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Abstract

Polycystic Ovary Syndrome (PCOS) is a common endocrine and metabolic disorder characterized by
hyperandrogenemia, ovulatory dysfunction, and polycystic ovarian morphology. Based on network
pharmacology analysis of 52 traditional Chinese medicine prescriptions for PCOS, this study identi-
fied B-sitosterol as a high-frequency active component and investigated its mechanism in improving
PCOS by regulating the expression of CYP17A1 and CYP19A1. A DHEA-induced PCOS mouse model
was established, and after intervention with S-sitosterol via oral gavage, changes in body weight,
estrous cycle, ovarian morphology, and the expression levels of CYP17A1, CYP19A1, and AR in ovar-
ian tissues were measured. The results showed that $-sitosterol significantly improved body weight,
restored the estrous cycle, reduced the number of cystic follicles, markedly downregulated the
mRNA and protein expression levels of CYP17A1 and AR in ovarian tissues, and upregulated the
mRNA and protein expression levels of CYP19A1. This study systematically reveals for the first time
the molecular mechanism by which f-sitosterol ameliorates PCOS by regulating key enzymes in the
steroid hormone synthesis pathway, providing a new theoretical basis and potential therapeutic
strategy for traditional Chinese medicine in treating PCOS.
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1. 51§

Z B YN LA E(Polycystic Ovary Syndrome, PCOS) & —Fi i WL 1 I 4 AR 5, LA A @A
W HESRFRAG A L A BN 55 22 BEAE OB o R B IRRRAE, 2 3REY 15% 1 8 L EZ H 2 m,
PR LMW EEFER Z —[1]-[4]. PCOS MIRMNLEIE A2, W kst M8, R R a N
i EZ N RAZTAER, HoA Dy Re I8 51 s HERER MURE B\ 9 HoAz O B AE 3RS [5]-[7]. H AT IR
B FEEERABEZAYN PCOS HATIRYT, (AAAEREREE . S A MKt SE R R[5]. TEEZ
£ PCOS HIATT AR 2 jlisr« 280 5 BRIV T I RR AR 3, nlid i 4% PI3K/Akt. MAPK/ERK.
TLR4/NF-xB %5 2 i (5 5 10 % D05 IR 5 3 AR HT 40 0 5 80 B2 TS N 20 s 35 38L [ 7)-[10], AR
20 o A S BARAE AL A e A B . AR, R AR NS RR A S 2 H R
BT, NIRRT “Z o - 288 - 2887 WEERVLRSEEE 7 ) THE[11]-[14]. #f
REY, MG R P4S0 FIERECLHSZ CYPI7AL A1 CYPI9ANEMEES R &b RIEEH, HE&
S5 PCOS B I m il R AR B VM 5[ 15]-[22]0 B-25 S8 WEAE M &3 B () 1 S M sy, T2 77
T Z M, BB R, Prai. RS 2 M BEPE23]-26]. B —FiEs. KRR, g6
AR NZEE AN, HAN S P2 A e S MR i B 1k [26]. A LAE PCOS YA IT A 1R M A 15
FIRGEH T, Paik, AHEFNIET WX 28 25 3 580 o 1 XTI B S RIPE B AL, FRE A
SEIGI0IE HLE S P CYP17AT/CYP19AT RIAMEE PCOS HIFE ML, LAY PCOS HIZiWia T 24t
T TR AN S0 (K 4
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2. ESEHH
2.1. KH{NE

B 1% 7 55 (3: | Bio-Rad A #]); PCR {X(3£[E Bio-Rad A F]); %<& PCR 1L (3E Bio-Rad 2
ml); AV A HLEEE Leica AF]); 1EE RHEB(HA Olympus 2 &),

2.2. SEEOHPRL

22.1. BIBESHG
O A AR AT R R XK R B YR E (http:/cpmtp.wangk.pro) 5 ETCM H & 25 H £ &
(http://www.tcmip.c/ETCM) ; TCMSP % & /& (https://www.tcmsp-e.com/) ; PDB % #E J&E

