A) 
“**” refers to cell viability in 24 h, 10 μM hypoxia+ EBHM group versus normal control, p<0.01; “***” refers to cell viability in 24 h, 50 
μM hypoxia+ EBHM group versus normal control, p<0.001. Panel (B) “***” refers to cell viability in 48 h, 10 μM hypoxia+ EBHM group 
versus normal control, p<0.001; “***” refers to cell viability in 48 h, 50 μM hypoxia+ EBHM group versus normal control, p<0.001.
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hypoxia model group/normal control ratio: 3.25±0.16 versus 
6.24±0.33, **p<0.01) and IL-1β (Figure 2F, the hypoxia + 
EBHM group/normal control ratio versus the hypoxia model 
group/normal control ratio: 1.52±0.24 versus 2.84±0.21, 
*p<0.05).

Scutellarin inhibited the expression of the NLRP3 inflam-
masome signaling pathway in BN rats under HIOP condi-
tions: Under HIOP conditions, NLRP3 inflammasomes 
are involved in acute and chronic ischemia and hypoxia. 
Similar to the findings of the in vitro study using BV-2 cells, 
we found that exposing rats to HIOP conditions induced 
upregulation of the NLRP3 inflammasome signaling pathway 
(***p<0.0001, ***p=0.0001, ***p=0.0001, ***p<0.0001, and 
***p<0.0001 in the model groups of NLRP3, ASC, cleaved 
caspase-1, IL-1β, and IL-18, respectively, one-way ANOVA). 

After treatment with scutellarin, the expression levels of the 
NLRP3 inflammasome proteins, including NLRP3, ASC, 
and cleaved caspase-1, were statistically significantly reduced 
(Figure 3A–C, respectively; **p<0.01 for all). Representative 
western blot images are displayed in Figure 3D. Further, the 
expression levels of IL-18 (Figure 3E, **p<0.01) and IL-1β 
(Figure 3F, *p<0.05) were downregulated after treatment 
with scutellarin.

Scutellarin improved the survival rate of RGCs under HIOP 
conditions: The survival rate of RGCs was evaluated after 14 
days of exposure to HIOP (***p<0.0001, one-way ANOVA). 
Scutellarin treatment increased the sizes and densities of the 
RGCs in the flatmounted retinas when compared to the HIOP 
model group (Figure 4). The survival rate increased from 
68.09±2.280% in the untreated HIOP model to 83.84±1.920% 

Figure 2. Expression levels of inflammasome components in microglial cells in vitro. A–C: Results of the statistical analyses of the western 
blots probing NLRP3 (A), ASC (B), and cleaved caspase-1 (C). Panel (A) “**” refers to NLRP3 in hypoxia + EBHM group/normal control 
ratio versus hypoxia model group/normal control ratio, p<0.01; Panel (B) “**” refers to ASC in hypoxia + EBHM group/normal control ratio 
versus the hypoxia model group/normal control ratio, p<0.01; Panel (C) “*” refers to cleaved caspase-1 in hypoxia + EBHM group/normal 
control ratio versus the hypoxia model group/normal control ratio, p<0.05. D: Representative blot images. E, F: Results of the statistical 
analyses of the enzyme-linked immunosorbent assays (ELISAs) for interleukin (IL)-18 (E) and IL-1β (F). The levels of all proteins were 
downregulated after scutellarin treatment when compared with the levels in the hypoxia model. The number of BV-2 cells was 5 × 106 in 
each group. Data are represented as mean ± standard error of the mean (SEM) of the fold changes. Each experiment was repeated at least 
three times. Panel (E) “**” refers to IL-18 in hypoxia + EBHM group/normal control ratio versus the hypoxia model group/normal control 
ratio, p<0.01; Panel (F) “*” refers to IL-1β in hypoxia + EBHM group/normal control ratio versus the hypoxia model group/normal control 
ratio, p<0.05.
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in the EBHM group, when compared to the non-treated 
control group (***p<0.001).

Scutellarin inhibited the activation of retinal microglia under 
HIOP conditions: Normal microglia exhibited their charac-
teristic compact shapes, clear structures, and distinct bound-
aries (Figure 5A), while abnormal microglia were observed 
14 days after HIOP treatment (Figure 5B). These microglia 
had enlarged cell bodies, irregular shapes, and increased 
densities. Scutellarin reduced the abnormally activated retinal 
microglia, as seen by the morphological differences when 
compared with the untreated HIOP model (Figure 5C).

