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Background: Dry eye disease seriously affects people’s work and life. Chufeng Yisun Decoction is a tradi-
tional Chinese medicine decoction used in treating dry eye disease. This study aims to explore the core
active ingredients, targets, and mechanisms of CFYSD in dry eye disease, providing new insights for
the dry eye disease treatment.
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1. Introduction

Dry eye disease (DED) is a multifactorial disease, primarily
involving decreased lacrimal gland function, meibomian gland
dysfunction, ocular surface inflammation, and corneal nerve dys-
function [1]. The prevalence of DED will continue to increase
with the aging population, severely impacting visual function,
professional work, and the quality of life of patients [2]. In DED
patients, tear film imbalance induces an increase in tear osmo-
larity and leads to the release of inflammatory mediators such
as interleukin (IL)-1b, tumor necrosis factor (TNF)-a, and IL-6,
ultimately resulting in damage to the corneal and conjunctival
epithelium [3]. Although inflammation has been recognized as
a significant factor contributing to corneal epithelial changes
and tear film instability in DED patients, the pathogenesis of
DED has not been fully clarified [4]. Current treatment options
mainly include artificial tears, anti-inflammatory agents, and
antibiotics, but their safety and effectiveness are still under
investigation [5]. Thus, it is imperative to develop new therapeu-
tic approaches for DED.

In recent years, the therapeutic effect of Traditional Chinese
Medicine (TCM) on DED has attracted increasing attention.
Chufeng Yisun Decoction (CFYSD) is a famous TCM formula,
composed of Rehmanniae Radix Praeparata, Angelicae Sinensis
Radix, Paeonia Radix Alba, Chuanxiong Rhizoma, Ligustici Rhi-
zoma Et Radix, Peucedani Radix, and Saposhnikoviae Radix.
CFYSD has the functions of dispelling wind, clearing heat, nour-
ishing blood, and promoting blood circulation. Both single
herbs and compound formulations are widely confirmed to
have the ability to alleviate symptoms of DED [6]. For instance,
Achyranthis radix extract can restore tear secretion, maintain
corneal smoothness, and reduce corneal epithelial apoptosis
in DED [7]. In a DED mouse model, Modified Danzhi Xiaoyao
Powder reduces the levels of TNF-a and IL-1b, promotes tear
secretion, and repairs corneal damage [8]. The combination of
Chi-Ju-Di-Huang-Wan and four-substance decoction signifi-
cantly alleviates discomfort and inhibits tear vascular endothe-
lial growth factor in patients with DED [9]. However, the
therapeutic effect of CFYSD on DED and its underlying mecha-
nism remain unclear.

The PI3K/AKT pathway plays a crucial role in corneal inflam-
mation, epithelial proliferation, and corneal fibrosis in DED [10].
Inhibition of the PI3K/AKT pathway in DED can alleviate the
inflammation levels in the cornea and conjunctiva, thereby
exerting therapeutic effects [11]. Notably, natural compounds
can alleviate DED by inhibiting the PI3K/AKT signaling pathway
through multi-targets [12,13]. It remains unclear whether the
PI3K/AKT pathway is involved in the therapeutic process of
CFYSD in DED.

In this study, we investigated the mechanism of CFYSD in treating
DED through network pharmacology analysis and experimental vali-
dation. Potential targets of CFYSD in treating DED were selected from
databases. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses were conducted to explore the
27
pathways enriched by potential targets. Finally, the mechanism of
action of CFYSD on DED was validated at the cellular level.

2. Materials and methods

2.1. Identification of effective ingredients and target genes of CFYSD in
treating DED

The TCMSP database (https://old.tcmsp-e.com/browse.php?qc=
herbs) [14] was used to screen the effective active ingredients of
CFYSD, including Rehmanniae Radix Praeparata, Angelicae Sinensis
Radix, Paeonia Radix Alba, Chuanxiong Rhizoma, Ligustici Rhizoma
Et Radix, Peucedani Radix, and Saposhnikoviae Radix, with the
screening criteria set as oral bioavailability ≥ 30% and drug-like
ness ≥ 0.18 [15,16,17]. Prediction of the target genes of these seven
active ingredients was performed.

