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Molecular mechanism of Liuwei Dihuang Pills in improving ovarian dysfunction
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Abstract: Objective To analyze the active ingredients and molecular mechanisms by which Liuwei Dihuang Pills improves decreased
ovarian function through network pharmacology and experimental validation. Methods The TCMSP, Swisstarget, and Uniprot databases
were used to screen Liuwei Dihuang Pills’ active chemical components and targets. Relevant targets for diminished ovarian reserve and
premature ovarian insufficiency (POI) were obtained from the Genecards and DisGeNET databases, and a Venn diagram was created to
identify overlapping drug-disease targets. Protein-protein interaction (PPI) analysis was performed using STRING, and PPI networks and
drug component-target networks were constructed using Cytoscape software. GO and KEGG enrichment analyses were conducted on the
intersecting genes through the DAVID database. Molecular docking was used to determine the binding activity between bioactive

components and targets. The potential mechanisms of Liuwei Dihuang Pills on decreased ovarian function predicted by network
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pharmacology were experimentally validated. Results A total of 74 active ingredients and 485 potential targets of Liuwei Dihuang Pills

were identified. There were 123 shared therapeutic targets between decreased ovarian function and Liuwei Dihuang Pills. Further analysis

of these common targets enriched 1 307 GO items and 181 KEGG pathways. Molecular docking results showed that the main compounds

of Liuwei Dihuang Pills, especially alisol B, had good binding ability with key targets. Animal experiments indicated that Liuwei Dihuang

Pills significantly affected the expression of PI3K, Akt, and EGFR genes and proteins. Conclusion Liuwei Dihuang Pills can act on

multiple targets through various components and counteract ovarian function decline through multiple pathways. Additionally, the study

highlights the potential importance of the PI3K/Akt signaling pathway and EGFR targets in the treatment process.

Key words: network pharmacology; Liuwei Dihuang Pills; decline of ovarian function; molecular docking; alisol B; PI3K/Akt

signaling pathway; EGFR

R ELThRE N — AN E Ak BB SR,
B ARTT LAy 51 B 2% Thie ™ B A0 7 R PR O S 1)
AEAN4: (POD) 2 P . 3X 2 Fif i BSR4 )& T 5
HLIRE T REMaRE, (HEAR IS FE RS E AN
FIF . B0 H6% % DhRe T B2 —Fhon T Refnsg, &
W24 10% A Z AV, HOREBREE H 6, 455 G R4 25
REEURE TR DL ETE N I Th RERRRS . DN S A&
IhRE T BRI R R B/ IR K H 2R,
HAHAT TN, 1~6 T 5o K op S5z,
POI & —Fl i WLHI A8 A 73 WA, 5 XN 40 8 2
AT ORI Reds 1k, FLRIRFFIE 2 H 28 KBl A 24
YRR (FSH) >2510 L JHE Al — i (Ey)
P, H AN S0 & FSH>40 TU-L ' (1)
POI AR, XL 1 AR T e dsistf . |
BB R, TR EZ MR ED), PE
BN 2 SO AE, BT BE 51 K E A HASE AT« B B
i O MU A5 — R F M E ], PR B AT
IR b # A FH BR YT 77k, (BRI e 55
JUREE BN R g R Co L P A R XU A R0, R
BV BT RIGIT N TR N R T &

W R Z57ER YT P S DR 5 T B A H ORI Ry
R, RIS, B EAEFE, 7SR L2
BEBAANE A7), b, 1LZKEE, gy,
FEIE PP AIRES 6 WREGH . Ak, IR
W] 7R ALV T IR D RE I RUR G T T H E
WFFER A, 7SR B R AT DU 25 38 o M s R
K, SR UM SR AR 5 OP S T RO, X 4% 24 3
AR 22 5 11 £ BE A% B2 1) R AR 0 “ B
YRR AR “Z U0y, RS, ZHERT, B
IR T “CH-FER R A 2 A EAE . S8
G 2% 2 A 28 AR AL, R DLABH A AR 24 AR A
SNZGPIRR NN, B2 255 7 1 RS At
SRR, SR N 2RI 5 7 I N AEAL I B
BREN, NELEH TR T gt T 2%

