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Purpose: The aim of this study was to observe the mechanism of Fructus Lycii (FL),
Rehmanniae Radix Praeparata (RRP) and Paeonia lactiflora (PL) in treating age-related
macular degeneration (AMD) based on network pharmacology and biological experiments.
Methods: Bioactive compounds, potential targets of FL, RRP and PL, and genes related to
AMD, were acquired from public databases. Functional and pathway enrichment analyses of
the core targets were conducted by Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG). Subsequently, the finding was further verified with cell experiments.
The MTT assay and flow cytometric analysis were used to assess cell viability and apoptosis.
The production of reactive oxygen species (ROS) was analyzed by DCFH-DA staining; the
activity of antioxidant enzymes was chemically measured with assay kits. The expression of
key proteins was evaluated by Western blot analysis.

Results: Fifty-nine active compounds, 182 potential targets, and 2536 AMD-related human
genes were identified. A total of 103 key targets of the three herbs on AMD were identified
by protein—protein interaction (PPI) analysis. The abovementioned targets were correlated
with nuclear receptor activity, oxidative stress, and apoptosis pathways according to the GO
and KEGG analyses. MTT assay and flow cytometry demonstrated that pretreatment of
ARPE-19 cells with the three herbs significantly increased cell viability and decreased
apoptosis induced by H,O,. The three herbs might reduce the intracellular ROS levels and
increase the SOD and CAT activities after HO,. Furthermore, the three herbs significantly
inhibited oxidative stress via increasing the expression of Nrf2, HO-1 and NQO1.
Conclusion: The combined results of network pharmacology and validation experiments
showed that FL, RRP and PL reduce oxidative stress and apoptosis in RPE cells to exert its
effect in the treatment of AMD.

Keywords: age-related macular degeneration, Fructus Lycii, Rehmanniae Radix Praeparata,

Paeonia lactiflora, network pharmacology, oxidative stress

Introduction
Age-related macular degeneration (AMD) is the most common cause of permanent
AMD is classified into dry and

wet forms. Repeated injection of substantial amounts of anti-vascular endothelial

vision loss among elderly populations worldwide.'

growth factor (VEGF) has become an effective therapy for patients with wet
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AMD.? Currently, no therapies are available for dry AMD,
and dry AMD accounts for approximately 80% of AMD
cases.” Dry AMD is characterized by changes in macular
pigmentation and drusen in the early stage and by areas of
geographic atrophy (GA) in the late stage.* This gradual
degeneration of retinal cells in GA patients may cause
profound vision loss.” Therefore, there is an urgent need
for an effective and safe method for treating dry AMD.

Oxidative stress leads to RPE cell dysfunction or apop-
tosis, and it is an important factor in the pathology of AMD.®
In retinal pigment epithelium (RPE) cells, the nuclear factor
erythroid 2-related factor 2 (Nrf2)/antioxidant response ele-
ment (ARE) pathway plays a major role in oxidative stress
regulation.” Nrf2 is released from Keapl and translocates
into the nucleus, where it binds to AREs, thus activating the
transcription of heme oxygenase (HO)-1, NAD(P)H: qui-
none oxidoreductase 1 (NQO-1), superoxide dismutase
(SOD), catalase (CAT), and other antioxidant genes.® Loss
of Nrf2 leads to damage to RPE cells that resembles dry
AMD.’ Therefore, activation of Nrf2 and its downstream
target genes is one of the most pivotal mechanisms of defense
against oxidative stress in AMD.

