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[ Abstract] Objective To investigate the effect and mechanism of hyperin on the improvement of ovarian
reserve of tripterygium glycosides (TG)-induced primary ovarian insufficiency (POI) in mice. Methods Adult female
BALB/c mice were used as research subjects and were randomly assigned to the control group, POI model group and
hyperin treatment group, with 40 mice in each group. TG was given at 40 mg/kg twice a day by gavage for 2 weeks to
create the POI mouse model. Mice in the hyperin treatment group were given hyperin at 75 mg/(kg-d) by gavage for
4 weeks after the model was established. The body mass of the mice was weighed and the gonadal index was calculated.
Ovarian histological changes were observed by HE staining, and the number of follicles at all levels was calculated. Serum
estradiol (E,), follicle-stimulating hormone (FSH), anti-mullerian hormone (AMH), superoxide dismutase (SOD) and
catalase (CAT) were assessed with ELISA. The mRNA and protein levels of nuclear factor (erythroid-derived 2)-related
factor 2 (Nrf-2), heme oxygenase-1 (HO-1), Caspase3, Bcl-2 and Bax in ovarian granulosa cells were measured by RT-
gPCR and Western blot. The protein levels of phosphorylated phosphatidylinositol 3-hydroxy kinase (p-PI3K) and
phosphorylated protein kinase B (p-Akt) were measured by Western blot. The reactive oxygen species (ROS) levels in
granulosa cells were determined by H2DCFDA. The apoptosis of granulosa cells was examined by TUNEL assay.
Results Compared with mice in the POI model group, the body mass and gonadal index of hyperin-treated mice
increased (all P<0.05). The pathological damage of the ovary decreased, and the number of follicles at all levels and
corpora lutea increased (all P<0.05). Serum E,, AMH, SOD and CAT levels increased, and FSH level decreased (all
P<0.05). At the molecular level, the expression of Nrf-2, HO-1, p-PI3K, p-Akt and Bcl-2 in ovarian granulosa cells
increased, while the expression of Caspase3 and Bax decreased (all P<0.05). ROS level decreased (P<0.05). TUNEL assay
showed reduced apoptosis of granulosa cells (P<0.05). Conclusion Hyperin improved ovarian reserve in TG-induced
POI mice through Nrf-2/HO-1antioxidant stress response and the anti-apoptotic effect of PI3K/Akt pathways.
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40% DL et RO R 2411%, 308 VAR B %250.1%,
G IS POTRIEURZL, I K A SR IR L)
5% ~ 10%", fH e A SRR . BTSRRI, A
AR AT e S BPOTI AL JF IR . Uk A 1 5
L 240 L8 T A Ay 2 BT 9 AT A 1 D P

G 22k (Hyperin) J2 /b P 2 25 22 1 1-rp 3 %2
BT 2S00, A Ry R 2 22 T 1 2 AR I P AR

PERL, RPITAG 7 MBI 25 0L L 6O 55 22 Fh B
FA—E IR 8O . Hyperin& 4 22 FMEM Z FEVE
B FE RS AR TRE A BT K B, 4 22 Bk
PR PR AT LA FIECYP17, CYP1OfEE Bl HLIH0R:
41t 43 W5 MfE 8 (estradiol, E,) A1 Z2f{ (progesterone,
P)W. R, ASBIFTE AR ST POT/IN RUBE AL f) SRt I, WL4¢
HyperinXf B8 S48 85 095200, LA SR ER ] BERYAE ik 42,
24U Hyperin B A POTER HE S 55 4 i

