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[ Abstract | Objective To investigate the similarities and differences in the mechanisms of Huatan drugs and
Qushi drugs in treating obesity-related polycystic ovary syndrome (PCOS) and to identify the key active components.
Methods Components and targets of Huatan drugs and Qushi drugs were screened by HERB database. The OmicsCloud
platform was employed for enrichment analyses of targets by Gene Ontology and Kyoto Encyclopedia of Genes and Genomes.
Pathway networks were constructed by Cytoscape 3.8.0 software to visualize pathway differences. PCOS-related key targets
were identified by Gene Expression Omnibus database and R 4.2.2 software. Molecular docking techniques were used to predict
binding affinities between the key components and targets, followed by validation through molecular dynamics simulations.
Results Huatan drugs and Qushi drugs shared 52 active components and 81 targets. Common pathways involved lipid
metabolism, insulin regulation, hormonal regulation, and oocyte maturation, aligning with the pathological mechanisms
of obesity-related PCOS. Huatan drugs exhibited superior efficacy in hormonal and insulin regulation, while Qushi drugs
excelled in vitamin metabolism and anti-inflammatory pathways. Quercetin, B-sitosterol, and stigmasterol were identified as
key components. Stigmasterol demonstrated optimal binding with PCOS-associated key targets Churchill domain-containing
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protein 1 (CHURCI) and tumor necrosis factor ligand superfamily member 11 (TNFSF11), while molecular dynamics

simulations confirmed the robust stability of B-sitosterol and TNFSF11 binding. Conclusion This study elucidates potential

targets and mechanisms of Huatan drugs and Qushi drugs in treating obesity-related PCOS, providing insights for identifying

key active components and guiding clinical application.
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Fig 1 Obtaining targets of Huatan drugs (A) and Qushi drugs (B)
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Fig2 GO analysis of targets of Huatan drugs (A) and Qushi drugs (B)
GO: Gene Ontology; NIK: NF-kB-inducing kinase; NF-xB: Nuclear factor kB; miRNA: MicroRNA; MHC: Major histocompatibility

complex.

23 ALk 25 545 IR 25 Yo k69 KEGG 447 45

R, ARG SR 180 S5 Giitap i L (P<
0.05) (13l %, & 3A 7R T i 20 4~ 5 PCOS &
R EE VI e 2 M, B 2 B X N 153 4%
BYiFE X (P<0.05) RE i, F3BERT
Hil 20 5 PCOS 3¢ & fie % V) Y o 4238 . bR
25 5 LR 25 65 A AH A A0 %, b9k 25 KR AT il
%36 1, BRI R E K 120 (K 4) o bR
2 125 LA T R AR R A X T PCOS 1R YT
VE W K MR s a . JoR S R . BRIy
R BT BE 20 B A S 5 T, B4 A D Al A Y1
5 il % (path:hsa04920 ) . g [ 4f i v g 15 53
fil 19 8 5 (path:hsa04923 ) . Ji & 2 {5 5 18 %
( path:hsa04910 ) | JBEE) ZHEHL ( path:hsa04931) |

Wi Z (5 S Eg (path:hsa04915) | M4 PN AE K
K755 E% (path:hsa04370 ) . ZEELZE A S 5P
TR (path:hsa04914 ) S5 455H % .

24 HBERKRSWHA MNP Rk 2y 3t
A 1Y 52 FiE M e, LLOB=30%. DL=0.18
S An T BE 8 BTG T Ay, W 1 TR,
Horp G B2 DL fe i, 3K 3 0765 TMiffi i 1)
OB Ht i1, K # 46.43%. XF A W43 4 5 BEAT I
&L, H rp chrysanthemaxanthin 55 gallic acid-3-O-
(6°-O-galloyl)-glucoside 7& %5 95 & H JG X 1o #0841,
BRI RBRAS T o W H A 144 55 5 GeneCards
Bl Sk R (1) PCOS #L S IS 4, KB R Y
PCOS WIACEEME i 22, JLURN B- 45 (3§ 1t B 7 54 1t
(K5) .