(https://www.rcsb.org.hnucm.opac.vip/)

2.2.2. 4D
CS7BL/6) /NEROMEYE, 3 W, FERERIKFZLIGEYIFORAL), FERERKSAE A RS EEER R
2, Hilt%s: 2022109,

2.2.3. ZFIR 5

BB SIS B21972, LR AR AR A ) WKL DHEA (B1227012, Aladdin); 75
KREMAMHE)FERFEH T : C0105S, FEAK), CYPI9AI Polyclonal antibody (#t5: 16554-1-AP,
Proteintech), CYP17A1 Polyclonal antibody (#t5: 14447-1-AP, Proteintech), GAPDH Monoclonal Antibody
(fit*5: 60004-1-Ig, Proteintech), androgen receptor Monoclonal antibody (#t5: 66747-1-Ig, Proteintech),
Easy PAGE % i B B i e #1877 £2.(10%) (L5 : sw143-02, SEVEN-JR#i7%), RT Master Mix for gPCR
IT (#t*5: HY-K0510A, MCE), 2X Universal SYBR Green Fast gPCR Mix (#t*5: RK21203, ABclonal).

3. FES5%R
3.1. ETME TR F B #%0 D # = i BE I

LY S PubMed. CNKI. HRRZG4E S 7 71138 AR R B BE . PR 25 A RH USRI [ 2 Fe 0P 5145
HAERTT PME SR 2RI R OBERA “ ZRIVELREAE”  “PCOS” « “Highy” ). Guil A 75 7
FLM I B, A TCMSP $iiE PER 2 tH T 9 M2 A2 sy . TR 2 dh e —
6 Rl o3 ME AR NARIRWSORFEVE T, DRG0 0 28 ) Sk A B30 e - 6 a7, 7R &R &5 R ke 4% 1 IR A0
FE(OB) > 30%- ZKZj1%(DL) > 0.18 I EMINE AT BN GRS HE— DTk BB = AL &4
M pubchem FREUL G Canonical SMILES 5, 3 swisstargetprediction ZREULEPIHIAH LR M
genecards. disgenet 2 K40 i R RN 2 RO SRR A A A SR DRI B i, EDOSS SR LR N string 2538 245 21 PPI
MK, S TSV $dliEHs, iz Cytoscape 3.10.0. Cytoscape 3.7.0 A% Coi0 s (I RTARAL 0 HT s W3S EE 3L
RS david B, THiESAF R E N P<0.05, @S T & (http://www.bioinformatics.com.cn/) #1745
RATMAL AL B AT KEGG M1 GO 73#. A TCMSP #fii sk AL S 410 2D 4544, A\ PDB il i 3K %
OFE UK 3D 3 T4k {6 AutoDock Vina #4770 T 0142, THEASSBIAH N 45 & ReEdE, Fas & Re Rk
Az ) pymol 2.5 FUERO) AT HEAT ATAIAL s 128 58 45 & Be e ey 1 ) LA E DR 2280 ) SEER 36 IE

MK B SR — L e i AR 1) 52 Fonf PCOS A a7 R I 2575 741, 18l RStk 1697 PCOS i
AR5 7, B4 S EEAE TR 2 v () IR d v, MITTFE B2 B B R OB 1 1 o0 (&1 1(A), ] 1(B))s
AT N DR N ik . f-25 S EEIAE AR S 5 PCOS Bl i 23 MNSEFERN (K 1(0)), HAZ O A
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W2 om B-4r 2 5 PCOS X AHOC BE B RPN BE A CYPL7AL. CYP19A1 (& 1(D), Kl 1(E)),
Bz T HARIER . GO M1 KEGG & HE 4R, g4 MEEn] feidid i “ RERMEAMER” 5
WEEET PCOS (B 1(F), K 1(G))e /T XH45 BHIESL p-45 B 5% O #E s & 1 CYP17A1. CYP19A1 I
AR B RIEFIEERMII(EEERE < -5 keal/mol, RMULEEFE), $#78 CYP17AL. CYP19A1 Fl AR 1]
fEAE f-0 M EZVRTT PCOS HIFBERE 55 (14 2(A)~(E)).
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Figure 1. Core targets and enrichment analysis of S-sitosterol in PCOS. (A) Chinese herbs with a frequency of occurrence >
9; (B) Monomer components with a frequency of occurrence > 3; (C) Venn diagram of f-sitosterol and PCOS genes; (D)
Protein-Protein Interaction (PPI) network; (E) Core target network of the disease and drug; (F) Gene Ontology (GO) analysis;
(G) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis

E 1. - A EHE-SRMVEEEUERVESREES. (A) HIURE >9 dz; (B) HIURE >3 BRERST; (O
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Figure 2. Molecular docking patterns of S-sitosterol with CYP17A1, CYP19A1 and AR. (A) 3D representation of the molec-
ular docking between AR (2amb) and f-sitosterol; (B) 2D representation of the molecular docking between AR (2amb)and f-
sitosterol; (C) 3D representation of the molecular docking between CYP19A1 (3s79) and f-sitosterol; (D) 2D representation
of the molecular docking between CYP19A1 (3s79) and f-sitosterol; (E) 3D representation of the molecular docking between
CYP17A1 (5irq) and f-sitosterol; (F) 2D representation of the molecular docking between CYP17A1 (5irq) and S-sitosterol.(G)
Heatmap of molecular docking binding energy values

2. -AHEES CYP1I7AL. CYPI9A1 F1 AR B FXHEIEN . (A) AR (2amb)5 p-BEiEz 7 Fx1#% 3D R=E; (B)
AR (2amb)5 p-& & E2 4 Fx118 2D BR[E; (C) CYP19A1 (3579)5 p-B &EE S FX14% 3D B R[E; (D) CYP19A1 (3579)
5 p-# B T34H% 2D RRE; (E) CYPITAL (Sirq)5 p-& 8Bz 5 F %135 3D R7<E; (F) CYPI7AL (5irg)5 p-#
BTt 20 RNE; (G) 9 FRHEka s ERE

3.2. PCOS t&E8IRESL

MEE R BERL K252 86 sh W b SE 3 A EMENE CS7TBL/6 /INR(RE 7~9 g), 1T EIKER KD
Yty IVC SARFR= . KATE/NREENL N 3 4. XFHR4L. PCOS AL, -1 S EEinyT4l, 4
10 R/NRR o IENEMRTE 4 RIGHHTE 2] THRAR R R 0.1 ml ZRR, 52 RVES, MR E K e
FRIMIIANE PCOS #AYZ A Ll DMSO (- HHEEAK), |48 5&); PCOS #2444, DHEA, 6 mg/100g,
T 2R, 37°CKM, B R RES 0.1 ml, MEFRENRWEL g-4 H il 7 05 R RS 0.1 ml (25 mg/kg)
B4 IR, DHEA, 6 mg/100g, % T ZRR, 37°C/KM, &HREN 0.1ml, AEHE 11 K, X
[F]—Bf A SE 10 RIFAT /N R BAE IR R . ELR45 25 20 KRG, HEATEUM .

DHEA #5'S I 7 PCOS /NRBAY, RIAE B2E N, 21 360 A OF 5 2 TR ool
PCOS HEF 2 /NG44 5 25 1 T B2 (1] 3(A)), PCOS ZH/ BB I3 A S sl i 390 155 T R 15 ST B
(K 3(C)), PCOS A5 HE Jeta R BEVEY sk UMl 2, Mok i 2 sk (] 3(E)).

