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Abstract: Objective To comprehensively analyze the current research status and hotspots of traditional Chinese medicine (TCM) in
the prevention and treatment of ovarian aging using the bibliometric software CiteSpace, and to provide new ideas and directions for
future basic research and clinical applications. Methods Relevant search queries were constructed to retrieve target literature from
the CNKI and Web of Science Core Collection (WOScc) databases. The retrieved literature was imported into Note Express software
for duplicate checking and data cleaning. Visualization of publication trends, core journals, authors, institutions, and keywords was
conducted using Microsoft Excel software. Results According to the inclusion and exclusion criteria, a total of 2 764 articles were

selected, including 2 569 Chinese articles and 195 English articles. The research interest in TCM for the prevention and treatment of
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ovarian aging has been increasing annually and continues to this day, with publication types gradually trending towards
internationalization. A core author team in the field of TCM for the prevention and treatment of ovarian aging has been initially
established, but a core author group has not yet formed. Research collaboration is primarily within institutions and regions, with less
cross-regional and interdisciplinary collaboration. Both Chinese and English literature focus on the restoration of reproductive function,
TCM treatment, mechanisms of action, and experimental models in the prevention and treatment of ovarian aging with TCM. Chinese
literature also emphasizes research on clinical observations, etiology and pathogenesis, and medication patterns, while English literature
focuses on network pharmacology, gene expression, activation, metabolism, and cellular aspects. Conclusion The research interest
in TCM for the prevention and treatment of ovarian aging has been growing annually. The mechanisms of action, data mining, network
pharmacology, and molecular docking are likely to be future research trends in this field. Research directions such as TCM therapies,
mechanisms of action, and research technical methods have been hot topics in recent years. Future research should strengthen
communication among teams from different regions and interdisciplinary team collaboration, continuously integrate new technologies
from modern science and technology, scientifically and comprehensively elucidate the efficacy and mechanisms of action of TCM in
the prevention and treatment of ovarian aging, promote the development of theories and applications of TCM in this field, enhance the
efficiency and quality of research outcomes, and improve the modernization level of TCM.
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Fig. 2 Trends in research on traditional Chinese medicine (TCM) in prevention and treatment of ovarian aging
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Fig. 4 Author cooperation network diagram of Chinese (A). English (B) literature on TCM in prevention and treatment of

ovarian aging
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Table1 Keywords with mediating centrality > 0.1 in Chinese literature on TCM in prevention and treatment of ovarian aging
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Table 2 Keywords with mediating centrality > 0.1 in English literature on TCM in prevention and treatment of ovarian aging
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Fig. 6 Co-occurrence diagram of keywords in Chinese (A) and English (B) literature on TCM in prevention and treatment

of ovarian aging
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K173 T MU 5% 25 1, TSk fe b BR 25176 B
EIEZITT RS, TR IR PRI TSR IR T R UL L 3
i S fti7F 7k 1B A 2 7 T e P v 24 ) 52 O 2 BERAR
0 v B 245380 245 (I A S LA FATLARI I FE R A B
B 5 SCCER— B SESCSCHR I AR A1
SKIGRIIR 255377 SR G RORGr Hhgh f Ak
SECiaE OF BLThREIR T AT REMIVE 842 A BT AT R

WU apoptosis. oxidative stress. inflammation. cell

signaling. mechanisms %),

252 KEEIEE BHRSFNEHLIALL (log-
likelihood-ratio, LLR) HEHRSE, RSAMRERE (Q) >
0.3 FERRFA R, BREMERRE (5 >0.7 #&R
RO Wl RIS s TR T I KN 5 STRRBIE 7 )
FRRRN FA S B A7 5% o A2 SC B SE I HRE At b, %o o
JECHRIEAT RIS, Wl 7 Fros . Bl 7-A AT
BRG] SRR T, 7 9 MR, L 0=0.38,
§=0.72, FRFEEISWERFME. P FOCIRE
KRR PR R B FE R WA 3. 4. 3R
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Fig. 7 Clustering diagram of keywords in Chinese (A) and English (B) literature on TCM in prevention and treatment of

ovarian aging

®3 HEHHAIMNEREPTHKBEINREIRE

Table 3 Clustering labels of keywords in Chinese literature on TCM in prevention and treatment of ovarian aging

