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Cassiae semen (CS) is one of the most well-known herbs used in the treatment of cataracts in China. However, the potential
mechanisms of its anticataract effects have not been fully explored. In this study, network pharmacology was used to
investigate the potential mechanism underlying the actions of CS against cataracts, and molecular docking was performed to
analyze the binding activity of proteins and compounds. qPCR was performed to detect the mRNA level of genes, and the cell
apoptotic rate was measured using flow cytometry. We identified 13 active compounds from CS and 105 targets, as well as 238
cataract-related targets. PPI networks were constructed, and fifty key targets were obtained. These key targets were enriched in
the regulation of transcription, apoptotic process, and signal transduction pathways. Molecular docking demonstrated that the
compounds of CS exhibited good affinity to some critical targets. Furthermore, CS prevented the apoptosis of human lens
epithelial cells induced by UVB lights by decreasing the gene expression of CASP3, ESR1, and TP53 and increasing the
CRYAB gene expression. The present study attempted to explain the mechanisms for the effects of CS in the prevention and
treatment of cataracts and provided an effective strategy to investigate active ingredients from natural medicines. Further
studies are required to verify these findings via in vivo and in vitro experiments.

1. Introduction

Cataract is currently the main cause of visual impairment
and blindness globally, accounting for 46 percent of blind
people. Visual impairment leads to a series of difficulties in
patients’ daily life and social problems, which would contrib-
ute to an extensive economic burden on society [1]. Up to
date, surgery is the main method for the treatment of cata-
racts. Nevertheless, in developing countries, owing to the
limited access to surgery caused by a higher prevalence of
blindness due to cataracts and lack medical resources [2],
it is urgent to develop pharmacological strategies for the
management of cataracts. Based on the mechanism of cata-
racts’ formation, herbal, minerals, amino acids, and antioxi-
dants were developed to treat cataracts. Meanwhile, there are
other available approaches by inhibiting glycation, phase
separation, matrix metalloproteinase, and modulating the
TGF-β pathway [3].

Cassiae semen (CS), the seed of Cassia obtusifolia L. or
Cassia tora L. of the family Leguminosae, was initially
recorded in the earliest book of Chinese materia medica
“Shennong Bencao Jing” and described for treating dizziness
and headache, improving vision, and nourishing the liver
[4]. Modern pharmacological studies reported the therapeu-
tic potential of Cassia tora leaves in preventing cataracts [5,
6]. It has been revealed that anthraquinone compounds,
including obtusin, emodin, and aloe emodin, are the main
bioactive components in CS [7–9]. In addition, a recent
study suggested that emodin could serve as a potential ther-
apeutic agent for cataracts [10], and the antioxidant activity
of active ingredients from CS has also been confirmed in
many studies [11–13], which may be used as antioxidants
for cataracts. However, although many studies confirmed
that CS showed noticeable anticataract effects, the underly-
ing mechanisms against cataracts have not been fully
explored yet.
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Herbal medicines consist of multiple active ingredients,
which result in complicated multitarget and multipathway
characteristics when acting on diseases. In recent years, a novel
TCM network pharmacology research strategy has been
widely applied, on the basis of systematic concepts, to the dis-
covery of the underlying mechanism of TCM or herbal medi-
cines against diseases. Like other computational methods
[14–16], network pharmacology is a well-established compu-
tational methodological theory to reveal the pharmacological
mechanism of TCM or herbal medicines. For cataracts, net-
work pharmacology was used to explore the molecular mech-
anism of various medicines in the treatment of diabetic
cataracts, including protocatechualdehyde [17] and Buddlejae
Flos [18]. As a traditional Chinese herbal medicine, the mech-
anism of CS in the treatment of cataracts is well suited to be
studied using a network pharmacology approach.

In this study, we aimed to systematically elucidate the
pharmacological mechanisms of CS against cataracts based
on a network pharmacology approach. Firstly, we screened
for active ingredients of CS and obtained the targets of the
active ingredients. The cataract-related targets were identi-
fied through three databases. PPI data were obtained and
used to construct a protein-protein interaction (PPI) net-
work, and GO and KEGG enrichment analyses were carried
out to find the potential mechanism of CS against cataracts.
Molecular docking was carried out to explore the binding
affinity of the proteins and compounds. The effects of CS
on human lens epithelial cells were also investigated. This
study has previously been published as a preprint [19].

2. Material and Methods

2.1. Data Preparation

2.1.1. Active Compounds and Their Targets in CS. The active
compounds in CS were identified and obtained from the Tra-
ditional Chinese Medicine Systems Pharmacology Database
(TCMSP) (https://tcmspw.com/tcmsp.php) [20]. It gathered
the information on herbs, compounds, compound-targets,
compound-related diseases, and pharmacokinetic properties
of each compound. In this study, the compounds with OB ≥
30% and DL ≥ 0:18 were identified as active ingredients. The
adopted threshold values for OB and DL indicated good oral
absorption and suitable characteristics for the drug develop-
ment of the compounds [20, 21]. In addition, to identify the
corresponding targets of CS active compounds, the TCMSP
database, STITCH (http://stitch.embl.de/), and the DrugBank
database (https://www.drugbank.ca/) were used to find poten-
tial targets. Eventually, 13 active compounds of CS were
obtained, with a total of 105 targets after removing duplicates.

2.1.2. Potential Target Genes of Cataracts. The cataract-
related targets were identified from three public databases,
including the GeneCards (https://www.genecards.org/) data-
base, Online Mendelian Inheritance in Man (OMIM, https://
www.omim.org/) database, and the MalaCards (http://www
.malacards.org/pages/info) database [22–24]. Then, we obtained
the standard gene names of the identified targets from the Uni-
ProtKB (https://www.uniprot.org/help/uniprotkb/) database.

2.1.3. Construction of the PPI Network. We obtained the PPI
data using the plugin Bisogenet [25] of Cytoscape 3.5.1 soft-
ware, which collected PPI data from six databases, including
the Database of Interacting Proteins (DIP™), Biological
General Repository for Interaction Datasets (BioGRID),
Human Protein Reference Database (HPRD), IntAct Molec-
ular Interaction Database (IntAct), Molecular INTeraction
database (MINT), and Biomolecular Interaction Network
Database (BIND), and visualized the PPI network of com-
pound targets and disease targets with Cytoscape software.