Currently, common drug therapies for dry AMD such
as vitamin C, vitamin E, B-carotene, and zinc oxide are
used to reduce risk of progression to neovascular AMD.'°
However, the supplementation of lutein and zeaxanthin or
docosahexaenoic acid and eicosapentaenoic acid did not
reduce the risk of progression to neovascular AMD.'® Our
precious network meta-analysis indicated that traditional
Chinese medicine (TCM) achieved higher visual acuity
than vitamin C and vitamin E.'" In recent years, the use
of TCM in the treatment of AMD has appeared to provide
a solution and has attracted substantial attention.'> In
clinical application, TCM offers the advantages of multi-
component, multipathway and multitarget synergies for the
prevention and treatment of AMD. Mingmu Dihuang Pills
(MMDHP), first named “Shenshi Yaohan” during the
Ming dynasty, is a traditional prescription used for nour-
ishing the kidney, calming the liver and improving eye-
sight. MMDHP is widely used in the treatment of various
ophthalmic diseases, cerebrovascular diseases, and endo-
crine diseases, such as diabetes.'® Fructus Lycii (FL),
Rehmanniae Radix Praeparata (RRP) and Paeonia lacti-
flora (PL) are more frequently used in the treatment of
AMD and are mainly composed of MMDHP.'*"
However, the pharmacological activities and underlying
mechanisms associated with these formulas are still lar-
gely unknown.

Network pharmacology, an emerging field of pharma-
cology, is based on network theory and systems biology.'®
In the present work, network pharmacology, which com-
bines drug-likeness evaluation, oral bioavailability predic-
tion, multiple drug target prediction and other network
pharmacology techniques, was used to attempt to answer
these questions.'” Network pharmacology has been widely
used to investigate the active ingredients and multitarget
effects of TCMs in the context of several diseases.'®'’
This approach provides a new research paradigm for trans-
lating TCM from experience-based medicine to an evi-
dence-based medical system. In this study, we identified
genes related to selected ingredients or AMD by using
public databases, and the genes that were both related to
ingredients and target genes in AMD were identified.
Next, pathway enrichment analysis of these overlapping
genes was carried out to explore the molecular mechan-
isms. In addition, an in vitro RPE cell model was estab-
lished to verify the curative effects of these formulas on
AMD as predicted by network pharmacology analysis. The
results suggested that FL, RRP and PL may exert
a therapeutic effect against AMD because they can regu-
late key factors in the oxidative stress pathway.

Materials and Methods

Data Preparation

Chemical Ingredient Database Construction

The three constituent herbs of MMDHP were retrieved
from the Traditional Chinese Medicine Systems
Pharmacology Database (TCMSP, http://tcmspnw.com).
The TCMs in the TCMSP were searched with keywords
Radix

Praeparata,” and “Paeonia lactiflora.” Oral bioavailability

including  “Fructus  Lycii,” “Rehmanniae
(OB) is an indicator of the percentage of orally adminis-
tered drugs that are delivered into systemic circulation.?
Drug-likeness (DL) mainly indicates the qualitative prop-
erties of chemicals and refers to the similarity between
a compound and a known drug in the component.”’ The
screening conditions were as follows: OB > 30% and DL >
0.18. We screened targets related to the active compounds
using the TCMSP platform. Then, the UniProt database

(https://www.uniprot.org/) was used to obtain the gene

name and gene ID of the targets.

Disease-Associated Targets
Treatable diseases related to the potential targets were iden-
tified through GeneCards (https://www.genecards.org/),
OMIM  (https://www.omim.org/),
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database (http://bidd.nus.edu.sg/BIDD-Databases/TTD/
TTD.asp), DisGeNET database (http://disgenet.org/) and
PharmGkb database (https://www.pharmgkb.org/). After
removing duplicate genes, we obtained all the AMD targets.

The genes that were both targets related to AMD and active
compounds were identified as candidate targets.

Construction and Analysis of a Protein-Protein
Interaction (PPI) Network

The component-target network was constructed using
3.7.2).
Additionally, the components and targets were imported
into the STRING biological database (https://string-db.org/)
to explore proteins that interact with these targets. The selec-

Cytoscape  (https://cytoscape.org/,  Version

tion parameters were set to “Homo sapiens” for species, and
the confidence level was set at 0.9 for the minimum required
interaction score. The TSV format of the updated results was
downloaded and then visualized in Cytoscape.

