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Mechanism of electroacupuncture in improving ovarian function decline in perimenopausal
rats based on the Kisspeptin/ follicle-stimulating hormone receptor pathway

Luo Qiuping', Li Hongying', Yang Xinyu', Lu Chunxia®, Cui Jin"* ('School of Acupuncture-moxibustion and Tuina, Guizhou
University of Traditional Chinese Medicine, Guiyang 550000, China; *The First Affiliated Hospital of Guizhou University of
Traditional Chinese Medicine, Guiyang 550000 )

[ABSTRACT)] Objective

perimenopausal rats with ovarian function decline, and to explore its potential molecular mechanism underling delaying

To observe the effect of electroacupuncture (EA) on ovarian function in

ovarian aging through the Kisspeptin (KP)/follicle-stimulating hormone receptor (FSHR) pathway. Methods Forty
female SD rats were included in the present study. Ten rats with regular estrous cycles were selected as the control
group. Thirty perimenopausal (disordered estrous cycle) rats with ovarian function decline were randomly divided into
model, EA, and EA plus antagonist (KP234, an antagonist for KP) groups, with 10 rats in each group. For rats of the
EA and EA+antagonist groups, EA (0.1—1 mA, 2 Hz) was applied to Guanyuan (CV4), Qihai (CV6), and bilateral
Taichong (LR3) and Taixi (KI3) for 20 min, once daily for 14 consecutive days. After EA intervention, rats of the EA+
antagonist group received intraperitoneal injection of KP antagonist KP234 (100 nmol/kg) once every other day for 14
days. During the intervention, vaginal smears were performed daily, and rapid Gram staining was conducted to
determine the estrous cycles. Twenty-four hours after the last intervention, blood samples and ovarian tissues were
collected for measuring the contents of serum anti-Mdillerian hormone (AMH) , follicle-stimulating hormone (FSH) ,
luteinizing hormone (LH) and estradiol (E2) with ELISA. The ovarian histomorphology and follicular development were
observed by H. E. staining. The reactive oxygen species (ROS) levels in the ovarian tissue were measured by
immunofluorescence assay. The mRNA expression levels of Sirtuin 1 (Sirt1) , tumor suppressor protein (p53) and
cyclin-dependent kinase inhibitor 1 (p21) in the ovarian tissue were detected by real-time quantitative PCR. The
immunoactivity of KP, KP receptor (Kiss1R) and FSHR, and the KP/Kiss1R colocalization in the ovarian tissue were
detected by immunofluorescence staining. The protein expression levels of ovarian Sirt1, p53, p21, KP, Kiss1R and
FSHR were detected by western blot. Results After modeling and treatment, all the rats (100%) of the model group,
20% in the EA group and 80% in the EA+inhibitor group had a disordered estrous cycle, being significantly lower in the
EA group than in the model group (P<0.001), and significantly higher in the EA+inhibitor group than in the EA group (P
<0.05). Compared with the control group, the model group showed a considerable decrease in the contents of serum
AMH and E2, number of growing follicles, expression level of Sirt1 mRNA, and immunoactivity of Kiss1R and FSHR,
and percent of colocalized area of KP/KissR, as well as the expression levels of Sirt1, Kiss1R and FSHR proteins ( P<
0.001, P<0.01), and a notable increase in the contents of serum FSH and LH, number of atretic follicles, ovarian ROS
level, mMRNA expression levels of p53 and p21, immunoactivity of KP, and protein expression of p53, p21 and KP (P<
0.05, P<0.01, P<0.001). Following the intervention, modeling induced decrease and increase of all the indexes
mentioned above were reversed by EA (P<0.001, P<0.05, P<0.01) rather than by EA + inhibitor, suggesting an
elimination of the therapeutic effect after administration of KP234, an antagonist for KP. Additionally, H.E. staining of
the ovarian tissue displayed that in the model group, early on, the follicular collapse could be seen, with disordered
arrangement of granulosa cells and theca cells, while in the later stage, irregularly shaped annular zona pellucida could
be seen. The arrangement of granular cells in the EA group became more regular. Conclusion EA can improve the
ovarian reserve function and delay ovarian aging by attenuating local oxidative stress and cellular senescence in the
ovary through regulating the KP/FSHR pathway.