2.2. Network Construction and Analysis. Network analysis
can scientifically interpret the complex relationships among
herbs, compounds, diseases, and genes [26, 27]. In the study,
the compound-target network and the PPI networks of CS
compound targets and cataract-related targets were gener-
ated by Cytoscape (version 3.7.1) [28]. The MCODE Cytos-
cape plugin was used to carry out module analysis. The key
targets and the central network were screened using a topo-
logical method, which adopts six topological parameters,
including degree centrality (DC), closeness centrality (CC),
betweenness centrality (BC), eigenvector centrality (EC),
local average connectivity-based method (LAC), and net-
work centrality (NC), to assess the central attributes of all
nodes in a network with the Cytoscape plugin CytoNCA.
Specifically, nodes whose values are greater than the mean
value for all six parameters were identified as key targets,
and the central network composed of these key nodes and
the edges between them was also depicted using Cytoscape
software.

2.3. Enrichment Analysis. In this study, we used online tools
of the Database for Annotation, Visualization and Integrated
Discovery (DAVID, https://david.ncifcrf.gov, v6.8) to per-
form the Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis [29].
Functional categories and pathways with significant changes
of p < 0:05 were identified. The top 10 GO functional

Table 1: Summary of PCR primer sequences used for RT-PCR.

Gene name Primer sequences (5′-3′)

AKR1B1
F: TTTTCCCATTGGATGAGTCGG
R: CCTGGAGATGGTTGAAGTTGG

Caspase-3
F: TGGAACAAATGGACCTGTTGACC
R: AGGACTCAAATTCTGTTGCCACC

MAPK14
F: GGGGCAGATCTGAACAACAT
R: GAGCCAGTCCAAAATCCAGA

ESR1
F: AGGCTTTGTGGATTTGAC
R: CCAAGAGCAAGTTAGGAG

TP53
F: ACCCAGGTCCAGATGAAG
R: CACTCGGATAAGATGCTGA

CRYAB
F: CTT TGA CCA GTT CTT CGG AG
R: CCT CAA TCA CAT CTC CCA AC

β-Actin
F: AAG TAC TCC GTG TGG AT C GG
R: ATG CTA TCA CCT CCC CTG TG

F: forward; R: reverse.
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Table 2: Active ingredients of Cassiae semen.

MOL ID MOL name 2D structure OB (%) DL

MOL002268 Rhein 47.07 0.28

MOL002281 Toralactone 46.46 0.24

MOL000449 Stigmasterol 43.83 0.76

MOL000471 Aloe emodin 83.38 0.24

MOL005043 Campesterol 37.58 0.71

MOL006465 Rubrofusarin gentiobioside 40.12 0.67

MOL006466 Rubrofusarin 45.55 0.24
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categories and the top 20 pathway categories were used for
plotting.

2.4. Plant Material and Extraction. Cassiae semen was pur-
chased from a drugstore in Shangyu City, China. The Cas-
siae semen extract was obtained according to She et al.
[30]. Briefly, CS was powdered and then extracted with
70% aqueous ethyl alcohol twice. The extracts were boiled

for 1.5 h, and the supernatants were collected and evapo-
rated to dryness under reduced pressure. The dried ethyl
alcohol extract of Cassiae semen (EECS) was dissolved in
DMSO.

2.5. Cell Culture. The human lens epithelial SRA01/04 cell
line was purchased from the ATCC (Manassas, USA) and
cultured in Dulbecco’s modified Eagle’s medium (DMEM)

Table 2: Continued.

MOL ID MOL name 2D structure OB (%) DL

MOL006472 Aurantio-obtusin 31.55 0.37

MOL006475 Obtusin 81.43 0.4

MOL006481 Gluco-obtusifolin 42.41 0.81

MOL006482 9,10-Dihydroxy-7-methoxy-3-methylene-4H-benzo[g]isochromen-1-one 63.25 0.24

MOL006489 Quinizarin 47.34 0.19

MOL000953 CLR 37.87 0.68
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Figure 1: Continued.
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containing 10% fetal bovine serum and 1% penicillin/strep-
tomycin at 37°C. To examine the effect of CS on the apopto-
sis of human lens epithelial cells (HLEC), cells were divided
into 3 groups (control, model, and EECS). Cells in the con-
trol group were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine serum and
1% penicillin/streptomycin. Cells were cultured for 24h with
(EECS group) or without (model group) 2mg/mL EECS and
then exposed to 0.25mW/cm2 UVB. After irradiation, cells
were once again cultured in the medium with (EECS group)
or without (model group) 2mg/mL EECS for an additional
6 h. Finally, the cells in three groups were harvested for
qPCR and flow cytometry assays.

2.6. UVB Irradiation. The apoptosis model of HLEC was
established using UVB irradiation. We used a UVB source
with a peak spectral emission at 312 nm. It has three fluores-
cent light tubes (Philips TL 20 W/12 R), and the lights below
295nm were filtered through a cellulose acetate sheet. Prior
to irradiation, cells (80-90% confluence) were washed twice
with PBS and supplied with cold PBS. Cells were put on
ice and exposed to 0.25mW/cm2 UVB irradiation for
4min. After exposure, the cells were cultured further for
6 h in a complete medium.

2.7. qRT-PCR. Total RNA was extracted using the TRIzol
Reagent (Takara Bio, Dalian, China) according to the man-

ufacturer’s instructions. Then, total RNA was reverse tran-
scribed into cDNA using PrimeScript RT-polymerase
(Takara Bio). RT-PCR reaction was performed with β-actin
as an internal control in a model 7000 Sequence Detection
System (Applied Biosystems, Foster City, CA, USA). The
sequences of primers are listed in Table 1. Comparative
quantification of genes was determined using the 2−ΔΔCt
method.

2.8. Cell Apoptotic Rate Assay. AnnexinV-FITC/propidium
iodide (PI) staining (Tiangen Biotech, Beijing, China) was
used to quantify the amount of cell apoptosis. Briefly,
SRA01/04 cells from the control, model, and EECS group
were collected and stained with AnnexinV-FITC/PI in a
binding buffer for 20min. The stained cells were then ana-
lyzed using the Beckman FC500 MCL flow cytometry
system.