1 MR5ETE

L1 w7k

120 Rl 1 1E % 19 SPRUMEPEBALB/ /N, H i
8Ji, AT 119 ~ 23 g, AL, W H Wi VT 4830 F 46 52 45 5
Y ARAT BR2A R (3917 AT UE S SCXK (#7)2019-0001 ]
&N BT (tripterygium glycosides, TG)#; A W H #ivT.442%
15 AEEN 2547 PR F] L N A0.05%32 B JEEF 4 2 4h
BC Lo i ik B R4 g/ LIIR S . A 22 Bk H R R I H B K
B 2 B A U, N 0.05% 32 FY BE2F 2 R M i,
PC B BTt Ve B R 7.5 g/ LIMTRAEM o 4 Sh I P2 PR AR R
(PMSG) FA G B A2 M IR R (hCG) Bl A b5
SolarbioBlH A Fl . E,. fEIIIA B2 (follicle-stimulating
hormone, FSH) FIHT 1 #1442 (anti-mullerian hormone,
AMH) 105 & 5351 F 26 [E Cayman Chemicals/A ], 38
[ENovus BiologicalsZ\ F] F1H1 [E Cloud-Clone/A Hl, # % 1t
Y AL (superoxidedismutase, SOD ) flid & 1k & i
(catalase, CAT) IR &340 H g 5t A= PIWF5E 0T . RNA
F I AN 52 5 s iR & H H A TaKaRa/ZA 7). PCRiZ
A& A b EVazyme s wl . bt/ A FE2HOCH
F2(nuclear factor E2 related factor 2, Nrf-2) , I£1 2 Ak
fit-1(heme oxygenase-1, HO-1) , R ILBENRIENLEE-3- 72
# % (phosphorylated phosphatidylinositol 3-hydroxy
kinase, p-PI3K) | MR L2 1A B (phosphorylated
protein kinase B, p-Akt) , Bcl-2, Caspase3fIBax—#iI A
[ Santa CruzA l, St/ N GAPDH—HLAILL 4T G
T HU¥IWA H ZE[E Cell Signaling Technology /A ], PBSZE i

W ADMEM/F1285 75 ¥4 ) H Thermo Fisher Scientific/y
], — A TUNNELYE ik F &0 A 38 = KAV HOR 2>
], H2DCFDA % {57 5 F| Med Chem Express/A A
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PO/NRALAT, TG M TG+HyperinZl/N I T TGIHE
W40 mg/kg, B H 20K, #E H 28, [ 2 /N BT 2 3
EhK40 mg/kg, B H2K, HEH 28 . @K, TG+
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MR, BHRHA2 /MR, BEIEESPMSG 10 U/R,
48 /SR ETEShCG 10 U/H, TESThCG 13 hFASE. 1k
A T TBEF R B iy U9 A5 A5 I3, AC B A0 455 DI - 1) AR
AR, 375 W] BT R A AL Je Uk | B0 L B TR, SRR
TURLAN M . 20 32 H /N BLIR 5L 00K 20 i BEAIL 43 440
RA8H o 434t LR Pt i PCR(RT-qPCR) |
Western blot, 71444 /#% (reactive oxygen species, ROS) 7K
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FHURE IR F i A T /N B, IR MBI . $2 B 5] & 1t ]
P4, ELISATEAI 4 PE R E, . FSH. AMH, $itfk
¥ISOD., CATHI/KF-,
1.7 RT-qPCR#&NFRI A A #E B E Rk

YT 0k 40 it P 23 B HE B RNA, 30655 SR cDNA, LU
cDNA KRR, R HIRT-qPCRIZ A I BRI S F0R: A1 i o Nrf-
2, HO-1, Bcl-2, BaxHlCaspase3[imRNAZRIAKI-, I
K% SYBG mix 5 uL, 5#11 uL(& B35 1 9A R 514,
W PEAS 410 umol/L), cDNA 1 L, BE/K 3 uL, MAKRZR N
20 pLo #3500 G U W5 R 0 45 FL Y 28 e, IR 1%
Ct{H., BFEARBEIE L, IGAPDH NS, K 2%k
TR AR B ISR AIXT A a . Re e 1 h 4
W E YR RA A BRA AR, P A1,