[KEYWORDS]
KP/FSHR signaling pathway

Electroacupuncture; Perimenopausal ovarian function decline; Ovarian aging; Oxidative stress;
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Fig. 1 Vaginal exfoliative cell smear of the normal estrous cycle of rats (rapid Gram staining)
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Fig.2 Comparison of oestrous cycle of rats in the 4 groups during the treatment period (10 rats/group)



BB 5E

F2 BAXRIBERABMFIARLER
Table 2 Comparison of estrous cycle disorder rate of rats

in the 4 groups

25 5] HE RIrRi/ R HIT IR R
Eqh L
NG N
WAL "y WAL sy
papiiekicl 10 10 0 0 9 1 10
A2 10 0 10 100 O 10 100"
£ 4 10 0 10 1007 8 2 20"

HE -+ 10 0 10 1007 2 8 80¢

5 R R 8, P<C0.001 ; 5 A 97 10 1) A
2H H A, P<C0.001; 5367 1 IA] B 4 4H e 4, “P<<0.05,

S I (P<<0.001,P<<0.05) ,FSH . LH & & B %
(P<<0.001,P<<0.01) ; 5 &4 b3, LA + 45 40
4K B 7 AMH E2 & & F& ik (P<<0.01, P<<
0.05) , FSH.LH & & Jt & (P<C0.001, P<C0.05) .
UL 3.

20+ AMH 20 FSH
15] 154 %115' iy &&&
010 iy %10- i
gﬂﬂ{ Hx% && ﬂﬂEﬂ
054 41 5
R T N
RN\ G G BB
S EE S S
X3 X
& &
404 E2 304 LH
sk &

2 3
& o
gﬁlo- ey ﬁ 4
‘ R W D W R W By W
VN, \\‘M SV §\Wx
S FL 8
X3 X
N '

HAMH AP A FSH Il %  E2 i
LH AR s bl s . 504l g, P<<0.001;
R L #,*P<<0.05,%P<C0.01,*P<0.001; 5 B4t 4
Fe A, €P<0.05,%P<C0.01,%P<0.001,

E3 KAAXRMEAMH.FSH.LH.E2 &R
(z+s,6 LR /4)

Fig.3 Comparison of serum AMH, FSH, LH, and E2

levels of rats in the 4 groups (r+s, 6 rats/group)

2.3 £ 4K BUOP SLAL ZUIE 3 RN 45 9 B0 i BR b A

Xof HEZH A B O SR 20 2L 25 0 TE R BT TR
b F 4% 2 B B B i I, B RE 0 S 0L 40 MY 2
SERE A L HE S A T O I P O B A 5 0 e 45
W 5, AT 0B F 45 R R e A P UKL A P B O
Bt b 50 B L A, B A 2 KRR A AT 0 4% )
B 9 15 K6, TR 20 i R I A i HE 51 25 L, e b T D
T2 AN KLU 1) AR 3% B A, AR K O v 4 3 9 (P<<
0.001) , P41 51 0 %5 H 3 2 (P<<0.001) 5 SR L1
B, R 2K BRUABURL 200 6 HE 3 R T RO A= K B i
BH Z (P<<0.01) , 81 Bp £k H 32> (P<<0.01) 5
5 B2 B H B A B R A R BRUBORE 2 it HE 5]
ORI, A= A B v % H 9> (P<<0.05) , P14 B 3 %5
H# % (P<<0.05), WK 4,
2.4 FA KRN HE AL ROS K H AR

55 BEAT e, AR 2 K BRL BN B 20 21 ROS 7K -
FHE (P<<0.01) ; SR 4] He A, o 4T 41 K RLBR S 40
Z1ROS K F-FEAE (P<<0.01) ; 5 W g1 4 b4, i 41+

AL b+ LRI
2 K 2 BTG

kK

15 ” 15
#it
€104 N <10
a0 0
0 0
R R

D) R N Uig Ui
‘@"}/ @}/ %/ ~%§\/ &é“;’z‘/ SV ‘8?}/ zj;}\/
AT F R ;jg)( N R g@\’

X X
N N

TE AR R =200 pm, &% @ F7F S 7n A2 IR, 21 (15 3k 7 P 4 0
Mo HXF AL, T P<C0.001; 5RIRIA Ho gL, P<C0.01;
5B AR, “P<0.05,

4 BHXBRMEAARSRIDAHE LR
(HE #8 ,2+s,6 LR /4A)

Fig. 4 Comparison of ovarian tissue morphology and
follicle counts of rats in the 4 groups

(Hematoxylin-eosin staining, T+s, 6 rats/group)



Acupuncture Research

RS E PN TR
LA S,
2.5 A KEOPELH A Sirt] \p53.p21 mRNA £ ik
K 3

5 Ou PR b, B R A1 R BB BE A 4 Sirtd
mRNA ik 7K F & i (P<<0.01) , p53.p21 mRNA

21 ROS KT (P<<0.05) .

ROS

3k

il

#H

\"&

o
)@/’