2.9. Molecular Docking. Molecular docking was performed
using CB-Dock (http://cao.labshare.cn/cb-dock/) online
tools to predict the binding activities of proteins to com-
pounds and calculate the center and size of the cavity [31].
The PDB formats of proteins were obtained from the RCSB
PDB database (http://www.rcsb.org), and the ligand file in
SDF formats was derived from the PubChem database
(https://pubchem.ncbi.nlm.nih.gov/) [32]. Fulvestrant,
(-)-kusunokinin, α-bisabolol, SB203580, and HDM201 were
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Figure 1: The characteristics of active compounds in CS and their targets: (a) the network of active compounds and their targets; (b) the PPI
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selected as inhibitors of ESR1, AKR1B1, CASP3, MAPK14,
and TP53, respectively. The combinations of the best dock-
ing scores were visualized by PyMOL.

2.10. Statistical Analysis. The results are presented as mean
± standard deviation (SD). Differences between groups were
assessed by one-way analysis of variance (ANOVA). Calcu-
lations were performed using SPSS for the Windows version
13.0 statistical package (SPSS, Chicago, IL). p values less
than 0.05 were considered statistically significant.

3. Results

In our study, a total of 13 active compounds in CS were
identified using the ADME model, including rhein, toralac-
tone, stigmasterol, aloe emodin, campesterol, rubrofusarin
gentiobioside, rubrofusarin, aurantio-obtusin, obtusin,

gluco-obtusifolin, 9,10-dihydroxy-7-methoxy-3-methylene-
4H-benzo[g]isochromen-1-one, quinizarin, and CLR.
Detailed information is presented in Table 2. Among these
compounds, we failed to get target information for rubrofu-
sarin in public databases.

3.1. CS Compound-Target Network. The compound-target
network consisted of 117 nodes (12 active compounds and
105 targets) and 152 edges, as shown in Figure 1(a). The top 3
compounds in the network with more targets were
MOL000471 (aloe emodin, degree = 32), MOL000449 (stig-
masterol, degree = 31), and MOL002268 (rhein, degree = 20),
indicating their important role in treating cataracts. Further-
more, it showed that many targets were connected and affected
by multiple compounds. Prostaglandin-endoperoxide synthase
2 (PTGS2), nuclear receptor coactivator 2 (NCOA2), and
prostaglandin-endoperoxide synthase 1 (PTGS1) were the top
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Figure 3: Continued.
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three targets with a higher number of connected compounds.
The PPI network of the compound targets is depicted in
Figure 1(b), and the characteristics of CS targets were clarified
by GO analysis and KEGG pathway analysis. It revealed that
the majority of the potential targets existed in the nucleus with
the function of protein binding and were highly enriched in the
regulation of transcription, signal transduction, response to
drug, apoptotic process, and oxidation-reduction process
(Figure 1(c)). In addition, ninety-five significantly enriched
pathways (p < 0:05) were identified, and the top 20 pathways
mainly contained cancer-related pathways, signal transduction
pathways, and virus-related pathways (Figure 1(d)).

3.2. Cataract-Related Target Genes. A total of 238 target
genes related to cataracts were identified from the OMIM
(48), MalaCards (8), and GeneCards (232), after removing
the duplicates. The PPI network (removing nodes without
any connection) of these targets was constructed
(Figure 2(a)), which included 148 nodes and 290 edges.
The data of GO analysis and KEGG pathway analysis are
shown in Figure 2(b). It revealed that 373 GO terms were
significantly enriched (p < 0:05), with 281 in the biological
process, 43 in the cellular component, and 49 in the molec-
ular function. In addition, a total of 67 pathways (p < 0:05)

were affected by cataracts, and the top 20 enriched path-
ways are shown in Figure 2(b), mainly including cancer-
related pathways, signal transduction pathways, and virus-
related pathways.

In addition, module analysis obtained a cluster of 6
targets with score = 5:60 from the PPI network of cataract
target genes (Figure 2(c)). Enrichment analysis showed
that these targets were enriched in protein processing in
the endoplasmic reticulum and involved in visual percep-
tion and response to stimulus (Figure 2(d)), indicating
the important role of this cluster in the pathogenesis of
cataracts.

3.3. CS Anticataract Target Analysis. We generated the PPI
network of potential anticataract targets of CS, as shown in
Figure 3(a). It consisted of 335 nodes and 704 edges, and
fifty key targets with 251 interactions were screened from
the network (Figure 3(b)). In addition, GO analysis showed
that two hundred and seventy-nine GO terms were signifi-
cantly enriched, and the top 10 terms are shown in
(Figure 3(c)). These results indicated that various biological
processes were involved in the anticataract effects of CS.
Moreover, we identified 87 significantly enriched pathways
in total, and the top 20 pathways are shown in Figure 3(d).
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Figure 3: The central network analysis and bioinformatic analysis: (a) the merged PPI network of compound targets and cataract-related
targets; (b) central network obtained from the merged network; (c) top 10 enriched GO terms of the key targets from the central
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3.4. Compound-Target Docking. Five important targets
(ARK1B1, ESR1, TP53, MAPK14, and CASP3) from the net-
work pharmacology analysis were selected to perform molecu-
lar docking analysis with their target compounds. Fulvestrant,
(-)-kusunokinin, α-bisabolol, SB203580, and HDM201 were
selected as inhibitors of ESR1, AKR1B1, CASP3, MAPK14,
and TP53, respectively. The top 5 cavity sizes and Vina scores
of each compound-target or inhibitor-target docking were
obtained from CB-Dock. It is generally believed that the lower
Vina score indicates a more stable binding state between a pro-
tein and a compound. In addition, if a cavity size is close to or
bigger than the ligand, the accuracy of docking tends to increase
[31]. Molecular docking results showed that the compounds of
CS had good binding activities to important targets and were
close to or higher than the Vina scores and cavities’ size of the
protein inhibitors (Figures 4 and 5).

3.5. The Effects of CS on HLEC. Excessive apoptosis of lens
epithelial cells is implicated in the pathogenesis of several
types of cataract formation. Herein, we detected the effect
of CS on the mRNA expression of several hub genes located
in the central network and the apoptosis of HLEC. The

results demonstrated that UVB induced the upregulation
of CASP3, TP53, CRYAB, and ESR1 (Figure 6(a)) and HLEC
apoptosis (Figures 6(b) and 6(c)). Meanwhile, CS treatment
could not only restore the dysregulated expression of
CASP3, TP53, CRYAB, and ESR1 in HLEC but also pre-
vented the HLEC apoptosis induced by UVB (Figure 6).
These data indicated that CS may treat the cataract by inhi-
biting the apoptosis of lens epithelial cells.