+ 1022 - WREREER A 20254 8 J1, 5 46 %
TNF signaling pathway ) IL-17 signaling pathway °
IL-17 signaling pathway ° Cellular senescence
NF-kB signaling pathway ° TNF signaling pathway °
Prolact Ce.llulalt senescence ° Gene number Regulation of lipol}{sis it‘1 adipocytes ° Gene number
rolactin signaling pathway ° .6 NF-«B signaling pathway .2
VEGF signaling pathway ° VEGF signaling pathway
Ovarian steroidogenesis . ® 12 Adipocytokine signaling pathway °7/
Adipocytokine signaling pathway ° ®23 Estrogen signaling pathway ° °16
Chemokine signaling pathway ° Parathyroid hormone synthesis, secretion and action
Oxytocin signaling pathway ° Oxytocin signaling pathway °
Carbohydrate digestion and absorption ° P value Chemokine signaling pathway P value
Estrogen signaling pathway ° Prolactin signaling pathway
Regulation of lipolysis in adipocytes . . 0.03 Porphyrin and chlorophyll metabolism . 0.04
Parathyroid hormone synthesis, secretion and action ° . Carbohydrate digestion and absorption 0.03
It?sulin signalit}g pathwa.y ° 0.02 Insulin s@gnal%ng pathway 0.02
R M sigling patiay] o o Viamindigesion and sbeorpion o
Growth hormone synthesis, secretion and action ° 0 Progesterone-mediated oocyte maturation .
Progesterone-mediated oocyte maturation Folate biosynthesis
Pancreatic secretion . Arachidonic acid metabolism .
2 4 6 8 10 0 3 9 12 15
Enrichment score Enrichment score B

Fig3 KEGG analysis of targets of Huatan drugs (A) and Qushi drugs (B)
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KEGG: Kyoto Encyclopedia of Genes and Genomes; TNF: Tumor necrosis factor; IL-17: Interleukin-17; NF-kB: Nuclear factor kB;

VEGEF: Vascular endothelial growth factor; GnRH: Gonadotropin-releasing hormone; TGF-3:

Transforming growth factor-f.
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B4 WEASKEN KEGG SMEFERSHHIER
Fig4 Common pathways and specific pathways in KEGG analysis of Huatan drugs and Qushi drugs
The green triangle on the left side represents the specific pathways of Huatan drugs, the light blue rhombus in the middle represents

the common pathways of Huatan drugs and Qushi drugs, and the red concave quadrilateral on the right side represents the specific

pathways of Qushi drugs. KEGG: Kyoto Encyclopedia of Genes and Genomes.
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OB: Oral bioavailability; DL: Drug-likeness.
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PCOS: Polycystic ovary syndrome.
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Tab 2 P and log,(FC) values of intersection of differentially expressed genes

Gene name Oocyte Granulosa cell
P value log,(FC) P value log,(FC)
COLI1241 0.042 291 582 —2.006 398 360 0.045 419 682 1.334 858 163
T7TC32 0.019 032 112 1.900 031 256 0.001 430 167 1.155 781 023
TNFSF11 0.029 252 616 1.700 160 687 0.003 673 663 1.228 998 095
CHURCI 0.022 641 832 —1.616 713 546 0.027 978 297 —1.430 963 331

FC: Fold change; COL12A1: Collagen type Xl o 1 chain; TTC32: Tetratricopeptide repeat domain 32; TNFSF11: Tumor

necrosis factor ligand superfamily member 11; CHURCI1: Churchill domain-containing protein 1.

3 it i

Hh 2 K A I R SC R, 7E PCOS SRR
BT REMIGRER . B 2RI AR B AR A
I PCOS He K Fa s FE AR B 2 —, 7RI R [0
TEE AR L MR R AR L 2 PCOS
() FELRRAE, PENRAA ST N 5 DR S BT R
RIS MR YIARSE " eI PCOS 13677
EM&P‘H%{ME%@%%

AHIFFE A Ik 24 24 P A0 TR, AR 2 Rq:
M2 AT S B FE R IR . RS Y L R
PaT L fEEEREEA A BUASE 24 D7 T, 5 PCOS 1)

TRBIHLHI S G o AR O 9 R A R
5 IE - R AR R R W 3R . SRR SRR Y
R4 ILAE PCOS (B AUAU & M r B s dL e
BRI i, N AR S R AT
MAZ5 T ik - TR - B ARRN S 4,

eSS T WA B, 389 T (I | R o B It < e e
B, I HL 255 G R AU 2R i =2 18] 0 6] 32 4
(IR, TR IR SR L DL B
AMLE S 5 RS RAATRIE . BT R B, IRITZ
SULE WA AR A % 2R el R o A i
AR TR, ARZG IR 36 A i,