KR RHbR% RK L TR BF 8 3
#0  GRELRLEE GRELRLEE . RERZNRYT . PIHEES EIRYT . INEME R TIREIR . TS ARV
R PEI R D REAN 4
#1 ONELERTHEERGE  DRSLGERIDIREIGR . A, BEEAK. IV, 4k Wi P 22 56 A1 P 24 A U 25
#6  RURVEONELTIA A RURVEOVEIDIGE A . BRI, R, HZGHE. IR R 2
#2 o LR WG 25 B8 JAT, BRERURIANARL . fEFIPLE] . A PRI 9 BEAIL thi A0 25 W 1
#4 AR FRA KR PRI . DR St LI
#3 MR PR Btk PEEZRIT . EWREATAE. SEUNEH e RS2 FH B S R4
#5  ME TR HE I e IERITECR . (SRR SRR . U

#1 ImARWEE
#8  ONELERIhREAN AT URSLAE A DIRE .

7 SUE S NWER S ST IR 87 6 RN s N RETP A G L P T
IR TEHARERZME HHATE. HARK

AN EREELL T LA T (1D W78 =G H]
JiTH, H R 2GR VG R 25 A VR T O S A% T R DR
1B, RSN ST REAS 4R O SR S R O AL
T CRAH0); (2) IGREIE A 245 4 o g5 42 4
Jr, JEEE ) TR AEAL . REMIEIRH 2
15 BMTIRE A8, B85 M A RERL 0 F 253k 3¢
BRI, $Em MR IR HENE, AIRIKFH 2
S AL T IR 22 1 B SRR AR AR (R 2R#L .
#6); (3) FRREENLEI A 251 E L 5 TH, 454
W28 25 B2, FEANFYR R Cnfbyr 269, %) 1
GRS 2NV, RITON S 2 PR BRI (o
GR R AR TS HED, LR RZy G )
HCE N IHREMIE LS (R, #4005 (D I
IR B I7 PN I, 2 IR B R VLR 2

ANECL RS IR R [ g B A v R 24 3 9T N O L 5
BB U0 S % T RS AN AR B Th BB MR R T RO
AT DE I IR KT SEORR AN T B NI 2 1
SRS EFRARCGE I H S5 DLIF ok e (R 2%
#3. #5. #8. #7).
FESCSCRRSCBEIA RRERE A 7-B s,
9 M, H 0=049. §=0.76, HRELRDHTEE
RAME . JSCOCHRIF N R R AETELL T LA AT :
(D) IGR RGN I, BR8P E 2R IT
B R A A R TR IT S B R R VE I I R
BEALG HRRES, R B 259R 97 91 S 2 A 0
AP AE AT SR CR2EH0. #2)5 () FIR TR
DT, A Bh L 25 AR D, R R B 24 O
HREZMIETER OB R N/ SEIGIRIE,  [F
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Table 4 Clustering labels of keywords in English literature on TCM in prevention and treatment of ovarian aging

e PN o R A e

#0 women women; Chinese medicine; failure; hormone replacement therapy; R%iF
randomized controlled trial

#2 systematic review systematic review; randomized controlled trials; animal model; ovarian
hypofunction diseases; bushen tiaochong recipe

#1 premature ovarian failure premature ovarian failure; diminished ovarian reserve; model; rat; W5 7%
perimenopausal syndrome

#5 premature ovarian insufficiency — premature ovarian insufficiency; traditional Chinese medicine;
diminished ovarian reserve; bushen huoxue; mitochondria

#7 diminished ovarian reserve diminished ovarian reserve; premature ovarian failure; study protocol;
oxidative stress; clinical trials

#10 DHEA DHEA,; SIRT1/p53 signaling pathway; network pharmacology analysis;

activity-based protein profiling; imatinib

#3 4-vinylcyclohexene diepoxide

#4 huyang yangkun formula

4-vinylcyclohexene diepoxide; autophagy; Zuogui Pills; Yougui pills;
PI3K/Akt signaling pathway
huyang yangkun formula; tiaogeng yijing decoction; RNA-seq analysis;

R 2T T
5 i i
5L

Hippo signaling pathway; poor ovarian response

#6 AMH

fermentation liquid
#8 ovarian reserve

green tea
#9 bushenhuoxue recipe bushenhuoxue recipe;

AMH; oxidative stress; permeability; drug discovery; luffa cylindrica

ovarian reserve; follicle growth; traditional Chinese medicine; Qilin Pill;

irradiation protection; lipid; nicotinamide

mononucleotide; acupoint stimulation

#11  oogonial stem cells

oogonial stem cells; Notchl/NRF2 signaling pathway; Zuogui Pill;

stemness; ovarian aging

DHEA- I S F KR .