4. Discussion

Cataracts, the major cause of blindness, are characterized by
blurry vision. It has been reported to be associated with var-
ious risk factors, including smoking, hypertension, steroid
consumption, diabetes, and ionizing radiation [33, 34]. CS
is a classical herb used to remove “liver fire” for improving
eyesight. It has been clinically used to treat ophthalmic dis-
eases, such as cataracts, myopia, and dry eye symptoms,
for thousands of years in China. In this study, a network
pharmacology approach was applied to comprehensively
elucidate potential mechanisms of the beneficial effects of
CS on cataracts.
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Figure 4: Molecular docking results of the proteins and compounds or inhibitors (1). A sphere and a cartoon chain represent a ligand and a
protein, respectively.
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In this study, we identified 13 active compounds in CS and
105 potential targets of these active compounds in total, and
238 cataract-related targets were also obtained from the three
public databases. Four genes, including ESR1, MAPK14,
CASP3, and AKR1B1, were shared between CS compound
targets and cataracts’ targets, indicating their possible antica-
taract action. Central network analysis obtained a central net-
work with 50 key targets, which significantly enriched the
pathways correlated with cataracts, such as the thyroid hor-
mone signaling pathway, PI3K-Akt signaling pathway, and
MAPK signaling pathway. The potential mechanisms of CS
against cataracts were for the first time comprehensively inves-
tigated in the present study, which laid a theoretical founda-
tion for the clinical application of CS in the treatment of
cataracts and further research.

Among the active compounds in CS, the top three active
ingredients with the most targets were aloe emodin, stigmas-
terol, and rhein, indicating their potential role in the treatment
of cataracts. Aloe emodin is an anthraquinone derivative, which
possesses the antiangiogenic effect on laser-induced choroidal
neovascularization by inhibiting the HIF-1α/VEGF signaling
pathway and has the potential to be developed for the preven-
tion and treatment of diabetic retinopathy [35]. In addition, aloe
emodin metabolites could regulate cell energy, antioxidation,

and the phosphorylation of ERK kinases to decrease NMDA-
induced apoptosis of retina ganglion cells [36]. Stigmasterol is
steroid alcohol with immune-modulatory properties either
alone or as a component of phytosterol mixtures [37]. It was
reported to attenuate both innate and adaptive immune
responses and inhibit inflammatory cell recruitment and oxida-
tive stress as well [12, 38]. Rhein is a major component of many
medicinal herbs with various properties, including anti-inflam-
matory, antioxidant, and anticancer activities [39–41]. Oxida-
tive stress has been observed in the onset and progression of
cataractogenesis [42, 43], and antioxidants and free radical scav-
engers have been suggested as potential drugs for the manage-
ment of cataracts. Hence, the therapeutic effect of CS on
cataracts may, at least in part, result from the antioxidant activ-
ity of compounds.

Network analysis suggested that four shared targets may
play crucial roles in the treatment of cataracts, including aldose
reductase (AKR1B1), caspase-3 (CASP3), mitogen-activated
protein kinase 14 (MAPK14), and estrogen receptor (ESR1).
AKR1B1, an NADPH-dependent aldo-keto reductase, is
involved in diabetic cataracts and retinopathy [44]. A previous
study reported that elevated AKR1B1 can increase AcSOD2
and RAGE-induced epithelial-mesenchymal transition (EMT)
in the epithelial human lens of DM cataracts via decreasing
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Figure 5: Molecular docking results of the proteins and compounds or inhibitors (2). A sphere and a cartoon chain represent a ligand and a
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AMPK activation [45], and the significance of AKR1B1 in the
mediation of sugar-induced lens opacification has also been
confirmed [46], indicating the potential use of AKR1B1 inhibi-
tors in preventing cataractogenesis. CASP3 is one of the central
mediators of apoptosis and has been revealed to be associated
with the pathogenesis of cataracts [47]. MAPK14 plays an
important role in cataract formation, owing to the activation
of MAPK14 which can lead to the induction of cataracts [48].
Estrogen therapies showed protection against age-related cata-
racts in humans and rodent models, and ERα overexpression
has previously been reported in lens epithelial cells [49], indicat-
ing that estrogen protection may result from direct interactions
with its receptors in the eye. In addition, TP53 with the highest

degree in the central network indicated its important role in the
treatment of cataracts, and previous studies also confirmed that
p53 is involved in the pathogenesis of cataracts and mediates
the anticataract effect of certain compounds [50]. Module anal-
ysis and central network analysis revealed that αB-crystallin
(CRYAB) may play an important role in the treatment of cata-
racts. It is a chaperone that maintains protein stability and pre-
serves lens transparency [51, 52] by preventing proteins from
aggregating via low-affinity amphipathic interactions [53].
The docking results demonstrated that the compounds exhib-
ited good affinity to these critical targets.

As demonstrated in network pharmacology analysis, the
hub genes were enriched in the apoptosis process. Meanwhile,
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Figure 6: The effect of CS on the gene expression and apoptosis of human lens epithelial cells. (a) The effect of CS on the mRNA expression
of AKR1B1, CASP3, MAPK14, ESR1, TP53, and CRYAB. (b) The effects of CS on the apoptosis of human lens epithelial cells. The groups
were identified as follows: (i) CS: apoptosis cell model of human lens epithelial cells treated with CS, (ii) model: apoptosis cell model of
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the apoptosis of lens epithelial cells contributes to cataract
development. Therefore, we investigated the impacts of CS
on the apoptosis of human lens epithelial cells. As expected,
CS treatment could reduce the UVB-induced elevated apopto-
sis rate of HLECs. Several apoptosis-related genes were also
regulated by CS, including CASP-3, TP53, ESR1, and CRYAB,
indicating that CSmay prevent HLEC apoptosis via regulating
these hub genes. Although the gene expression of MAPK14
and AKR1B1 was not affected by CS treatment, the activities
of these proteins required further validation to identify their
roles in the treatment of cataracts by CS.