RN BRI BRI A fetk



e 1024 - WEEERFR 20254E 8 H, 45 46 %

BRI M . PEPERRHCR RRCR (R Sl s SR o, AR AR Gl dEAE R B AL A K AE
IR, ATLUR AR TR Al s Tt AR DR IRICHAE, AT LR AR TR AR R G S
THARLG B, e e AR RELBO T ER AT TR R —E L

REN 275 TR AL 25 0 AR 25 AT 12 A E

Y % “%o0
ARG-70 ) ®
Tvr10 (LEU-87 e
CHURCI1-B-sitosterol CHURCI1-quercetin
TYR-215 wE'Bll
m W . PHE-165 -
o2 @ Vo @

3 ASN-43 ARG-70 ( TVR 10
s &\ \ t ‘ LEU-87, -.

CHURCI -stigmasterol

SERNT ST

}' TYR217 , {
/ASN-276

HIS-167

TNFSF11-B-sitosterol

@HE-Z]] e
/ o

TYR215

35

\R‘k}\ ! o] & [ y
Y TYR-217 . s el & i
...
TYR-307 'rmnsa: ®” e
TNFSF11-quercetin TNFSF11-stigmasterol

B 6 WEWHRESERE PCOS XBEAND FIHEERE
Fig 6 Schematic diagram of molecular docking between compound monomers and key targets related to obesity-PCOS

PCOS: Polycystic ovary syndrome; CHURCI1: Churchill domain-containing protein 1; TNFSF11: Tumor necrosis factor ligand

superfamily member 11.

0.50 120
045}
040} 1.0r
035}
0.8
E o030} E
é 025} % 0.6
0.20
& X o4l
0.15 04
0.10 02
0.05}
A e 0 0 0B R o
20 40 60 80 100120140160 180200 160 180 200 220 240 260 280 300 320 20 40 60 80 100120140160 180200
Time/ns Residue Time/ns
030 6r 0.50
0.45}
025 [ 040 L
0.35}
0.20
g E £ 030}
% 0.15 % %’* 025}
0.20}
=4 o =4
0.10 0.15
0.05} 0.10
0.05F
o0— . . . b PP . . .. . B QL. . . . . . . F
160 180 200 220 240 260 280 300 320 20 40 60 80 100120140160180200 160 180 200 220 240 260 280 300 320
Residue Time/ns Residue

E7 B-BEHE (A. B) . ESE (C. D) . #EE (E. F) 5 TNFSF11 9 Foh1F BTN ER
Fig 7 Molecular dynamics simulation results of p-sitosterol (A, B), stigmasterol (C, D), and quercetin (E, F) with TNFSF11
A, C, E: Root mean square deviation (RMSD) analysis results; B, D, F: Root mean square fluctuation (RMSF) analysis results.

TNFSF11: Tumor necrosis factor ligand superfamily member 11.



WFELER AR 20254 8 H, 4 46 %

e 1025 -

WG YIS, WA R X
B- A (BRI 5o Mz ZJ& —Fh R AR 1 B 25
&y, H2GMERaiEIiall . duoe . o &
L% | 78 PCOS 4TI B 2647 e 2 W 5 4R 3,
FrE s h R . e A A OR A L B T et
B 15 AR YA FH 23 PCOS 5834 1Y 15 M 384 2% i i
B Z e > . TS B- 48 M RS E T
Wy ES B, WO ELA B AR AL S B A, (AR
WAL S, PR LA AH [ Bk, &%
FEACIBE . PLR . Prédfb . Buiss K o e )i s 18
P BT A B S B- A S B IFS IR
Z, AW HGIE B- 47§55 B B R 17 1 T8 TR A 45 4
AL, PrAME P, s PCOS T 5 NI
S BXET PCOS i A B R B ] 3 A
A

PCOS B EHE TN AT LU & & 1L fE 2 3
il A 200 i B PR AR 4 27 B T R OR B, A=
Y5 B 0 B 26 TTC32. TNESF11 & CHURCI
e UKL 210 RN 5P RE 20 i b [ B 22 B R, s A
PCOS ¥idi &b . KR A HEEZEEM. 17F
Xt 4R, S5 TNFSFI1, CHURCI (145
B g, TNFSF11 X4 #% KT «B Z AR
AL A FELAK (receptor activator of nuclear factor kB
ligand, RANKL ) , Z 5By % & 0N E Y6
P2 . RANKL A% K1~ kB 32 A% LN T R 48
(4 2k V8 5 HEBR B A5 . PCOS 1B 598 A 6 272,
H Bii ¢ T CHURCI1 7£ PCOS 43t I 1 i 53 %% /0, {2
A WFFEHRIE CHURCI 2 AR JFEAR A5 V8 4 A o
I, 5400 K AE it 27 s IR AL S S
$27R CHURC J& 2 BUWR PRI ek (0 3 AV i 22—,
RIS 5 2 BRI 0 & et A 252 Ly it vl i
CHURC! 7EAEREFRE IR 1 kA . R R A
HEAEA.