R
/%%, X

&
XX
&
HROS AMWEMERA . SXTHE4 i, " P<<0.01; 5 A4 [k
% ,"P<<0.01; 5 B4 4H He A, “P<<0.05,
Es5 &AARIPEALROSKTELLE (5,6 AFR/4H)

Fig.5 Comparison of ROS levels in ovarian tissue of rats

4@

&/@

in the 4 groups (x+s, 6 rats/group)

sk

Pk KV THE (P<<0.01,P<<0.05) ; 5B H 4 [ %5,
HL AT 2 K BB S 41 41 Sirt] mRNA 2 3k K F 78
(P<<0.05) , p53. p21 mRNA % ik /K F B ik (P<<
0.01,P<C0.05) ; 5 ML AT 41 H 4, BT+ 5 P Al 41 K
KLU 81 2H 27 Sirt] mRNA 263k /K F F& 1 (P<<0.05) ,
p53. p21 mRNA % & K ¥ Jb & (P<<0.05) .
L6,
2.6 F4L K RGP 4 41 KP  KissIR &% FSHR & H
FH P 2% 38 b3

5 B b B 2 R R BD S 4L KP R H
S 49 75¢ S5 B T (P<<0.001) ,Kiss1R \FSHR % 11

- ¥y B¢ 6 vR O [ R (P<<0.01, P<<0.001) , KP/
Kiss1R 3L 52 v 1 FL A 43 B [ AR (P<<0.001) . 54

HUZH L A, T 2K BB B 4 21 KP 2R 1T A
R AR (P<<0.001) , Kiss1R \FSHR % 1 °F %194
58 7 (P<<0.01, P<<0.001) , KP/Kiss1R 3 & iz
mAE D TR (P<<0.001) ., SHE ALK, B
BE A 45 B0 4K BRIP4 21 KP 2 P 9O aR
FF#E (P<<0.01) , Kiss1R . FSHR #& [ - 4 9¢ o Ji
R A% (P<<0.05, P<<0.001) , KP/Kiss1R 3 %2 4 [fi F1

| 54 Sirtl 8 P33
6—.
#
4 1
g\ujl.o b
& -
o Y
05 & ES
2_
k%
’ D Ii:l Ny ’
& B BB o
N R Nl
N R & AN
x)(
&

B6 HMAKXRIPEALSirtl.p5S3.p21 mRNA Fik

»ﬁf&

R

T = Sirt] g UUAR AT LI 5 1, p53 Jhy I8 90 ] 85 11, p21L D 40 A 20 M P A R A 1 T
“P<C0.01; SHERIAL L, "P<C0.05,

A3 FEFRRAR (P<<0.001) . WA 7,

34 P21

&
& *

13 2

X)

o #

®
ﬁ N ﬂ
B W B Wy »& W
’&/ > Nl 4 N
%g‘ g & %ﬁ*
XX XX
5 S

5X IR A, P<<0.05,

#P<20.01; 5 LB 4 LU AL, P<C0.05,

AIKFE L& (r+s,4 A FR/4E)

Fig. 6 Comparison of Sirtl, p53, and p21 mRNA expression levels in ovarian tissues of rats in the 4 groups

(z+s, 4 rats/group)

2.7 £ 4 KRB 4 2 Sirtl. p53. p21. KP,
Kisis\FSHRﬁlEI*HXﬂL%%L%tHi

5% B A b A, 4R A KRR P B 4 4T Sirtd
Kiss1R \FSHR & [ A X 2 35 i FE I (P<<0.001, P<<
0.01),p53.p21, KPEFI*HXH‘%%L%%%(P<O 01,
P<C0.001) . 5L AVA Lb A, A BE A KRR O 14 4
Sirtl . Kiss1R . FSHR #& [ A X} 3% 35 & 7+ & (P<<

0.01),p53.p21 KP & A #H XF ik & I (P<<0.01,
P<C0.001), 544 A, BB 359070 41K RO
B4 21 Sirtl |, Kiss1R & [ AH X 26 3k & B K (P<<
0.05,P<<C0.01) ,p53.p21 .KP & (1 # Xt % ik & 7+ &
(P<<0.05,P<<0.01) ,FSHR&E H MM £k R 2 %L
Gt E L. WK 8.



