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Abstract: Objective To explore the characteristics, medication patterns, and the mechanisms of action of traditional Chinese
medicines for treating angle-closure glaucoma. Methods Literature and prescriptions related to the treatment of angle-closure
glaucoma with traditional Chinese medicine were retrieved from databases including CNKI, Wanfang, VIP, China Biology Medicine
(CBM), and the Ancient and Modern Medical Case Cloud Platform. Through data mining and analysis, core prescriptions were
identified. Subsequently, a network pharmacology approach was employed. Active ingredients with oral bioavailability (OB) > 30%
and drug-likeness (DL) > 0.18 were screened using the TCMSP and BATMAN-TCM 2.0 databases. Targets were uniformly annotated
via the UniProt database and intersected with disease targets obtained by integrating and deduplicating data from four major databases
(GeneCards, TTD, OMIM, and CTD) to identify pharmacodynamic targets. A “core prescription-active ingredient-pharmacodynamic
target” interaction network was constructed using Cytoscape 3.10.2. The pharmacodynamic targets were then imported into the
Metascape platform (restricted to human species, with a threshold of P < 0.05) for gene ontology (GO) (biological process, molecular
function, cellular component) and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis, with the top 20
significant pathways and functions visualized. Additionally, a protein-protein interaction (PPI) network was constructed using the
String database, and core targets were screened using the Cytoscape MCODE plugin (cut-off = 0.05) to elucidate the potential molecular
mechanisms underlying the core prescriptions in treating angle-closure glaucoma. The binding energy between the active ingredient
and the core target was investigated through molecular docking. Sodium dithionite was used to induce hypoxic injury in mouse retinal
ganglion cells (RGCs) to establish an in vitro model. Real-time fluorescence quantitative polymerase chain reaction (QRT-PCR) was
employed to detect the effects of these active components on mRNA expression of core target genes. ELISA was used to measure the
impact of these active components on tumor necrosis factor-o (TNF-a) levels. Immunofluorescence staining was applied to evaluate
the effects of these active components on phosphorylated protein kinase B (p-AKT) and nuclear factor-kB (NF-xB) protein expression.
Results The top three most frequently used traditional Chinese medicines for angle-closure glaucoma were Fuling (Poria), Danggui
(Angelicae Sinensis Radix), and Chaihu (Bupleuri Radix). The core syndromes were mainly liver qi stagnation and liver-kidney
deficiency. A core prescription consisted of Mudanpi (Moutan Cortex)-Angelicae Sinensis Radix-Zhizi (Gardeniae Fructus)-Bupleuri
Radix-Juhua (Chrysanthemi Flos)-Baizhu (Atractylodis Macrocephalae Rhizoma)-Gancao (Glycyrrhizae Radix et Rhizoma)-Baishao
(Paeoniae Radix Alba)-Poria. Cluster analysis yielded three clusters: modified Chaihu Shugan San (4¢#HEi#Y), modified Yijing
Buyang Huanwu Decoction (4% #ISH & F.7%), modified Qiju Dihuang Pills (€24 H1 3% #L). Network pharmacology analysis showed
that the core prescription regulated key targets such as AKT1, TNF-0, NF-kB by modulating signalling pathways such as TNF,
phosphatidylinositol-3-hydroxykinase (PI3K)-Akt, and MAPK (mitogen-activated protein kinase), thereby participating in biological
processes such as inflammatory response, and oxidative stress, and thus intervening in the pathological process of glaucoma. Quercetin
and luteolin were identified as the core components of the core prescription for the intervention of angle-closure glaucoma through
molecular docking, and in vitro experiments were conducted for verification. The results showed that all luteolin dose groups (5, 10,
20 umol/L) upregulated AKT1 mRNA expression (P < 0.01), while the medium and high dose groups downregulated NF-kB and TNF-
o mRNA expression (P < 0.05), significantly increased p-AKT protein expression, and decreased NF-«xB protein and TNF-a levels (P
< 0.05). The medium and high dose groups of quercetin (40, 80 umol/L) also significantly upregulated AKT1 mRNA expression and
downregulated NF-kB and TNF-a mRNA expression (P < 0.05). All low (20 pmol/L), medium, and high dose groups of quercetin
increased p-AKT protein expression and decreased NF-kB protein expression (P < 0.05), while the medium and high dose groups

