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Research progress on the mechanism of acupuncture intervention for depression based on
oxidative stress

LIANG Lu, LI Xiao-xiao, DU Xiao-yan, LI Shu-juan, SHEN Ya-nan, JIANG Wang-ying, MA Chong-bing (Acupuncture and
Moxibustion and Massage College of Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China)
[ABSTRACT] Depression is a chronic and recurrent mental disorder characterized by high prevalence, prolonged
episodes, high recurrence rate, and significant disability. Acupuncture has been shown to be effective in treating this
condition, and its underlying mechanisms are increasingly being investigated. The pathogenesis of depression is closely
associated with oxidative stress. This review summarizes the mechanisms of acupuncture intervention in depression
from the perspective of oxidative stress, including the regulation of oxidative stress-related signaling pathways,
inhibition of ferroptosis, modulation of the oxidative stress-Calpain-inflammatory signal axis, reduction of cyclic
guanosine monophosphate content, and attenuation of mitochondrial apoptosis. These actions collectively contribute to
the reduction of oxidative stress products, enhancement of antioxidant capacity, and improvement of oxidative damage
and depressive symptoms.

[KEYWORDS] Acupuncture; Depression; Oxidative stress; Signal pathway; Ferroptosis
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Fig.1 Relationships between oxidative stress pathways

2 StRIAPHISRTE T

BRBE T T AR O 1 A — o A AR R M A0
FET- 7. HAE G AN IE T IR AE L S A
FET-HLHIASR], BRAE T S 46 4% B 7 i & Fenton JZ I
AR B S5 3k S Ak B R, 51 A A 407 B 3 i P 1
SEAN M AR T ESE T ROSHE L BT 10 &
B DR S AL IO TG o 4 o R E T A O IR AR R T A
IO H ik i 28 Ak W B 4 (GPX4) , S Bl it Ak, B
IRERARAS | I 440 M P9 % 25 4% Tl 4 Fenton R B ,
SEBET i R A Fenton J i A 5| & £k 4 i e,
7 458 497 B A8 Tl T Ak A 1 106, iF — 25 38 in ROS &
AT =0 AR TR 20 I 2 ) 0 N G '8
i 48 AL B B8 i i1 GSH . CAT . SOD #1 GPX /K V- %
I, B Bk BT T K AR U b R e a8 R A
(SLC7A1L) 3 i 7% iz bt 20 2 #F A 40 B, 2 GSH 1)
A OB AR R R, K R R L AR A A LG 4
(ACSL4) i 32 48 Ak A 18 FAS 5 B8 10 1 30, ok 728 40 g

Jig JB 20 B, S R FE T RO IR s 2 — B R R
W], CUMS K R S SR 56 40 M B0 1 £ 2 R/
B>, 1 D GPX4 . SLC7A11 % [ M mRNA A
Xif ek B FRAR, BB 1 ACSLA 2 1 K mRNA A%
FRRTET, A-EARER S/ HETEE SRS
LEZSIVE i R R AL A N it WD (1S N W 1
ROS, 4 il ¥ 22 SR FE T A BFSE WoR &L )+ 15
Ji , CUMS K R % & GPX4,SLC7A11 & (1 &
mRNA A X} % ik & F+ & , Ferritin, ACSL4 8 1 )
mRNA A XF 2 35 5 B IS, AR FE AT Sy B 1 47 5,
& B B f T 8 58 i JH 9 SLCT7ALL/GPX4 {5 %
B A S 2 TR AE TS, B3 CUMS KRB
AT R

25 b, AECAR N SO o 4 R A T Y G B )
T oA A AT, BRSBTS AT ik —
A HE N ROS 1 & &, In#ERFE T 1 & A AT 5 3L
TS (Y & Az, T AT 38 S R IR AR Ak IO F L B
AR D B IO R T IR BIPTIAR I B 1 .



