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Abstract: Polycystic Ovarian Syndrome (PCOS) is a common gynecological endocrine disorder that severely affects the reproductive
health of women of reproductive age. Metformin (Met) is currently widely used in clinical practice; however, its application is still limited by
certain side effects. Hesperetin (HSP), a natural flavonoid compound, exhibits antioxidative and anti-inflammatory properties, but its effects on
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ovarian fibrosis in PCOS and the underlying mechanisms remain unclear. This study aimed to investigate the therapeutic effects of HSP on
ovarian fibrosis in letrozole-induced PCOS rats and to elucidate its regulatory mechanism involving the TGF-f/Smads signaling pathway. After
intervention, body weight, estrous cycle, ovarian histopathological changes (HE and Masson staining), sex hormone levels, lipid profiles,
oxidative stress indicators, and insulin resistance index (HOMA-IR) were evaluated. In addition, gRT-PCR and Western blot analyses were
performed to assess MRNA expression of antioxidant-related genes and protein expression of the TGF-$/Smads signaling pathway. The results
showed that HSP significantly reduced body weight in rats (P<0.05), restored estrous cyclicity, and improved polycystic ovarian morphological
changes. Both low- and high-dose HSP treatments decreased serum testosterone (T) levels (15.70% and 32.92%, respectively) and LH/FSH
ratios (69.45% and 77.05%, respectively), while increasing estradiol (E2) levels (1.32-fold and 1.28-fold, respectively). HSP also improved
dyslipidemia and insulin resistance, as evidenced by reduced HOMA-IR (39.14% and 42.97%, respectively), and alleviated oxidative stress.
Mechanistically, HSP inhibited abnormal activation of the TGF-£/Smads signaling pathway and downregulated the expression of a-SMA and
CTGF, thereby attenuating ovarian fibrosis. These findings suggest that HSP may exert therapeutic effects against PCOS-associated ovarian
fibrosis by modulating the TGF-f/Smads pathway, providing a theoretical basis for its potential as a therapeutic agent.
Key words: hesperetin; polycystic ovarian syndrome; TGF-A/Smads pathway; oxidative stress

LRGN ELEAAE (Polycystic Ovarian Syndrome, PCOS) &—Fhi WIHAR N /- ibicis, 2&SsE o«
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SE—UCR ARSI MRE . FEMRE R 340 B2 51 25 LBk A 7T S2 56 07 S 1 s izttt , AR B S:
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1.8 MmiE. Anfig A AT AS
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BN (2). ELISA & MMIE S TC. TG, HDL-C. MDA. SOD. CAT Al T-AOC 7K.
F xF,
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SRR RTIA 7R, RT-qPCR V40T HATHER (Gpx3. Gstad. Cat. Prdx3. Gsr #1 Mgstl, 51#1551#
W7 1, GAPDH /K FHIT W Stritith, FT 2-8°C J5idofg Hogb AT At e Ak 3.
1 519971
Table 1 Sequences of primers used for quantitative real-time PCR

Gene name Primer sequence (5-3") Primer sequence (3’-5")

Cat CAGAGGAAAGCGGTCAAGAA CATTCTTAGGCTTCTGGGAGTT
Gpx3 GACATCCGCTGGAACTTTGA CCATCTTGACGTTGCTGACT
Prdx3 GGATTCCCACTTCAGTCATCTT AGTCTCGGGATATCTGCTTAGT
Mgstl CCACCTGAACGACCTTGAAA CTGAAGTGAATGAGGGCTGTAG
Gsta4 GCTGGAGTGGAGTTTGAAGA GTCAGTAGCATCCCGTCTATTT

Gsr ACCACGAGGAAGACGAAATG ATCTCATCGCAGCCAATCC
Gapdh GGTTGTCTCCTGCGACTTCA TGGTCCAGGGTTTCTTACTCC

110 AL E ARG E G Wl A7

HXUPEL1Z1 40 mg, HIAN 250 pL AL4VE AR, RA KZ-IN RSB . 412 000 rmin™
B0 5min f&5, BUEG EIER. H BCA SEME G SE R EKEE . WEEREEME 6%8L 10% ek
FRN-SR A L e Bk (Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis, SDS-PAGE) 43 Bi)&, i
AW )% (Polyvinylidene Fluoride, PVDF) fi. 5%fifad- @ =iEd i 2 h Jo5, F TBST ¥E/E 3 ik (R
10 min) . FEEIIAN—H0, 4 CHIRME I (F5E 60 rmin®) . —HiMBE I }: TGF-A1L (1:1 000) . CTGF

(1:500) . p-Smad2 (1:1000) . Smad2 (1:1000) . p-Smad3 (1:1000) . Smad3 (1:1000) . Smad4 (1:1000)
Smad7 (1:500) . a-SMA (1:1000) . GAPDH (1:1000) . TBST ¥/ 3 ¥k (43¥k 10 min, 120 rmin™) J&, N
AR HE (1:7000) , =IEFEE 1h (60 rmin™) o TBST FRAVERE 3 ¥k (/K 10 min, 120 rmin™) J&5, fiif
WA ROCBUE i R GG, LA GAPDH fEAN S H, RH Imaged w8 1 5% AR FEAR HEA T € B 03 # e