Bt BT 5

Xof B2

RS

KP

Kiss1R

DAPI

Merged

80+ KP 80+ Kiss1R 40
-1;1){ *3k sk . M %;—‘i H#iH
2t 60 o= 60 e i ]E 30
;§4o i f§40 Egézo s
& Q & %'b‘ sk
-‘H'l 20 T 20 sk 2@ 10
L
«@e PP ‘%@’ @e & ”%\ At
*‘{ { DR %’é\"
& & &
Xt el
200 4 FSHR
Jﬁ( 150
H.h HiH
DAPI g e |88

0
»& R \\w%
Merged ,@’\@
\82‘

RN =50 pm, KP NWZE ,KissIR W) E 2K, FSHR Jy 5P 3 2 24k, 53 i, " P<<0.01,™
41 LA, ¥P<C0.01,"P<C0.001; 5 LA+ 41t , “P<<0.05, ““P<C0.01,“““P<C0.001,
B7 FAKXRIPEMALKP. KisslREFSHREAHMERIELE (7+s,3 R R/4A)

Fig. 7 Comparison of KP, Kiss1R and FSHR positive expression in ovarian tissues of rats in the 4 groups

(x+s, 3 rats/group)

3 itig

P<<0.001; 58

51 5L T A8 B O 12 40 2 R R AR 4 R T T

HI (N 2) £ B B AT M, 2o P AR AR R R
AR T B A AR AL T e R S A ARAS SR A T
BT IR RERL , LA B R %S 1 i R ) -
PBUEAR A A )2 K2 BE AT, & MR BT 2 7 s ik
iﬂ']?mu%“i(?blﬂ?j\ﬁ‘ﬁ%”,ﬁﬁlﬁ]ﬁﬂﬂﬁﬁ it U8
A R LA EE . P, i PR LB X B SR 2
RERGE 2036 WA AN B R JIF . ARSI 2 % 4 Je il

TR UE BT 0] 3 B B9 S T 8 A0 D B R Y

SREE AL, 43 3 Ry T8 A LU R v KR L il

I AN E G RS L 2R K 2SR i 3k 3 B 35 O B )
HONSHIO

AW 5T 45 R R, 5k BE 2 A L, B R 41 KRR

f Bl ) 1 25 L A 10 2 T T AMH VE2 % 5 F1

A= K B % A, T FSH L LH 7K SF- i 5 51 9 5k



- 10 -

Acupuncture R esearch

p53
p21

Kiss1R

FSHR

51 kDa
18 kDa
15 kDa
46 kDa

78 kDa

Gappi [ W W — | 61

WHERZH R B HERHEDUNIAL
10 = Sirtl 20 p53 064 p21
T i R
08 - 154 N
13 & it 1% 04 &&
X) 06— ko X # =)
K 10~ ®
Z 04+ =S B o
o unng EDIOz_
£ *05_ L3
"TE D D ‘T S o T
N v N A N b
T R )%;(s\» [PTF R )%)s» [ R gf’
X X X
N N N
15 KP 20+ KissIR 20~ FSHR
ok k
T &
1.5 1.5

DR R N Vg
F S N
V?QQX
R

X
[
2 2 :l N
i Feik
I

< & |—<
K2 e
4 =
HEXH Ik
o —_
¢ § &

‘@z&/ _'§ )@ ? -4\_\

R X%w [T R ggﬂ\’
X X

N N

T+ Sirt] g YUERAE B R K 1, p53 Sy e 3 i 25 11, p21 Jhy 240 L A 308 4 ek 2 1 SR A ) PR KPR Kiss IR W) %
SZ A FSHR Ky Bl R 20k . 5% BR4L A, " P<<0.01, " P<C0.001; 5BE R4 [ 4%, #P<C0.01,"P<C0.001; 5 Ha 41 41 L 42
“P<20.05,*P<<0.01,

8 HBAKRIVE AL Sirtl p53.p21.KP. . KissIR.FSHR E B 8% KX B L& (45,4 AR /AH)

Fig. 8 Comparison of the relative expression levels of Sirtl, p53, p21, Kisspeptin, Kiss1R, and FSHR proteins in ovarian

tissues of rats in the 4 groups (z+s, 4 rats/group)

TGN JF A ORI A5 K R B UL A0 e HES KL
PRGN ST A R AL R MY S W T
Jei 1Rl 4 222 301 B0 55 2 A el 1B A5 TR A R % 2l 17 e 3B R
LR B, PR AR A S IR R F A ks SR T
B AT A7 S S 1) ) 26 2 01 B0 5 Oy i i AR A TR R R
b 5 I BE

ROS fith % #9580 A RO 25 38 3 375k ek AR 2
AE 5 B Jra A8 5 1k B B B e W) Ry 14 s, S B
B 40 f) K e/ SR R, DT I 555 B0 5 2 RE
0 B SR a L Sirt] 2 I 4% 40 S A N S
TG S WIVE R R G T, ) AR T L 3 W)