DED-related target genes were selected in GeneCards (https://
www.genecards.org/) [18], OMIM (https://www.omim.org/) [19],
and DrugBank (https://go.drugbank.com/) [20] databases. Subse-
quently, the intersection of the drugs and DED target genes was
taken using a Venn diagram, and then, the candidate target genes
for CFYSD in treating DED were obtained.

2.2. GO and KEGG enrichment analyses

The candidate target genes were subjected to GO and KEGG
functional enrichment analysis using the ‘‘clusterprofiler” pack-
age in R language. During the enrichment analysis, a p-
value < 0.05 was used as the criterion for selecting significantly
enriched items. The GO functional terms and KEGG signaling
pathways enriched with candidate genes were selected based
on this criterion. The top 10 significantly enriched functional
terms in Biological Process, Cell Component, and Molecular
Function from GO enrichment, as well as the top 30 significantly
enriched signaling pathways from KEGG enrichment, were visu-
alized in the GO and KEGG enrichment plots.

2.3. Protein-protein interaction analysis and ingredients-target genes
network construction

The candidate target genes were uploaded to the STRING data-
base (https://cn.string-db.org/) [21] for protein–protein interaction
analysis. The results were visualized using the cytohubba plugin in
Cytoscape v3.8.0 software (Cytoscape Consortium, San Diego, CA,
USA) to identify core targets. Additionally, Cytoscape v3.8.0 soft-
ware (Cytoscape Consortium) was used to construct the active
ingredient-target gene network diagram.

2.4. Molecular docking

Molecular docking was performed following the protocols
described by Lu et al. [22] and Chen et al. [23]. The protein
structure of the core target was downloaded from the PDB
database (https://www.rcsb.org/) [24]. PyMol v2.40 software
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(DeLano Scientific LLC, Palo Alto, CA, USA) [25,26] was used to
remove water molecules and ligands from the structure. The struc-
ture of the core active ingredient was downloaded from the Pub-
Chem database (https://pubchem.ncbi.nlm.nih.gov/) [27]. The
obtained PDB structures were converted to PDBQT format using
AutoDockTools v1.5.6 (Scripps Research, La Jolla, CA, USA) to pre-
dict active pockets. Molecular docking predictions were performed
using AutoDock Vina 1.1.2 (Scripps Research) [28], and the results
were visualized with PyMol software.

2.5. Preparation of CFYSD

CFYSD consists of Rehmanniae Radix Praeparata, Angelicae
Sinensis Radix, Paeonia Radix Alba, Chuanxiong Rhizoma, Ligustici
Rhizoma Et Radix, Peucedani Radix, and Saposhnikoviae Radix, in a
ratio of 1:1:1:1:1:1:1. The herbs were soaked in double-distilled
water for 2 h, boiled for 1 h, filtered to obtain the liquid, and boiled
again with water for 1 h. The two liquid mixtures were combined
and filtered. The filtrate was then concentrated, frozen at −80°C
overnight, lyophilized into powder, and stored for later use.

2.6. Cell culture and treatment

HCE-T cell lines purchased from Cellcook (CC4018, Cellcook,
Guangzhou, China) were cultured in Dulbecco’s modified Eagle
medium (DMEM, 11320033, Thermo Fisher Scientific, Waltham,
MA, USA) containing 10% fetal bovine serum (A5670701, Thermo
Fisher Scientific), 10 ng/mL Epidermal growth factor (AF-100-15,
Thermo Fisher Scientific) and 25 mM insulin (HY-P0035, Med-
ChemExpress, Monmouth Junction, NJ, USA). The experiment
included 6 groups: blank group (control), hypertonic induction
group (DED), low-dose group (DED + 1 mg/mL CFYSD), medium-
dose group (DED + 2 mg/mL CFYSD), high-dose group
(DED + 4 mg/mL CFYSD), DED + 740 Y-P group/ DED + 4 mg/mL
CFYSD + 740 Y-P group. Cells were cultured at 37°C in an incubator
containing 5% CO2.