111 BRI

K SPSS 27.0 eit AT HHE s BRERIAZAT A EEAE R Imaged BRAFHEATRLIN 70 4rs Skl R IE
K GraphPad Prism 9.5 B4l AT Bty LT8R (MeanSD) Koo 41Xt A4 n=5 /IMEASLRR R
ity SRARRIZRTTZ 20T (One-way ANOVA) #EATZ B ELEL: Srittait ™ AT IESE. J7 25X A5G,
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FFE 7 558K LSD /56, J7ZANTE KA Tamhane’s T2 AFRSF IR ELES, BB INEEA 7 22, JRIERSS
BRI KK EN 0=0.05. FRFPAFEFFSHRRAHNZEFEE (P<0.05).
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Fig.1 Effects of HSP intervention on the estrous cycle in PCOS rats

E: (a) BREEHRIREEX AN AB@mIAIE (<00) . (b) RR £ KR HEeTE &k, P )4 (proestrus) ;
E: #hEH (estrus) ; M: /80 (metestrus) ; D: htFiRl# (diestrus) .
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AL, i ] & EL R PP O LD RE B AL AR O R bR, B RN B T e R sl IR il 1b P, 51E
HXTREZHARLL, PCOS BV KR BIEEI (D) WhE & tertE, aifEE (M) 3itER (B, ZhiEard (P
I IE] o5 LoD, FAE P E RS E IR . 5 PCOS BAYZHARLL, Met 2. HSP 4K ER B RIS (] 5 LU RIS,
BNIEIA BIEHTIE & T

2.2 HSP Tzt PCOS K 91 & 7 A & vl

Control PCOS PCOS+Me PCOS+HSPL PCOS+HSPH

100x

£
; S St
€ FEIRYIKEN, Y

/4 etk
ﬁﬁlﬂiﬁﬁﬁ‘(ﬁg, R H R

—> AR AL, StnE
& 2 #EETFX PCOS KERIFERASHIFN (HE Rf)
Fig.2 Effects of HSP intervention on ovarian morphology in PCOS rats
JE: | R=200 pm, XK 4] R =400 pm.
Wkl 2 s, Control 415F S R FALT, AT WANFIR BBt DRI s f4, RBokidiilAEs) 5% . PCOS Filid]
GUEL R B R, A TN TR ORI PO, ORI R A, AR D . 22 Met AT HSP 73
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3 B ETiXS PCOS KR ZEK TS
Fig.3 Effects of HSP intervention on sex hormone levels in PCOS rats

E: (a) FSHKF. (b) LHAKF. (c) LH/FSH M. (d) E2KF. (e) TsKF. 5 Control Z848*P<0.05, **P<0.01.
5 PCOS 2848 #P<0.05. ##P<0.01. FTHE.

Wik 3 fTzis, 5 Control 41AHEL, PCOS #EFRYZH A BR IMLIE T /K7 T 1.37 £i%, LH/FSH EUAE 5 3.87 £i%(P<0.01),
LH 7K 152 £ (P<0.05) , E2 il FSH 7K 73 Al 44K 28.89%7H 58.18% (P<0.01) . f&£ PCOS fIkfEH, T
2§ GNRH 2 7t (it BEVE kAL 28 o L IVE I, PCOS £ IRIAFAE S THE AT IS 2548 GnRH X 1%
PAMEIAEUR, SERRERE N, AHIN LH P28, BRH1 FSH B4, LH i skcor 2, sk
— R AR A L 2 MR, BE)E, mACTRRESE L, NS5 GnRH BRiR i, #E—08
HARAPEE 2 LHPY, 51K 7Y EFLACEMIERR . b, GnRH MBI FSH 4N, MMM 1 IR
AR B2 5P, AR RS FiRgipm. 5 PCOS 4k, PCOS+Met 41 T. LH/FSH HLfEAT LH
IR 2 PR (P<0.01), E2 7K - i 2 TH 1 (P<0.05); PCOS+HSPL 41 T LH/FSH FUAE AN LH /K1 2 FAR(P<0.01);
PCOS+HSPH #H T. LH/FSH ELEAN LH /KPR (P<0.01) , E2 /K FEET R (P<0.05) . LA EZEH R,
HSP n] A #%43% PCOS KE MR ZEL, HEmA BRI TR . MR i o] DA R R E B B op
MR AR, TR B0 S R,

24 HSP THixt PCOS K R & i fls o9 % 7

WHFiRE, PCOS &3 g T A et o R AENERERY, 2 50%~80%1] PCOS 2> HHHl-&r M AT LT 5 3k
FHATHINRE TR, 30%~35% B H BURETH B2 B, 7F 28 d Seibid ferh, 4K RIMG R B TEH) B2
st (8 4a), PCOS HIAYZH K A4t s b [MRFEE i, RILH B R EIKES. 5 PCOS HAIZHAHLL,
Met 2H J HSP “F-TiZH 355 o] A [FIFE FE IR 4ot B g Ta R, o =i HSP AEFHE 9B 2. 5 Control 20K BRAHLL,
PCOS A KA EEEE (P<0.01). 5 PCOS 4AHLL, Met ZH1A)5 & B EF(K (P<0.01), HSPL 1 HSPH 4t
FHIE PCOS KER A & 23 (P<0.01. P<0.05). WK 4c fii7r, 5 Control 444HEL, PCOS 41K TC. TG 7K
“F-Ftr, HDL-C 7K FF#{&; 5 PCOS diAftk, PCOS+Met 411 TC. TG /K F R %, HDL-C /KF-F+, PCOS+HSPL
HAf TC. TG /KF FF%, HDL-C /K°FJE, PCOS+HSPH 41 TC. TG /KT EE 4K (P<0.05), HDL-C /K VTt .
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Fig.4 Effects of HSP intervention on body weight and lipid profiles in PCOS rats
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