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Research progress on modeling and pathological mechanisms of
diminished ovarian reserve
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('Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)

[ Abstract] We conducted a systematic review of the construction method and pathological mechanisms of
animal and cellular models for diminished ovarian reserve (DOR) , to provide a theoretical basis for understanding its
pathophysiological mechanisms and references for future drug development and therapeutic strategies. We carried out
extensive retrieval and analysis of the recent literature to identify the detailed diverse modeling approaches (including
pharmaceutical induction, environmental factors, natural factors, and composite factors) and explored the roles of
their mechanisms in DOR pathogenesis. The pathogenesis of DOR involves multiple factors, including oxidative

stress, apoptosis and autophagy dysregulation, impaired angiogenesis, and imbalances in follicular development and
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the immune microenvironment. Studies also revealed intrinsic correlations among key signaling pathways in DOR

models. Although existing DOR modeling method can effectively replicate Western medicine pathological features,

models incorporating traditional Chinese medicine (TCM) syndrome characteristics remain scarce. Given the unique

advantages of TCM in regulating the complex pathological network of DOR, future research is needed to prioritize the

construction of TCM syndrome-oriented DOR models. This will support investigations into the scientific basis of

TCM’ s multi-target regulatory mechanisms and provide a robust theoretical foundation for clinical applications.
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Table 1 Key pathways and detection indicators of oxidative stress

B3l

Key pathways

DIRERT IR

Brief function description

IR AR
Commonly used

detection indicators

0S—Keapl BHi—Nrf2 A—#IEHA IR (SOD,GPx NQOL 4§) 1 —

Nif2/HO-1 1553l % HO-1 T s A ibie

Nif2/HO-1 signaling pathway

NF-kB {5518 %

NF-kB signali h

Kb signaling pathway pro-inflammatory factors 1
SIRT1 {553 i

SIRT1 signaling pathway

0S—Keapl modification—Nrf2 nuclear translocation—activation of antioxidant

genes (SOD, GPx, NQOI1, etc. ) T —HO-1 T —enhanced antioxidant capacity

0S—TLR4/MyD88 i if—IxBa [ f#—p65 AME—2 4T 1
0S—TLR4/MyD88 pathway— IkBa degradation—p65 nuclear translocation—  TNF-a, IL-6

0S—NAD" 1T —SIRT1 3% —p53/FOXO0 % Z. AL 5 T/ R Hr 84k
0S— NAD" T —SIRT1 activation — p53/FOXO deacetylation — inhibition of

Keap-1, Nif2, HO-1,
SOD, CAT, GSH/
GSSG, MDA

IkB, p-IkBa, p-p65,

SIRT1, ps3, FOXO,
NAD'/NADH

apoptosis/enhancement of antioxidant capacity

I : Keap-1: Kelch Ff ECH SCHRER [ 15 Nef2 X IR 7 E2 MISCIH T 2; HO-1: ML Z0 3N 4AUBE 15 GSH/ GSSG < 38 AL A e H Ik S8 AL A 45 e H
JI s NF-kB : 7% F-kB ; INF-o: R RSE Bl F o5 SIRTL: YUBR A5 B A 35 B F 15 p53. M 8 1 53; FOXO: XK HEF F1 O %K% ; NAD'/

NADH ; {0 P5E R B e — A% H IR (AL RL/ B IR ) 5 p . BRAR AL,

Note. Keap-1, Kelch-like ECH-associated protein 1. Nif2, Nuclear factor erythroid 2-related factor 2. HO-1, Heme oxygenase-1. GSH/GSSG,
Glutathione (reduced) / Glutathione disulfide (oxidized). NF-kB, Nuclear factor kappa B. TNF-a, Tumor necrosis factor alpha. SIRTI,
Sirtuin 1. p53, Tumor protein p53. FOXO, Forkhead box O. NAD'/NADH, Nicotinamide adenine dinucleotide ( oxidized )/Nicotinamide

adenine dinucleotide (reduced). p, phosphorylated.
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Table 2 Key pathways and detection indicators of apoptosis

IR A b
Commonly used

PSSl
Key pathways

I i

Brief function description L
detection indicators

SET LA ( FasL, TNF-a) =BT 32 & ( Fas , TNFR1) —DISC—  FasL,
cleaved Caspase-8—-cleaved Caspase-3/6/7 cleaved
Death ligand ( Fasl., TNF-a) — death receptor ( Fas, TNFR1) —  cleaved
DISC — cleaved Caspase-8 — cleaved Caspase-3/6/7 6/7
RLAR5— Bax Bad Wik 4R A SMEEEE T —Cyt ¢ B
—> Apaf-1/Caspase-9 #{ifi—cleaved Caspase-3/6/7