DHEA-dehydroepiandrosterone.

108 T PR X 6 E S 245 W AE N AR R AT RIOPE R 22 4 1
CRAHL, #5. #7. #10); (3) I HPEZATHUH A
gt 548 R T, fEAS RS B E (i 4-
vinylcyclohexene diepoxide) BN £ % 2 B 4 U 44
W, RFRHEEZS (U Zuogui Pills. Yougui Pills.
Huyang Yangkun Formula. Tiaogeng Yijing Decoction
F1 Qilin Pills; acupoint stimulation %) it A [F] 1%
% (40 SIRT1/p53+ PI3K/Akt. Hippo. Notchl/NRF2
signaling pathway) 17500 iz (AMH). {23k P
AR (follicle growth) FIGE G HAK N (poor
ovarian response) o

253 RBEERBL SCHE R R FE AR I Y
H WU A A 2 AR T8, X R B 5K
B UR] RE S S Wk HE 12 ST TR R BT RS U L WE AT
&, DU BT Az it SU s i i e A o
B 245875 ¥ O 532 22 A St 7E 0 SR B R R B 0 14 8 i
o B 8-A JIR 1T 30 AR SR AT 25 IR
PR, BRAF ST RS, IR g v 1) R B ]
“IR L 2GR (TSR 10.52), M 2020 HF— B FF

BEE 4, 1994—2019 T HEISeh EEZy . HhhERSS
B A U I B SOk S L S SR RN I R A 8%
EFF I 2020—2024 4, BEETHY BUWE 7T A 4T AN
RN, EpRE N TS SE . W AL
HIE T, BT M 2 BARTS IR AT
SRS RO BRI T, 1% B SR B H H
s —HBHRFEZES, HEBCNS G
M) o 3T 10 FEHESCCHRAR S AT 18 BRI A L1 8-B,
2015—2017 “ER BRI, 2018—2020 FE4H
TEREEAEIT I B A S 5 I 51
R IR IRIMETL; 2021—2024 SR 7T i
# 2| i B 2 A5 BB 50 o s 24 92 = 9P L4 £ TR

(FIAE FHAL I 77 TH -
3 it

3.1 RRGUBIIK

RCEMR @R RN, FEARGINEEE
T E 20 D 90 FALH AT 4G, A RIEFE
kRIS RS, X IR E H TR R
NZERe, VLR GO0 R 245 Sl 1 K T S R 1)
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A Top 25 Keywords with the Strongest Citation Bursts B Top 18 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 1994—2024 Keywords Year Strength Begin End 2015—2024
;Egﬁﬁ 1995 579 1995 2013 —————antimullerian hormone 2017 2.23 2017 2020
i L 52 1995 88.75 1997 2015
hEZGRTT 1997 37.44 1997 2015 Ceusl 2017-1.50° 2017 2018
{ﬁﬁ 2003 5.45 2003 2016 atresia 2017 1.48 2017 2022
frid 2004 4.28 2004 2014 infertility 2017 1.16 2017 2020
N 2006 4.31 2006 2015 _a
%%’;%‘Uﬁ?% 2011  6.57 2011 2018 —— activation 2017 1.71 2018 2020
G 1999 523 2011 2016 — .
B 2015 463 2013 2017 fertility 2019 138 2019 2020
PEEARIT 2004 656 2014 2016 i cycles 2019 123 2019 2022
AR 2014 630 2016 2019 ——— Huyang Yangkun formula 2019 1.15 2019 2020

[EOEAIEE 2007 450 2016 2019

B e AIF 2010 691 2017 2020 hormone 2020 1.23 2020 2021
L‘éé’giﬁ%? 2020 10.52 2020 2024 cancer cells 2020 1.04 2020 2021
{ 2014 5.15 2020 2024 —

FEEEES 2020 429 2020 2022 S 2018 2.74 2021 2022
SURMESIEUIRERS2016 54.64 2021 2024 ——reserve 2021 1.60 2021 2022
%@%ﬁ ggé? g-ég %85{ %852 ——Chinese medicine 2021 1.19 2021 2024
BT . —