1) B SR 2 20 rp R 200 L DR A0 i AT B AR R
5 Sirt] AJ 3 AT I8 20 N A G B N L TR BT
A AL B 8 IR I ROS 3 B A A, & 4% 3t S804k A 4
J A B A L B g B, Sirt] 26 3k T ] R R
p53 LA K, B p53 4 M 1 e S T e, 2R R
AT 48 i ) B B A R T R p2l Rk
2 5 4R R R Sl RN A WK AR E
FEEE R R R BLOP L4 L ROS & = THE
Sirt] FIkFEAK, p53 . p21 KB TR, M LA AL LA E
6 bR ¥ 2 O 2 I R L R A B0 R Y AL Ak
o7 J85CHR A K B o 240 43 24 R ok BR E Th RE L A



Bt BT 5

« 11 -

ZOE T,

KP & A= B N 3 10 il v 248 5 1E B0 25 ) B A R
BRI T, 0P 55T AR R E P B I v A 5P 3R
1 KP AT i A T Y I Kiss 1R 1Y T e ke 2k
WA B R H R SRR R, KPS
Kiss 1R AE A Be A -32 PR 45 45 %, — 5 76 O 3 Jmy 1) 2t
FE LIRS TE — 8 TR S W R - 32 4% 23 (] B IR R
A N B KPAE 515 388 4 14, 3 B Y 25 0] D e A B
T Y Je A o B Y IR R AL S, T S 5 80
T M E B R A E", FSHR J& 17 76 T 5P
HUWURL A L I A S B0 R RS [ RS R R
PE G B A B Z R, B9 R, KP X FSHR %k
ELA ) s 4 f R R T AR R B KP o] 2
FSHR 23k L3 5% B 1 6F FSH 9 SO, A A+ 50
T AR 5 g 7 KP o B9 B S5 3 KPS % Tt i ) 25
il FSHR A 2 3811 A b, Fil 46 28 0] B 26 T fig
WGRCIR SR KP {5 538 #% 1% 5 5 65 7T 58 52 9 FSHR
Tk MBI R AR RE SMEFRL. fEKP/
FSHR {5538 i , 40 N7 02 OC B A PR 45 311 if
FE N, Sirtl 23K KV 19 2546 5 KP 4 1 1 26 W 33kt
&8 P M1 Y, IF 5 FSHR A 26 ik R B A7 78 248 56
F R, ROS 3 Jinn] S5 25090 51 90240 i b FSHR
BT N R N A TN S K4 BN L
ZIKP RN, KissIR 1 FSHR 1Y) 22 35 FEAK , [7] B
KP/KissIR 3t & {7 16 L H 43 b PR, 2R KP 5
Kiss1R % [8] #5 BC U 55 , T 5 807 3 KP {5 515148 %
oy, JE T T FSHR 2235 5 1 B8 T HlA R AK T
B £ 2H b S TF i 0 KP K P, B | 3 KissIR .
FSHR () £ 35 & KP/Kiss1R 2 52 47 i #2 [ 43 e, %
52 KP {5538 % 1 1E# 15 5, 3X % W] B A n) e A
JE 2 KP/FSHR {5 53l f#% ) G HE P 7 ok el 36 019 3L )
RASERI AR SNP4I = - P -}
FHTE B A 5T P LR 4 KP/Kiss TR 3 52 437 1
FRUE 43 Wi 70 B 2H . Dunn 285748 i, Mg o n] 43
F5 05 5 LB AE 5 A S A 2 1, (3 T 2O EE
O3 AL E ST IS RE B T o R AR A
TF2E A WA RE B R 1 25 AR A T AR G {5 5
60 P R 5 A o WA s 6 W AR A SRR L T
BE L 1) i 2k R T TS B, A G 40 5 A Bk 4
) S A7 R B AT w3 A BROIR A, B 2R A b F2
1 TR 7 02 HE A G 23 7 48 AR 6 o 18 52 08 1 o
1 T AE 7 SR A 7 4L D BE AR T O R 41
PRI, A BF 5 v BF 4 KP/Kiss 1R 2 5 47 1 R A 43
Fb s ok BRAL, w7 B A Sk e B A O ) AR IR RS