Enrichment Analysis of GO and KEGG

GO and KEGG pathway enrichment analyses of the can-
didate targets were conducted using R3.6.2 software. We
prepared a file of intersecting genes and then used the
Bioconductor package to perform a GO enrichment analy-
sis. The top 20 items of three analysis items, biological
processes (BP), cellular components (CC), and molecular
functions (MF), in the GO functional enrichment analysis
were selected. The top 20 signaling pathway enrichment
analyses were downloaded from the KEGG database
(https://www.genome.jp/kegg/pathway.html, Last updated:
March 10, 2020). The downloaded results were sorted
using P values and count values.

Experimental Verification

Cell Culture and Treatment

The ARPE-19 cell line (Nanjing Kebai Biotech Co., Ltd.,
Nanjing, China) was cultured at 37°C and 5% CO, in
DMEM/F12 supplemented with 10% fetal bovine serum
(FBS, Gibco, Thermo Fisher Scientific, Grand Island, NY,
USA), 100 units/mL penicillin and 100 pg/mL streptomy-
cin (Beyotime, Nanjing, China). According to the experi-
mental design, the cells were incubated with FL, RRP and
PL (1:1:1) freeze-dried powder (10 ug/mL, 50 ug/mL, 100
pg/mL, 500 pg/mL, or 1000 pg/mL) for 24 h and with 200
uM H,0, for 24 h.

Proliferation Assay and Cell Apoptosis
To examine the effect of the freeze-dried powders on the
proliferation of cells undergoing oxidative stress induced

by H,0,, cells were plated in 96-well plates at a density of
5x10° cells per well. The viability of the ARPE-19 cells
was determined using an MTT reduction assay. Apoptotic
cells were analyzed using an Annexin V/PI Apoptosis
Detection kit (BD Company, New York, NY, USA) fol-
lowing the manufacturer’s instructions.

ROS Measurement

ROS generation was evaluated by 2',7'-dichlorofluorescein
-diacetate (DCFH-DA, Sigma-Aldrich, MO, USA) stain-
ing. After incubating the cells with 10 uM DCFH-DA for
30 min at 37°C, the results were visualized. The mean
fluorescence intensity of each group was analyzed using
a fluorescence microscope, and this value represented the
intracellular ROS level.

SOD and CAT Measurement

The activities of superoxide dismutase (SOD) and catalase
(CAT) were determined by using commercial assay Kkits
(Jiancheng, Nanjing, China) according to the instructions.
The activities of SOD and CAT were calculated and are
expressed as U/mg protein.

Western Blot Analysis

Protein concentrations were measured by the BCA protein
assay (Thermo Fisher Scientific, Grand Island, NY, USA).
The nuclear extraction procedure was performed according
to the manufacturer’s instructions (Beyotime, Nanjing,
China). All the samples were separated via sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred
onto polyvinylidene fluoride membranes (Millipore,
Bedford, MA, USA). After blocking, the membranes were
incubated overnight with primary antibodies, including anti-
B-actin (sc-47778), anti-Nrf2 (ab137550), anti-NQOI1
(ab34173) and anti-HO-1 (ab52947), at 4°C. The mem-
incubated with horseradish peroxidase-
(ComWin,
China) at room temperature for 1.5h. Protein expression

branes were

conjugated secondary antibodies Beijing,

was measured by using a chemiluminescence kit

(Millipore, Plano, TX, USA) and analyzed by using ImagelJ.

Statistical Analysis

The data are expressed as the mean + SD and analyzed
using one-way ANOVA (followed by Tukey’s or LSD
multiple comparison post hoc test) among multiple groups.
The SPSS 20.0 software package was used for all the
statistical analyses. P-values lower than 0.05 were consid-
ered statistically significant.
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Results

Compound Determination and Target
Prediction

According to the active ingredient screening thresholds of OB
>30% and DL > 0.18, 59 active compounds were identified in
the TCMSP databases (Supplementary Table 1). After screen-
ing the TCMSP databases, 182 targets related to 15 active
ingredients in three herbs were associated with AMD. As

a result, after removing 44 unrelated active ingredients, 15
active ingredients were finally selected. The gene names and
gene IDs were obtained from the UniProt database.