F1 HRESWFT

Table 1 Specific primer sequence

Gene Sequence (5'>3") plI'J(fgl%Z}tls;)bfp
Nrf-2 F: TCTTGGAGTAAGTCGAGAAGTGT 244
R: GTTGAAACTGAGCGAAAAAGGC
HO-1 F: AAGCCGAGAATGCTGAGTTCA 441
R: GCCGTGTAGATATGGTACAAGGA
Bcl-2 F: ATGCCTTTGTGGAACTATATGGC 152
R: GGTATGCACCCAGAGTGATGC

Bax F: TGAAGACAGGGGCCTTTTTG 104
R: AATTCGCCGGAGACACTCG

Caspase3  F: TGGTGATGAAGGGGTCATTTATG 834
R: TTCGGCTTTCCAGTCAGACTC

GAPDH F: CTCATGACCACAGTCCATGC 155

R: TTCAGCTCTGGGATGACCTT

1.8 Western blot#& il B 40 B fh 48 2 B 5 RiX

RV SRR 200 M B WA R R R AR
M, 17SDS-PAGES; B, Ve i W FE 5%, 43 3 I R
12%. K BRE I ZEPVDEE b 785 5% U588 1
TBSTIFW = IREA2 hig, 251 ATL = 1 000 B
A /NENTf-2, HO-1, p-PI3K. p-Akt, Bcl-2, Bax il
Caspase3—#LPUIAK, 4 CHEF LR K HPEME, AL :
1 000F B HRPHRC I L PR —4t, ST F 1 h, Uk
JLJ P 3 s Ak 2 RO 6, BRI . PR R AR
FARRTITI A2 45 0 645 0 KA, LA B 4R 11/GAPDH

I HEAE B B9 E 1 AR RGA
1.9 H2DCFDAGEG M F 4L 240 BE I ROSK F

H4 U 1 SR 20 L i ADMEMY/F1255 3530, A
10 uL 10 pmol/LIYH2DCFDA Y (Vi ke 7, 37 CHi
30 min. BEFEE MRS AL AN, AR BN 4% £
2 B JE47 [ %2 30 min, PBSYEE2YK, I AHoechst4{f,
5 min, 50% H il A EIEROE UL, i HImage JF
HEATARXT SR BE A
1.10 TUNEL;E I BURL 4 B =7k F

WACE OISO 40 B, IACPBS, BET& 2K, 500 xgBS 0>
10 minJ5 IIARFI BN 4% 1) 2 5 H #E4 CEE L he
FE A 500xgHE5.0010 min, 3 [, IIAPBSPEA LIS,
A& 3 $00.3% Triton X-100f4PBS, %5 1M 7 5 min.
B A TUNELKG I, 37 “CHEEHFHE 1 h, PBSHE
¥k, I A Hoechst4 4,5 min, PBSPER 2, 50% H il A /G
LR AR WG T LSS, BRI T T 4n i Y
16
L11 $itERHE

BRI £ s3oR . dLIMZE R BRI ZE 7 220041
Bonferronif& 5 ARG, P< 0.05 M2 34 G125 L.

2 #R

2.1 HyperinXt/)\FR 3015 B BRI #2010

XiF R /NI e I R 5 ~ 6 dHH B — VOB 1 3h 17
JEW . TG UG /N BR8N 1% J8 1 2556 Lo )52 5 1= 7t
2JF K, JE AR RS . HyperiniBd T, /I RSl & 1)
EELHHI T, R 2285 Hl B R (& 1) .
2.2 HyperinX$/INRIEBRIEEHI 20T

ZERWIE2. TGHERE, /NIRRT R . GRS

B JEAEEL T ETRECT (P <0.05) . Hyperin

BITARE, SRR E . FEIRE. IR TERSL
FH(PH)<0.05), (5%} FEALH HLA WA (P < 0.05) .
2.3 HyperinXi I £ &I AE =R

ZER LS, B4, TGS G S8R , SERTHY
. SRR . BRI . B R TR (P < 0.05)
Hyperinify7 485, JF AR 90360 SERTORIE , SDIROPIE, B
% BT (P¥<0.05), {H- 55 BATAR HLAT AR (P <
0.05) .
2.4 HyperinXt/\5R I F M 2 7k TR 20T