TG SR A48 S IR 00

by ik — 2L WLEE KP/F SHR 3l #% 75 HL &1 %400 v i)
Z 5/ AR 5250 R B KP 32 (R 45 Bt 55 KP234 B K
KP 555k . 25 R B/R S e dIM b, B + 45
PO 4K B S A% R 25 L, 1 iE AMH (E2
R FEAR, FSH A LH & & Fh i, AR K 0 7 20 3 ik
> P BB v R H 1S 2 41 20 ROS JKF 18 m
p53.p21 K KP % ik 1, Sirtl \Kiss1R \FSHR % ik
K KP/Kiss1R b2 7 18 B & 4 LR AR, 32 78 KP234
A 43 1) 559 R AT 6T ) 4 A R A BRL O S5 T R L LAk
TS 3 2 R G A bR 1 2 AR A L IR B KP/FSHR i
FE PO R R BLE E R E A . i
KP234 $5 90123 i 7 . # & X5 09 51 2y B i 3% 6
Bl 5B W | X 4R 7% KP/FSHR G 5% n] GE & 41 4
EUp L G HEE I — o (AR T ARG,
KP234 5 5t I A& 58 42 1 B v %k 51 5 2 68 19 238
BN, H R AT RE S H B R R RE SE S 2R AE T 40 i
W45 22 80 05 22 )2 WaR 18 Kk 45 B0 1AL 4 U A
SN B H B 2 I P ] 0 A O 1 L
HLEII A i i — BT

Zr BT iR W BT e] il o F 4 KP/FSHR i %
Vol BT B J0 50 1) Ak I S AN O S, AT e B
HAE&One  EZ O R . KRR R TR A
S B DXL R B s AR E— 0 ) B R M
20} KP/FSHR {5 5 38 % 75 51 5L 50 240 i o 6 14
09 53 F WL -
RIS A 1R & 7 BRAETE R 25 e

[1] 1Ingole S, Khare K, Dwivedi V, et al. Decoding ovarian aging
in women: Cellular damage, signaling networks, and
treatment frontiers[ J]. Reprod Biol, 2025, 25(4): 101075.

[2] Cavalcante M B, Sampaio O G M, Camara F E A, et al.
Ovarian aging in humans: potential strategies for extending
reproductive lifespan [J]. Geroscience, 2023, 45(4) : 2121-
2133.

[3] Nelson S M, Sun A J, Ling Q, et al. Ethnic discordance in
serum anti-Miillerian hormone in healthy women: a population
study from China and Europe [J]. Reprod Biomed Online,
2020, 40(3): 461-467.

(4] AR, W58 A AL A R o A AR IR U R B
FER R LT]. A RRESE 2025, 39(3) : 35-50.

He Y C, Yu J. Fertility age patterns in China and global
comparisons from a life cycle perspective (in Chinese) [J].
Chinese Journal of Population Science, 2025, 39(3): 35-50.

[5] BaloughJ L, Dipali S S, Velez K, et al. Hallmarks of female
reproductive aging in physiologic aging mice [J]. Nat Aging,
2024, 4(12): 1711-1730.



12

Acupuncture Research

[6]

[9]

[12]

[13]

[14]

Ammar O F, Massarotti C, Mincheva M, et al. Oxidative
stress and ovarian aging: from cellular mechanisms to
diagnostics and treatment [J]. Hum Reprod, 2024, 39(7) :
1582-1586.

A, RN . Kisspeptin/ GPR54 £ ¢ % Bl 5 1) 18 25 S AH 56
BUHT AR SE BERELT . v [ 3Rl A 5 A7 8, 2025, 17(8)
18-22.

Qin Y, Song Y L. Research progress on the regulation of
kisspeptin/ GPR54 system on ovary and related mechanisms
(in Chinese) [J]. Chinese Journal Of Family Planning &.
Gynecotokology, 2025, 17(8): 18-22.

Sun P P, Zhang Y M, Sun L L, et al. Kisspeptin regulates
the proliferation and apoptosis of ovary granulosa cells in
polycystic ovary syndrome by modulating the PI3K/AKT/
ERK signalling pathway[J]. BMC Womens Health, 2023, 23
(1): 15.

Ruohonen S T, Gaytan F, Usseglio Gaudi A, et al. Selective
loss of kisspeptin signaling in oocytes causes progressive
premature ovulatory failure [J]. Hum Reprod, 2022, 37(4) :
806-821.

Fabova 7, Loncova B, Mlynéek M, et al. Kisspeptin as
autocrine/paracrine regulator of human ovarian cell functions:
Possible interrelationships with FSH and its receptor [J].
Reprod Biol, 2022, 22(1): 100580.

Fernandois D, Na E, Cuevas F, et al. Kisspeptin is involved
in ovarian follicular development during aging in rats [J]. J
Endocrinol, 2016, 228(3): 161-170.

B, M, A R S AU IT 2 R 7T TR A B
HAH % D) HEOR < BEML X B [T, b R B S, 2024, 44
(11): 1261-1266.

Luo Q P, Yang Z H, Jin L M, et al. Electroacupuncture at
acupoints of liver meridian for diminished ovarian reserve of
liver depression: a randomized controlled trial (in Chinese)
[J]. Chinese Acupuncture & Moxibustion, 2024, 44 (11) :
1261-1266.