IMEE el 2008 7.69 2022 2024 _hormonereplacement therapy 2022 2.48 2022 2024
AT 2008 7.59 2022 2024 == ———growth 2022 141 2022 2024
DA 2022 545 2022 2024

I3 2020 540 2022 2024

LIIIIIII||||I|||'|

B8 FEHMGRINEREHRT (A) EX (B) XHXEARNE

Fig. 8 Emergence diagram of keywords in Chinese (A) and English (B) literature on TCM in prevention and treatment of

ovarian aging

AHIG o RS B B A [ A AZ O T8 SO E B
SCI BATINRSCEEIT S . e SCHIA A& 1 X 245 ]
o, HEEZPTIE UM A S T 1 E N E
W& R BB R S LT, SOk
e T ULE R mE. IS, BSEERNRERD
ZAZOEEBIBN, SCCERN L Zhao Ying GEX
). ShenJie (JLi#) A Tan Yong C(IREH) ZHEZO
[ BA BTS20 FTHK . BEARAZA 5T AU N A% O E 3
B\ CHIP L, H Rz e R, AR
EAELNR RIS Ay, 95 XA #5 22 R A
YERUD, T H 3Ok E e /b 1 b SOk, R,
IOBEAN R DX I A AN ZE SRR AEAE . Shom =
248156 51 543 L A [ PR A 7 A e g e 77, X R
ZiBE UM S B AR R . R R
A EHET B AR X
32 IRHASSHENE

PR BEAT 0 A, T SRR E R
FEEUNEMAEERERE . P EZARIT ik 1EH
BL . BERYEET T o A SCOCHRIETE IR R EE . ik
DRI ML FH 24 B S5 07 TR 9, SRty 21 Y
PR FEREFRIA . AU A4 SE T I 7t . H
SCOCHRELHEXS TRk SERRANIG RIS I 7S, 953
SCHER AR N AP SEER R AR o MRS SRR IR S 4 A
XPEE, AERMLE . B2 W 2AE s, 05
e, BT R oA A G R 25 BT TE UP S E It

FaH. gi b, PERZYTIE. WO EAE LS
S 9T 7 0] R AT A SR v R 24 B Y B S S ) A AT
AT,

321 HEEAYTHE hERYIC “UPEIEE” Fidid
#, WEHIGEARRITHE “ HEE#7 e "%
IKELW” “ANZR” CHZZRTEUE” FIEE . ThRIA
AT B R A A - R 2 - A I Al AR AT PR 45 2R
B RE R HARA, Oy . IR R TR EERNE,
VYT IR B BT R AR 2, HNE IS TR AT I B
TG O 208, GG o rT AL, FFxt
CiteSpace M1 rh SCBa ) B8 - tH 7 128 H 44 )5 B
B R AR IR 2 B 0t T 2 (AR AL, HE KIS R
UES B R IMRRUE . PR BHRRE . S B RRAIE . O
AR A ILFSIE S BT MR IE . AL R IR S
HRIERC Y B UESR A, 2EIRE .

(1) 26T {EREEZPTG UP 852 1 Sk
i, BHRREERGER A E A A AL
B AL AU BRIBEER. SBRHLIE L. RE S
277 . WK, A AEET S AMH A E; 7K
F, BEARIMIE FSH /KF, BT 2 AHOCH 7 2
(nuclear factor-E2 related factor 2, Nrf2) /ILZLZ N
-1 (heme oxygenase-1, HO-1) {5 5iHEs, /b
AALN, BERE B Noteh (5 5@, S
P fi 175 < 1) 9 B 5 32 - 4 4 0 53 44 i - 120-200,
HGEAITURYE POF /)N B G BF 20 5 2 A0 ot &, AT
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ARSNGB RN, ZAlg v DL 3 5 % ik
POF /NERVEZ K, Y8715 A [R] M7 284 9k B2 441 il 44
&, IEINEIIAERA; I35 POI /)R P S 6e S A
LR N PR E k=R AR N e - KA K I g SN
VB Fuim st T 4E 42 2 D 24K (vitamin D receptor,
VDR) -Klotho 5 5%, T+ 91 5% Mk /K A1 5
ML FA s> 3R55, AR K B POT 1R & A= Ak
Jl4s mT LK & B [ 2 IE POF 10 £ (1) G S Dy R 251,
A HHRAT 22 A AR T POL AR 35 I is PRI R K
GPELT)RERSl; M9 DOR KRR IOV R, 2%
AN ST REIRGR , 7] Re % MLk B (Kelch-
like ECH-associated protein 1, Keapl) /Nrf2 j@#,
I S N ORTIR T2 A S 27 i Bk T ARG i DOR
Y OB R, RO TIRE, BB IEIRS
JR28l; X9l GCs BGFA AR re B AN, 20 POIL
KERIFPPEIES . W KENEEREHD 43
(connexin43, CX43) AHXfRILERI, HiFaEEl
FIFHE B PR BRI, 7N R H B AL 5 25 A PR i
7 DOR FEAUAHICH) 12 M EREARIE, 5 MG
PUEMNIKT, 4EFF GCs &hifATEA, #2& DOR /)
BUFIREE . TRZ27 n] B 25 12 K B DN S0 2% DB,
X} DOR HABEFHGITAEN, HAERNLH A fe S
W IE SRR F 6 (activating transcription factor
6, ATF6) /¥ 3%F¥ C/EBP [Fs# F (C/EBP
homologous protein, CHOP ) & % $Il] P Jii % 2381
(endoplasmic reticulum stress, ERS) A 5B,