significantly reduced TNF-a expression (P < 0.05). Conclusion Data mining techniques were systematically employed to analyze
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ancient and modern literature and medical records concerning the treatment of angle-closure glaucoma. From multiple dimensions
including medication frequency, nature-flavor-meridian tropism, efficacy categories, association rules, and core combinations, the
“high-frequency-core-differential” three-dimensional characteristics were progressively analyzed to extract core prescriptions and
reveal their compatibility patterns. Network pharmacology analysis further confirmed that the above high-frequency prescriptions
synergistically regulate key biological processes such as oxidative stress, inflammatory response, and apoptosis through a “multi-
component-multi-target-multi-pathway” mechanism, reflecting the holistic therapeutic advantages of traditional Chinese medicine
compound formulas, thereby providing scientific evidence for clinical syndrome differentiation and medication, with certain guiding
significance. In vitro experiments simultaneously validated that, in the hypoxic injury model, both luteolin and quercetin significantly
upregulated AKT1 mRNA and p-AKT protein expression, inhibited NF-kB and TNF-a. mRNA and protein expression, effectively
reduced levels of inflammation and apoptosis-related factors, and exerted protective effects on RGCs through a bidirectional
mechanism of “anti-inflammatory and pro-survival” effects.

Key words: angle-closure glaucoma; data mining; network pharmacology; medication patterns; core prescription; Moutan Cortex-
Angelicae Sinensis Radix-Gardeniae Fructus-Bupleuri Radix-Chrysanthemi Flos-Atractylodis Macrocephalae Rhizoma-Glycyrrhizae

Radix et Rhizoma-PAeoniae Radix Alba-Poria; quercetin; luteolin
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Table 2 Frequency of traditional Chinese medicines

(TCMs) in treatment of angle-closure glaucoma
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Fig. 1 Radar chart of frequency statistics on properties, flavors and meridian tropisms of TCMs in treatment of angle-

closure glaucoma
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x3 AREEALRBAIYSE
Table 3 Efficacy distribution of medications for angle-

closure glaucoma

PR GES AR AR 1%
2 96 24.68
HRZ 67 17.22
FKiE R 58 14.91
] 57 14.65
& MAL R Z 41 10.54
FHFERZY 13 3.34
958 1E R T i 245 11 2.83
ETY 9 231
1k 1 24 9 2.31
Tri5245 8 2.06
B 6 1.54
W2y 6 1.54
] 3 0.77
REZ 2 0.51
1R 2 2 0.51
Ix 2 1 0.26
St 389 100.00

2.3 KBRS HT

] SPSS HAFI S 7 s, X E
KETWHECA 2, B/NSCHREN 10%, NEER
N 90%, FHETT P A LT R Y b 25 AT H
248, BEE] 120 XSS IR A G, E
2N SR AL TP R RS — A B -5
16 PRIG— MR- LR B A, LR 4 FIE] 2.
24 RESH

BRI RN 3 AREE, RO RESH-1E
T - Y4 AR - AR R - B AR -2 -
FFS-1E . FIE-5A0, EEDBOGFRAR . 35 I
L IR AEE, RRGE R 3 Ik 5.
2.5 EESHR

A, WATE IR K& 11 MHEE, SR
31, HER AT 4 WA 4 B R AR A IR
(35.48%) BB M HEIE (16.13%). AT K ERAE
(16.13%). UMLK HIE (9.68%), WE 6. Fmii
rh 28 b T3 Bt Kkt N R IE i B £ 4kl 81 18] i AL
ERE R, JABUE NI 1537 A2 Cytoscape 4K
fRrf, IR E T AL AN B BUE I KK,
LK 4.
2.6 LA TTTHIE

W BRI 73 M 75 3] 120 AN ATz M4 & Ak

x4 ARBEBEXRNSIHPLRKEIAMSIH (top 20)
Table 4 Association rule analysis of high-frequency TCMs
for angle closure glaucoma (top 20)

J T — i T SCREIYN BEEY UK

IRE A -4 P 16.22 100 12
HP; R — A - IR 16.22 100 12

BB -F 1 14.86 100 11
Bl — A -IREE 14.86 100 11
HEPE R — B B -IR % 14.86 100 11
P — 1L S-S 14.86 100 11
TRE— 2R BT 14.86 100 11
P #Mh - 1LZEEE 1351 100 10
TR — BB - 1L 2R B 13.51 100 10
RE—IZ -1 13.51 100 10
HEFF R — B B 12.16 100 9
TR — A B 12.16 100 9
a5 12.16 100 9
FEE—HEE- 1L Z8 12.16 100 9
HHLTE — 125 12.16 100 9
TRZE — B B -4 P 12.16 100 9
TREE— LR BE-T5 12.16 100 9
HEP R — L2 BE- AR 12.16 100 9
P -1 ZREE - 5 12.16 100 9
TR2E — T At 10.81 100 8