3.3. p-BEEEXT CYP17A1. CYP19A1, AR EEBEIER

WB: ffill[F: ASSZIGHECH] 2 10%0) SDS-PAGE %5 HLUKRA B EE R L o TREEVK: 60V fH &,
25min. FFE: IR NN E ARES, PN marker 1 1X Buffer. Hijk: fHEHE 80V, HIZERE
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BYUITF H ISR . M. 250 mA fHE IR, RIBEERS TE, 1 KDa/min. #HH: 37CHRIK,
S% ML REA- Whdt A 1.5 he —HUFE = F2 UL PAHERRR MR — BT, INTEXT RIS b, 4 CIER . i
H: R PR R INA R U AW, 37CE 1h. SiY: BOLRCHIL AR, Bt
B, BB Imagel1.53e X & FEAR A AT KEAE 04T RT-qPCR: #1H Trizol 1575 M\ 5P HL2H 2+
FREUS RNA, Kl RNA ¥R, #RJ5 A RT Master Mix ¥ RNA 16~ cDNA, #0514, F 2x SYBR 4t
éqPCR FIRAWHEAT 2041, K0 CYP17A1. CYP19A1. AR mRNA HIxf ik, FH 272aCT ik T4

R, SIVIFIILE 1.
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Figure 3. Effects of S-sitosterol on body weight, estrous cycle, and ovarian morphology in PCOS mice. (A) Changes in body
weight of mice, n = 10 per group; (B) Estrous cycle profile of mice in the control group, n = 10 per group; (C) Estrous cycle
profile of mice in the PCOS group, n = 10 per group; (D) Estrous cycle profile of mice in the S-sitosterol treatment group, n =
10 per group; (E)~(G) Representative Hematoxylin and Eosin (H&E)-stained ovarian sections from the (E) control, (F) PCOS,
and (G) f-sitosterol treatment groups, n = 3 per group

[E 3. p- B EEExT PCOS NRIAE, RFEHAUIRINELELARSHEM. (A) A PMRBFETUE®D = 10); (B) XTERLN
A& EHAZWXE®N = 10); (C) PCOS AINREEHITLE(n = 10); (D) - B EEHWATTER BT LE (N = 10);
(E)~(G) xtBReH; PCOS HH p-A HEFZHATr HANINE AL HE REE(n = 3),
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Table 1. Primer information

F 1. 51MER
ElE7ERiN SIFF(57-3")
AR/F-m CAGGAGGTAATCTCCGAAGGC
AR/R-m ACAGACACTGCTTTACACAACTC
CYP19A1/F-m ACGTGGATGTGTTGACCCTC
CYP19A1/R-m TCACAATAGCACTTTCGTCCAG
CYP17A1/F-m GCCCAAGTCAAAGACACCTAAT
CYP17A1/R-m GTACCCAGGCGAAGAGAATAGA
GAPDH/F-m AGGTCGGTGTGAACGGATTTG
GAPDH/R-m TGTAGACCATGTAGTTGAGGTCA

PCOS #5 AL/ R IR A 2P R A O BERY CYPL7AL FIEERER 524K AR FIEE AT mRNA Fik/K
PRSI R E T, CYPI9AT & AR mRNA FKIEKF 2 ZE B 4(A)~(G)). -1 MEEIATT RE R & L
£ PCOS /MRIFELF CYP17A1. CYPI9A1 I AR (58 Rik: 16I74+ CYP17A1 Il AR 21 WB %
R FEAE DL A mRNA FIAKF4 PCOS A WL FEMIK, CYP19AL H ) WB 25 KB A LA S mRNA Fik
KF PCOS 2H ] 5 T (K] 4(A)~(G))e THC (FefEdifh)ah B iR AR. CYP19A1 fil CYP17A1 &
TE N SRR i R IE (A 4(H)~())-

4. W SRR

RO FOEL R A G GBS TR S EIISES, RGURIT T -4 S FEX 2 ZE IR LR A1iFE(PCOS)
P S RS ENLE . BEFUAE FESE, B-75 B RERE S W25 3% PCOS BB /N R I UM SRR AS . K
SHEFEM. BRAKRE, T IEINEHAZLF CYP17AL. CYPI9A1 K AR HIRIEKF.