NaCl was purchased from Thermo Fisher Scientific (AM9760G)
at a storage concentration of 5 M. Before the experiment, NaCl
was diluted to 90 mM with DMEM to simulate an osmolarity of
500 mOsm/L [29,30] and used to treat HCE-T cells for 48 h to estab-
lish the DED model. After the cells reached 80% confluence, the
cells were treated with 20 lM 740 Y-P (HY-P0175, MedChemEx-
press) for 48 h and used for subsequent experiments.

2.7. Cell counting kit-8 (CCK-8) assay

Cell viability was determined using the CCK-8 kit (CK04,
Dojindo Molecular Technologies, Tokyo, Japan). In brief, HCE-T
cells were seeded in a 96-well plate and pre-incubated at 37°C
for 24 h. Cells were exposed to hypertonic solution and different
concentrations of CFYSD (0.25, 0.5, 1, 2, 4 mg/mL) for 12, 24, and
48 h, and the DED model was treated with different concentrations
of CFYSD (0.25, 0.5, 1, 2, 4 mg/mL) for 12, 24, and 48 h, with blank
group as control. The above cells were incubated with 10 lL of
CCK-8 solution for 1 h, and the absorbance at 450 nm was
measured.

2.8. Flow cytometry analysis

HCE-T cells in logarithmic growth phase were seeded into a 96-
well plate and treated according to experimental groupings for
48 h. After washing the cells, cell apoptosis was detected using
the Annexin V-APC/PI Apoptosis Kit (E-CK-A217, Elabscience,
28
Wuhan, China), followed by flow cytometry analysis using BD FACS
Canto (Becton, Dickinson and Company, Franklin Lakes, NJ, USA).

2.9. Enzyme-linked immunosorbent assay (ELISA)

The supernatant was collected from cell cultures of each group,
followed by detection of the levels of IL-1b and TNF-a according to
the instructions of the kit (EKF57064/EKF57120, Biomatik, Kitch-
ener, Canada).

2.10. Western blot assay

Cells were lysed using radioimmunoprecipitation assay lysis
buffer (Wuhan Boster Biological Technology, Wuhan, China), and
the protein concentration was determined using a bicinchoninic
acid kit (AR1189, Wuhan Boster Biological Technology). After-
wards, proteins were separated using sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (20 lg) and then transferred to a
polyvinylidene fluoride membrane (Immobilon-P, Merck Millipore,
Darmstadt, Germany). The membrane was blocked with 5% bovine
serum albumin at room temperature for 1 h and washed with Tris-
buffered saline with 0.1% Tween 20 (TBST). Subsequently, the
membrane was incubated overnight at 4°C with primary antibod-
ies including rabbit monoclonal anti-Akt (#4691, 1:1000, Cell Sig-
naling Technology, Danvers, MA, USA), rabbit monoclonal anti-p-
Akt (#2965, 1:1000, Cell Signaling Technology), rabbit polyclonal
anti-PI3K (#4292, 1:1000, Cell Signaling Technology), rabbit poly-
clonal anti-p-PI3K (#4228, 1:1000, Cell Signaling Technology),
and rabbit polyclonal anti-b-Actin (#4967, 1:1000, Cell Signaling
Technology). After TBST wash, the membrane was incubated with
goat anti-rabbit immunoglobulin G (IgG) secondary antibody
(ab205718, 1:2000, Abcam, Cambridge, UK). Following another
round of washing, the bands were visualized using an enhanced
chemiluminescence kit (ABS920, Absin, Shanghai, China), and the
gray values of band were analyzed using ImageJ software.