Target Prediction and Analysis

A total of 2536 human genes associated with AMD were
identified in the GeneCards, OMIM, Therapeutic Targets,
DisGeNET, and PharmGkb databases. After combining the
AMD-related targets and active compound targets, 103
overlapping targets were recognized as common genes.
As shown in Figure 1, the compound-disease target net-
work analysis showed 118 nodes and 192 edges in total.
The yellow rectangle represents the active ingredients, and
the blue rectangle represents the targets of the drugs.
These results indicate that the active ingredients of the
three herbs can act on different targets in the network
and regulate the protein-interaction network.

PPl Network Analysis

We constructed a PPI network by importing the gene IDs of
the common genes to the STRING database and used
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Cytoscape to visualize the PPI network. The results included
a total of 96 nodes and 353 edges. These target proteins also
play key roles in the whole interaction network and are impor-
tant target proteins. As shown in Figure 2, most of the oxida-
tive stress-related targets and apoptosis-related targets, such as
NFE2L2 (Nrf2), NQO1, SOD, CAT, BAX, BCL2, BCL2L1,
CASP3, CASP8 and CASP9, were interrelated.

GO Biological Function Annotation and
KEGG Pathway Enrichment Analysis

Filtering was performed with a P value <0.05 as the thresh-
old value. The BP were mainly involved in response to
lipopolysaccharide, response to molecule of bacterial origin,
reactive oxygen species metabolic process, response to
metal ion, response to reactive oxygen species, response
to oxidative stress, response to antibiotic, cellular response
to oxidative stress, response to oxygen levels and regulation
of apoptotic signaling pathway and so on. The CC were
mainly involved in membrane raft, membrane microdo-
main, membrane region, vesicle lumen, caveola, secretory
granule lumen, RNA polymerase II transcription factor
complex, cytoplasmic vesicle lumen, transcription factor
complex, nuclear transcription factor complex and so on.
The MF were mainly involved in cytokine receptor binding,
cytokine activity, nuclear receptor activity, transcription
factor activity and oxidoreductase activity. The details are
shown in Figure 3. Furthermore, the enriched KEGG path-
ways were involved in cancer, oxidative stress, apoptosis,
and inflammation. As shown in Figure 3, pathways,
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including the AGE-RAGE signaling pathway in diabetic

complications, IL-17 signaling pathway, HIF-1 signaling

pathway, TNF signaling pathway, PI3K-Akt signaling path-

way, Cellular senescence and MAPK signaling pathway,

were screened.

Experimental Outcomes

FL, RRP and PL Protect H,O, Treated-RPE Cells
The effects of FL, RRP and PL on the viability of H,O,-
treated ARPE-19 cells were detected by using the MTT
assay. As shown in Figure 4A, the viability of ARPE-19
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cells injured with H,O, was significantly decreased com-
pared with that of the control cells. Compared with H,O,,
the freeze-dried powders of the three herbs (50 and 100
pg/mL) notably improved proliferation after 24
h. Therefore, we chose 10, 50 and 100 pg/mL for the
subsequent experiments.

To determine whether pretreatment with the three herbs
reduced ARPE-19 cell apoptosis, apoptosis was examined
by flow cytometry. As shown in Figure 4B and C, H,0,-
induced oxidative stress significantly increased the num-
bers of apoptotic cells, while significant enhancements in
cell viability were observed after treatment with the three
herbs at concentrations of 10-100 pg/mL for 24 h.

We also observed the changes in cell morphology after
treatments with the three herbs and H,O,. As shown in
Figure 4D, after exposure to 200 uM H,0, for 24 h, RPE
cells were severely damaged, and many cells were shrun-
ken, round, detached from the surrounding cells, and
dying. The three herbs significantly inhibited the H,O,-
induced RPE cell damage.