2 RTAAREERRISM I
Fig.2 Co-occurrence network of high-frequency TCMs in

treatment of angle-closure glaucoma

NI fE, TN Cytoscape A, Bl J& 1
H MOCODE {##if % B N EL NS % node score
cutoff=0.2, HATHZ LT MLk, RARIIBIT
P A 25 G IR A Lo A T ) e -4 UH -HE £ - 52 -
Hifb-AAR-HH-EAT-R%, S5 R WA 5.
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w55 |
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B3 arrAARELRNEMh T HEREERE
Fig.3 Average linkage dendrogram of high-frequency

TCM:s in treatment of angle-closure glaucoma

x5 ATHARBELRSMDARESH
Table S Cluster analysis of high-frequency TCMs in

treatment of angle-closure glaucoma

P ES A FEIM
Cl SeWI. #aT . A PR TR% . BHEHA. (ERIRimL
HAR, HE

C2 IS, B, 4. 1. WK mUEIL. itiEs
C3 &5, %tk KB K~ T

*6 HAEBENXRIIERSH

Table 6 Syndrome pattern analysis of angle-closure

glaucoma
L% SR 1%
JHHR SR 35.48
JH- 5 T R IR 16.13
JHk b 98 16.13
AR IHE 9.68
& B 6.45
A IR 3.23
2 S IIE 3.23
R FAAIE 3.23
PR FEIE (FFE ) 3.23
IR 3.23

27 MEHBZ S
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Fig.4 Co-occurrence network of TCMs prescriptions-

syndrome for angle-closure glaucoma

N —
5B =7
R |/ a
AT
A B

5 AARELRZ UL THiE

Fig. 5 Screening of core prescriptions for angle-closure

glaucoma

M GeneCards. TTD. OMIM. CTD i i k6 2
X, 153 2400 NAAEE LIRS . %
oAb 7 1R R S5 5 1A A B T R IR B E B
Joi, SR 103 A (B 6). BJaksisEsy
BUHE 55 N Cytoscape B A, 159 2% 0o &b 7 35 P 1K
Oy -SRI G, W 7. TSR T A EE A AT S
(TR i 2% (86D AR ELZR (38D L 25 (34D,
B-A I8 (24). MR (22), NHZOAETT K%L
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2V (Y

GRS

Elo AARELRZOAFHYERFEE
Fig. 6 Venn diagram of pharmacodynamic targets of core

prescription in treatment of angle-closure glaucoma

2.7.2 KEGG B E &£ GO Tife'E £ 0
AT RO T 103 MR FA
Metascape V- & 11T KEGG 1 & £ 2 Hfl GO
Resrtr (P<<0.05), ILEAZF| 167 % KEGG 5 5@
H, GO Djgesrit BP 4E8E 43 1 930 5. CC 4
FEEHER] 51 4. MF 4E% 545 133 4.
BEGRTIR, 0 AT 25 s AE KEGG i
Morh R E ST TNF. A5 LB -3- 2 i
(phosphatidylinositol-3-hydroxykinase, PI3K) -Akt /&
22 ZJF 5 AL B S ( mitogen-activated protein
kinase, MAPK) £ M55k (P<1X10712),
BEWEZENSRITEE L £ GO Yk P RE

Ll

AR EN
1

E7 ABRRERRBLLT “HH-HS-HYER” M

Fig. 7 “TCMs-compounds-pharmacodynamic targets” network of core prescription for angle-closure glaucoma

BET AR T3R8 AL ARSI N AN B
RIS H (P<1X10730), EAEMERE.

DA b &5 SRR T A AL 6 IR AZ 0 Ak 75 7T RE T8
NIE A LRI N E R n Y S AN K E AR €ty RS ] 1)
TGS S IaK, 22 mT MR E LR
RGN, 4RI 8.

273 RZOEESIEE KA AR E IR O T
(2380 B 5N String $UHE PE BB MR < N7

A= B PPI 4%, 48 | MCODE #1431 cut-off 4 0.05
A% O AT . SRR, BT IRYT MM
HeER %08 25 32 & AKT1. TNF-a. NF-«xB %%,
ZERIE 9.