2.11. Statistical analysis

Statistical analysis and data graphing were performed using
SPSS 21.0 software (IBM, Armonk, NY, USA) and GraphPad Prism
8.0 software (GraphPad Software Inc., San Diego, CA, USA). Contin-
uous data were presented as mean ± standard deviation. First, nor-
mality and homogeneity of variance tests were conducted, which
verified that the data were in normal distribution and homogeneity
of variance. Comparison between groups was analyzed using t-
tests, one-way analysis of variance (ANOVA), or two-way ANOVA,
followed by Tukey’s multiple comparisons test. p-values were
obtained from two-tailed tests, with p < 0.05 considered statisti-
cally significant.
3. Results

3.1. Screening and enrichment analysis of target genes for CFYSD in
treating DED

To identify potential targets for CFYSD in the treatment of DED,
the effective ingredients and potential target genes in CFYSD were
predicted using the TCSMP database. A total of 882 target genes
were obtained (Table S1). After removing duplicate target genes,
196 target genes were retained. Subsequently, the GeneCards,
OMIM, and DrugBank databases predicted DED-related target
genes, and after removing duplicates, a total of 5853 DED-related

https://pubchem.ncbi.nlm.nih.gov/
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Fig. 1. Screening and enrichment analysis of target genes for CFYSD in treating DED. (A) Target genes related to DED in three databases; (B) Intersection of target genes
between DED and CFYSD; (C) Bubble chart of GO enrichment analysis for candidate target genes, including the top 10 functional entries enriched in BP, CC, and MF; (D) Bubble
chart of KEGG enrichment for candidate target genes, including the top 30 significantly enriched signaling pathways.
target genes were obtained (Fig. 1A and Table S2). The intersection
of the predicted drug target genes and DED-related target genes
was taken, and ultimately, 170 candidate target genes were
retained (Fig. 1B). These 170 candidate target genes may be poten-
tial targets for CFYSD in treating DED.

To explore the functions of the above candidate target genes,
GO and KEGG enrichment analyses on the 170 candidate target
genes were performed. The GO enrichment analysis revealed that
these candidate genes were mainly enriched in functional cate-
gories such as ‘‘response to xenobiotic stimulus”, ‘‘membrane raft”,
and ‘‘DNA-binding transcription factor binding” (Fig. 1C, Fig. S1).
The KEGG enrichment analysis indicated that these candidate
genes were enriched in pathways such as ‘‘Lipid and atherosclero-
sis”, ‘‘Fluid shear stress and atherosclerosis”, and ‘‘PI3K/Akt”
(Fig. 1D, Fig. S2). These pathways may be key pathways for CFYSD
in the treatment of DED.
29
3.2. Identification of core ingredients and targets of CFYSD in treating
DED

To further screen out the core targets from the candidate target
genes mentioned above, the candidate target genes were uploaded
to the STRING database for protein–protein interaction analysis
(Fig. 2A, Fig. S3). Subsequently, the CytoHubba plugin was used
to compute the degree, betweenness, and closeness of each gene
in the protein interaction network to further refine the core targets
(Table S3). The results showed that Akt1 and IL-1b ranked top in
these three different centrality calculation methods, indicating that
Akt1 and IL-1b play important regulatory roles in DED and may be
the core targets for treating DED.

To further screen the core active ingredients of CFYSD in treat-
ing DED, a drug-active ingredient-target gene network was con-
structed using Cytoscape v3.8.0 software (Fig. 2B, Fig. S4).