ROV, DRI, ASHIE F0 I P ) 265 2 38 2 T 7S R 1 3%
FLIBTT U I AR N R A S R AT SR AT, R
FH 43 F- X B ) S S A TR D SIE

1 #H

1.1 =)

MM SPF 2% 6~8 fi# ICR /NRIWH T & =R}
KEFGYEIG O, RE (20+2) g, A2V
iES SCXK (77) 2015-0001, /N & TAEIEIA L
EMNMEMETE 1 1 Zsh P A i T B AR S
MY LERERSREGHME, REFERS
IACUC-NYLAC-2023-070.

1.2 FEARBSRF

LR (SEE MCE A#], 85 HY-17420);
ISR AL CHb o R s R e A A B A =] 4l
247, 185 22031004); FRARFRMFL G (bt
TR SMEMBEARAIRAF, 75 BSBA-4025),
/NER FSH. {REAAE R (LHD . Suid 8 HER
(AMH). E, [ ELISA i{ifll& ( RIS yRH
HIRAT, 85 JL10239. JL10432. JL20476.
JL11790); WEARMENLEE 3-3H (PI3K). £ 2 FR A1 5
RAIRBE (AkD. p-Akt GRI=IEEMHARARA
"], 589 60225-1-1G. 10176-2-AP. 66444-1-Ig).
p-PI3K (Affinity Biosciences A, %5 AF3241).
F AR T 24K (EGFR). p-EGFR #ifk (MCE
AT, B85 YA468. AF3048); RNA FEHGRF & (1l
RERHEAEVHAARAF, &5 AC0201); 4K
HIERGAF & QR RAEMREER AR, 'S
WLAO019); BCA & H & =& LI H
REEMHRAR, 585 KGB2101-500); ik} ]
W LB EDELRBEARAA, KBS
PS108P); ECL K&K CGILFH T REMRIB AR A
F], %5 WLAO006a).

1.3 &5
Multiskan GO 1510 Fbri (FEER G H /KB A



<3100 H49EFEIH 2026F 98

’(;95"%4-?5"{ ER Drug Evaluation Research

Vol. 49 No. 9 September 2026

)5 9700 PCR 4% (£[E ABI 2 7]); GelDoc XR+
B AR (35 BIO-RAD AF]D; WEH (L
BRI BRI S PR AR

2 A

2.1 EEAIRFTUN

200 SR B ORLE M O I AT S @
HHRRAE AR E S & (TCMSP,
http://Isp.nwu.edu.cn/tcmsp.php ), 4 AR A= F FH
£ (OB) =30%FMZARUE (DL) =0.18, fifiik
AT, (hZdE . hZh, FE. PR ARE R
FTE G . RIS 29 HE f i IS SwissTarget
Prediction Chttp://www.swisstarget prediction.ch) Z{(#&
JE AN Uniprot Chttp://www.uniprot.org/) (¥ i ¥ 4
HER A FR

2.1.2  GRSLTHAE FRRAE IR FoRBtin] “diminished
ovarian reserve” “premature ovarian insufficiency” 437
3 N DisGeNET ( https://www. disgenet.org/ ) «
GeneCards Chttps://www.genecards. org/) 4 2, &
T B B 2 AR AR VP 43 975 228 HH AT 2 000 ANFE[R. P
A HPRE IS UniProt %45 2 LL3KAS Uniprot ID.
Cytoscape 3.9.1 ¥ (https://cytoscape. org/) £ 7S
R H B FLIE YT OF S TR T B B P R - AR I 46
213 EAR-EEFAHEAER (PPD WM& ek
{5 (http://www.bioinformatics.com.cn/) “F-£ Venn &F
NZRGIREED, SRAFCEIER . HT R R A
STRING (https://string-db.org/), i%+#F “Homo sapiens”,
LHAS P RE N 09 HHEA. BdReh, BdERA
Cytoscape £zl PPI 5[], {1 CytoNCA TE5 T
WZEIHINSEL, BFEEE (degree) 1H /MErHOE (BC)
AL (CC, P24 MR A I T A
2.1.4  FEEAAR (GO) VERE S st DR SRR 2 7
a4 (KEGG) @i =40 DAVID i &
(https://david.ncifcrf.gov/tools.jsp) 5 N ZjWyFl1E
TR ACHEHER, AT GO Fl KEGG &40 #T, Hh
GO AHREZ ML (BP). dfupsr (CO)
o TFIhae (MF) . &8 P /MR 10 4
GO #iAldr 20 4~ KEGG l, J+SANMERET
& L il 26T A =GE .