ZERILES, TGIEF)A POV, IMEE, MAMHIK
SRR, FSHAKFEF 3 (PY<0.05) . Hyperiniyr 485,
ML E,FIAMHZKE = TH(PY< 0.05), {H AMHA K %} B8
H(P¥)<0.05); FSH/K -5 TG b & ) o B & 48 fk
(P>0.05),
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& 1 HyperintW TG SHPOINRENIEE RN ( n=40)
Fig 1 Effect of hyperin on the estrous cycle in TG-induced POI mice (n=40)

*P<0.05, vs. TG group and TG+Hyperin group at the same time point; # P<0.05, vs. TG+Hyperin group at the same time point.
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Fig 2 Effect of hyperin on the body mass, gonadal mass and gonadal index of TG-induced POI mice (n=8, X £ §)

*P<0.05.

2.5 HyperinX{/NR MiF A R BIEIRHI RN
iR WE6. TGHES/EMPOI/NE, I SODFI
CAT/KFFEAL (P <0.05) . Hyperinif ¥y 48 & 1L
SODHICAT/K [ TH(PH< 0.05) , (EATHE T FR2H (PHy <
0.05)
2.6 HyperinXd B 40 A i & 46 2 HH 5% B F A9 220
ZE IR I 7. Western blotfIRT-qPCRE/~, TGIES:
JE BPOL/N R, Nrf-2 FITHO- 17 F FImRNA FE ik R i (P
< 0.05); Hyperinib ¥4 J5, Nrf-2FIHO- 15 1 Fl

mRNA A EH(PH¥<0.05), HABME T XA (P <
0.05)
2.7 HyperinXt BRI 4 i HROSIK T A 22 M

LEILLIEI8, X HRZHROSIKF-1.05+0.05, TGS 5 Y
PO/, ROSIKF-2.63+0.15, 3% FR41 |- F+(P<0.05) .
HyperinZb 34 J5, ROS/KF1.66+0.08, X TG4L I, {H
AT F X R (P¥< 0.05) .
2.8 HyperinXt B 240 HUE T4 X B F R0

ZE R LE9, Western blotHIRT-qPCRIE/R, TGS
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B 3 HE/NRIEALHEREEF ox40
Fig 3 Representative picture of ovarian histology stained with hematoxylin and eosin (HE) in different groups of the study. x40

Control group in which standard ovarian structure is evident (A). TG group in which severe ovarian damage is apparent (B). The TG group treated with hyperin in

which there was an improvement in the ovarian structure (C and D). Orange, blue, green, red and yellow arrows are pointed at primordium follicle, preantral follicle, antral

follicle, preovulatory follicle and corpus luteum, respectively.
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Fig 4 Effect of hyperin on the the number of follicles at all levels and corpus luteum in the ovary of TG-induced POI mice (n=8, X % §)

*P<0.05.

*P<0.05.
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Fig 5 Effect of hyperin on the serum E,, FSH, and AMH levels in TG-induced POI mice (n=8, X+s)
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Control TG TG+Hyperin Fig 8 Detection of ROS levels in granular cells by H2DCFDA. x200
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Group A: Control group; B: TG group; C: TG+Hyperin group; a: H2DCFDA; b:
Hoechst; c: Merge.
B 6 HyperinX TGF SHIPOI/MNR MBESODFICATHI# M ( n=8,