move_f0005
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Fig. 2. Identification of core ingredients and targets of CFYSD in treating DED. (A) Protein interaction analysis of candidate target genes; (B) Network diagram of drug
active ingredients and candidate target genes. The left side represents drug active ingredients, with different colors indicating that the active ingredients come from different
drugs. The right side represents candidate target genes, and the lines between target genes and active ingredients indicate that the target genes may be regulated by the active
ingredients. The red labels represent the core target genes identified in the screening process; (C) Molecular docking results of Akt1 with kaempferol molecule; (D) Molecular
docking results of Akt1 with quercetin molecule; (E) Molecular docking results of Akt1 with wogonin molecule; (F) Molecular docking results of IL-1b with quercetin
molecule. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
Subsequently, potential target drugs for Akt1 and IL-1b were
screened from the TCSMP database. The results indicated that
Akt1 was targeted by kaempferol, wogonin, and quercetin, while
IL-1b was targeted by quercetin, with kaempferol derived from
Paeoniae Radix Alba, wogonin from Saposhnikoviae Radix, and
quercetin from Peucedani Radix (Table S4). This suggests that
Paeoniae Radix Alba, Saposhnikoviae Radix, and Peucedani Radix
in CFYSD have a more significant impact on DED, and kaempferol,
wogonin, and quercetin may be the core active ingredients for
treating DED.

To investigate the interactions between core active compo-
nents and core targets, molecular docking was used to simulate
the binding interactions of Akt1 (1H10 | pdb_00001h10) and IL-
1b (1HIB | pdb_00001hib) with kaempferol, wogonin, and querce-
tin. The results showed that kaempferol, wogonin, and quercetin
exhibited good binding effects with Akt1 (Fig. 2C–F, Table 1), and
quercetin showed good binding effects with IL-1b (Fig. S5, Fig. S6,
Fig. S7, Fig. S8). This suggests that kaempferol, wogonin, and
quercetin may exert therapeutic effects on DED by binding to
Akt1 and IL-1b.

3.3. CFYSD alleviates hyperosmotic-induced HCE-T cell damage

Network pharmacology results indicated that CFYSD alleviates
DED. To further validate this finding, HCE-T cells were treated with
different concentrations of CFYSD (0.25, 0.5, 1, 2, 4 mg/mL), and no
30
cytotoxic effects on HCE-T cells were found (p > 0.05, Fig. 3A). Next,
HCE-T cells were exposed to hyperosmotic solution for 12 h, 24 h,
and 48 h to establish an in vitro DED model, and then, different
concentrations of CFYSD (0.25, 0.5, 1, 2, and 4 mg/mL) were added
to the DED model. The results showed that HCE-T cell viability was
remarkedly decreased after hyperosmotic induction (p < 0.01).
Nevertheless, CFYSD restored cell viability in DED in a
concentration-dependent manner (p < 0.01, Fig. 3B).

Based on the above results, HCE-T cells were treated with 1, 2,
and 4 mg/mL CFYSD for 48 h for subsequent experiments. Results
indicated that compared to the DED group, the higher dose group
(1, 2, 4 mg/mL CFYSD) showed an obvious decrease in apoptosis
rate (p < 0.01, Fig. 3C–D), as well as a significant reduction in the
expression of IL-1b and TNF-a (p < 0.01, Fig. 3E). These results
demonstrate that CFYSD can alleviate DED.

3.4. CFYSD alleviates DED by inhibiting the PI3K/Akt pathway

KEGG analysis indicated that the alleviative effects of CFYSD on
DED may be associated with the PI3K/Akt pathway. To verify the
effect of the PI3K/Akt pathway in CFYSD in treating DED, the
expression of p-PI3K, PI3K, p-Akt, and Akt was measured by Wes-
tern blot. The results showed that compared to the control group,
the levels of p-PI3K/PI3K and p-Akt/Akt in the DED group were sig-
nificantly increased (p < 0.01, Fig. 4A–B). Compared to the DED
group, different concentrations (1, 2, 4 mg/mL) of CFYSD treatment
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Table 1
Docking results between core targets and corresponding active components.