Stress signals — Activation of Bax and Bad-— Mitochondrial outer

TNF-a,
A1 G I T Caspase-8,

Exogenous apoptosis pathway Caspase-3/

Bax, Bad, Bel-2, Cyt

¢, cleaved Caspase-9,

PALTR P 0 T30 e (R A T3 )

Intrinsic apoptotic pathway 1 |
cleaved

6/7

Caspase-3/

membrane permeability T — Release of Cyt ¢— Activation of Apaf-
1/Caspase-9 —cleaved Caspase-3/6/7

H K I F—PI3K #7G —p-Akt B 7E—p-FOXO03a (5 ) —
T

Growth factors — Activation of PI3K— p-Akt activation— Nuclear

('mitochondrial apoptosis pathway )

PI3K, Ak, p-Akt,
p-FOXO01/
3a, p70S6K

PI3K/Akt-FOXO i 741 il
PI3K/Akt-FOXO apoptosis suppression axis
export of p-FOXO3a—Inhibition of apoptosis

(DR T4 3. B B — p-INK/p38 BTG — p-c-Jun/ATF2 34 3
R T R 5 (FasL  TNF-o0 ) > JA T80
Pro-apoptotic branch: Stress — p-JNK/p38 activation — p-c-Jun/

ATF 2 activation — Transcription of pro-apoptotic genes ( FasL,

p-p38, p-INK, p-

MAPK X i f#% TNF-a) — Activation of apoptosis ERK.. o-RSK . o.Bad
MAPK bidirectional signaling (2)BLIT-50 3 AP 5 —p-ERK #{% —p-RSK #i% —p-Bad B 1_2’ I])3 1- L, b ’
(i) —Bel-2/BelxLL HLIA -y 30 e
Anti-apoptotic branch; Survival signals—p-ERK activation—p-RSK
activation — Inactivation of p-Bad — Enhanced anti-apoptotic
function of Bel-2/Bel-xL
ER RI#—PERK IRE1,ATF6 # % —CHOP T — Bax #i% —4k
LA T3 B PERK/p-PERK,

PR J5 4 LS 35 5 ) 0 T

. . ER stress— Activation of PERK, IRE1, and ATF6— Upregulation IRE1, ATF6, CHOP,
ER stress-induced apoptosis pathway

of CHOP—Bax Upregulation— Activation of mitochondrial apoptosis  cleaved Caspase-12

pathway

1 : FasL; Fas fit{& ; Fas; Fas 324 ; TNFR1 ; Jf9E$RIE 13244 ; DISC : JE T35 305 5 B A 1K ; Bax : Bel-2 #H¢ X % 4 ; Bad ; Bel-2 40 I 5E T
FEHUH) s Bel-2. B AHAMKEL R -2 TR 115 Cyt e AMBE A ZE C;INK: c-Jun N 7 55 06 ; ERK . 40 i AMS 2 815 i 5 ATF2 . 8005 5 S PR F 2
MAPK : 2224 J5% AL 1 RSK A WE 1A S6 34 ER . BT s PERK ; P9 BT I B4 s IREL . LR KB 15 ATF6 . 803 7% 5 [ 7 6; CHOP . C/
EBP IR,

Note. Fasl., Fas ligand. Fas, Fas receptor. TNFR1, Tumor necrosis factor receptor 1. DISC, Death-inducing signaling complex. Bax, Bel-2-

associated X protein. Bad, Bel-2-antagonist of cell death. Bel-2, B-cell lymphoma 2. Cyt ¢, Cytochrome c. JNK, c-Jun N-terminal kinase.
ERK, Extracellular regulated protein kinases. ATF2, Activating transcription factor 2. MAPK, Mitogen-activated protein kinase. RSK,
Ribosomal S6 kinase. ER, Endoplasmic reticulum. PERK, Protein kinase R-like ER kinase. IREl, Inositol-requiring enzyme 1. ATF6,
Activating transcription factor 6. CHOP, C/EBP homologous protein.