DISCUSSION

In the present study, we demonstrated that the EBHM 
extract scutellarin (1) protects against BV-2 cell death under 
hypoxic conditions, (2) inhibits the expression of proteins in 

the NLRP3 inflammasome signaling pathway in vivo and in 
vitro, (3) increases the survival of RGCs under HIOP condi-
tions, and (4) inhibits the abnormal activation of microglia 
in hypoxic retinopathy under HIOP conditions. Collectively, 
these findings indicate that scutellarin may protect against 
hypoxic retinopathy partially via the NLRP3 inflammasome 
signaling pathway.

The multifunctional Chinese herb EBHM has been used 
to treat various cardiovascular and cerebrovascular diseases, 
such as heart disease, cerebral infarction, and stroke [3]. The 
extract of EBHM, breviscapine, which contains scutellarin 
as the main compound, reportedly regulates the expression 
levels of proteins related to apoptosis after transient focal 
cerebral ischemia when delivered at doses of 50–100 mg/kg 
in rats [7]. Moreover, scutellarin has been revealed to have 
neuroprotective effects in ischemic injury–induced apoptosis. 
These effects are associated with the inhibition of poly ADP 

Figure 3. Expression levels of inflammasome components in rats in vivo. A–C: Results of the statistical analyses of the western blots probing 
NLRP3 (A), ASC (B), and cleaved caspase-1 (C). Panel (A) “**” refers to NLRP3 in HIOP + EBHM group/normal control ratio versus 
HIOP model group/normal control ratio, p<0.01; Panel (B) “**” refers to ASC in HIOP + EBHM group/normal control ratio versus the 
HIOP model group/normal control ratio, p<0.01; Panel (C) “**” refers to cleaved caspase-1 in HIOP + EBHM group/normal control ratio 
versus the HIOP model group/normal control ratio, p<0.01; D: Representative blot images. E, F: Results of the statistical analyses of the 
enzyme-linked immunosorbent assays (ELISAs) for interleukin (IL)-18 (E) and IL-1β (F). The levels of all proteins were downregulated 
after scutellarin treatment when compared with the levels in the high intraocular pressure (HIOP) model. The retinal tissues were obtained 
from six eyes in each group. Data are represented as mean ± standard error of the mean (SEM) of the fold changes. Each experiment was 
repeated at least three times. Panel (E) “**” refers to IL-18 in HIOP + EBHM group/normal control ratio versus the HIOP model group/
normal control ratio, p<0.01; Panel (F) “*” refers to IL-1β in HIOP + EBHM group/normal control ratio versus the HIOP model group/
normal control ratio, p<0.05..
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Figure 4. RGC survival rate. The three rows in the top panels are representative images of Fluoro-Gold (FG)–labeled retinal ganglion cells 
(RGCs). The nuclei of the RGCs are stained blue. “Normal” represents the non-treated control group (top row), “EBHM” represents scutel-
larin treatment in the high intraocular pressure (HIOP) model group (middle row), and “HIOP model” represents the HIOP model group 
(bottom row). The columns labeled “1-1,” “1-2,” and “1-3” represent distances of 1, 2, and 3 mm radially outward from the optic nerve (ON) 
head in the nasal superior quadrant of the retina, respectively. The graph shows the results of the statistical analysis. The number of RGCs 
was statistically significantly higher in the scutellarin treatment group than in the HIOP model group. The original retinal tissues that were 
made into flat mounts were obtained from six eyes in each group. Data are shown as mean ± standard error of the mean (SEM). “***” refers 
to survival rate of RGC in the HIOP model group compared to the normal control group, p<0.001.
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ribose polymerase-dependent mitochondrial dysfunction 
and the subsequent translocation of the apoptosis-inducing 
factor pathway [20]. Recently, scutellarin has been found 
to protect against doxorubicin-induced acute cardiotoxicity in 
a dose-dependent manner [21]. Scutellarin has also been 
shown to alleviate hypoxia-induced cognitive impairment 
by promoting the proliferation and differentiation of neural 
stem cells in a mouse model [22]. In the eye, recent research 
showed that Chit-DC-VB12 nanoparticles loaded with scutel-
larin have better bioavailability and cellular uptake efficiency 
than scutellarin itself for the treatment of type 2 diabetes–
induced retinopathy [23].