© 792 -

Acupuncture Research

3 SHHRDAT |55 E 55 (Calpain) -
KRS SH

Calpain J2& — F 51 22 (1 55 2 F KB 0 R A g, 5
2 R AL Fe w2 T B O R UIYY. Calpain 75 4
Feh XM & RS E W LT K YIRE T k5 H EAE
FAUO . AR I 3R] 2 E Calpain A9 3% 4k, filk & # 28 46
YRR, IR 2 e 5 AF ST 2 B AT AR ik
LV AE R A R K it B 1 804k R 9848 4977, Shen
SRR 5 5 R A AL I B -C alpain- 48 P 2 I A5 5 Sl 7
FIAR & Az 3ok B e g G ERAE A 5l T e
A AR 07, BRAR S M R, BB . A
WF 58 o, 1 I 22 05 24 he /s BURE 25 i 4
B )2 H ) Calpain-1. P14 B A 2 (IL) -1 A 35 B
FE T IE R 4L, SOD i 1 i3 T F , MDA [ 7% 2 1
F TR, 0 SR SRR AT R T
J& , CUMS /R 55 2020 SOD 3 1 5 2 7+ 55, MDA
KV B 3 T B, Calpain-1 ., IL-18 %A /K7 B 8 T %,
PIARFEAT N B e s DL RS 2% B R RT3 2ok
A AT /N RV T S A R 38 -Calpain- R 1 {5 5
Bl 1o b Ak AR e b AR L B A,
Calpain i35 1k, 9020 & M N, 38 BN BT AR Y B /9 .

Zi I, Calpain 5 2% > 242 e b 28 o4 3 %% V) AH
5, S AL B 3T 51 Calpain 35 46, 3 i 7] 51 & # 28
e Ve B B kAR &L T e S B R R B -
Calpain-# M J I {5 *5- il , B A0 S0 Ak 02 337K S8 4900 1l
Calpain {if P4 , 2038 R KB, T &2 8 HT IR AE -

4 STRIFEABESE(cGMP)SE

cGMP J2 2 i P9 & ¥ S B 1 I i 55 — A5 (1, i
I TG AR P R R A T 7 R T O B R BN
Bk AR 05 5 5 S Ok N T R A AR
cGMP 1] L @ & W A% CAT Fl4 - 88 484k Wy 165 Ak ity 1
Feik, gl A AR IR0, CUMS K BB 5 4
W2 4L cGMP MDA & f 5 in™™*, SOD & it %
fiX, B AR YT R L AR K B S K A 41 4
cGMP MDA 1y & &t i 3 BE A%, SOD & & B & 3
I, 2 B e T A RIS O B X cGMP & i K
LR WA G Ak QAR X = IR T AR i |
i Pt 28 0 W 540, 3 AT R R & A BT AT A Y AL
il Z—.

25 b, AUk R JERT A 0 BTS A 7R BRL VAR S A - 20
20 cGMP & it B, JF 5 H A AL N oK P S A
S 5 10 B A AT T A AR A CUMLS Al R 75 B, 6 At i X
cGMP 1% 2, S THHLIR BT A AL BE 1, B AR SR 10 0

JKSF, AT 8 B BAR Y H Y

5 StRIBELNERAT

20 B T O A ) O TG Ml N AR AE ER R A
KR S NIRERE, EH TMES S A
FAFIET o B LR R f B 4 ROS
B B B ES R R R AR T T B e
Bel-2 8 AR LR T O H & A
3~4HA BT I RE B Bel-2 [/ I8 (BH) 45 14 5 i1
P 124 A Bel-x . Bel-2, Bel-w . Mcl-1 K {2 8 - %
1 Bax M1 Bak 21 5% , {2 98 7= 2 [ 6 % 16 2R iR S i
T L5 L B 45 G U5 S LR A 3 1 Y
IR P8 T3 AR 2 ROS A2 2, 2k
LA R AT B, 5 B R AR P IR O M G, R
KRN EAR CHERAR;MEARCY
B2 40 M BT b, DT 75 S O T A 1 B S I 13
RIE B e R A Tl 0 5260, B S W00 2F I R 4
fiti (Caspase)-9, # M # 1% Caspase-3 il Caspase-7, 5]
BT WS B 08 M A S A AR AR R
BT 00 P B Jot R b b A A 8™ ) MDA i 4
%, B AL SOD . GPX /K- F &, 42 98 1= Fr &
Bax il Caspase-3 /KF 7+, #F 5% @R , A 1L V%
S AR /N B ZH 21 MDA (19 3% 5k b 35 1 0
SOD 7K 522 3T [ 3, 48 7 AR A AL /)N B4 40 fk
AE 77 5835 BRI, 2R R A7 76 B 0 S Ak I ot 105