In addition, the PPI data of compound targets and
cataract-related targets were obtained to construct the PPI
network. Enrichment analysis of these two sets of targets
revealed a series of shared pathways, such as the PI3K-Akt
signaling pathway, MAPK signaling pathway, and FoxO sig-
nal pathway. To obtain the central network of CS anticatar-
act targets, we merged the PPI network of compound target
and cataract-related targets. KEGG pathway enrichment
analysis showed that the key targets of CS against cataracts
were mainly enriched in the thyroid hormone signaling
pathway, MAPK signaling pathway, and PI3K-Akt signaling
pathway, indicating the involvement of these pathways in
the treatment of cataracts.

The thyroid hormone signaling pathway participates in
the regulation of growth, development, and glucose metabo-
lism. The modulation of glycolysis and carbon flux repro-
gramming can increase the glutathione (GSH) syntheses
and activate the antioxidant enzymes [54], which are benefi-
cial for protecting the lens from oxidative stress leading to
opacification. A previous study has reported a decrease in
lenticular GSH levels that occurred during the formation of
most cataracts [55]. As a substrate for glutathione peroxi-
dase, GSH can destroy lipid peroxide (LPO) and hydrogen
peroxide, which mediate the hepatic oxidative stress and
contribute to cataract formation [56]. Thence, a possible
GSH-consuming factor is considered to be cataractogenic.
It was believed that the stimulated glycolysis results in the
restoration of hepatic ATP by recovering the citric acid
cycle, consequently facilitating de novo synthesis of GSH.
However, Kosano et al. demonstrated that thyroxine treat-
ment accelerated the GSH-GSSG cycle rather than de novo
synthesis of GSH to maintain a certain level of hepatic
GSH necessary for reducing elevated LPO [57].

The MAPK signaling pathway is another enriched path-
way for CS in the treatment of cataracts, which involves var-
ious cellular functions, including cell proliferation,
differentiation, and migration. Hashida et al. found the asso-
ciation of cataract formation with the upregulation of
MAPK cascade protein [58]. In addition, the MAPK/
ERK1/2 signaling pathway also participates in the regulation
of human lens epithelial cells’ function by the γ-Klotho gene
[59]. Andrographolide is confirmed to be useful in curbing
EMT-mediated posterior capsular opacification because it
helps maintain epithelial characteristics by regulating EMT
markers and inhibiting the MAPK signaling pathway in lens
epithelial cells (LECs) [60]. Peng et al. demonstrated that p-
coumaric acid acts as a potential therapeutic drug for cata-
racts by suppressing the apoptosis of human LECs via mod-

ulating the MAPK signaling pathway [61]. Therefore, the
role of the MAPK signaling pathway for CS against cataracts
should also be validated in the future.

Notably, the PI3K-Akt signaling pathway might be asso-
ciated with the ingredients of CS and anticataract activity. It
has been demonstrated that the PI3K-Akt signaling pathway
is involved in the pathogenesis of cataracts [62, 63]. Mean-
while, a series of compounds exhibited an effect on cataracts
by modulating the PI3K-Akt signaling pathway, such as
alkylphosphocholine erufosine [64], quercetin [65], and
andrographolide [66]. Many of the active ingredients in CS
have been proven to regulate the PI3K-Akt signaling path-
way, including rhein [13], aloe emodin [67], and rubrofu-
sarin [68], indicating that CS acted on cataracts possibly
through the PI3K-Akt signaling pathway.

5. Conclusion

In conclusion, this study used a network pharmacology
approach to explore the potential mechanisms of CS acting
on cataracts. Key targets and pathways involved in the treat-
ment of cataracts using CS were identified, which provided
evidence for the clinical application of CS in cataract treat-
ment and further studies. CS treatment regulated the gene
expression of several hub genes in HLEC and prevented
the apoptosis of HLEC, which may contribute to the cataract
treatment. However, from a critical point of view, further
experiments are required to validate other findings. This
study also provided clues to evaluate the synergy of herbs
in the treatment of other complex diseases.

Abbreviations

CS: Cassiae semen
PPI: Protein-protein interaction
OB: Bioavailability
DL: Drug-likeness
TCMSP: Traditional Chinese medicine systems pharma-

cology database
DIP™: Database of Interacting Proteins
BioGRID: Biological General Repository for Interaction

Datasets
HPRD: Human Protein Reference Database
IntAct: IntAct Molecular Interaction Database
MINT: Molecular INTeraction database
BIND: Biomolecular Interaction Network Database
DC: Degree centrality
CC: Closeness centrality
BC: Betweenness centrality
EC: Eigenvector centrality
LAC: Local average connectivity-based method
NC: Network centrality
GO: Gene Ontology
KEGG: Kyoto Encyclopedia of Genes and Genomes
PTGS2: Prostaglandin-endoperoxide synthase 2
NCOA2: Nuclear receptor coactivator 2
PTGS1: Prostaglandin-endoperoxide synthase 1
AKR1B1: Aldose reductase
CASP3: Caspase-3

15Computational and Mathematical Methods in Medicine



MAPK14: Mitogen-activated protein kinase 14
ESR1: Estrogen receptor
CRYAB: αB-Crystallin
GSH: Glutathione
LPO: Lipid peroxide
LECs: Lens epithelial cells.

Data Availability

The datasets of CS targets and cataract-related targets used
and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Disclosure

This work was previously submitted as a preprint in the
Research Square (https://www.researchsquare.com/article/
rs-90766/v1).

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

YZ and YFF participated in the design of this project. YZ
and YFF analyzed the experimental data. YZ and YFF con-
tributed to drafting the manuscript. YZ and RFC contrib-
uted to the revision of the manuscript. All authors read
and approved the final manuscript.

References

[1] D. B. Rein, P. Zhang, K. E. Wirth et al., “The economic burden
of major adult visual disorders in the United States,” Archives
of Ophthalmology, vol. 124, no. 12, pp. 1754–1760, 2006.

[2] E. Chan, O. A. R. Mahroo, and D. J. Spalton, “Complications of
cataract surgery,” Clinical and Experimental Optometry,
vol. 93, no. 6, pp. 379–389, 2010.

[3] H. A. Mucke, P. Mucke, and E. Mucke, “Pharmacological ther-
apies for cataract and refractive errors: landscaping niches of
ocular drug patenting,” Pharmaceutical Patent Analyst,
vol. 1, no. 2, pp. 165–175, 2012.

[4] M. S. Ju, H. G. Kim, J. G. Choi et al., “Cassiae semen, a seed of
Cassia obtusifolia, has neuroprotective effects in Parkinson's
disease models,” Food and Chemical Toxicology, vol. 48,
no. 8-9, pp. 2037–2044, 2010.