215 xR EERIE R - AR % B
Degree {H R 5 B SYIEARLAR, IFAE TCMSP %1
B B EINr 458 . THE Cytoscape HY
PPI M%) BC. CC. Degree {8, #&3rhi%iimisk,
SRJEfEH] Cytohubba HHAFIREHEAATT 10 FIEZLAE

R B HHEZET 6 I RSN A SR E (PDB,
https://www. resb.org/), WEFRIE A XHER H bR A1
N ERFEZAREAFAYECARLEH AutoDock
Vina HATIFENUE S P, SEMRERRA S
TARMILE BB TT, SRR I HE R, BLALS A RET)
Ut . 3% F PyMOL Chttps://www.pymol.org/) 3 fF
ATRALEE R
2.2 SKIGIGHE
2.2.1 2y SRS ALK B FURTE ULRA S,
I NARTUR 70 kg THE, MNERHEN 12 g,
K NN RARR AN 1.56 gkg™!, LUtk
VENZIEFEIAT ig, mRAIEMA 3.12 kg™ i
1T ig. AT 20 g /NER /SR H B AL B &8 30.24 mg,
ig AR 0.2mL, FERi/NBRILE AL 0.2 g, K 1 Fi
NI KB AIET 1.3 mL 0.9% AL AT
FRAT AR, BISOREWR, RIEE 4 CUKFEH &M
222 S FEEHIEEIIE RSN 60 RN,
BEAL > Xd IR, BRI, RIS AR, EiE
4, B 15 Ko BRAHBAL, HAJHANR—kE
ip ABEMERL 100 mg kg™ il %% UFEL T BE N /s U
B, LG I ELVIE B ), ISR ) S 7Sk
B A HEAT 259 T 70 28 d, % IR AL AR AL 4] ig 2%
I 0.9%FAENAT . ig ARG ASE, BUb, HEAT
JEEETFARKE-A (HE) Yeft, ELISA. SERF 9% 5E
# PCR (qRT-PCR). Western blotting 545l .
2.2.3 HEHE  /NEREUM GG — M908 E T 4%
RHEEF 240, J5HRKME—R, BEHATIKE
Mo ARSI oD BRI AT IOK G B, B
R =IE i
224 ELISA flll /NERGHEFATHEIRERIUM, N 1.5 mL
BLER, #E 1~2h, 4 C. 3500 rrmin”' B>
10 min, HUEJ, 07 2525 ek S ks i B 52 il
Fo ) A U BH 5D BRI AT AR DA
2.2.5 qRT-PCR.Western blotting il mRNA £l
HEKIA  IPHEHAZIRERNA FI5 H 4T qQRT-PCR
5 Western blotting . qRT-PCR 3, & i #% 5 A1 %€ & PCR
2APIR . TR B, RNA Pife s al cDNA,
SRJGTEE & PCR M B, I8IdH:E 151904 cDNA it
T 38, FHSEm 2 (55 17424k, UL GAPDH fE
RNZ, K LA 2723 T A 2 8531 - Western
blotting B e 8 TR AT RERR FRLIK 2 28, SRS
By B R R A RS PVDF EE, b
R, e Ja RGBT R . 51T 5IER 1.