£ D—>FZUHEEC G 6 2 75 1 DOR /MR
TR R EE2H 20 PI3K , Akt . mTOR p70S6K &
e mRNA & AR . 76 VCD %519 DOR K
S £ 7| Pink1 | Parkin, Bnip3, LC3, AMPK A
SIRT1 AYZE 4 M mRNA FiATFHE, Bel-2 H KA
W0 Bax FikFFE, 1fif PI3K Akt . mTOR 2 7%
AR A, SRR HE S T BUN RN A
41 FOXO01 ,FOX03a ,p53 . FSHr %5 |1 % ik T &, P-
Akt F1 PI3K [ AR KT,

Zib, WAL TT1A S DOR 2 PI3K/Akt

I OB SR A AL, HoAth DOR A
W —FCRBUR PI3K/ Akt il FEH0 ], XAl
AN T 5 A W O A7 A, FE 2 K PI3K/ Akt
R il N IR R U T % LA K HIF-10/
Bnip3/Beclin-1 B4 FH W i % 300 .
2.3 mMEEMRER

B 510078 A U RE ) T RS2 DOR i) Hi 2055 1
FRIEZ — o a8 S SO T i 48 P B2 A= K
¥ (vascular endothelial growth factor, VEGF) R4,
H i VEGF-A/VEGFR2 i & 4% # .0 fi2 i 45 1



rPE P AR I 2 2Rk 2026 4F 3 45 36 %5 6 ] Chin J Comp Med, March 2026, Vol. 36,No. 6

139

R3O A OB A AR AR

Table 3 Key pathways and detection indicators of autophagy

I HIE B
Key pathways

TIREfT i

Brief function description

WA R
Commonly used

detection indicators

PI3K/Akt/mTOR {7 =
%

PI3K/Akt/mTOR signaling
pathway
HIF-10o/Bnip3/Beclin-1

1 %
HIF-10o/Bnip3/Beclin-1

signaling pathway

AMPK {5578 #%
AMPK signaling pathway

Zokrk B W
Mitophagy pathway

0S—PI3K i —p-Akt 0% —mTOR % — A Wkl / 20 AT 1
0OS—PI3K activation— p-Akt activation—mTOR activation— Autophagy
inhibition/Enhanced cell survival T

B4 —HIF-1o $45E —Bnip3 T —Beclin-1 Bi— H MR il — 1 1 T
Hypoxia—HIF-1a stabilization—Bnip3 upregulation— Beclin-1 release—

Autophagosome formation— Autophagy enhancement 1

Ji#—AMP/ATP T —p-AMPK #7&—mTOR #l il — 41 1
Stress — AMP/ATP 1 — p-AMPK activation — mTOR inhibition —
Autophagy enhancement T

(1) Z Z AR 35 45— PINKI 3% — Parkin 554 —p-S65-Ub T —LC3
2

Ubiquitin dependent: Damage —PINK1 activation—Parkin recruitment—
p-S65-Ub 1T —1C3 encapsulation

(2) ARz R WA R AL - B —Bnip3 T —1C3 HiE

Ubiquitin independent ;

PI3K, p-Akt ( Ser473/Thr308),
p-mTOR

HIF-1o, Bnip3,p-Beclin-1,LC3

p-AMPK ( Thr172) , AMP/ATP,

p-mTOR, p62

PINK1, Parkin, p-S65-Ub,
Bnip3,0PTN,NDP52,1.C3

Hypoxia—Bnip3 T —Direct LC3 binding

(3) B R # . PINKI - @& OPTN/NDP52—1C3 {4
Alternative pathway: PINKI — Phosphorylation of OPTN/NDP52 —

LC3 encapsulation

¥ : AMPK ; AMP {8035 (9 8 18R ; AMP/ ATP « SR — BRI/ IR =52 ; LC3 . U ARG 1 1 846 3 HIF- Lo BRART5 A+~ Lo; Bnip3:
Bel-2 HITLAE I 1T 33 PINKI : PTEN 5 S8 1; Parkin: Parkin E3 {2 3 #4425 ; OPTN . ML #2286 11 s NDP52 U8 11 52,

Note. AMPK, AMP-activated protein kinase. AMP/ATP, Adenosine monophosphate/adenosine triphosphate. LC3, Microtubule-associated
protein 1A/ 1B-light chain 3. HIF-la, Hypoxia-inducible factor-1 alpha. Bnip3, BCL2/adenovirus E1B 19 kDa-interacting protein 3. PINKI,
PTEN-induced putative kinase 1. Parkin, Parkin RBR E3 ubiquitin protein ligase. OPTN, Optineurin. NDP52, Nuclear dot protein 52.

™Y VEGF-A 30 VEGFR2 T PI3K/
Akt ERK 1 PKC {5530 % , & o N Bz 40 g b
B 3B KAE S, 3K Bl B9 I G D 454 % 5 i
TR, T I A8 A R D3 I A5 P Bz 400 7 A K A
F3ZAK (vascular endothelial growth factor receptor,
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