[5] V. Sreelakshmi and A. Abraham, “Anthraquinones and flavo-
noids of Cassia tora leaves ameliorate sodium selenite induced
cataractogenesis in neonatal rats,” Food & Function, vol. 7,
no. 2, pp. 1087–1095, 2016.

[6] V. Sreelakshmi and A. Abraham, “Protective effects of Cassia
toraleaves in experimental cataract by modulating intracellular
communication, membrane co-transporters, energy metabo-
lism and the ubiquitin-proteasome pathway,” Pharmaceutical
Biology, vol. 55, no. 1, pp. 1274–1282, 2017.

[7] L. J. Cao, J. Miao, J. X. Liu, W. Y. Gao, and X. Li, “Research on
contents of anthraquinones in Cassiae semen by principal
component analysis,” Zhongguo Zhong Yao Za Zhi, vol. 40,
no. 13, pp. 2589–2593, 2015.

[8] H. A. Jung, M. Y. Ali, H. J. Jung, H. O. Jeong, H. Y. Chung, and
J. S. Choi, “Inhibitory activities of major anthraquinones and
other constituents from Cassia obtusifolia against β-secretase
and cholinesterases,” Journal of Ethnopharmacology, vol. 191,
pp. 152–160, 2016.

[9] X. Dong, J. Fu, X. Yin et al., “Cassiae semen: a review of its phy-
tochemistry and pharmacology,” Molecular Medicine Reports,
vol. 16, no. 3, pp. 2331–2346, 2017.

[10] K. C. Chang, L. Li, T. M. Sanborn et al., “Characterization of
emodin as a therapeutic agent for diabetic cataract,” Journal
of Natural Products, vol. 79, no. 5, pp. 1439–1444, 2016.

[11] H. J. Lin, C. C. Lai, P. D. Lee Chao et al., “Aloe-emodin metab-
olites protected N-nethyl-D-aspartate-treated retinal ganglion
cells by Cu-Zn superoxide dismutase,” Journal of Ocular Phar-
macology and Therapeutics, vol. 23, no. 2, pp. 152–171, 2007.

[12] A. O. Antwi, D. D. Obiri, and N. Osafo, “Stigmasterol modu-
lates allergic airway inflammation in guinea pig model of
ovalbumin-induced asthma,” Mediators of Inflammation,
vol. 2017, Article ID 2953930, 11 pages, 2017.

[13] S. Zhuang, R. Yu, J. Zhong, P. Liu, and Z. Liu, “Rhein from
Rheum rhabarbarum inhibits hydrogen-peroxide-induced
oxidative stress in intestinal epithelial cells partly through
PI3K/Akt-mediated Nrf2/HO-1 pathways,” Journal of Agri-
cultural and Food Chemistry, vol. 67, no. 9, pp. 2519–2529,
2019.

[14] K. Lakshmanna and N. Khare, “Constraint-based measures for
DNA sequence mining using group search optimization algo-
rithm,” International Journal of Intelligent Engineering and
Systems, vol. 9, no. 3, pp. 91–100, 2016.

[15] K. Lakshman and N. Khare, “FDSMO: frequent DNA
sequence mining using FBSB and optimization,” International
Journal of Intelligent Engineering and Systems, vol. 9, no. 4,
pp. 157–166, 2016.

[16] K. Lakshmanna and N. Khare, “Mining DNA sequence pat-
terns with constraints using hybridization of firefly and group
search optimization,” Journal of Intelligent Systems, vol. 27,
no. 3, pp. 349–362, 2018.

[17] X. Cheng, Z. Song, X. Wang et al., “A network pharmacology
study on the molecular mechanism of Protocatechualdehyde
in the treatment of diabetic cataract,” Drug Design, Develop-
ment and Therapy, vol. Volume 15, pp. 4011–4023, 2021.

[18] X. Y. Liu, X. L. Wang, M. C. Qiu et al., “Exploring the protec-
tive effect and mechanism of Buddlejae Flos on sodium
selenite-induced cataract in rats by network pharmacology,
molecular docking, and experimental validation,” Evidence-
based Complementary and Alternative Medicine, vol. 2022,
Article ID 7776403, 18 pages, 2022.

[19] Z. Ying and F. Youfa, “Exploring the pharmacological mecha-
nism of Cassiae semen a Cting on cataracts based on a network
pharmacology approach,” Research Square, 2020.

[20] J. Ru, P. Li, J. Wang et al., “TCMSP: a database of systems
pharmacology for drug discovery from herbal medicines,”
Journal of Cheminformatics, vol. 6, no. 1, 2014.

[21] S. J. Yue, J. Liu, W. W. Feng et al., “System pharmacology-
based dissection of the synergistic mechanism of Huangqi
and Huanglian for diabetes mellitus,” Frontiers in Pharmacol-
ogy, vol. 8, p. 694, 2017.

[22] G. Stelzer, N. Rosen, I. Plaschkes et al., “The GeneCards Suite:
from gene data mining to disease genome sequence analyses,”
Current Protocols in Bioinformatics, vol. 54, no. 1, pp. 1–30,
2016.

16 Computational and Mathematical Methods in Medicine

https://www.researchsquare.com/article/rs-90766/v1
https://www.researchsquare.com/article/rs-90766/v1


[23] N. Rappaport, M. Twik, I. Plaschkes et al., “MalaCards: an
amalgamated human disease compendium with diverse clini-
cal and genetic annotation and structured search,” Nucleic
Acids Research, vol. 45, no. D1, pp. D877–D887, 2017.

[24] J. S. Amberger, C. A. Bocchini, F. Schiettecatte, A. F. Scott, and
A. Hamosh, “OMIM.org: Online Mendelian Inheritance in
Man (OMIM®), an online catalog of human genes and genetic
disorders,” Nucleic Acids Research, vol. 43, no. D1, pp. D789–
D798, 2015.

[25] A. Martin, M. E. Ochagavia, L. C. Rabasa, J. Miranda,
J. Fernandez-de-Cossio, and R. Bringas, “BisoGenet: a new tool
for gene network building, visualization and analysis,” BMC
Bioinformatics, vol. 11, no. 1, p. 91, 2010.

[26] S. Li and B. Zhang, “Traditional Chinese medicine network
pharmacology: theory, methodology and application,” Chinese
Journal of Natural Medicines, vol. 11, no. 2, pp. 110–120, 2013.

