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Discovery and Optimization, Guangxi Engineering Research Center for Pharmaceutical Molecular Screening and Druggability Assessment, School of

Pharmacy, Guilin 541199, China)

ABSTRACT: AIM To investigate the effects of total flavonoids from Crataegus cuneata (TFCC) on improving
letrozole-induced polycystic ovary syndrome (PCOS) in rats. METHODS The female SD rats were randomly
divided into the control group, the model (1 mg/kg) group, the metformin (265 mg/kg) group, and the low-
dose and high-dose TFCC groups ( 140, 280 mg/kg), with 8 rats in each group. The rats had their estrous cycle
detected by Papanicolaou staining assay; their ovarian histopathological changes observed by HE staining; their
fibrotic area determined by Masson staining; their serum levels of TG, TC, LDL-C, HDL-C, MDA, and
activities of SOD, GSH-Px and CAT measured using microplate method; their serum levels of T, E,, AMH,
LH, FSH, and LH/FSH ratio determined by enzyme-linked immunosorbent assay; their ovarian mRNA levels of
SOD1, SOD2, CAT, GPX3, GSR, PRDX3, GSTA4, MGST1 assessed by RT-qPCR; and their ovarian of
protein expressions of a-SMA, CTGF, Collagen I measured by Western blot. RESULTS Compared with the rats
of the model group, the rats in each administration group displayed restored estrous cycle rhythm, slowed down
ovarian polycystic progression, decreased serum levels of TG, TC, LDL-C, T, AMH, LH, LH/FSH ratio and
ovarian protein expressions of a-SMA, CTGF, Collagen I (P <0.01); increased serum HDL-C, E, and
FSH levels, and activities of SOD, GSH-Px and CAT as well (P<0.05, P<0.01); and elevated ovarian
SOoD1, SoD2, CAT, GPX3, GSR, PRDX3, GSTA4, MGST1 (P<0.01).
CONCLUSION TFCC may exert a therapeutic effect of attenuating ovarian fibrosis on PCOS rats by ameliorating

mRNA expressions  of

their hormonal imbalance and abnormal lipid metabolism, and reducing their oxidative stress.
KEY WORDS: total flavonoids from Crataegus cuneata; polycystic ovary syndrome; sexual hormone disturbance ;

abnormal lipid metabolism; oxidative stress; ovarian fibrosis

ZBEIN L LZEEAE (polyeystic ovary syndrome,
PCOS) J& & W 2 DL B — T P 2 A AR 1k
Mo EHE SN, HOR R LA 8% ~13% 1.
PCOS I RAE R = 22 2 B0y e R 3% Il | HE O
TRERERT . RS R, MASSE | BMERE, T
JHEAE O B AR B2 RE A 32 2 SR Al | AR AR
JERAE | B RICHUR = M E KA A
WFFEHEsn, PCOS S YR IOMI L s P 48 Ak BL 0K
-k A 3 PCOS MTEE R 2 —1

FLLE, AR “EPIIAE”, Dy pRH e B
¥ Crataegus cuneata Sieb. & Zuce. BT 1 AR
52, 2TV R e RS2 A, b
ISR, BRPREN ;IR LIRS, BRI . BN
WHRARSR, IR S aY, HHEAL
IS i, BAPIR. . PiR. Bl
PURTE . ST SR L R A B
AP O LR i e B L D02k, BOA 2 Bih O 4
PRI RIR G AL, T 1L TR A B0 O il
MU OB R S HOF R E | (e TR 18 52 55 AR )
SENEPEN S HEG, X AE s R L L g
HE, MR I RPT IR AT SRR