274 SrEatE % GR7. B 10 2R, o
AR RE R iR = 5% 08 S AKT1 (PDB ID:
1H10). NF-«xB (PDB ID: 1SVC) /% TNF-o. (PDB
ID: 2AZ5) M EE BRI EE T, RIMHB BRI
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Fig. 8 KEGG pathways and GO function enrichment results of pharmacodynamic targets
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9 HAREBELRZOLTT PP LK% DS
Fig. 9 PPI network and core targets of core prescriptions

for angle-closure glaucoma

®T BLESSBRVERHSARE

Table 7 Binding energy between core components and core

targets
Mot %45 Rl (keal mol ™)
AKT1 NF-kB TNF-a  “Fi#{E
NS —6.2 -6.9 -9.0 -7.4
R 2% -6.1 -6.7 -8.7 -7.2
B-% S -5.9 -6.6 -8.9 -7.1
Tilt e 3 —6.2 -6.8 -8.3 -71
L 25 —6.2 —6.5 -8.1 -6.9

THESER ). RBER S LRI T45E B R
43 N—T7.4. —7.2keal/mol, $E7~ —F Xt 3 NHE ]
R g —EMEE &RE /1. o, — % TNF-a [
TRIMSEF AN =, 456 B B EESr 128-9.0 8.7
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o
KR E E-AKTI Mt B2 2% -AKT1 AR RHE-NF-«B
3 & I Soe
.@%E = i ’
]
#i} 7 % -NF-xB KR 2 TNF-a Wil B 2 - TNF-a0

E 10 SDFIHHEAMRNLER

Fig. 10 Visualization results of molecular docking

kcal/mol; % AKT1 #1 NF-kB I 45 & H HAe IR
BT 6.1 keal/mol, FE/REA LRI GTE .
ERTHE S RYE N, AR R R S =]
AEiEid 5 TNF-a. NF-xB fll AKT1 3 N80 &Sk
AVER, 5K LAIAERE @R, M=
BN ) 1 s L i 20 S T SO Sl 6%
MR, KRBER S R D a5 85k
SO HF TE BTG Sy, T ARG ER A2 SEES, DA
SO UF FHVE TR ) 2 B0 s A E ) R T IE
2.8 {RHPLIGEER
2.8.1 EBFRERE  REUE ERERNE E,
L PBS VA REC il i 200 mmol/L Y EER, BLECEL
FKHARIMEE (0.5 1. 2+ 4. 8 mmol/L) [ 1L
IR AV AL B RGC 4iiffl 24 h, SRR, i
B R RN IR BE T, dRMAE S R R R A G
PEFEK (P<<0.05. 0.001). 43%E - WARFRINIK A
F| 2 mmol/L K, HMIAFIEHREIR 50%, fF&H5E
T-FRSE 58 B 75 B AE A AR . IR EIR R 8
mmol/L i}, 4HMIA7IE2 S N R 20% LA R, ShA
PR AR R ik B AR T MR )T TR . BRIt 48
e 2 mmol/L & — W B R AN 3G vk B
SR LA 11,
2.8.2 TEMERRIREERE N0 AR R R R
RS 25K, L 2.5, 5. 104 20, 40, 80.
160 pumol/L < FE 6 & 43 57 RGC 41 /e 24 h F4&
Mg 7. SR SR, SXRAMT, KRR

1.5 5
L *
sk sk
sk

. sk
|-T-| sk
o LI !
T T T T T
0 05 1.0 20 40 8.0

Na25204/(mmol 'Lﬁl)

—
(=1
1

I HEAFE 2E/%
S

5XH84H (0 mmol'L™! Nay$,04) Ee#: "P<<0.05 **P<<0.001.