B AT 3 sk s 2D R B B 28 0T U T ok 2 il g
O T IARAT o BESE SR BE A 9T IS AR R
AR B S 20 21 ROS 41 i (4 % C . Caspase-3 Fl
P T R SRR KO B A A R
K, AU SR, A YY R CUMS K RS
#1 H,0, MDA i % F %, SOD .GSH-Px ¥ & [,
Ui b e J1$2 &, 1 Bax  Caspase-3 35 I 3 FE K,
Bel-2 KK FF, T2 b 5 [W] I 4 50 5 v 5
Lo R G T D) | IS N3 &M T LN W N LD
2 D, EOBE K O 4 S5 56 rhoBE K H AR TR R 3
FE, U8 B AR R AT O B R s e mT L
A 3 o AR AT R A S Ak N YK ST D 2 2R (R O
T2 R AEHUIIAR 0N

MR AR ) ROS TG 1k 4 S i) 3 B ), Al 5]
ELRL T ROS o 22, 2k 4 JI5 30 35 V34, 4 0 12
A R b S 0 B T A R AT e
SRR EAL 7 W 00 77 A 4 TH LR BT AL RE ) BRI
PR T2 B R L AR TP T R K b
YRR T, AR B BTIAR Y H .



Bt BT 5

793

6 NEERE

AN R S AR E O R ), B AR AR
it 2 5h A kRE 0 T R G 2 AR S 5 AR
JiE 1) 22 g L AR B R S A 9 4 SR AR N BORE SCA
538 % e/ T R AR Y A 8 A 2 e 58 i T
PR U/ A R T, B v LA B T A AR R D DL R
BUAWASAE FH 5 34 7T 38 ik B A Ak L K T L Bk
B IR BT, 8T & AL N i -Calpain-28 P 2 v
55 il DL ] Calpain 0976 14 | D6l 55 240 B 9 M 2
R AIK cGMP & &t F 4R 08 12, DA 980 20 4 i
T, [ B 2 FH LR B A AR R T, PR 37 Bl 48 00 B 32 41
i 0, B A B MABREAT -

B 06 T7 AT AR © 28 IO — 2 1 AR L (EL
SABAEAEAR R o F AR N OAH OC AR 5 38 B =z ] ZE 4
AB Y & s 2ok T v AE AE S 2 B A L AE AR T
BAZHE 28 CBRIEBEY MRS, MHTW
W5, 22 04 v T BB 0 B {5 5 0 B BURE
FOS g O R (R IEEAER . XA R
5 I 2 (AL E R AR P A BOAE FH A BIF 5 U AR X A
A B T TUARE AN W] A DX A Ak K S B 9T A
b XA] BB AR A T AE 5 B A R R R T S
ABAE AL I 58 09 S5 O T A 38 7 AN [l o T3
X A8 A N UK P S e 1Y 22 S A Rtk — B AR . )
Ab X il T M ARE 14 3T LA R i — 2P B
FlERhZe A 1R 75 WIRAEAE A 25 v %

S % Lk
[1] SUNC Y, GAOM Z, QIAO M Q. Research progress of
traditional medicine “Xiaochaihu

Chinese compound

Decoction” in the treatment of depression [J]. Biomed
Pharmacother, 2023, 159: 114249.

[2] SANTOMAURO D F, MANTILLA HERRERA A M,
SHADID J, et al. Global prevalence and burden of depressive
and anxiety disorders in 204 countries and territories in 2020
due to the COVID-19 pandemic [J]. Lancet, 2021, 398
(10312): 1700-1712.

[3] LINRH, LIUL L, SILVA M, et al. Hederagenin protects
PC12 cells against corticosterone-induced injury by the
activation of the PI3K/AKT pathway [J]. Front Pharmacol,
2021, 12: 712876.

[4] MARWAHA S, PALMER E, SUPPES T, et al. Novel and
emerging treatments for major depression[J]. Lancet, 2023,
401(10371): 141-153.

[5] PELEG L C, RABINOVITCH D, LAVIE Y, et al. Post-
SSRI sexual dysfunction (PSSD) : biological plausibility,
symptoms, diagnosis, and presumed risk factors[J]. Sex Med
Rev, 2022, 10(1): 91-98.

[6] HEINZMV, YOM-TOV E, MACKIN D M, et al. A large-

scale observational comparison of antidepressants and their

[11]

[12]

[13]

[14]

[18]

effects[ J]. J Psychiatr Res, 2024, 178: 219-224.
TG, ERCE, #hEEE, A B 2R T IR AE 1R I BL
FEHESELT]. BRVG R, 2024, 45(4) : 566-569.