AL BB (total flavonoids from Crataegus cuneata

TFCC) X} PCOS KEMEMZE . IR, ALk
KA MGEER, AR PCOS BT iR 12
fi—E A BB
1
1.1 #4 SPF gtk SD KR 40 B, K&
190~220 g, 5 Jili%, W A ) R 3 o DU A= M R4
ey A5 BR 2> | [ 5256 sh W A 77 VF T IEYS SCXK
(B) 2020-00057, fulFe TR B 2 5 52 56 sl ) v
> SPF iy s [ 5250 sy di 7 v UE S SYXK
(k) 2020-0005], 12 h/12 h B B51E 30, & 3
(2422)°C, AHXFIRHE 50% ~60% , HHHEE, &
K, AR AR EE A B S R B B T
it (8FES GLMC-IACUC-20241030) ,
1.2 &AL HY  pEIIERET) PR A R X
TR MM, 2 Vi EE 2GR B H S5 st
MM E N IE S, —H XK (metformin, Met) | &
Himk (285 S30880, S25071, b ifEIEN-AMRHE A
BRAFD) s BRH 4R (185 1010670204600, 7
Rk R ARAE); BREAK (175
125063103, F§ AR as AR ) ; Masson
=ik & (525 BP-DL021, 74 5 A% WA
YR AR A T); DNA Wik FidH & (85
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MRO5101M, AR AEHARAGRRAF) ; TRIzol
A (5 15596018CN, 3¢ [H Thermo Fisher
Scientific 2 7] ); 2¢ V¢ & & ik H &, «-SMA,
CTGF . Collagen 1 . GAPDH #i{k (%75 D7262,
AF0048 . AF6582, AF1840, LifF# = KAEWH A
B BERRAT); 2 (testosterone, T) . M 1
(estradiol, E,) . T2 ¥ ¥ % ( anti-miillerian
AMH ), @& & 4 il R
hormone, LH) . 5Py 4l # & (follicle stimulating
hormone, FSH) X7l & (%% MM-0577R1, MM-
0575R1 MM-0219R1 MM-0624R1 , MM-
70867R1, TL75 M % Lok A R 2 w]) 5 H it = i
(triglyceride, TG) . & AH[# EE (total cholesterol
TC) . R ENGE HHERE (low-density lipoprotein
cholesterol, LDL-C) | =% BG4 FIEIE B (high-
density lipoprotein cholesterol, HDL-C ), N —. &
( malonaldehyde, MDA ). #8 % 1k ¥ b 1k [
( superoxide dismutase, SOD) . 7 Mt H MK AL
fitf ( glutathione peroxidase, GSH-Px) . % 4k &M
( catalase from micrococcus lysodeikticus, CAT) i
H& (585 ADS-W-ZF013, ADS-W-ZF014 . ADS-
W-D012, ADS-W-DO11, ADS-W-YHO002, ADS-W-
KYO11, ADS-W-G003, ADS-W-KY002, 71753

hormone (' luteinizing

A YRR BR AT .
1.3 % YZ-360DB WIS KA (L

AR B ABRAT]) 5 N-1300 hedez8 & (b
1 Z AR A A D) 5 FreeZone WU THEHL (32
Labconco A 7)) ; Allegra 64R 15 ¥4 Uk 5 .0 ML
( £ Beckman Coulter /A 5] ) ; Leica DM4B 1F & 2¢
B (TEE Leica 22 F)); KZ-M-F B EE AL,
SCG-W2000 f 2 B R G0 (BDUFE4E IR L)
BHHEAR/AE) ; Varioskan LUX 2 KA X £
IRERALIRZEEAYL . Nanodrop 2000 fl e #% R 2 H
5 AL, MiniAmp # P 28 4%, QuantStudioTM 6
Flex SEH} 28 Y6 %€ 8 PCR % 4t Fl StepOnePlus 32 B
Wt E & PCR Y (3 Thermo Fisher Scientific
~HEl)

2 HiE

2.1 TFCC %l & & & F#al frg i RLE T
70 CHEFE R LT R R iE, it 60 H R, fRAFAT
o BUGEEMAR, #RNRLEE 1 25 A 50% 1,
7E 60 °C T HARE 40 min (P 250 W), 6
U, UBWK 50 C T EA WA K, WikTH, MG
TFCC, T-20 CIKFMRAF&T, LIS T BRIk
3936