BHCF, OB, W, % R U 8 Bk E T ACSL4/
LPCAT3/ALOXI5 {55 38 i xf 5 4 4 O 5L 2 e S 4 K Bl i
Sm[T]. EFRIBRSE, 2026, 51(2): 152-160.

Li Z Y, Zhao Q/X) , Effect of
electroacupuncture on ACSL4/LPCAT3/ALOXI5 signaling

Chang J, et al
pathway of ferroptosis in rats with premature ovarian
insufficiency (in Chinese) [J]. Acupuncture Research, 2026,
51(2): 152-160.

REER s, YR, AR, S5O0 SLAR A DI RE T M R A
WRIEHERE (7], AR 2 2k, 2014, 23(12): 996-999.

LuY Y, Shen M J, LiJ H, et al. Progress in animal models
of diminished ovarian reserve (in Chinese) [J]. Journal of
Reproductive Medicine, 2014, 23(12): 996-999.

Acuna E, Fornes R, Fernandois D, et al. Increases in
norepinephrine release and ovarian cyst formation during
ageing in the rat[ J]. Reprod Biol Endocrinol, 2009, 7: 64.
KA KRB, B, L P 2 R R R N R B

T R %A [T]. v A B ek 4k ik, 2023, 33(3) ¢ 45-

[17]

[18]

[19]

[22]

50, 74.

Zhang L., Zhang R Q, Qin X Y, et al. Identification of estrous
cycles in rats and mice by rapid Gram staining (in Chinese)
[J]. Chinese Journal of Comparative Medicine, 2023, 33(3):
45-50, 74.

TWIH, ¥, PhGEST, S5 T Uy B I PR R A A B
HLAE & T RE R F) PR AL S Br (D], 1 S g O R A A
2025, 31(9): 240-248.

Yu M Y, Tang L, Sun X H, et al. Evaluation of animal
models with diminished ovarian reserve based on clinical
disease and syndrome characteristics of traditional Chinese
medicine and western medicine (in Chinese) [J]. Chinese
Journal of Experimental Traditional Medical Formulae, 2025,
31(9): 240-248.

WS, B, MR T, A5 . 90 5L D) R ROR B RE AT AR T ik
G54 K BB A S IR [T, o [ S 88 3l 2 4, 2026,
34(6):819-828.

LiL M, HUANG X P, CHENJ Q, et al. Establishment and
evaluation of a disease-syndrome combined rat model of
diminished ovarian function with kidney deficiency and liver
depression syndrome [J]. Acta Laboratorium Animalis
Scientia Sinica, 2026,34(6):819-828.

PR B RS SRR LA RS RE AL 238 K
RLTT. EFH@ESE L 2021, 46(4): 351-352.

China Association of Acupuncture-Moxibustion. Nomenclature
and location of acupoints commonly used in laboratory
animals. Part 2: rats (in Chinese)[J]. Acupuncture Research,
2021, 46(4): 351-352.

BT SR R IML 2R s P B 2 A
2007 255-257.

Li Z R. Experimental acupuncturology (in Chinese) [M]. 2nd
ed. Beijing: China Press of Traditional Chinese Medicine,
2007 255-257.

e, skdise, 224 e, % . kisspeptin #7145 Notchl/Akt/
Foxol il % 58 KPR % 78 WAL [ T]. pa )ik
AR (BE2RR) , 2024, 55(3): 542-551.

Yang Y H, Zhang J L, Li D X, et al. Notchl/Akt/Foxol
pathway regulated by Kkisspeptin is involved in endometrial
decidualization in patients with recurrent spontaneous abortion
(in Chinese) [J].
Sciences), 2024, 55(3): 542-551.

et , kA, MG, 55 SRUGEIR IS (B N 4 ) AR B A B
WLLTT. R rp R 20~ 24l , 2022, 45(4) ¢ 67-70.

Zhang C, Zhang W, Chuan P, et al. Reproductive health

Journal of Sichuan University (Medical

based on huangdi neijing by professor ma lieguang (in
Chinese) [J]. Journal of Chengdu University of Traditional
Chinese Medicine, 2022, 45(4): 67-70.

JAWESR, B, 2, & IR 9 5L 6H 5 2 e
RAIFARZEHELT]. FiehPe, 2024, 56(7): 201-205.

Zhou X L /Y), Lou Y Y, Lan H Z, et al. Discussion on
treating decreased ovarian reserve complicated with infertility
from kidney and liver based on syndrome differentiation (in

Chinese) [J]. Journal of New Chinese Medicine, 2024, 56



Bt BT 5

13

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(7): 201-205.

i dg, M, SEA4f, 45 Ik T RO 2 B R R B R 1R 9T
B & TR T BE A B TR [T]. )N B 2 R A 2 i
2022, 39(9): 2200-2205.