F49EFIH 2026 F9H A ZT R Drug Evaluation Research Vol. 49 No. 9  September 2026 - 3101 -
F1 51MEHFS
Tablel Primer design sequences
B i T K J&/bp
PI3K GGGAGCAGCAACCGAAACAAAG CCACTACGGAGCAGGCATAGC 109
AKT GCCTGAGGAGCGGGAAGAATG GAGCCTGATCGGAAGTCCATCG 96
EGFR AGACAGCTTCTTGCAGCGAT GTTTCCCCCTCTGGAGATGC 201
23 ittt BTA SR fE A GraphPad S TRIETS /0 BOE RET 2 000 MR, L FRE S,

Prism9.0 #4790 #1. WA A 2 R ¢ K5 =,
PR AHL ] LGSR FH B R 3R 5 2 e AT VP A o S B0 DA
X +s FoR, Giitspi v U P<0.05,
3 #R
3.1 RERHERALAEME AL S FOERER TN

7t TCMSP %4 i & i 1 OB=30%.
DL=0.18 WG MRy, ZNBRHLEE R IL % e 74 Fh
TR, AL ZEEE g 20 B, L ZG RS 16 F
PP R 11 Fh, IRZEERLSY 1S B, ISR 10
Ft, BAHLEE RS 2 B (WS S RE RN AR ZE T 1L
25, WZREE Y, B SRR AR TS PR
thZRBE . /£ PubChem il R R R T 74 Mt &
Yy XFRL R SMILES , Ff 4% H F AN SwissTarget
Prediction, 1454 Uniprot £ B 347 b 78 B¢ J5 3
SRAT 485 NINIRHL T ALTE M Lo IV TESE 2 o 74
MEAED)S 485 A HE SR 2%, 1% [ Degree {H A
EEMKHER, B degree fH AT 10 AL &R A
BOEw. WK 2.

R2 ANKRMERHSIETERERHLED
Table 2 Compounds in target network of Liuwei Dihuang

Pills ingredients

&Y BC CC Degree
iRz 3= 030 040 136
T DX P 021 038 101
Ll 34 0.17 038 101
PIEIEB 0.15 038 101
FEIEREC 0.15 039 101
3-B-F2HE-24- W HIE-8-ZE-21-448 0.15 039 92

C 0.08 037 72

0.12 0.37 72
0.02 0.36 56
R 0.05 0.36 53

2 ERTREE ST R R SR L EFREY

i#1d DisGeNET F1 GeneCards #4f 3515 U 4
DIRE T BRI ZIm L AL, SRAFEE S ) 342 AN
7775 4. P $ERRYIH Uniprot i flARHELL, 28

$

E okl oS SB
3 Ag A

W E

ERFE

[

FIRIG 1 807 NI HE . 5 485 NZY)HE LS
1 807 ML IR 4R, RAGZHEHL A 123
3.3 REEFR PPI MEHE

123 ANATEESE S\ STRING Pk, 158 i
RAZEARDN>09. 53T 200 MR, Hdit
Cytoscape Hi|fE% PPT M5 (B 1), BRI =%
£, 1HEH BC. CC. Degree ff, ffiik KT HAr%
(R4 55, SR J5 ] Cytohubba i i7i% Degree 1M K
F/NHEZ T 10 PAZ OB, HARHER T 6 [
e M A p53 (TP53). A2 14 Mk & 1R I g
(SRC). 225 FR/7 & BB 1 (AKTD . BEARELIL
B 4,5-WFIR 3-BABEHHAL L o (PIK3CA)D. #WK
T (HSP90AA1). EGFR (% 3).

1 ZEELSHY PPI R4 [E
Fig. 1 PPI network of overlapping targets

®3 HY-RBEXEROER

Table 3 Drug-disease intersection core targets

'S BB BC CcC Degree
1 TP53 47 0.161 367 25 47
2 SRC 40 0.157 976 66 40
3  AKTI 34 0.159 591 20 34
4 PIK3CA 31 0.155317 52 31
5 HSP90AAI1 30 0.157 364 34 30
6 EGFR 29 0.158 841 94 29
7 PIK3CB 29 0.150 370 37 29
8 ESRI 27 0.158 593 74 27
9 IL6 26 0.153 092 01 26

10 PTPNI1 25 0.148 391 81 25
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