MR TR, UEE B R MBS R AR Rl 2
T Z . WRIRFERE R % DOR A SZ2OMTt
% (antral follicle count, AFC) FlLiE M= K,
HANR MNEALR, AHF RN, %] LLiE
& POL /N ERAR N XCERHEE H O (Forkhead box
03, FOXO3) /JIERMTIEH 5 (Sirtuin5, SIRTS)
G, SR T, ISR DR,
A2 E RN, EE B 6 AL R A It i 15 1Y) BN
TR RN B T B O AR AR R
DOR BRSNS KE-IEAAE 45 JR) i S o], JL gk
A I A 22 2R A B 3 ( mitogen-
activated protein kinase, MAPK) FIf A5t /LEE 3 ¥4
(phosphatidylinositol 3-kinase, PI3K) /2 [
B (protein kinase B, Akt) 15 5@, SZIXT POI K
bR DN S 1) RE 1 R 181

W90 70 BEROR I R 2 AR M B 3 TR E A
. ASEH Rg MM 2 WSS, ORI, Mk

B AREAM A T4 M AT AR R -1 (stromal cell-derived
factor-1, SDF-1) /#&{L 55~ {4 4 (C-X-C chemokine
receptor type 4, CXCR4) {55 18Es, £ POI K
AP B R SN D REET s H| 5 S 2 Z )
LUJREE 11 7 5 % R N =R A A O VSRR K e
DIRerResel, P Re{E it POF /N B (1404,
95 e b B 541 P R A A AR KR OG B 1 o R A
DRl - ik DR 0 SR A 442 O SRR AP /R 140, 39 POF
RS ZNPIOF AR H . UMV E A R R
GEARALTT RN 245 W0 5 3 1) B9 B 20 L AUk A5 405 A
T8l AZREH Re @i EFEPTERMTED 1
(Sirtuin 1, SIRT1) F1° Y200 it J&) 390 2 10 0 gt e il
7] 2A (cyclin-dependent kinase inhibitor 2A,
pl6INK4a) HKIL, FELEEMICEARE, R
PR APLEEALRE ST, 1842 D-FILFES 21 POF /)
BB TR (1) B 33 2 144451 A 22 W R R 1T SRR I
PG 198 H 3 (adenosine 5'-monophosphate-
activated protein kinase, AMPK) /SIRT1 HWii&4%E,
/N B P AT o)y g/ POF K BRUBEAY
RV EAE, TR R O L R A T

BRI A 2 e LR U I ST AR RN g B R
559, FEUHRZ T A FONK . Liang IR 7L
RIL, Kb 22118 i 1G58 Keapl/Nrf2/HO-1 Al
PI3K/AKkt 8%, Jk%E Ha0n T4 A BN S0
(human ovarian granular cells, KGN) 44t N AT
T-HIRE T Zhong S5OV T 0 o4 8 O S 32 2 (1) 24
AR R B S SR R 4 M G 5 . PrE RIS
R DL ST S A AOE A B A O