o, WS HTR, -4 ST BE I8 I T TS 1B R 2R A il B A R R KT o Tk
LERF— DR, f-OEEES CYPITALL CYPI9ATL S B LG B S Aon 1, SR Hon] RE EL3EAE
F IR S 5, 52 RIS 1 o X — KIS PCOS W% Lo AR IE——m BE I R IUE = 2 V& - CYPL7AL
SRR A RO R OGN, 1 CYP19AL(DT &AL 11 SOR ME R e (b N MER R, Wi RIB R 2T
# PCOS BHMEBE AT TR ELENHZ —. AT ERMNRGIZ TR f-73 58 BE-5 1 9 A 5 56 [R] Bk
FAK, BRI BAE RS AL TR . ESIYSEER T, B S IEVRYT B3 G T DHEA %51 PCOS
/NEREREY, ELFE ORI 2 B R NS AR ALRIRE R N, A5 TSRS R 8RR, A H
BERERS T CYP17AL. AR I B CYPI9AL [RIE, X5 ML 25322 TN — 30, UEH -4 S ]
R0 3 00 ) e 8 3R PSR B P OB TY DR i R EORAS N2 PCOS SR

SRR AL, AP RAEAE T -4 I BA PR . SCERIRAM S a3 R
& PCOS 677 HiEd % CYP17TAL/CYPI9AT G E% R AEAE FH B 4r WL . BLET BT A S F s A4 £
RS N 2 LA TR, (BB Z4EXE PCOS IR ANLHIERTT o AT S BT Z4EE TR G HE Y T -
B EEEIT PCOS [E FI#E A s, R4 T IX—25 1. R0, AWFRGEE—ERRE. 4%, 31
B B REAALE 2 PCOS 51, {H5 AZK PCOS MR ABIAAfE 25, ZRMIGREEL TR, HK,
B4 S ) B IR R K HAME Sl s (Wl B 355 5@ . O Im B S5 ) R 58 A . tbAb,
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A FAN T CYP1TAI/CYPI9AT/AR Hili, 1A HE S H 0T R /K (AN 21 . E — 1) i BBz ),
R SR A A G 0 i i 2 K B BRI .
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Figure 4. Effects of S-sitosterol on the protein and mRNA expression of CYP17A1, CYP19A1, and AR in ovarian tissue of
PCOS mice. (A) Protein levels of AR, CYP19A1, and CYP17A1 in mouse ovarian tissue as determined by Western blot, n =
6 per group; (B)-(D) Densitometric analysis of protein levels for (B) AR, (C) CYP19A1, and (D) CYP17A1, n = 6 per group;
(E)-(G) mRNA expression levels of (E) AR, (F) CYP19A1, and (G) CYP17A1 in mouse ovarian tissue measured by RT-qPCR,
n = 4 per group; (H)-(J) Immunohistochemical (IHC) analysis of (H) AR, (I) CYP19A1, and (J) CYP17A1 in mouse ovarian
tissues, showing protein expression levels and localization, n = 3 per group.

4. p-BEEExT PCOS /N BIELALIR CYPI7AL. CYPI9AL. AR FIZEEFI mRNA FiARIFNT. (A) Westernblot 1
MERIREELALA H AR, CYPI9AL F1 CYP17A1 KIEHKF(n = 6); (B)~(D) ARA AR\ CYPI9A1 F1 CYPI7AL Y
EBRKFEREEST(0=6); (E)~(G) XA RT-qPCR #&M/NFRINELRLIF AR, CYPI9AL 1 CYP17AImRNA HIFR
EMRM=4); H)~J) KX AR, CYPI9AL, CYP17A1 ZE/NRIVEFHRIAKEFRIAGME 0 = 3).
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