FENG X Y, WANG Q X, HAN J X, et al. Progress in the
study of the mechanism of acupuncture in the treatment of
depression (in Chinese) [J]. Shaanxi Journal of Traditional
Chinese Medicine, 2024, 45(4): 566-569.

CORREIA A S, CARDOSO A, VALE N. Oxidative stress
link  with the stress

in  depression: the response,

neuroinflammation, serotonin, neurogenesis and
plasticity[ J]. Antioxidants, 2023, 12(2) : 470.
BHATT S, NAGAPPA A N, PATIL C R. Role of
oxidative stress in depression[J]. Drug Discov Today, 2020,
25(7): 1270-1276.

FORMAN H J, ZHANG H Q. Targeting oxidative stress in
disease: promise and limitations of antioxidant therapy [J].
Nat Rev Drug Discov, 2021, 20(9): 689-709.

HOFFMANN L, WACLAWCZYK M S, TANG S, et al.
Cofilinl oxidation links oxidative distress to mitochondrial
demise and neuronal cell death[J]. Cell Death Dis, 2021, 12
(11): 953.

YANG Y R, CHEN J, GUO Z Z, et al. Endophilin Al

promotes actin polymerization in dendritic spines required for

synaptic

synaptic potentiation[ J]. Front Mol Neurosci, 2018, 11: 177.
XIEENG . A H ALFE CUMS IS 3 AR A 78 /N B b g 7R
BMURIBTFE[D ], AL - R, 2023,

LIU M Q. Study on the role and mechanism of swallowing
protein Al in CUMS-induced depression model mice (in
Chinese) [D]. Hefei: Anhui Medical University, 2023.
HANJH, LIUM Q, LING Y, et al. The role of endophilin
Al in lipopolysaccharide-induced Parkinson’ s disease model
mice[J]. J Park Dis, 2023, 13(5): 743-756.

ARFY, R/NRG, BAHEAR, AF R AR ET X CUMS #8Y
K BAMABKEFT 7 12 ¥ B Endophilin A1/ROS 15 51 B #4 5 i
[J]. % &, 2025, 45(9): 1281-1289.

7ZOU L, SONG X G, ZHAO Y B, et al. Effects of Tongdu
Tiaoshen acupuncture on depression-like behavior —and
Endophilin A1/ROS pathway in hippocampal tissue of CUMS
(in  Chinese) [J].
Moxibustion, 2025, 45(9): 1281-1289.

TR DB RO, A5 AN IS 0% K 3R Wl i INK/
c-Jun {5 538 B i HLO, % S 1 PCL2 4 1-[J/OL].
AP R 2524 1], 2025-07-01.

WEN Q H, YEM Y, ZHAO Z Q, et al. Buyang Huanwu

model rats Chinese Acupuncture &

Decoction attenuates H,O, induced apoptosis of PC12 cells
through JNK / c-Jun signaling pathway [J/OL]. Chinese
Archives of Traditional Chinese Medicine, 2025-07-01.
MARTIN-HERNANDEZ D, CASO J R, JAVIER
MEANA J, et al. Intracellular inflammatory and antioxidant
pathways in postmortem frontal cortex of subjects with major
depression: effect of antidepressants[J]. J Neuroinflammation,
2018, 15(1): 251.

ZHANG J T, LIN W J, TANG M M, et al. Inhibition of
IJNK ameliorates depressive-like behaviors and reduces the
activation  of

pro-inflammatory  cytokines and  the



794

Acupuncture Research

[24]

[27]

phosphorylation of glucocorticoid receptors at serine 246
induced by neuroinflammation[J]. Psychoneuroendocrinology,
2020, 113:104580.

BT . BGP-15 i i fie ik SR ik 1 0 e 38 LPS 3% 5 19/
BHMARREAT R [D ] B AR PR B R, 2024,

ZHAO J N. BGP-15 alleviates LPS-induced depression-like
behavior by promoting mitophagy (in Chinese) [D]. Wuhan:
Huazhong University of Science and Technology, 2024.
WAk, T, 2B, A5 BT X AR O R AT AT R T
INK {5 %5 1 e ik p 5w [T]. v de PR 25 44 35, 2021, 36
(6): 3157-3161.

YU Q Y, YANG X J, JIANG H L,

acupuncture on JNK signal pathway expression in prefrontal

et al. Effect of
cortex of depressed rats (in Chinese) [J]. China Journal of
Traditional Chinese Medicine and Pharmacy, 2021, 36 (6) :
3157-3161.