He T, Yang S, Mo Q, et al. Exploration of acupoint selection
rules of acupuncture and moxibustion in the treatment of
diminished ovarian reserve based on the data mining
technology (in Chinese) [J]. Journal of Guangzhou University
of Traditional Chinese Medicine, 2022, 39(9): 2200-2205.
NG W LB S YA T R R B SR T BB R 4 Y ol AR SR B 5T
(D). dbst: s ER B, 2021

Hao M Z. Ancient literature research on acupuncture and
moxibustion treatment of premature ovarian insuficiency (POT)
(in Chinese) [D].
Medical Sciences, 2021.

Yan F, Zhao Q, Li Y, et al. The role of oxidative stress in

Beijing: China Academy of Chinese

ovarian aging: a review[ J]. J Ovarian Res, 2022, 15(1): 100.

Teppa-Garran A, Pérez-Pena E, Sobrevia L, et al
Pharmacologic interventions targeting ovarian aging, cancer,
and mitochondrial dysfunction: an updated evidence [J].
Biochim Biophys Acta Mol Basis Dis, 2025, 1871 (8) :
167987.

WA, TIENLL, M, . SIRT1IR R R 7 L 4E 22 5t S
R RS R[T]. o R A, 2020, 31(4)
389-391.

Xiang T, Ma R H, Wang B J, et al. Research progress of
SIRT1 regulating follicular development and delaying ovarian
aging (in Chinese) [J]. Chinese Journal of Reproductive
Health, 2020, 31(4): 389-391.

LiuJ, Yang Y, He Y S, et al. Erxian decoction alleviates
cisplatin-induced premature ovarian failure in rats by reducing
oxidation levels in ovarian granulosa cells [J]. J
Ethnopharmacol, 2023, 304: 116046.

EAE, BRBIME, A, S Az kv 2K CF 78 59 4L 6K
# U BE VR AN 2 BB P AR A R S W L] AR A
ki, 2022, 31(4): 476-481.

Wang J Y, Chen Y H, Wang Q, et al. Diagnostic value and
changes of serum Kisspeptin level in women with diminished

ovarian reserve (in Chinese) [J]. Journal of Reproductive

[31]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Medicine, 2022, 31(4): 476-481.

Merhi Z, Thornton K, Bonney E, et al. Ovarian kisspeptin
expression is related to age and to monocyte chemoattractant
protein-1[J]. J Assist Reprod Genet, 2016, 33(4): 535-543.
Gaytan F, Garcia-Galiano D, Dorfman M D, et al. Kisspeptin
receptor haplo-insufficiency causes premature ovarian failure
despite preserved gonadotropin secretion [J]. Endocrinology,
2014, 155(8): 3088-3097.

Mehalko K, Kim M, Paye S, et al. Lack of accelerated
ovarian aging in a follicle-stimulating hormone receptor
haploinsufficiency model [J]. Transl Med Aging, 2023, 7:
1-8.

Vazquez M J, Toro C A, Castellano J M, et al. SIRT1
mediates obesity- and nutrient-dependent perturbation of
pubertal timing by epigenetically controlling Kissl expression
[J]. Nat Commun, 2018, 9(1): 4194.

Guo L, Liu X C, Chen H, et al. Decrease in ovarian reserve
SIRT 1-mediated
phosphorylation[ J]. Aging, 2022, 14(5): 2335-2347.

through the inhibition of oxidative
Secomandi L., Borghesan M, Velarde M, et al. The role of
cellular senescence in female reproductive aging and the
potential for senotherapeutic interventions [J].
Update, 2022, 28(2): 172-189.

Dunn K W, Kamocka M M, McDonald J H. A practical guide

Hum Reprod

to evaluating colocalization in biological microscopy[J]. Am J
Physiol Cell Physiol, 2011, 300(4): C723-C742.

Chen Q X, Shao X T, Tian Z Q, et al. Nanoscale monitoring
of mitochondria and lysosome interactions for drug screening
and discovery[J]. Nano Res, 2019, 12(5): 1009-1015.

dKAs, B, B s, A A L MO0 LT RE R 42K
SR B 5L WKL 20 M A v i S e [T ] b R BT Sk, 2024, 44(6) -
676-684.

Zhang Y, Huang S D, Shi X L, et al. Effect of
electroacupuncture on autophagy of ovarian granulosa cells in
rats with premature ovarian insufficiency (in Chinese) [J].

Chinese Acupuncture & Moxibustion, 2024, 44(6): 676-684.

Yo ke H#1.2025-12-26 &8l H ] : 2026-04-10