ZE ik, A oT Ot A Y5 BE s 48 & B
T AR PR 2 540 2 1 e R R U A D S 2K
[N IR ER/ & %) G AN 87 TR B 41 I UF %
J7 PCOS MITE . LR 25 4E R W I 3R ik i )
REJT IRIVE R g th, A2 24 WA 4 A 22 AR &
PUR Ty HRCRE IS FEAH Sk A ) AR O
iR . G B A RIS N, BT
TNFSF11, CHURCI 34456, mlfgiEsd = 5006k
AR . AT R A A AP

PCOS, {ES#—HAMr, LIE K PCOS Wil IRIG
FRLE I 25 %

[Z& % C#k]

[1] AZZIZ R. Polycystic ovary syndrome[J]. Obstet
Gynecol, 2018, 132(2): 321-336. DOI: 10.1097/A0G.
0000000000002698.

[2] SADEGHI H M, ADELI I, CALINA D, et al.
Polycystic ovary syndrome: a comprehensive review of
pathogenesis, management, and drug repurposing[J].
Int J Mol Sci, 2022, 23(2): 583. DOI: 10.3390/
ijms23020583.

[3] GLUECK C J, GOLDENBERG N. Characteristics
of obesity in polycystic ovary syndrome: etiology,
treatment, and genetics[J]. Metabolism, 2019, 92: 108-
120. DOI: 10.1016/j.metabol.2018.11.002.

(4] AT IERERIZ 4200 LR AR P PE B ISA A A
HLCl// %6 9 Ja b rh P R4S 2 20 B & 0
SR TUCEAR S VGRS, B P E RS S
SR Z 523 2017-09-14.

(5] FBIEA. AL 12 4R v [EANE AR P 25367 2 42 0§25k
B AE I R SCHR Y meta 23 (D] 77 M P R 2GR
2#,2020.

[6] FANG S, DONG L, LIU L, et al. HERB: a high-
throughput experiment- and reference-guided database
of traditional Chinese medicine[J]. Nucleic Acids
Res, 2021, 49(D1): D1197-D1206. DOI: 10.1093/nar/
gkaal063.

[7] HUANG C, ZHENG C, LI Y, et al. Systems
pharmacology in drug discovery and therapeutic insight
for herbal medicines[J]. Brief Bioinform, 2014, 15(5):
710-733. DOL: 10.1093/bib/bbt035.

[8] WOOD J R, DUMESIC D A, ABBOTT D H, et al.
Molecular abnormalities in oocytes from women with
polycystic ovary syndrome revealed by microarray
analysis[J]. J Clin Endocrinol Metab, 2007, 92(2): 705-
713. DOI: 10.1210/j¢.2006-2123.

[9] KENIGSBERG S, BENTOV Y, CHALIFA-CASPI V,
et al. Gene expression microarray profiles of cumulus
cells in lean and overweight-obese polycystic ovary
syndrome patients[J]. Mol Hum Reprod, 2009, 15(2):
89-103. DOI: 10.1093/molehr/gan082.

[10]  ALIEH, 3K, T, 55 20 FXHETE TP 2T A
BLARSPRARLT] . v [ 252835, 2024, 49( 3 ): 671-680.
DOI: 10.19540/j.cnki.cjemm.20231013.703.

[11] VAN DER SPOEL D, LINDAHL E, HESS B, et al.
GROMACS: fast, flexible, and free[J]. ] Comput Chem,
2005, 26(16): 1701-1718. DOI: 10.1002/jcc.20291.

(12] PR REILL ALBAIR IR IT Z R0 LR B IE R
H I RRFFELT] . B RAFFE, 2017,9(30 ): 112-



1026

MR R 20254E 8 H, 46 3%

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

116. DOI: 10.3969/j.issn.1674-7860.2017.30.047.

i, B8, EARYE, S NIRRT A BE e AT 25
FAELT] . AL Rtp R 25 R 222441, 2006, 29( 12 ): 802-
803. DOI: 10.3321/j.issn:1006-2157.2006.12.002.