PDB ID Resolution (A) Compound Structures Binding energy (kcal/mol)

1H10 1.4 Akt1 kaempferol −6.1
quercetin −6.1
wogonin −6.1

IHIB 2.4 IL-1b quercetin −7.9

Fig. 3. CFYSD alleviates hyperosmotic-induced HCE-T cell damage. Different concentrations (0.25, 0.5, 1, 2, 4 mg/mL) of CFYSD were used to treat HCE-T cells, with blank
group as control. (A) Cell viability was assessed using CCK-8 assay. Cells were treated with a hypertonic solution and then exposed to different concentrations (0.25, 0.5, 1, 2,
4 mg/mL) of CFYSD; (B) Cell viability was evaluated using CCK-8 assay. Cells were then treated with higher doses of CFYSD (1, 2, 4 mg/mL) for 48 h, with DED group as the
control. (C) Cell apoptosis was detected using Annexin V-APC/PI. (D) Cell apoptosis rate was calculated. (E) IL-1b and TNF-a were measured using ELISA. The experiments
were independently repeated three times, and the data are presented as mean ± standard deviation. Comparisons among multiple groups in panels A, B, and E were analyzed
using two-way ANOVA, and in panel D were analyzed using one-way ANOVA, followed by Tukey’s multiple comparisons test. * p < 0.05, ** p < 0.01.
significantly reduced the levels of p-PI3K/PI3K and p-Akt/Akt in
cells (p < 0.05, Fig. 4A–B). These results indicate that CFYSD allevi-
ates DED by inhibiting the activation of the PI3K/Akt pathway.

3.5. Activation of PI3K/Akt pathway reduces the alleviative effect of
CFYSD on DED

To further verify that CFYSD treats DED through inhibiting the
PI3K/Akt pathway, the PI3K activator 740 Y-P was added to the
31
cells in the DED group and the DED + 4 mg/mL CFYSD group.
Compared to cells without 740 Y-P treatment, the levels of p-
PI3K/PI3K and p-Akt/Akt were significantly increased in cells
treated with 740 Y-P (p < 0.05, Fig. 5A), cell viability was reduced
(p < 0.01, Fig. 5B), cell apoptosis rate was increased (p < 0.05,
Fig. 5C-D), and the expression of IL-1b and TNF-a was increased
(p < 0.01, Fig. 5E). These results indicate that activation of the
PI3K/Akt pathway reduces the effectiveness of CFYSD in
alleviating DED.
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Fig. 4. CFYSD alleviates DED by inhibiting the PI3K/Akt pathway. HCE-T cells were exposed to a hypertonic solution for 48 h, followed by treatment with different
concentrations (1, 2, 4 mg/mL) of CFYSD in a DEDmodel for 48 h. (A) The expression of p-PI3K, PI3K, p-Akt, Akt, and b-actin was detected by Western blot; (B) The gray values
of proteins were calculated. The experiments were independently repeated three times, and the data are presented as mean ± standard deviation. Comparisons among
multiple groups in panel B were analyzed using two-way ANOVA, followed by Tukey’s multiple comparisons test. * p < 0.05, ** p < 0.01.
4. Discussion

DED is a multifactorial disorder characterized by a complex
pathological process involving oxidative stress, cell apoptosis,
and inflammation [31]. However, current clinical drug therapies
primarily target single pathological mechanism, resulting in lim-
ited treatment efficacy [32]. Our study proposed the potential of
CFYSD as a treatment for DED and explored the targets and
molecular mechanisms of CFYSD in treating DED through network
pharmacology and experimental validation. With the results of the
analyses, we hypothesized that CFYSD produces a therapeutic
effect on DED by inhibiting the PI3K/Akt pathway.

In this study, drug target genes and DED-related target genes
were screened through network pharmacology, and the intersec-
tion was taken to obtain 170 potential therapeutic target genes.
The active ingredient-target gene network diagram showed that
Akt1 and IL-1b are the core targets for treating DED and are regu-
lated by kaempferol, wogonin, and quercetin. It has been docu-
mented that kaempferol is an anti-inflammatory agent that can
inhibit IL-1b and TNF-a in human corneal epithelial cells in the
DED model and repair damaged corneal epithelium [33]. Wogonin
plays an antioxidative role in retinal diseases by reducing p-Akt
and can protect cells from apoptosis [34]. Quercetin promotes
the proliferation of corneal epithelial cells in DED models and
downregulates the expression of p-PI3K, p-AKT, IL-6, and TNF-a,
thus alleviating inflammation [12]. Moreover, molecular docking
experiments have shown that kaempferol, wogonin, and quercetin
act as the core active ingredients of CFYSD and exhibit good bind-
ing effects with Akt1 and IL-1b. Overall, CFYSD exerts therapeutic
effects on DED mainly through the core active ingredients of
kaempferol, wogonin, and quercetin, which may regulate Akt1
and IL-1b to participate in DED pathology.
32
Next, GO and KEGG enrichment analyses revealed that ‘‘Lipid
and atherosclerosis”, ‘‘Fluid shear stress and atherosclerosis”, and
‘‘PI3K/Akt” may be key pathways for CFYSD in the treatment of
DED. Therefore, we focused on the role of the PI3K/Akt pathway.
After treating the DED cell model with CFYSD, cell viability was
restored, cell apoptosis was reduced, and the levels of p-PI3K/
PI3K and p-Akt/Akt were significantly decreased, indicating that
the inhibition of the PI3K/Akt pathway may alleviate DED. Consis-
tently, berberine eye drops treat DED by inhibiting the PI3K/AKT/
NFjB and MAPK pathways and suppressing inflammatory cytoki-
nes to prevent cell apoptosis [13]. In DED animal models, treat-
ment with DZ2002 alleviates conjunctival irritation and reduces
corneal neovascularization and corneal opacity by inhibiting the
activation of the STAT3-PI3K-Akt-NF-jB pathway [11]. Inhibiting
the PTEN/PI3K/AKT pathway in a hyperosmotic-induced human
corneal epithelial cell injury model can reduce the expression of
IL-6 and TNF-a and thus reduce inflammation [12]. In conclusion,
CFYSD achieves therapeutic effects on DED by restoring cell
viability and reducing apoptosis via inhibition of the PI3K/Akt
pathway.

There are several limitations in this study. Firstly, our study
only elucidated the therapeutic mechanism of CFYSD on DED,
without specifically investigating the role of the core active ingre-
dients in treating DED. Secondly, animal experiments were not
conducted for validation. Lastly, the therapeutic effect of CFYSD
on DED required further verification through clinical trials. In
future experiments, we will further investigate the mechanism of
the core active ingredients in treating DED and perform additional
clinical trials to explore the mechanism of action of CFYSD, provid-
ing new research directions for the treatment of DED.

In conclusion, this study proposed the core ingredients and tar-
gets of CFYSD for treating DED through pharmacological network
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Fig. 5. Activation of PI3K/Akt pathway reduces the alleviative effect of CFYSD on DED. 740 Y-P was added to the DED group and DED + 4mg/mL CFYSD group for 48 h, with
no 740 Y-P treatment used as the control for the combined experiments. (A) The expression of p-PI3K, PI3K, p-Akt, Akt, and b-actin in the cells was detected by Western blot.
(B) Cell viability was assessed using CCK-8 assay. (C) Cell apoptosis was detected using Annexin V-APC/PI. (D) Cell apoptosis rate was calculated. (E) The expression of IL-1b
and TNF-a in the cells was measured by ELISA. The experiments were independently repeated three times, and the data were presented as mean ± standard deviation.
Comparisons among multiple groups in panels A and E were analyzed using two-way ANOVA, and in panels B and E were analyzed using one-way ANOVA, followed by
Tukey’s multiple comparisons test. * p < 0.05, ** p < 0.01.
analysis and other experiments. CFYSD treats DED by inhibiting the
activation of the PI3K/Akt pathway through multi-ingredients and
multi-target mechanisms. Our findings may provide new evidence
and research directions for the treatment of DED with CFYSD.
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