N, TR, IR, A TR L X R AR AR 2 R
FI D p-JNK  c-Jun, Caspase-3 2 [ £ ik py 2w [J]. Jb gt
=25 K4, 2014, 37(12): 820-824.

SUN L, LIANG J, LU J, et al. Effects of acupuncture and
electroacupuncture (EA) on hippocampal p-JNK, c-Jun and
Caspase-3 expression in rats with chronic stress depression (in
Chinese) [J]. Journal of Beijing University of Traditional
Chinese Medicine, 2014, 37(12): 820-824.

L AR Nef2 ST A B Ay TR AEALEIT]. A2 A5 B
2018,16(1): 1-6.

LT H, YANG L. Molecular regulatory mechanism of Nrf2
antioxidant  (in  Chinese) [J].
Bioinformatics, 2018, 16(1): 1-6.

LIAO D H, SHANGGUAN D G, WU Y, et al. Curcumin

Chinese  Journal  of

protects against doxorubicin induced oxidative stress by
regulating the Keapl-Nrf2-ARE and autophagy signaling
pathways [J]. Psychopharmacology, 2023, 240 (5) : 1179-
1190.

wB A, AR, WS, AL BB 9N Y Keapl/Nrf2/
HO-1 38 %65 14 1 51 55 20 BB A 42 K RS Ab L 38 13 4 5 T
[J]. §FRIBFST, 2025, 50(1) : 41-49.

HUANG S D, ZHANG Y, SHI X L, et al
Electroacupuncture of “Gongsun” (SP4) alleviates oxidative
stress injury and promotes normal follicle development by
regulating keap1/Nrf2/HO-1 signaling in rats with premature
ovarian insufficiency (in Chinese)[J]. Acupuncture Research,
2025, 50(1): 41-49.

SINGH S, SINGH D K, MEENA A, et al. Rutin protects t-
butyl hydroperoxide-induced oxidative impairment via
modulating the Nrf2 and iNOS activity [J]. Phytomedicine,
2019, 55: 92-104.

CAMKURT M A, FINDIKL1 E, IZCI F, et al. Evaluation of
malondialdehyde, superoxide dismutase and catalase activity
and their diagnostic value in drug naive, first episode, non-
smoker major depression patients and healthy controls [J].
Psychiatry Res, 2016, 238: 81-85.

BANSAL Y, SINGH R, SODHI R K, et al. Kynurenine

monooxygenase inhibition and associated reduced quinolinic

acid reverses depression-like behaviour by upregulating Nrf2/

[30]

[31]

[32]

[33]

[34]

[36]

ARE pathway in mouse model of depression: in-vivo and
in-silico studies[ J]. Neuropharmacology, 2022, 215: 109169.
IS 3C & . T Keap1-Nrf2-ARE {7 538 B 44 i #2536 97 3041
RERHLEIBEFELD ] 7 MR BE 2R, 2022.

QIU W H. Study on the mechanism of electroacupuncture on
depression based on Keapl-Nrf2-ARE signaling (in Chinese)
[D].
Medicine, 2022.

WhICHE, FOCHT, HEEE, AR AR K B A M B
SAAL R AR LT ] RIS, 2025,50(3) « 270-276.
HAN W H, WANG W R, DONG A A, et al. Effect of

Guangzhou: Guangzhou University of Chinese

acupuncture on inflammatory response and oxidative stress in
rats with depression (in Chinese) [J]. Acupuncture Research,
2025, 50(3): 270-276.

CHENG W J, LT P, HUANG W Y, et al. Acupuncture
relieves stress-induced depressive behavior by reducing
oxidative stress and neuroapoptosis in rats [J]. Front Behav
Neurosci, 2022, 15: 783056.

STOCKWELL turns  10:

B R. Ferroptosis emerging

mechanisms, functions, and
applications[J]. Cell, 2022, 185(14): 2401-2421.
XS, SIBPE, AR AN H K S P 4 TR T AL R B
AR T B BT ek e (). BRI, 2025, 31(1): 23-27.
LIU X W, MA Y Q, LI M Y. Research progress of
glutathione peroxidase 4 in malignant tumors of digestive
system (in Chinese) [J]. Medical Recapitulate, 2025, 31(1) :
23-27.