DE MEDEIROS S F, RODGERS R J, NORMAN R J.
Adipocyte and steroidogenic cell cross-talk in polycystic
ovary syndrome[J]. Hum Reprod Update, 2021, 27(4):
771-796. DOIL: 10.1093/humupd/dmab004.

AGARWAL S K, VOGEL K, WEITSMAN S R, et al.
Leptin antagonizes the insulin-like growth factor- |
augmentation of steroidogenesis in granulosa and theca
cells of the human ovary[J]. J Clin Endocrinol Metab,
1999, 84(3): 1072-1076. DOT: 10.1210/jcem.84.3.5543.
EHRHART-BORNSTEIN M, LAMOUNIER-ZEPTER YV,
SCHRAVEN A, et al. Human adipocytes secrete
mineralocorticoid-releasing factors[J]. Proc Natl Acad
Sci USA, 2003, 100(24): 14211-14216. DOTI: 10.1073/
pnas.2336140100.

KINTSCHER U, HARTGE M, HESS K, et al.
T-lymphocyte infiltration in visceral adipose tissue: a
primary event in adipose tissue inflammation and the
development of obesity-mediated insulin resistance[J .
Arterioscler Thromb Vasc Biol, 2008, 28(7): 1304-1310.
DOI: 10.1161/ATVBAHA.108.165100.

SUN K, TORDJMAN J, CLEMENT K, et al. Fibrosis
and adipose tissue dysfunction[J]. Cell Metab, 2013,
18(4): 470-477. DOI: 10.1016/j.cmet.2013.06.016.

LIY, YAO J, HAN C, et al. Quercetin, inflammation and
immunity[J]. Nutrients, 2016, 8(3): 167. DOI: 10.3390/
nu8030167.

MA C, XIANG Q, SONG G, et al. Quercetin and
polycystic ovary syndrome[J]. Front Pharmacol, 2022,
13: 1006678. DOT: 10.3389/fphar.2022.1006678.
ZHANG X, WANG J, ZHU L, et al. Advances in
stigmasterol on its anti-tumor effect and mechanism
of action[J]. Front Oncol, 2022, 12: 1101289. DOI:
10.3389/fonc.2022.1101289.

KHAN Z, NATH N, RAUF A, et al. Multifunctional

(23]

[24]

[25]

[26]

[27]

(28]

[29]

roles and pharmacological potential of B-sitosterol:
emerging evidence toward clinical applications[J].
Chem Biol Interact, 2022, 365: 110117. DOI: 10.1016/
j.cbi.2022.110117.
YU Y, CAO Y, HUANG W, et al. B-sitosterol
ameliorates endometrium receptivity in PCOS-like mice:
the mediation of gut microbiotal J]. Front Nutr, 2021, 8:
667130. DOI: 10.3389/fnut.2021.667130.
ASSOU S, ANAHORY T, PANTESCO V, et al. The
human cumulus: oocyte complex gene-expression
profile[J]. Hum Reprod, 2006, 21(7): 1705-1719. DOI:
10.1093/humrep/del065.
LUN, SHAN C, FU J R, et al. RANKL is independently
associated with increased risks of non-alcoholic fatty
liver disease in Chinese women with PCOS: a cross-
sectional study[J]. J Clin Med, 2023, 12(2): 451. DOI:
10.3390/jcm12020451.
IRENE SU H, CONNELL M W, BAZHENOVA L A.
Ovarian stimulation in young adult cancer survivors on
targeted cancer therapies[J]. Fertil Steril, 2016, 106(6):
1475-1478. DOLI: 10.1016/j.fertnstert.2016.08.011.
GLASTONBURY C A, VINUELA A, BUIL A, et al.
Adiposity-dependent regulatory effects on multi-tissue
transcriptomes[J]. Am J Hum Genet, 2016, 99(3): 567-
579. DOI: 10.1016/j.ajhg.2016.07.001.
KHAMIS A, CANOUIL M, SIDDIQ A, et al. Laser
capture microdissection of human pancreatic islets
reveals novel eQTLs associated with type 2 diabetes[J].
Mol Metab, 2019, 24: 98-107. DOI: 10.1016/j.molmet.
2019.03.004.
SAJUTHI S P, SHARMA N K, CHOU J W, et al.
Mapping adipose and muscle tissue expression
quantitative trait loci in African Americans to identify
genes for type 2 diabetes and obesity[J]. Hum Genet,
2016, 135(8): 869-880. DOI: 10.1007/s00439-016-
1680-8.

[(Ax#mig] T+ %