FEAREAAR (X)), WOLEE NS (Y), B
A Y=7.056X+0.001 5 (R*=0.999 8), %5443
TFCC ik (73.2+4.88) mg/g,

2.2 5B AE T K40 HHEME SD K EBEHL
Ay SRR IR | REEIA] UL R TRCC AR . &5
M, a8 N, dEmsE 1 JHE, XRAKR
RUEE S TAEME K, BSR4 KBS S TR
ME-CMC IR B (1% CMC+3 i 1 mg/kg), —
FHOBUNRZR A B3 0l 5 465 3 o il ms-CMLC. VB 5
T HRK (265 mg/kg) ™, TFCC AR, @ik
UK 43 0l S 45 7 ok e -CMC TR B R TFCC
(140, 280 mg/kg) "', %L 28 d,

2.3 KEAFHEAMERN  SLREEHERFT 10 d, BER
XF 4% 2H R B AT B OE U Rk A, W5 L g 1 A
WO A B ER KR T ) G TR R 25 4 ALK BB
BEPY, ETEIER: 1 RSEC, VTRl — 7 R 20
WHRT IR b, BEET, 95% & B EE 15
min, I P PG (K W Sl 1 R 30

2.4 KREAMAKK, BH RN LU REF
M RKIRG A, BKEEE 12 h, 2% IR OB
(10 mL/kg) JHREFRE, EHEUAK, 115 Lee’ s 48
8, AN Lee’ s 8% = (AT x1 000) /{k
K1V, MEESIKBUM, & 30 min, 4 °C . 1 000x
g B50 10 min, WCHEIMTE . J3 25 A A 00 B 50 o i
Jeli, TS PIERG AR B, 2= AR A
XHEiE = (NERR I BT/ R BUA BT R ) x100% .
4% 2o JE W RE [ o — M B0 5370 1~ TR AR D, A
I, VIR G 4T HE Al Masson He 8, R3EE T
ELOREL | BRI SUR B~ AR 4k, I Tmage J
AT A - AL A AR 7 A A T AR

2.5 i AT ARAEM R REASE ELISA 57 &
VERH B4 0 L% T. E,. AMH. LH. FSH /KF,
JEIHSE LH/FSH oAl A 0 Sob 325 46 I 1L v TG
TC. LDL-C, HDL-C, MDA 7K~FF1SOD, GSH-Px,
CAT itk

2.6 RT-qPCR & #& @ 9p £ 41 4% SOD1, SOD2,
CAT. GPX3. GSR. PRDX3., GSTA4. MGST1
mRNA &35 ] TRIzol 5 $2H 20 mg K RBP4
215 RNA, KIS RNA e RE ;442 18 5 % sk n) &
AT W5 S v, I SYBR®  Green 7 iR %Y
qPCR XA G ATV B, SIF5E 1, ”
N2 A 95 °C AR ME 2 min, 95 C Ak 15 s,
60 CiB & 30 s, 3L 40 NMER, LI GAPDH N2,
O 2788 A T AR X S s AL
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Tab.1 Primer sequences

B EmFF(5'—3") S 3 (5 —3")

SOD1  GCGTCATTCACTTCGAGCAG TGGACCGCCATGTTTCTTA
S0D2  TCACAGCATTTTCTGGACA  CAGCCTGAACCTTGGACTC
CAT GTTTTCACCGACGAGATG ACCTTTGCCTTGGAGTAT

GPX3  CTGGTCATTCTGGGCTTCC GCTCTTTCTCCCCGTTCA
GSR GGAAACTCGCCCATAGACT TGATACATCGGGGTGAAGG
PRDX3  CCCTTTGGATTTCACATTT TCTTTCTTGGCGTGTTGAT
GSTA4 AGACGGGATGCTACTGACA  TTTTCCTGAGGGGCTTTAA
MGST1  TGAACGACCTTGAAAACAT ACAAAGTAACTCCGTAGCC
GAPDH ACAGCAACAGGGTGGTGGAC TTTGAGGGTGCAGCGAACTT