(2) HAhgy7 7 B 7 giasrat, Bk,
Wk Mg TTUERLEIRIT UL 85 60T 5
B N E I R E . — T2 O B FTIE
S, %12 FEFRIBITH 1000 4 DOR B
AMH 7K~F. AFC #4fn, JEfii FSH. LH /KF FFZ,
RAYEGEIRES R 2 B BT B0, e HARS DOR &
TN 3 AN HE R, BeA 8 Hilm ARE
REAERE S ERIRAS, T IS TEEE K, $Gm
AFC, He3 Op i A5, 3% Geidid 77 miRNA &
1K, BEIN T DOR KR SZATRIEL, Jek/b BN,
F> GCs - HTEAE I 5k GCs Hr 2K [
BEAE R, 23% POI KR N S0y RE 24002 I R
FLR B, FNE RS PG e B OK S R A
DOR HRANA B AT H B REIEIR, AMH. AFC K&
AE KT, 1RE M IRER DS, R B G ks 5
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il H] € 2 % POF & 3 J& il 4 3 &K K °F A
Kupperman 15354, 55— It [al Bt 78 % 0, WERA
HNFH P BB R SR YT DOR. LU BB FH Sl ¢
T R4, Lao SE0BSTR I AT 258K A& 4 H 7T 4 5% DOR
KEONEDIRE, [ PERE KA S 2 DI Re .

gr b, LU R R BER. ThTEERSS
BIRIT B AT EDNRONEREE, EEKH
FETH RS AMHL B2 7K1, FKILIE FSH. LH 7K
VL WIS ROEECE, RHEINERE, BAOINE
A, R EPERRAREL SN E N EE R, e o
HLA GRS, K OP S AL, (R P SN Y
WavE R DIReRE, WE A%, EEE KA
gRZe, (Rt RIMEIEIRES ™, SGEHISEIR.
322 fEHIBLHIRT I

(1) M FEFHEICT:: EZ U FRM, I
SERIThRERUG 5 GCs B T8, A0 W H
MR8, BRAE TS A AR P AR T3 UIAH O, T =
2] IE— B AR AL Bafidix — ik B, Z2fii ON S 454
AT Hedi i . miR-23a 155 1) KGN 4 1A A AE
ANE R T S A ISR TR, (2R T Bax Al
F T A R 8 H R IR 4 B (cysteine-aspartic acid
protease, Caspase) -3. 8. 9 W3 T, [F4Hfsh
PR A BEE 1/2 Cextracellular signal-regulated
kinase 1 and 2, ERK1/2) F1#% [A-¥--«B (nuclear factor-
kB, NF-«xB) BEMALF#{K, SIRT1 A1 SIRT3 LB,
TEOUN B EY) 4- CMGEEIE O S B2 T,
POF /)N GP SLZH 23 % R oM s =i b, e Rt
T Bax. Bel-2. RfFMZ R ADP AR GHE 1
[ poly (ADP-ribose) polymerase 1, PARP1 ] Al
Caspase-3, #1150 S0P T2, JE U0 S 2H 21 545,
WY AMH J/b A FSH. LH Hnieol, fuf (G575
J7 38441 NOD #5244 #48 B 454438 3(NOD-like
receptor family pyrin domain containing 3, NLRP3)
/Caspase-1/{§ ¢ & D (gasdermin D, GSDMD) £ 4
TR, W B/ %-18 (interleukin-18, IL-
18) F1IL-1p f) mRNA FIE 4 E£%, W POI #iA!
/N ERRTRE A5 0, A DR ELORAP VR IO [RIEE,
NS FR I T W RN H] GSDMD. Caspase-1 fll 1L-18
1 ER R, T DOR KER R Fo -2 44 O 554
BER, O/ I0 SLRTRLAA L 40 32 17405181 . Yang 52RfF
FRI, BRIRE izl #H] MAPK {5 5 18 B3
b BRI EE, Bk B gl RIS GCs, KE
GCs WJfE, AR POF, fEANEIE LA T T,