SONG X H, LONG D X. Nrf2 and ferroptosis: a new

physiological therapeutic

research direction for neurodegenerative diseases [J]. Front
Neurosci, 2020, 14: 267.

WS, F . FE T AR -k A0 T ST AR o AR L

WhaE e [J]. B b PG BE 45 4 2%k, 2024, 33(12) : 1740-
1745,1752.

MENG F H, WANG L. Research progress on anti-depression
central mechanism of acupuncture based on oxidative stress-
iron death (in Chinese) [J].
Traditional Chinese and Western Medicine, 2024, 33(12) :
1740-1745, 1752.

JYOTSANA N, TA K T, DELGIORNO K E. The role of
SLC7A11/xCT  in  the
2022, 12:

Modern Journal of Integrated

cystine/glutamate  antiporter

pathophysiology of cancer [J]. Front Oncol,
858462.

TR, i, A, AF KRR SE AT A S R 4 09 £ W)
5 R B D B B g Uk e [T]. A A Bh A, 2023, 35(7)
894-902.

WAN G M, YANG Y, LIM H, et al. Advances in biological
and pathological functions of long-chain acyl-CoA synthetase 4
(in Chinese) [J]. Chinese Bulletin of Life Sciences, 2023, 35
(7): 894-902.

IS, 405, A, % T SLCTALL/GPX4 (5 53l B %
o TR R X A AR 2R O BRI T 2R TR AE T Y
#m[1]) hEE %, 2025, 45(8): 1120-1127.

QIAN T T, ZOU L, GAO Z, et al. Effect of Tongdu
Tiaoshen acupuncture on hippocampal neuronal ferroptosis in

depression rats based on SLC7A11/GPX4 pathway (in



Bt BT 5

795

[38]

[42]

[46]

Chinese) [J]. Chinese Acupuncture & Moxibustion, 2025, 45
(8): 1120-1127.

BEH, R AR, EAF . BRI ol e A T R BRAE T AR AL
HBE gL HERELT]. P AR B 2R L 2024, 34(4) : 129-138.
XUE J, GAO Y, WANG S. Progress in the study of
mechanism of acupuncture in regulating ferroptosis after
(in  Chinese) [J].
Comparative Medicine, 2024, 34(4): 129-138.
CHANDLEY M J, SZEBENI A, SZEBENI K,

ischemic stroke Chinese Journal of
et al.
Markers of elevated oxidative stress in oligodendrocytes
captured from the brainstem and occipital cortex in major
suicide  [J].
Psychopharmacol Biol Psychiatry, 2022, 117: 110559.

KOTOVAIM, PESTEREVA NS, TRAKTIROV D S, et

depressive  disorder  and Prog  Neuro

al. Functions and distribution of calpain-calpastatin system
components in brain during mammal ontogeny [J]. Biochim
Biophys Acta BBA Gen Subj, 2023, 1867(5): 130345.
MAHAMAN Y A R, HUANG F, AFEWERKY H K, et al.
Involvemen t of calpain in the
Alzheimer’ s disease [J]. Med Res Rev, 2019, 39 (2) :
608-630.

SHEN F M, XIE P, LI C T, et al. Polysaccharides from

Polygonatum cyrtonema Hua reduce depression-like behavior

neuropathogene-sis  of

inhibiting oxidative stress-calpain-1-NLRP3
Oxid Med Cell Longev, 2022, 2022:

in mice by
signaling axis [J].
2566917.

HE#  ROS-Calpain- 4 i A 58 2 48 0 2258 203 /)
RAMARREAT R A E LRI D] &AL ZRP BE 2 K2, 2021.
SHEN F M. Polysaccharides from Polygonatum cyrtonema
Hua prevent depression-like behaviors in mice through
regulating ROS-Calpain-inflammation pathway (in Chinese)
[D]. Hefei: Anhui University of Chinese Medicine, 2021.
BREE, MIPEE, 5T, S A R T A TR R
TS /N BRI T %Ak I 38 -calpain- R E {5 5 Bl g s mm [T
LR R 2R, 2023,42(5) ¢ 44-50.
CHEN Y, DU K R, WANG J 7,

electroacupuncture on oxidative stress-calpain-inflammatory

et al. Effect of
signaling axis in the hippocampus of mice with depression due
to chronic unpredicted mild stress (in Chinese) [J]. Journal of
Anhui University of Chinese Medicine, 2023, 42(5): 44-50.
CORTESE-KROTT M M, CUELLO F, KRAEHLING J
R, et al. The 11th International Conference on cGMP 2024 .
recent trends and developments in ¢cGMP research: meeting
report [ J]. Naunyn Schmiedeberg’ s Arch Pharmacol, 2025,
398(9): 12789-12805.