- Grou
xXts) p

Control TG TG+Hyperin (M,, x10°)
Fig 6 Effect of hyperin on the serum SOD and CAT in TG-induced POI
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::) 3 1.0 group S
R
§ 0.5 @ p-PI3K  p-Akt Caspase3 Bcl-2 Bax
(of
0
== Control gro
(B Nrf-2 HO-1 6 — ' =mTGgroup T %
; _* *  ©@TG+Hyperin =«
15, X I B ~ 54 group
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= group =38 *
L O e~
£ & 0.5
=85 @ Caspase3 Bcl-2 Bax
o~
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Nrf-2 HO-1 9 HyperinX TGH FHIPOL/N B ML 41 Bt H p-PI3K . p-Akt.Bcl-2.
Bax#ACaspase3ZE H/KF (A, B) MK Bcl-2.BaxfACaspase3
B 7 HyperinX TGE SHIPOL/NRBMI M HNrf-2 F1 HO-1ZEH (A, mRNA (C) RiIEWFI (n=8,X* 5 )
B) #imRNA (C) RIXKIZMN (n=8, X+ 5 ) Fig 9 Effect of hyperin on the protein levels (A, B) of p-PI3K, p-Akt, Bcl-
Fig 7 Effect of hyperin on the protein (A, B) and mRNA (C) expression 2, Bax and Caspase3, and mRNA expression levels (C) of Bcl-2, Bax
levels of Nrf-2 and HO-1 in the granule cells of TG-induced POI and Caspase3 in the granule cells of TG-induced POI mice (n=8,
mice (n=8, X + §) X+xs)

*P<0.05. *P<0.05.



464 PUNT S22 (B2 )

5 524

JEPOI/NRR, p-PI3K., p-AktMIBcl-27E £ i5 T,
Caspase3 fllBax# 335 I (P¥)<0.05); Bcl-2 mRNAZR
AT, Caspase3f1Bax mRNAZRIA Fifl (P})<0.05) .
HyperinifiJ7 48 J5, p-PI3K. p-AktFIBcl-28 H ik 1A,
Caspase3 FlBax i H 215 T 1 (P44 < 0.05); Bcl-2 mRNAZR
5 F1#, Caspase3Fl1Bax mRNAZ A T i# (PH<0.05) .
2.9 HyperinXtFHi 28 B =7k #8200

S5 RILK10, TUNNELEEAGIN 7R, A NS, XF
HE 9 T 1 UKL 40 B Ry (2.40£1.35) 4>, TGS F /5 11
POUINR, 8 T2 B RURLAR I A (11.60+2.74) 4, H500F B 2118
fn(P<0.01), HyperinZb 348 J5, 8 1= (%) 0k 48 it
(5.15+1.57) 1, BTGHUL T B, (HA 5 T X B4 (PH <
0.05)

B 10 TUNEL 4 JUHUH 48 AR -7k F . x 200
Fig 10 Detection of apoptosis levels in granular cells by TUNEL. x200

A: Control group; B: TG group; C: TG+Hyperin group; a: TUNEL; b:
Hoechst; c: Merge.
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VAR L IR, AN S5 T POIIY KA K .
AU 2T 1 D B 40 i 2 T i R B S0 T B AR R A 24T
A, S R, P RER IR B0 A A &, S EE
PERTINER I T, SEAT I ER HTPA BEAE, e R BUR R I
/L AR, OP SLAE A SUR T RE, AETEPLRE TS, A
WFEEE R BoR, /NT TG 80 mg/(kg-d)HE 5 14 d, shiE A
IZEFL 4 s, PR 5T AR B H AR, B0 S0 B
[i] JET 7K b e 27 A Ak, . BRI UK 20 B )2 HE S A IR LA
PRPERICE, 24 SN A0 KO B AR AR, MIEPERRE,
AMHI/KF-FEAR, FSH/KF- I, PO/NRUE R LY. H

TGHAERE AT 25 14, & )7 PRI RE IR, ik 2k
S POIRIG RFEIIY) A, AE B TSRS e M. TSP
EHISOD . CAT/KV-REAI, FURLAH AL H A Nrf-2, HO-14&
KRS, ROSAKT b Fb. SRR AEAE SRR, 5 AT AR5
gER 3,

H Wi 1 Jo A RO R R SR, Ak iR TT O
FEIRZE T . BEAEARZ I RIS s 40 B 2 rpr 25 HAT 2
IR E BHAPE RN E . Rz &, HE.
JEL MZe, B AT . RS AR IR . i, BH L 1R1E =2
D, A CHARA T2 )8l 1. Hyperin 24842+
B R B A s e R, BEAE A I i s X A, A
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