2.7 Western blot 4 97 £ 20 22 o-SMA . CTGF,
Collagen | &@& &k HUKERIIHELAL 30 mg, H
o A i R PR D 7RI Y RIPA R 24, 4%
WHEH, BCA LR E R S, PEREHEA,
AR EREGE s EAT A8 M, W iR A A
il # SDS-PAGE #Mie, bR, ik, MBAEERE
PVDF i, 5% Ji s WiAs s 041 2 b, 2050 m A

a-SMA (1:7000)., CTGF (1:500). Collagen I
(1:2000). GAPDH (1:1000) ¥ifk, 4 CIHgE
%, WHIMAZHL (1:20000) ZFEFE 1 h,
ECL XG5, L GAPDH A%, jliit Image J
A AT R H KB,

2.8 St F 44 i@id SPSS 26.0, Graphpad
Prism 8. 3. 0 X TAL S, THEVORILL (xs) %
N, ZAE ECR R R T 2208, R L
BRI LSD K3 5:, 7722 AN55 K H Tamhane’ s T2 £
55, P<0.05 FnEFHAGIEE X,

3 #R

3.1 TFCC *f PCOS X Ak Al A Ee Fra K
R EC SR Y P W ] P a D |
Mz, HANURA 2 b il b R E A
YA, A% T B A0 RN fA b B e 40 B 9] 3 AR
[F] 5 ZAB TR AR A 32, BEAYZH K R Bl s
JIARA, KWL T3 gm0, SRR iR,
AR K R B A W R 2 e, LR 1

B 1 TFCC 3§ PCOS X R 3N1ER KT
Fig. 1 Effects of TFCC on the cell motility in stages of the estrous cycle of PCOS rats

3.2 TFCC #f PCOS K 9P L0 MehFoa X
HRZA KRN SR, BER R B IER, TR,
EjXTHRA s, A ZH KRR O S 41 2Oyt o S e
ook, IEHI . B SRR D> (P<0.01),
FEPEDIL . AT BN (P<0.01), R4
2R R SRR A, —H IR TRCC
frn e 2H R FRE M By AN AT B v ek /D> (P<0.01)

HAECEITN (P<0.05, P<0.01), /UKL HE)Z )5
FERGN, VLK 2, 48R TFCC Fn—H UK AT LA Ré ik
3 PCOS KREINEIEA, (ot a SAHR,

3.3 TFCC #f PCOS X Rk A=, #hK, AR
B g KT ey Rem SRR Mg, B R R
By JE LA 7 200 6L B e 3G K, HESAS RO, AR BT o
Lee’s 650, PINERG Wi AHX B . 5 S F6 g s 240
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M AT (P<0.05, P<0.01); SHiBIAH L, i, R JE LRG0 A T AR R AR (P<0.05, P<
BB RKBRIRT R . Lee’ s 1880, WAERRHIAHXT  0.01), W2, K3,

H . HF Fos@RMINEEH, CFRREMINIE, ATF RSO0, CL R Bk, §ikdem Boki i)z, 5x 4t
#,MP<0.01; HEALILEL, * P<0.05, ™ P<0.01,
B2 TFCC ¥ PCOS XRIPEARARZHHM (¥2s, n=6)
Fig. 2 Effects of TFCC on ovarian morphology in PCOS rats (x+s, n=6)
%2 TFCC 3t PCOS XRMAERE, AKENAMHHEN TR (x5, n=6)
Tab.2 Effects of TFCC on levels of body weight, Lee index and visceral fat index in PCOS rats (x+s, n=6)