AEEAE BRI AT (cGMP) BGE TG P 4 (ROS) ¥R T4 4k
R RIE DR ST [ D], 22 M 22 K2, 2014,

LT A H. A preliminary study about ¢cGMP alleviates ROS
induced oxidative stress damage in human spermatozoa (in
Chinese)[D]. Lanzhou: Lanzhou University, 2014.

WA, S TCIE, RTTEE, S LA X R A R
FUAN TR A X cGMP 3 4 B S A N oK F RS2 ma [T]. s 24
T, 2018,24(6): 71-73, 76.

YANG L J, SATY, ZHAO J H, et al. Influence of electro-

[48]

[49]

[50]

[51]

[53]

[54]

[56]

[57]

acupuncture on contents of ¢cGMP and oxidative stress in
different brain regions in rats of chronic stress depression (in
Chinese)[J]. Guiding Journal of Traditional Chinese Medicine
and Pharmacy, 2018, 24(6): 71-73, 76.

BEWTL, 200, A2, 55 . FE T NO-cGMP {5 5 5% 38 % 22 %%
U M P sk AR A T SR A L SR A8 A BRI AR AR AT 5
[1]. sh#E2Y, 2018, 49(18): 4344-4348.

LUO M C, LIANG R, GAO S, et al. Antidepressant effects
of Jiaotai Pills based on NO-cGMP signal transduction
pathway in chronic mild unpredictable stress depression rats
(in Chinese) [J].
2018, 49(18): 4344-4348.

NEWTON K, STRASSER A, KAYAGAKI N, et al. Cell
death[J]. Cell, 2024, 187(2): 235-256.

ZHAO R Z, JIANG S, ZHANG L, et al. Mitochondrial

Chinese Traditional and Herbal Drugs,

electron transport chain, ROS generation and uncoupling
(Review)[J]. Int ] Mol Med, 2019,44(1):3-15.
CZABOTAR P E, GARCIA-SAEZ A J. Mechanisms of
BCL-2 family proteins in mitochondrial apoptosis[J]. Nat Rev
Mol Cell Biol, 2023, 24(10): 732-748.

Al Y W, MENG Y T, YAN B, et al. The biochemical
pathways of apoptotic, necroptotic, pyroptotic, and
ferroptotic cell death[ J]. Mol Cell, 2024, 84(1): 170-179.
GHAZIZADEH J, HAMEDEYAZDAN S, TORBATI M,
et al. Melissa officinalis L. hydro-alcoholic extract inhibits
anxiety and depression through prevention of central oxidative
stress and apoptosis [J]. Exp Physiol, 2020, 105 (4) :
707-720.

e, B, BRI, S5 R FLAT B ER L3S X R -
SAWAR /N BRI ]. AR B R, 2019,35(10) ¢ 6-
11,130.

BIY F, LI L, ZHAO Y J, et al. Effect of Lactobacillus
plantarum ER135 on the improvement of depression induced
by reserpine in mice (in Chinese) [J]. Modern Food Science
and Technology, 2019, 35(10): 6-11, 130.

INBE, PELE, S8, 55 . Bt % 1 1 TR A IO AT AT A58 A B
I TR T LT BRI, 2019,44(6) : 412-418.
SUN Y, TU Y, GUO Y, et al. Acupuncture improved
depressive behavior by regulating expression of hippocampal
apoptosisrelated  factors in  psychological stress-induced
depression rats (in Chinese) [J].
2019, 44(6): 412-418.

TR SCH B A0 0T A0S A 28 R BR T B S A L A 3 280 LR A
(D] E T JH TR, 2022.

CHENG W J. The study on the mechanism of acupuncture

Acupuncture Research,

regulating oxidative stress in hippocampus of depression model
rats (in Chinese)[ D ]. Xiamen: Xiamen University, 2022.

CORREIA A S, CARDOSO A, VALE N. Oxidative stress
link  with the stress

in  depression: the response,

neuroinflammation, serotonin,

plasticity[ J]. Antioxidants, 2023, 12(2) : 470.

neurogenesis and synaptic

Y ks H#1:2025-09-07 &0 H # . 2025-11-25