Retinal hypoxia is the main pathophysiological mecha-
nism leading to blindness in several sight-threatening disor-
ders, such as ischemic optic neuropathies and some types of 
glaucoma. A partial protective effect of EBHM extract on 
N-methyl-D-aspartate–induced neuron loss in the RGC layer 
has been demonstrated in rats [24]. Furthermore, EBHM 
therapy can increase the survival rate of RGCs and rescue or 
restore injured RGCs [25]. Recently, increased attention has 
been paid to investigating the usefulness of EBHM for optical 
neuroprotection. For example, EBHM extract has been shown 
to have partial protective effects on the visual field in patients 
with glaucoma with controlled IOP [26]. The neuroprotec-
tive effects of scutellarin may be due to its antioxidant [27] 
and antiapoptotic [20] properties. Additionally, EBHM can 
improve axoplasmic transport in the ON, which is blocked by 
the acute elevation of IOP in rats [28]. These results suggest 
that EBHM or its extracts may be potential therapeutic 
candidates for providing neuroprotection in patients with 

glaucoma, especially considering that several studies have 
reported that hypoxia caused by HIOP conditions leads to 
inflammation-induced RGC and retinal injury [11,12]. Never-
theless, the mechanisms underlying the association between 
inflammation and hypoxic retinal injury in glaucoma remain 
unclear.

Recently, the mechanisms by which inflammasomes lead 
to retinal injury have been elucidated. Several studies demon-
strated that NLRP3 inflammasomes are activated in acute 
glaucoma models [11,29], and one of the studies supported 
that suppression of the Toll-like receptor 4/caspase-8/IL-1β 
axis is a potential therapeutic strategy against RGC death 
and glaucoma. The present study similarly provides insight 
into the pathways of the inflammatory responses that lead to 
HIOP-induced RGC death. We showed that hypoxia triggered 
the activation of NLRP3 and its downstream proteins ASC 
and cleaved caspase-1 (the NLRP3 inflammasome pathway) 
in an acute HIOP animal model, leading to the release of 
mature IL-1β and IL-18. However, scutellarin reversed 
this process, inhibited the expression of components of the 
NLRP3 inflammasome pathway, and protected against RGC 
death in acute glaucoma models.

The mechanisms of RGC degeneration include axonal 
transport failure, mitochondrial dysfunction, excitotoxic 
damage, oxidative stress, and misbehaving reactive glial 
cells [30]. Thus, understanding the relationships among 
injury, RGCs, and microglia is essential. In the present 
study, we used two representative models to simulate retinal 
anoxic injury; specifically, we exposed cultured BV-2 cells 

Figure 5. Changes in retinal microglia. The nuclei of the microglia are labeled in green by immunofluorescence staining in the flatmounted 
retina. Morphological analysis of stain-positive cells per field of view. A: Non-treated control group. B: High intraocular pressure (HIOP) 
model group. C: Scutellarin treatment in the HIOP model group. Images obtained at 320X magnification. The original retinal tissues that 
were made into flat mounts were obtained from six eyes in each group.
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to hypoxic conditions and induced retinal hypoxia in rats 
using HIOP. We found that scutellarin not only rescued the 
cell viability of BV-2 microglia in vitro but also inhibited the 
abnormal activation of retinal microglia in vivo. Supporting 
our findings, experimental data from several animal models 
have shown that scutellarin exerts anti-inflammatory effects. 
Scutellarin exhibited anti-inflammatory effects in rat primary 
microglia and the BV-2 mouse microglial cell line, and the 
neuroprotective effects may be due to regulation of microg-
lial activation [31]. Inhibition of the microglial over-response 
(abnormal activation), and the resulting inf lammatory 
processes, may represent a therapeutic target for alleviating 
the progression of neurologic diseases [32-34]. These find-
ings indicate that microglia are involved in the processes of 
ON injury and repair and that EBHM extract may reduce the 
inflammatory response, leading to the protection of RGCs 
and the amelioration of ON injury by inhibiting the abnormal 
activation of microglia.

One limitation of the present study is that the underlying 
molecular mechanisms of the protective effects of NLRP3 
inflammasomes remain unknown. It is possible that NLRP3 
is regulated by another unidentified molecular pathway, 
such as non-canonical inflammasome signaling pathways. 
Therefore, the intrinsic mechanisms underlying the actions of 
NLRP3 inflammasomes in RGCs and glial cells during ON 
injury require further investigation using primary cultures of 
RGCs and Müller cells. Other related functional experiments, 
including knocking out NLRP3, ASC, and caspase-1 in this 
model, are needed to investigate the relationships among 
these genes, scutellarin, and inflammatory reactions. In 
conclusion, the present findings shed new light on the manner 
in which NLRP3 inflammasomes mediate ON injury and 
inflammation in the retina, and suggest that the administra-
tion of EBHM extract may be a useful therapeutic strategy for 
inhibiting NLRP3 inflammasome–mediated inflammatory 
reactions in disorders of retinal neurodegeneration, such as 
glaucoma.

APPENDIX 1. STR PROFILING REPORT.

To access the data, click or select the words “Appendix 1.”
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