POI KB MIE BRI IEHE AL, ORI P8 2 25
b, FEAR A 3 G R A A T, S
B W 9 R L A e V2 SR 8 el B
Nrf2. I H K AL Y08 4 (glutathione peroxidase
4, GPX4) HIHO-1 FRiE/K>-, FEK Bax FIREERAL
(1120 55 1 H2AX (gamma H2A histone family member
X, yH2AX) FIiE/KF-, Hifa o s dl, KIS
POF KA1 KGN 20l BT AL Fi BRIET- AN
RO T2 FHER, — 2 R &7 R e H AR EE /N R BN
HAMNERE TRE, BT, KB
i A & R 4Cacyl-CoA synthetase long-chain family
member 4, ACSL4) . i 1446 (reactive oxygen species,
ROS) FIP§ % (malondialdehyde, MDA) 7K -1
hn, GPX4 FAMH K (glutathione, GSH) 7K-F-B#
RIS, iR B 84k, s o A
T2 BN SR

(2) FH FEARE S L A2 A PR F- Rt 28 Rl 1 o 45~
BT, O SRSV IS A SO0 S8, HEB) 5 BN L
MY AMBHIEERE, SRR ETIREREAR, TN A
Joi R BEIS) . DN ELE ) S A S BRI I
THAR 2 7 i A AT 2 R IR 488671,
IEH R RAHECES, POF KRR IMLIE B AR 1 -a
( tumor necrosis factor-o., TNF-a ). y- T # &
(interferon-y, IFN-y) & &M B &, “AlAREA L
FEPURE TR, 8 POF KRR AKCE, ik
UNERL TN REIK S o VEEE O TR OR AL IL-
6. TNF-a Al NF-xB [{)3ik, H0I G055, SR
SR IR R A RIPER . AR, iR
RRTCNG G =PI 3% POF KRG
WERIKE, BGEAETH N 7-WAEE, b O S A 2
IFN-y. IL-4 ERFERIE, PRS2 S pieel,

(3) PrEtRfG: ROS W= AE it — e B{E,
HUAFTE I R G R AT . BrE A A AL
VI T EOON A SR G, 5 R I
ZANTNREIRIBIOOTO, B TR, FEZEE TN LR
4iffaH, ROS. MDA & & W% T, @Bt
fif (superoxide dismutase, SOD). GSH. I LA
filf (catalase, CAT) 7 & & N [EIS6), B FTIESE,
POI B KR E “ Bl iZE/KiE” SHEIESRTT 4
Ja, 1§ FSH. LH &8 TN, Ex Ml AMH & &
w5, GPELZHZ1 SOD. CAT & &4/, MDA & &
A, B3 T POL KON ET)RE, FIRES SIRT1/ALA
1 W) TG 1k 1S TE W WO 2 Ry L EOE A 1a
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( peroxisome proliferator-activated receptor gamma
coactivator la, PGC-1a) /Nrf2 8l BHEA Rk, —
iz d i % AMPK/ B A% 2= ¥ 8 H (mammalian
target of rapamycin, mTOR) {5 5 iE &, #E 1 POI /)
SUMLIE Eav SOD. 0t H ik S AL V) (glutathione
peroxidase, GSH-Px) 7K*F, [EfIKIiE ROS. MDA
K, T T S RO, 5 O S T el
(4) P SPEMMEE. TRALHFR
UG s W UE, TR 2. FIFRY], 4
R G AN A TR IS~ S AR S O
(senescence-associated heterochromatin foci, SAHF) ['%]
S N BN M 3 2 1) B oy T RFAE . ARAN TR
51 POF KB GCs &I, AT Go/Gr #A4H AL
EeBIB R 2T S W1, Al fedt GCs A Go
] S WAk, Hahn S BAZHMI e, HFEA R Ak
et GCs HFEI . 228/ SR P AL LA, S g
T AR S AL FR AR O JEE J 3 PG, B (e 7T
DA IR S5 A g 0 3% A i R B, R A 2
BN ELZEZ ), POL /)N R U 8 SAHF AH K I il 72
K% AT #8 H 1/2Chigh mobility group AT-hook1/2,
HMGA1) /HMGA2 EHRIE LI, HEAH3 S 9
fir # 2 B = W % b histone H3 lysine 9
trimethylation , H3K9me3 ). F & F & A 1
(heterochromatin protein 1, HP1) 434380, fnwkIH
B 77 AT LAE i) B S SAHF AH R [ I RIA oy
At /> SAHF FHEAR A EL iR 7 POIROS,
(5) P RP: H S PUAR. AR T, e
AR S5 5 A B O B By G NI, A
PEOREE R, SECRAENEIN R REARIS. BRI,
|0) BSE A IRGEANTIE EARENNE AR NS VR e[ Z7INE
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