251 MR/ g AR/ g Lee’ s 6%k PR U 4 X I £/ %
popitstil 175. 505+3. 541 281. 122+8. 337 23.728+0. 072 1. 646+0. 321
PRI L 175. 480£8. 936 350.293+14. 491** 25.013+0. 483" 2.041+0. 127*

IR 176. 315+4. 781 288.117+11.817* 23.677+0. 198 ** 1. 443+0. 146 ™
TFCC &7 &40 176. 032:£6. 843 299. 877+13.921 ** 23. 800+0. 349 ™* 1. 586+0. 261 *
TFCC #5741 175. 672+3. 998 292. 080+5. 988 ** 23.726+0. 113 * 1. 450+0. 166 **
. SXFIRYLIE,*P<0. 05, P<0.01; SR A, * P<0.05, ** P<0.01,

H. 5 A R, ¥ P<0.01; SHEBA T, = P<0.01,

B3 TFCC 3} PCOS KR FEREERALFSNINE (%100, x5, n=6)
Fig.3 Effects of TFCC on periuterine adipocytes morphology in PCOS rats ( x100, x+s, n=6)
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3.4 TFCC 2 PCOS X R f&27% TG, TC. LDL-C.

HDL-C R-F89 % 5% R g, MR KR
MLy TG, TC, LDL-C /KFEF+#E (P<0.01), HDL-
C KRR (P<0.01); SHIAIL]RER, 452541

KEIME TG, TC, LDL-C /K FFE{% (P<0.05,
P<0.01), HDL-C /KFF+& (P<0.05, P<0.01),
W33,

%3 TFCC % PCOS X MiEF TG, TC, LDL-C, HDL-C /X EHIZ0E (mmol/L, x+s, n=6)
Tab.3 Effects of TFCC on serum TG, TC, LDL-C, HDL-C levels in PCOS rats (mmol/L, x+s, n=6)

20 5] TG TC LDL-C HDL-C
Xf IR ZH 0. 970+0. 192 1.481+0. 151 0. 824+0. 162 1. 300+0. 203
HiRIZH 1. 793+0. 051* 2.805+0. 341% 1.427+0. 113% 0. 818+0. 053*
ZHIXUI AR 1.2100. 296 ** 1. 804+0. 102 ** 0.875+0. 185* 1.341+0. 113 *
TFCC &5 41 1.412+0. 186 * 2.013£0. 073 * 1. 044£0. 107 ** 1.093+0. 076 *

TFCC =77 41 0.930+0. 213 **

1.579+0. 132

0.807+0. 056 " 1.292+0.245 ™

. S5X R, M P<0.01; SR HER, * P<0.05, ™ P<0.01,

3.5 TFCC #f PCOS K & &7k T, E,, AMH, LH,
FSH /K-FZ LH/FSH Jefieg % e 5XFEAH LA,

FERIZ K BUMTE T, AMH, LH KA1 LH/FSH HAE

T (P<0.01), E,, FSH /K FFEE (P<0.01);

SRR A, A4 RN T, AMH, LH
JKF-FI LH/FSH HAEREIR (P<0.01), E,, FSH K
FTHE (P<0.05, P<0.01), W34,

&£ 4 TFCC 3 PCOS XRIMi%E T, E,. AMH, LH, FSH 7k X LH/FSH Lt BB (xxs, n=6)
Tab.4 Effects of TFCC on serum T, E,, AMH, LH, FSH levels and LH/FSH ratio in PCOS rats (x+s, n=6)

20 51 T/ (nmol - L") E,/(ng-L7") AMH/ (pg-mL™!) LH/(ng-L7") FSH/(IU-L™") LH/FSH
Xt HR 21 5. 696+0. 533 61.934+3. 163 114.256+2. 526 27.370+3. 581 15. 663+0. 846 1.742+0. 147
AL ZH 7. 342:£0. 694* 51.012+1. 464* 182.720+9. 408*  36.766x1. 469* 10. 687+0. 426" 3.4410. 081%
HOBUIAH 6.001x0. 474 58.451+1.163™  131.369+3. 139" 28.508+1.930 14.993+0. 412 1.900=0. 085 **
TFCC G E4LL  7.009+0. 572 55.112+1.968 * 144.238+14.005*  31.563%1.565* 12.860£1. 315 ** 2.467+0. 150