"P<0.05 *P<0.001 vs control group (0 mmol-L™! Na,S,0y).
B EEFRENRFE (X+s,n=6)

Fig. 11 Screening of modeling agent concentrations

(Xxs,n=26)

E 2.5 umol/L I & 2 (2 A M /7% (P<<0.01), 5~
10 umol/L i} JE & 5 (P>0.05), 20~ 160 pmol/L
R U] 25 B A DG i PR R 2% (P<<0.001);
Wz = AE 2.5~10 pmol/L N & 35 {8 33 40 g 7. 7%
(P<<0.05. 0.01. 0.001), 20~40 umol/L i Tt & #
S (P>0.05), 80~160 pmol/L I} 5 71 &AH Sk
BEMH S 5 (P<0.05. 0.001), WK 12. J5
SRIEFE 5. 104 20 umolV/L fE KRB HEZREAML, . &
FE, 204 40, 80 umol/L VE MM FAK. . &l
BT RS

2.8.3 R ELE AN A BB RGC ZH il
[ oG ERHE £L mRNA RIARIZm 55X A e,
TR ZH 0 B R 2 IR F NF-xB+ TNF-oo mRNA %
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K E EW (P<<0.001), 140 B 7755 A 55 A 7
AKTI mRNA REEE T (P<0.001), IRk
AR IhES T RGC 98 5 WS 5 A7 1% 0]
WA HHEMALLLE, KBERIK. . &flE
H AT I AKTI mRNA RiE (P<0.01. 0.001.

1.5+

3k

—
S
1

AT 1%
1

0 5 10 20 40 160
KRB 2/ (umol- L)

541 (0 mmol L™ R EZAMiE ) i "P<0.05

"P<0.05

& 12

jill! Iﬂﬁ;

0.001), H. &FIEMHn Fiff NF-xB. TNF-o
mRNA £i& (P<0.05. 0.01); #il &K, &mil&E
Y RE 23 T NF-xB. TNF-a mRNA £ix (P<
0.05. 0.01), [FK Eif AKTI mRNA Fik (P<

0.001), ZEHEILE 13,
2.0 1
n Kk ok *
c\\° 1.5
& 1.0
e .
2
EE\ 0.5 - seokk
0 1 1 1
0 25 5 10 20 40 80 160

Hit i 2/(umol- L)
**P<0.001,

“**P <0.001 vs control group (0 mmol-L™" luteolin/quercetin).

Rl 53 TR B R 7R R

(Xts,n=06)

Fig. 12 Screening of core compounds concentrations (X £ s, n =6)
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©32288%¢ ©=2%25§8§5¢%% "23339%%
133588 " 33888 =28338

C R, M RoRHimya,

L ETTE SRR ##P<<0.001;

Lut5. Lutl0. Lut20 HHFERABRERMML. H.
SRR *P<0.05

mrEA, Que20. Qued0. QueS0 43I RH K H K.

*P<0.01 ***P<0.001, T,

C represent control group, M represent model group, Lut5, Lut10 and Lut20 represent the low-dose, medium-dose and high-dose luteolin groups respectively,

while Que20, Que40 and Que80 represent the low-dose, medium-dose and high-dose quercetin groups;: ##P < 0.001 vs control group; “P < 0.05

**P <0.001 vs model group, same as below figures.

13 KBEZR. HEENE-TREENIES RGC 418 AKTI. NF-kB. TNF-o mRNA FRIEHE

"P<0.01

M (X+5,n=23)

Fig. 13 Effect of luteolin and quercetin on mRNA expression of AKT1, NF-kB, and TNF-a in RGC cells induced by sodium
dithionite (X +s,n =23)

2.8.4 ELISA LAl B2 52 I B 200 B i i
RGC 40 TNF-a 7K PRI SR AR b, 1Y
HAMEH TNF-a KR35 (P<0.001). A
HARL, AREZRS . mif R4 ] R E K TNF-
o KF (P<0.05. 0.01), #itz &, EFlEHAEE
F K TNF-0 7K°F (P<<0.05. 0.01). WKE 14.

2.8.5 G U A I A BB B S RO R 2R A A
RGC 4l p-AKT1.NF-kB & AR E /K FHIm
R NLER (B 15) BoR, HXTHRAIE, B4
p-AKT & ARIEEFZFL (P<0.001), NF-«B &
FKIEBETE (P<0.001); HHAALLLE, KR

150 4
it
T 100 T
&
§ k3k * sk x
g 50 . I. . T I
=G
0 T T T T T T T T
S Ft s 5533
155313
B 14 ABERANHEZMNEZTREMNIES RGC 4

TNF-a 7K FHI 20 ( Xts,n=3)
Fig. 14 Effects of luteolin and quercetin on TNF-a level in
RGC cells induced by sodium dithionite (X £ s, n =3)
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Fig. 15 Effects of luteolin and quercetin on p-AKT and NF-kB protein levels in RGC cells induced by sodium dithionite
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