FL, RRP and PL Reduced the Intracellular ROS Levels
but Increased the SOD and CAT Activities in H,O,
-Treated RPE Cells

Intracellular ROS contents reflect intracellular oxidative
conditions. We determined the ROS level by DCFH-DA
staining and measured the mean fluorescence intensity in
the cells. As shown in Figure SA and B, the fluorescence
intensity in the H,O, group was higher than that in the
three herb and control groups, indicating that intracellular
ROS production was significantly promoted by H,O, but
was inhibited by pretreatment with the three herbs.

To elucidate the mechanism by which FL, RRP and PL
enhanced the resistance of RPE cells to oxidative stress,
we examined the effects of these herbs on the activities of
the antioxidant enzymes SOD and CAT. As shown in
Figure 5C and D, the activities of the antioxidant enzymes
in the H,O, group were lower than those in the three herb
and control groups, indicating that the activities of SOD
and CAT were significantly decreased by H,O, but were
increased by pretreatment with the three herbs.

Effect of FL, RRP and PL on Nrf2 Expression in H,O,
-Treated RPE Cells

Based on the network pharmacology analysis, we tested
whether FL, RRP and PL could promote Nrf2 transloca-
tion into the nucleus and activate Nrf2 signaling. The Nrf2
pathway was analyzed by Western blot. As shown in
Figure 6, treatment with 200 pM H,O, alone for 24

h significantly increased the nuclear Nrf2 protein level
(P < 0.01). HO-1 and NQOI1 are the downstream mole-
cules of the Nrf2 signaling pathway and produced
a significant expression in the H,O, group than in the
control group (P < 0.01). Furthermore, compared with
H,0, alone, pretreatment with the three herbs significantly
promoted Nrf2 protein translocation into the nucleus in
H,O,-treated RPE cells (P < 0.01). However, on increas-
ing the concentrations of three herbs to 100 pg/mL, there
were significant increases in HO-1 and NQOI1 proteins
(P < 0.05 and P < 0.01). The results demonstrate that
FL, RRP and PL may protect RPE cells undergoing oxi-
dative stress by increasing the expression of Nrf2, HO-1
and NQOI.

Discussion
TCMs treat diseases by regulating the stability of the
entire body. A variety of herbs contain many ingredients,
and they inevitably affect multiple targets and multiple
approaches. Network pharmacology can analyze the inter-
action between drugs and diseases and provide a well-
characterized approach for exploring the pharmacological
mechanisms underlying the effects of TCMs. In this study,
we conducted network pharmacology and in vitro experi-
ments to scientifically and systematically elucidate the
material basis and mechanism underlying the effects FL,
RRP and PL in the treatment of AMD.

Fructus Lycii (FL) has been shown to exhibit multiple
activities, antioxidant,22 anti-

biological including

inflammatory,”  antiapoptotic,”* and  neuroprotective
activities.”> The bioactive components of FL are carotenoids,
polysaccharides and flavonoids, which exhibit strong antiox-
idant activities. Pretreatment with FL extract protects human
RPE cells against the acute oxidative stress induced by
exposure to H,0,.2° The antioxidant properties of FL may
be related to endogenous ROS, apoptosis-related genes and
deoxyribonucleic acid (DNA) damage.>* Rehmanniae Radix
Praeparata (RRP) plays multiple protective roles in age-
related diseases, including diabetes mellitus,”” neuronal
disorders,”® and inflammation.”” The bioactive components
of RRP are iridoid glycosides, nucleosides, phenethyl alcohol
glycosides, and sugars.*® FL and RRP have protective effects
on retinal function and structure in AMD model mice, and
the effect of their combined treatment is more obvious.®!
Paeonia lactiflora (PL) has been shown to exhibit multiple
biological activities, including pain reduction, anti-
inflammatory, immunomodulatory, antitumor, antioxidant
regulatory  activities.”> The bioactive

and immune

2836

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove Chen et al

A 1207 B 50+ "

100+

9
X s =
Zz. 801 #4 * 2
o= S 304 *
= —_ =3
2 60- '|' T e
ot =
> w 204
= 401 ‘2
8 8 Hok
201 g 104 = i**
«<
0' T T T 0 * T T
Con 0 10 50 100 500 1000 Con 0 10 50 100
FL, RRP, PL (pg/mL)+H;0; (uM) FL, RRP, PL (ug/mL)+H,0, (uM)
C Con