[27] S. Li, T. P. Fan, W. Jia, A. Lu, and W. Zhang, “Network phar-
macology in traditional Chinese medicine,” Evidence-based
complementary and alternative medicine, vol. 2014, 2 pages,
2014.

[28] P. Shannon, A. Markiel, O. Ozier et al., “Cytoscape: a software
environment for integrated models of biomolecular interac-
tion networks,” Genome Research, vol. 13, no. 11, pp. 2498–
2504, 2003.

[29] D. W. Huang, B. T. Sherman, and R. A. Lempicki, “Systematic
and integrative analysis of large gene lists using DAVID bioin-
formatics resources,” Nature Protocols, vol. 4, no. 1, pp. 44–57,
2009.

[30] Y. S. She, L. Q. Ma, B. B. Liu et al., “Semen Cassiae extract
inhibits contraction of airway smooth muscle,” Frontiers in
Pharmacology, vol. 9, p. 1389, 2018.

[31] Y. Liu, M. Grimm, W. T. Dai, M. C. Hou, Z. X. Xiao, and
Y. Cao, “CB-Dock: a web server for cavity detection-guided
protein-ligand blind docking,” Acta Pharmacologica Sinica,
vol. 41, no. 1, pp. 138–144, 2020.

[32] X. Ma, Y. du, X. Zhu, Z. Feng, C. Chen, and J. Yang, “Evalua-
tion of an ionic liquid chiral selector based on clindamycin
phosphate in capillary electrophoresis,” Analytical and Bioa-
nalytical Chemistry, vol. 411, no. 22, pp. 5855–5866, 2019.

[33] C. M. Lee and N. A. Afshari, “The global state of cataract
blindness,” Current Opinion in Ophthalmology, vol. 28, no. 1,
pp. 98–103, 2017.

[34] J. Thompson and N. Lakhani, “Cataracts,” Primary Care:
Clinics in Office Practice, vol. 42, no. 3, pp. 409–423, 2015.

[35] J. Wu, X. Ke, W. Wang et al., “Aloe-emodin suppresses
hypoxia-induced retinal angiogenesis via inhibition of HIF-
1α/VEGF pathway,” International Journal of Biological Sci-
ences, vol. 12, no. 11, pp. 1363–1371, 2016.

[36] H. J. Lin, P. D. Chao, S. Y. Huang, L. Wan, C. J. Wu, and F. J.
Tsai, “Aloe-emodin suppressed NMDA-induced apoptosis of
retinal ganglion cells through regulation of ERK phosphoryla-
tion,” Phytotherapy Research, vol. 21, no. 11, pp. 1007–1014,
2007.

[37] W. P. Chen, C. Yu, P. F. Hu, J. P. Bao, J. L. Tang, and L. D. Wu,
“Stigmasterol blocks cartilage degradation in rabbit model of
osteoarthritis,” Acta Biochimica Polonica, vol. 59, no. 4,
pp. 537–541, 2012.

[38] A. O. Antwi, D. D. Obiri, N. Osafo, A. D. Forkuo, and L. B.
Essel, “Stigmasterol inhibits lipopolysaccharide-induced
innate immune responses in murine models,” International
Immunopharmacology, vol. 53, pp. 105–113, 2017.

[39] F. Hu, D. Zhu, W. Pei et al., “Rhein inhibits ATP-triggered
inflammatory responses in rheumatoid rat fibroblast-like
synoviocytes,” International Immunopharmacology, vol. 75,
article 105780, 2019.

[40] A. T. Nguyen and K. Y. Kim, “Rhein inhibits the growth of Pro-
pionibacterium acnes by blocking NADH dehydrogenase-2
activity,” Journal of Medical Microbiology, vol. 69, no. 5,
pp. 689–696, 2020.

[41] T. Bu, C. Wang, H. Jin et al., “Organic anion transporters and
PI3K–AKT–mTOR pathway mediate the synergistic antican-
cer effect of pemetrexed and rhein,” Journal of Cellular Physi-
ology, vol. 235, no. 4, pp. 3309–3319, 2020.

[42] A. Spector, “Oxidative stress-induced cataract: mechanism of
action,” The FASEB Journal, vol. 9, no. 12, pp. 1173–1182,
1995.

[43] R. J. Truscott, “Age-related nuclear cataract–oxidation is the
key,” Experimental Eye Research, vol. 80, no. 5, pp. 709–725,
2005.

[44] A. Y. Lee, S. K. Chung, and S. S. Chung, “Demonstration that
polyol accumulation is responsible for diabetic cataract by
the use of transgenic mice expressing the aldose reductase gene
in the lens,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 92, no. 7, pp. 2780–2784,
1995.

[45] T. T. Wu, Y. Y. Chen, H. Y. Chang, Y. H. Kung, C. J. Tseng,
and P. W. Cheng, “AKR1B1-induced epithelial-mesenchymal
transition mediated by RAGE-oxidative stress in diabetic cata-
ract lens,” Antioxidants, vol. 9, no. 4, p. 273, 2020.

[46] A. B. Reddy, R. Tammali, R. Mishra, S. Srivastava, S. K. Srivas-
tava, and K. V. Ramana, “Aldose reductase deficiency protects
sugar-induced lens opacification in rats,” Chemico-Biological
Interactions, vol. 191, no. 1-3, pp. 346–350, 2011.

[47] G. Li, H. Song, L. Chen, W. Yang, K. Nan, and P. Lu, “TUG1
promotes lens epithelial cell apoptosis by regulating miR-
421/caspase-3 axis in age-related cataract,” Experimental Cell
Research, vol. 356, no. 1, pp. 20–27, 2017.

[48] J. Zhou and A. S. Menko, “Coordinate signaling by Src and p38
kinases in the induction of cortical cataracts,” Investigative
Ophthalmology & Visual Science, vol. 45, no. 7, pp. 2314–
2323, 2004.

[49] C. M. Colitz, Y. Sugimoto, P. Lu, C. A. Barden, J. Thomas-
Ahner, and H. L. Chandler, “ERalpha increases expression
and interacts with TERT in cataractous canine lens epithelial
cells,” Molecular Vision, vol. 15, pp. 2259–2267, 2009.

[50] X. Rong, J. Rao, D. Li, Q. Jing, Y. Lu, and Y. Ji, “TRIM69
inhibits cataractogenesis by negatively regulating p53,” Redox
Biology, vol. 22, article 101157, 2019.