TFCC &4 6.072+0. 599 ** 60.902+2. 142 ™

123.471£10. 548 ™

26.405+2. 839 ™ 14.012£1. 443 ™ 1. 884+0. 054 ™

W SX R, M P<0.01; SR HEL, * P<0.05, ™ P<0.01,

3.6 TFCC *f PCOS X R f2iF MDA &K -FF= SOD,
GSH-Px, CAT &M ey%-m SXTRA L, FA
KR B MDA KFEF & (P<0.01), SOD,
GSH-Px, CAT {HPEFEAL (P<0.01); SR L

B, B0 R B MDA KBRS (P<0.01),
SOD., GSH-Px, CAT i 7/ (P<0.05, P<
0.01), W#Fs,

%5 TFCC %} PCOS X R I7& MDA 7K1 SOD, GSH-Px, CAT i&HMIZIN (x+s, n=6)
Tab.5 Effects of TFCC on serum MDA level and SOD, GSH-Px and CAT activities in PCOS rats (x+s, n=6)

21571 MDA/ ( nmol -mL™") SOD/(U-mL™") GSH-Px/(nmol min™! +mL™") CAT/( wmol +min™' +mL™")
X R ZH 0. 323+0. 050 49.298+3. 583 429.911+21. 633 86. 810+17. 925
e RIVE) 0. 756=0. 136" 37.597+2. 930" 353.302+27. 260% 40.302+7. 515%

—HUIRER
TFCC I &4
TFCC &4

46.063+3. 134"
45.120+3. 210

0. 489+0. 038 *
0.570+0. 096 *

0.443+0. 121 50.216£7. 715

429. 045£21. 595 ™
383.943+41. 895
427.062+21. 094 ™

75.391£13.993 ™
54.077+15.514
69.354£15.562 "

. xR g, " P<0.01; SR HEL, * P<0.05, ™ P<0.01,

3.7 TFCC %f PCOS X & 97 £ 28 4% SOD1, SOD2.
CAT. GPX3. GSR. PRDX3. GSTA4. MGST1 mRNA
Fikeg@rm  SXTHRAL R, BRI R DN H 4] 41
SOD1. SOD2. CAT. GPX3. GSR. PRDX3. GSTA4 .
MGST1 mRNA LML (P<0.01); H5HEIAIA
L K25 RN E 4 4 SOD1, SOD2 . CAT.
GPX3. GSR, PRDX3, GSTA4, MGST1 mRNA #ik
JHE (P<0.05, P<0.01), VLK 4,

3.8 TFCC #f PCOS KR IF L4082 P 4F e B F 49
wem SR L, BIRVAH KRR O S A AU R 2
AEEFRT R (P<0.01) 5 SERIA N, S45244
K IP B L A Ae T FRREAR (P<0.01), UL
5, SXTRAL b, AR R R0 H 414 «-SMA |
CTGF, Collagen [ HFHFRZXFH (P<0.01); S
BRI T, B2 KIS Z o-SMA | CTGF
Collagen T ZFEFIFIEREAL (P<0.01), W 6,
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Fig. 4 Effects of TFCC on ovarian mRNA expressions of SOD1, SOD2, CAT, GPX3, GSR, PRDX3, GSTA4,

MGST1 in PCOS rats (x+s, n=6)
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Fig. 5 Effects of TFCC on ovarian fibrosis in PCOS rats (x+s, n=3)
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Fig. 6 Effects of TFCC on o-SMA, CTGF, and Collagen I protein expressions in ovarian tissue of

PCOS rats (x+s, n=3)
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