10 pg/mL FL, RRP, PL+H,0,

E3 F2
q20% 14.8%

B2
0.3%

10 10° 10

50 pg/mL FL, RRP, PL+H,0, 100 pg/mL FL, RRP, PL+H,0,

E3

10° 10 10° 1

PI

2 ] F2
99% 4% 71%

19%

T

“ FI;FC-AnnexinV

H,0, 10 pg/mL FL, RRP, PL+H,0,

Figure 4 (A) Cell viability after treatment with FL, RRP and PL and H,O, as determined by MTT assay. (B and C) Apoptotic cell death was analyzed by Annexin V-FITC/PI

staining and quantified as the apoptosis rate. (D) Representative images were presented here. Scale bar=100um.The data are presented as the mean + SD of triplicates.
(*P < 0.01 vs the control group; *P < 0.05, **P < 0.01 vs the H,O, group).

Drug Design, Development and Therapy 2021:15 heeps: 2837

Dove:


https://www.dovepress.com
https://www.dovepress.com

Chen et al

Dove

components of PL are volatile oil, monoterpene glycoside,
flavonoids, triterpenoid, tannins and polysaccharides.
Paeoniflorin, a monoterpene glucoside isolated from PL,
reduces Nox1/ROS-associated oxidative stress, mitochon-
drial dysfunction and endoplasmic reticulum (ER) stress in
ARPE-19 cells."” According to the component-target net-
work, quercetin, 7-O-methylluteolin-6-C-beta-glucoside,
6-fluoroindole-7-dehydrocholesterol, cyanin, 14b-pregnane,
glycitein, atropine, stigmasterol, ethyl linolenate, mandenol,
sitosterol alphal, (+)-catechin, kaempferol, beta-sitosterol
and paeoniflorin might participate in the main anti-AMD
effects of these three herbs. These main active components
are flavonoids, steroids, monoterpene glycosides, volatile
oils and sugars.

Furthermore, our results suggest that NFE2L2, NQOI,
SOD, CAT, BAX, BCL2, BCL2L1, CASP3, CASP8 and
CASP9 are the key targets of the active compounds in quer-
cetin, kaempferol, beta-sitosterol and paconiflorin, and these
targets play crucial roles in reducing RPE cell oxidative
stress and apoptosis.®>>> Nrf2 is a transcription factor that
targets and upregulates key antioxidant systems. In response
to oxidative stress, Nrf2 dissociates from Keap! and translo-
cates into the nucleus, where it promotes the expression
several antioxidant defense enzymes. These enzymes can
quickly scavenge ROS, regulate cell proliferation and
death, and maintain cellular redox homeostasis.>*® When
intracellular ROS production is elevated, the ROS interact
with Bax and promote cytochrome c release into the
cytoplasm.?” Cytochrome ¢ combines with caspases-9 to
activate the expression of downstream caspase-3, and even-
tually leads to apoptosis.®® Weng et al demonstrated that
quercetin can improve cell viability, decrease the cellular
apoptotic rate and exert protective effects via the activation
of the Keapl/Nrf2/ARE pathway in H,O,-treated RPE
cells.* Xie et al show that paeoniflorin protected ARPE-19
cells from H,0O,-induced cell apoptosis via decreased ROS
production and caspase-3 activity.*°

A total of 2531 GO terms and 166 pathways were
identified by GO pathway and KEGG pathway enrichment
analyses. The KEGG pathways through which the three
herbs protect against AMD mainly included the HIF-1
signaling pathway, MAPK signaling pathway, TNF signal-
ing pathway, hepatocellular carcinoma signaling pathway
and apoptosis pathway.

According to network pharmacology results, Nrf2 and
antioxidant protein are common targets of AMD and three
herbs. To verify the network pharmacology prediction
results, in vitro cell experiments were carried out.

Exogenous H,0,-induced oxidative injury is a simple
and feasible cell model for studying RPE oxidative
damage, and this model can effectively simulate the pro-
cess of oxidative damage to the RPE in AMD.*"
Therefore, we subsequently designed -corresponding
in vitro experiments to elucidate the prediction results of
network pharmacology. The in vitro results showed that
H,0, treatment significantly inhibited the survival rate
RPE cells and improved the apoptosis of RPE cells at
the same time. As predicted by network pharmacology
approach, pretreatment with the three herbs (10, 50, and
100 pug/mL) effectively inhibited H,O,-induced apoptosis
and increased cell viability in RPE cells in a dose-
dependent manner. Then, intracellular ROS generation
has been reported to a potential mediator, which contrib-
uted to apoptosis in the progression of RPE cells** and be
associated with risk factors for AMD.** We found that the
three herbs preserve H,O,-induced RPE injury by inhibit-
ing ROS and decreasing apoptosis. In RPE cells, the
balance between ROS generation and antioxidant systems
maintains cellular redox homeostasis. H,O, increased the
ROS level while FL, RRP and PL decreased it, which was
consistent with the results of antioxidant enzymes. Low
SOD and CAT levels denoted elevated oxidative stress, as
noted in the H,O,-treated RPE cells. This study showed
that the three herbs could increase the activities of CAT
and SOD and maintain intracellular ROS homeostasis
under H,O,-induced oxidative stress conditions.

Nrf2 is an important regulator of oxidative stress by the
activation of antioxidant enzymes. We hypothesized that
the specific mechanism underlying this protective effect
may be related to the Nrf2/Keapl signaling pathway. Saito
et al indicated that Nrf2 activation on RPE cells could be
a promising therapeutic approach for non-exudative
AMD.** Given the importance of Nrf2 in AMD, we
assessed the major proteins of the Nrf2 pathway. The
Western blot results showed that the activation by H,O,
promote Nrf2 nuclear translocation and subsequent anti-
oxidative protein expression. We also confirmed that FL,
RRP and PL exerted maximum protective effect at 100 pg/
mL against H,O,-induced oxidative stress. When the con-
centration of three herbs was lower than 100 pg/mL, the
expression levels of HO-1 and NQO1 were significantly
unaltered in spite of Nrf2 levels was significantly
increased. Unlike previous reports, the effects of three
herbs were not dose-dependent, and high doses improved
antioxidant enzymes HO-1 and NQO1 levels. We hypothe-
sized that exogenous H,O;-induced oxidative injury
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induces Nrf2 activation and then the proper concentration HO-1 and NQO1 expression by regulating Nrf2 signaling.

of FL, RRP and PL is possibly altered. However, accurate

These results indicated that FL, RRP and PL may be

quantification of Nrf2 activation levels is difficult. The suitable for the treatment of AMD.

mechanisms include the activation of the Nrf2 protein in
the nucleus, suggesting that the three herbs may stimulate

These results suggest that three herbs prevent H,O,-
stimulated cell apoptosis in RPE cells, which may be
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strongly related to the antioxidative effects of FL, RRP
and PL. According to the results of our study, network
pharmacology is a scientific and feasible method for study-
ing TCMs. However, other signaling pathways may also
be involved in the anti-AMD effect of FL, RRP and PL,
such as MAPK, TNF, HIF-1 signaling pathways. The
detailed pharmacological mechanisms by which FL, RR
and PL ameliorate AMD will be investigated in our future
study.

Conclusion

In summary, our network pharmacological analysis and
in vitro experiments provide a basis for the mechanisms
underlying the protective effects of FL, RRP and PL
against AMD. According to pathway enrichment analy-
sis, the key mechanism underlying the effects of the
three herbs in protecting against AMD may be related
to oxidative stress, apoptosis and inflammation path-
ways. This study further confirmed that the three herbs

can effectively enhance the activity and inhibit the
apoptosis of RPE cells and exert key effects on the
expression of Nrf2, HO-1, and NQOI.
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