[51] P. Rajagopal, E. Tse, A. J. Borst et al., “A conserved histidine
modulates HSPB5 structure to trigger chaperone activity in
response to stress-related acidosis,” eLife, vol. 4, 2015.

[52] J. Horwitz, “Alpha-crystallin can function as a molecular chap-
erone,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 89, no. 21, pp. 10449–10453, 1992.

[53] U. P. Andley, J. P. Malone, and R. R. Townsend, “In vivo sub-
strates of the lens molecular chaperones αA-crystallin and αB-
crystallin,” PLoS One, vol. 9, no. 4, article e95507, 2014.

[54] D. Laporte, A. González, and A. Moenne, “Copper-induced
activation of MAPKs, CDPKs and CaMKs triggers activation
of hexokinase and inhibition of pyruvate kinase leading to
increased synthesis of ASC, GSH and NADPH in Ulva com-
pressa,” Frontiers in Plant Science, vol. 11, p. 990, 2020.

17Computational and Mathematical Methods in Medicine



[55] X. Fan, S. Zhou, B. Wang et al., “Evidence of highly conserved
β-crystallin disulfidome that can be mimicked by in vitro oxi-
dation in age-related human cataract and glutathione depleted
mouse lens∗ [S],” Molecular & Cellular Proteomics, vol. 14,
no. 12, pp. 3211–3223, 2015.

[56] H. Watanabe, H. Kosano, and H. Nishigori, “Steroid-induced
short term diabetes in chick embryo: reversible effects of insu-
lin onmetabolic changes and cataract formation,” Investigative
Ophthalmology & Visual Science, vol. 41, no. 7, pp. 1846–1852,
2000.

[57] H. Kosano, H. Watanabe, and H. Nishigori, “Suppressive
effects of thyroxine on glucocorticoid (GC)-induced metabolic
changes and cataract formation on developing chick embryos,”
Experimental Eye Research, vol. 72, no. 6, pp. 643–648, 2001.

[58] N. Hashida, X. Ping, and K. Nishida, “MAPK activation in
mature cataract associated with Noonan syndrome,” BMC
Ophthalmology, vol. 13, no. 1, p. 70, 2013.

[59] Y. Zhang, L. Wang, Z. Wu, X. Yu, X. du, and X. Li, “The
expressions of klotho family genes in human ocular tissues
and in anterior lens capsules of age-related cataract,” Current
Eye Research, vol. 42, no. 6, pp. 871–875, 2017.

[60] F. Kayastha, K. Johar, D. Gajjar et al., “Andrographolide sup-
presses epithelial mesenchymal transition by inhibition of
MAPK signalling pathway in lens epithelial cells,” Journal of
Biosciences, vol. 40, no. 2, pp. 313–324, 2015.

[61] J. Peng, T. T. Zheng, Y. Liang et al., “p-Coumaric aid protects
human lens epithelial cells against oxidative stress-induced
apoptosis by MAPK signaling,” Oxidative Medicine and Cellu-
lar Longevity, vol. 2018, Article ID 8549052, 7 pages, 2018.

[62] G. Cui, L. Wang, and W. Huang, “Circular RNA HIPK3 regu-
lates human lens epithelial cell dysfunction by targeting the
miR-221-3p/PI3K/AKT pathway in age-related cataract,”
Experimental Eye Research, vol. 198, article 108128, 2020.

[63] Y. Liu, H. Li, and Y. Liu, “MicroRNA-378a regulates the reac-
tive oxygen species (ROS)/phosphatidylinositol 3-kinases
(PI3K)/AKT signaling pathway in human lens epithelial cells
and cataract,” Medical Science Monitor, vol. 25, pp. 4314–
4321, 2019.

[64] R. Liegl, C. Wertheimer, M. Kernt, D. Docheva, A. Kampik,
and K. H. Eibl-Lindner, “Attenuation of human lens epithelial
cell spreading, migration and contraction via downregulation
of the PI3K/Akt pathway,” Graefes Archive for Clinical &
Experimental Ophthalmology, vol. 252, no. 2, pp. 285–292,
2014.

[65] L. Du, M. Hao, C. Li et al., “Quercetin inhibited epithelial mes-
enchymal transition in diabetic rats, high-lucose-cultured lens,
and SRA01/04 cells through transforming growth factor-β2/
phosphoinositide 3-kinase/Akt pathway,” Molecular and Cel-
lular Endocrinology, vol. 452, pp. 44–56, 2017.

[66] F. Kayastha, H. Madhu, A. Vasavada, and K. Johar, “Andro-
grapholide reduces proliferation and migration of lens epithe-
lial cells by modulating PI3K/Akt pathway,” Experimental Eye
Research, vol. 128, pp. 23–26, 2014.

[67] F. Dou, Y. Liu, L. Liu et al., “Aloe-emodin ameliorates renal
fibrosis via inhibiting PI3K/Akt/mTOR signaling pathway
in vivo and in vitro,” Rejuvenation Research, vol. 22, no. 3,
pp. 218–229, 2019.

[68] J. H. Yi, J. Jeon, H. Kwon et al., “Rubrofusarin attenuates
chronic restraint stress-induced depressive symptoms,” Inter-
national Journal of Molecular Sciences, vol. 21, no. 10,
p. 3454, 2020.

18 Computational and Mathematical Methods in Medicine


	Network Pharmacology-Based Strategy to Reveal the Mechanism of Cassiae Semen against Cataracts
	1. Introduction
	2. Material and Methods
	2.1. Data Preparation
	2.1.1. Active Compounds and Their Targets in CS
	2.1.2. Potential Target Genes of Cataracts
	2.1.3. Construction of the PPI Network

	2.2. Network Construction and Analysis
	2.3. Enrichment Analysis
	2.4. Plant Material and Extraction
	2.5. Cell Culture
	2.6. UVB Irradiation
	2.7. qRT-PCR
	2.8. Cell Apoptotic Rate Assay
	2.9. Molecular Docking
	2.10. Statistical Analysis

	3. Results
	3.1. CS Compound-Target Network
	3.2. Cataract-Related Target Genes
	3.3. CS Anticataract Target Analysis
	3.4. Compound-Target Docking
	3.5. The Effects of CS on HLEC

	4. Discussion
	5. Conclusion
	Abbreviations
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions

