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[ Abstract]  Depression is a common mental disorder with adverse effects on human health and quality of life.
Although its pathogenesis remains unclear, numerous recent studies have indicated a close association between
depression and mitochondrial dysfunction. This review explores the critical role of mitochondrial dysfunction in the
pathogenesis of depression from the aspects of energy metabolism disorders, oxidative stress and inflammatory

responses , mitochondrial DNA damage and mutations, and the imbalance of the mitochondrial quality control systems.
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We also summarize recent advances in the use of traditional Chinese medicine (TCM) to treat depression by regulating

mitochondrial function. The findings show the potential of TCM in enhancing mitochondrial energy metabolism,

reducing oxidative stress and inflammatory responses,

improving mitochondrial DNA, and modulating the

mitochondrial quality control systems, including for the in-depth study of the pathogenesis of depression and its

treatment with TCM.
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FERAE ( depression ) & — &7 UAS #1959 | H:
FHRE AR 2 B R 2% IR HoAh
SR DI BE BE 1 B9 IA A AT S SR P 2 0
Ko BERKRLAA 2. 8 (LN EAMARLE, H I3
2030 4, IARIEANS (3 5 4 Bkp i AR g At
HIHE 1) ARAIL I A2 A%, H RT2S TA Y 9 BIL il 56
AU B 2 28 3 T AR UL | e 28 T R AR
I B i — FE 4R - 5 _E B ( hypothalamus-pituitary-
adrenal, HPA) {5, JLF R IR
A Z RTINS 245 ) H] TR ST IARAE , 40 Bl 48
AR | = FRRBTIVAR G RO £ 52 )1k
TR R 70 2 X s 25 ) AR BEAE — S A
JE b BCEMARRE IR A A AR AN | 2 M 22 |
RIVERRAE K m &R Wik, i — 545
FAWARIE 1) 95 B1 A= BRAIL ) IF i 7€ B A R0mh
7RG O A M ERAE DT S R EE BT 1], AR OR,
R B 22 I BIFIE R B, IARAE 19 & A 5 Sk A )
RESEH A H B VI CEED ) BEE X 25 A
5T, th 2GR SORAR D RE T T e B T ARy
(T, BT DA IR AE 1936 97 SR LT L A
AR SCREARL AR ) 6] 2% AE AR AE % s AL ] v 1Y)
HEAE LA R v 25 98 45 1 BUPE ARG 0T 5T R 0T
ik,

1 ZREIhee Rk E TEHEBIE & fm Hl
HPRNEEER
1.1 BEERHER

LRI A M Bl ) T i A A B R 1k
(oxidative phosphorylation, OXPHOS) i #2 & hl —
W2 IR 4 ( adenosine triphosphate, ATP) | A1 4f fifd
&G ShYe ERE & o i 21 2 R OR824 1
R 4G R AR S 32 B e ok R AR A il
ATP 25,5 ki N ATP 1 90% ~95% ", I RF 5%
B, H P HAR BE % ( major depressive disorder,

MDD) [ KA ATP i (142 16 W] 2 A%, H. ATP
TR 2, MDD B 35 fii e 77 A XU 5 1
NG F G0 AL A %9 ((18F-fluorodeoxyg-
lucose, 18F-FDG) ARG M FEAR  Fe R %5 5
FAOIMARAEAR /N BRUIG PN ATP AR B2 18 i
APV 3 ( chronic social defeat stress, CSDS)
/IN BRI AR A5 Y Hif &5 i B BT ( pre-frontal cortex,
PFC) [ ATP RIKF=H AL, PFC Rl TE ST ATP
SRR T I 5T 41 MY (astroeyte, As) ATP Bk,
REAS PR Z2 A /N BRI R AR A TR RISt BEL I
INEUKR IR 51X As ATP BB A S EUMARREA T
ST ATP SOR As BT ATP J5 AT 7 —JA
B BRI REA T DRGSR R P
2R G ARL R R A U R A 2 B0 ATP /b,
AT RESEIARAE K AL 2 —

AL AN, 76 MDD 835 B LA He s & 4k
kiR ATP A B 0t , L 4% B ( maternal
separation, MS) SN 384 /)N BRI AR A 7 Hp 77 78 UL
PO ORI & B AR AR W T BE AL ATP 2B A
E KSR I AE AF DG 1 2ok 8 AR 5
BRSNS BR T KM, W AEZE LA
1.2 SN RER M

AL I L (oxidative stress, OS) 25K N 1
TG M4 (reactive oxygen species, ROS) Fl i M &
(reactive nitrogen species, RNS) %5 5 H 3£ 1) /=42
SHEAMRGN 24 A AR R K6, R A
it JEBT DNA 45 &A= i Ak, S5 B i 45 A i —
FhAE BRI AR Lok iR O2 ROS 24
He, 2 90% 1) ROS 7EZE KL OXPHOS #f 2 th
FEANOT Il RBIFSE R B MDD BB PR P 08 B
K- T, BRI KO RS B 08
s D RE T A BB AR H T S
P58 BUASE 1 L 375 -5 4 s ) 4o RIS A 1 v i
P OS B &) 7K 7Tt i A S AL K ST B A
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DL ERFFE UL GoR AR T RE RS A 5/ 0S5 AR
i P8 A 25 DR G

G SERE S5 AR IE Y A0 2% VIAH 56
MDD 5 1Y 56 R 1 Ho 5 2 G Fi 7 v B 0 &R 40
AETE Y S Bk R 2 5 9 4 DG 2 TR
( damage associated molecular patterns, DAMPs) ]
AR, DAMPs & 7E G52 40 i v e S S 1 VE Y
Sy, W LUS 8 Z R 4 A5 5 % . MDD iR
F KB ( cerebrospinal fluid, CSF) 1y 5 5t H fig
KA F 11/ Z -6 (interleukin-6, 1L-6) Fl g
WRBEA F - (tumor necrosis factor, TNF-a) 7K
Thim 2 o M S 5 0 B AR AR A ity 1
FILIE H A E -1 (interleukin-18, 1L-18) 7K~FF+
1, M FHARAE /MA NOD FE 52 AR 11 2510 3R O
i F ( NOD-like receptor thermal protein domain
associated protein 3, NLPR3) #llii| 5] VX-765 Tkt
HRTREAR IL-18 /K, M M ARFEAT 2, 1k
Hb 75 MDD 83 ILTE oW gE BN BT A 4 K - 1
& - 4 (interleukin-4, IL-4) 1 4 4 % - 10
(interleukin-10, TL-10) ¥ /") 156 B 40 98 58 e
WAL HE AR 48 20 HE DR - 7K 7 19 T s R 98 A
PR 7K1 14 B3 AR T BE 2 410 BB AAE & 1Y) T ik AR
Z—o P, GORL R T) RERE AT 5 | 19 48 5 S g w]
RE S5 HARAE B KA K

L5 BT SRR T BE R T 1Y OS AR
i SV 5 AARRE 1 & 5 DDA G . Bk Aok i
) ROS ih 2351 e Z2 R R A TR, IF 0 22 b
P RAT 5 E B2 T 2 I 43 E — A5 4 T R
FRLARDIRE, B OS FAAE S 5N ™ 8, P ik
PEVEIR , e SEIARAE 1Y A A R
1.3 ZHifk DNA #Bf5fnsRE

LR JEME—BA A B DNA B0 as . 2k
FIR DNA ('mitochondrial DNA, mtDNA) i 37 >
FEPZH A, A5 13 R 1 B g A A A 2
Wt A2 5 P AR B 1A I A G | IR AL 3G 22 ik
iZ RNA (transfer RNA, tRNA) i1 2 FZH & RNA
(ribosomal RNA, rRNA ). Il K B 98 & ¥,
MDD H 2 I Y mtDNA $% DS 35 >
SRR B T BRAZ 1 A [, MDD A8 35 3 Sl
PFC HERRA 16 DIEHIFRINA 22 5 XS ]
MU G LRSS 12 85 H FEA O, b5 8 AN
FOAML I A7 5 AT UL, mtDNA 55 55 AR

SER) LR YIRA I, [, miDNA K AR 45
WAEIHERSE 1 & A EEA/ERY . MDD %
(%) DNA 450475384 i ] BE 2 i 48P0 30N DNA 5243
16 52 R AR S B0 T 4 AR Bl = 5 B 1 A%
DNA EEHLH ™, it miDNA 5145 5) 57 5] [k
PRI ZR A4 52 e T 52 . i R T 5T E — 25 U ]
mtDNA B8 52 52 i 5 AR AE 1Y A8 B B A2 16 A
KB AN, mtDNA ) 948 4 55 AR AE 14 4
UG (A B FH AL AR e . e —
Tl RAHE 9 A 1L, T 44 AN A DG MDD i 35 S A
FELRL R ND1 3 [ T3394C 1 58 7% , 3 3% 1
T3394C 28745 i BB HVARAE (1 & A 56, 28 1
JIFIR ,mtDNA (4505 F1 58 28 H AR AR AE 1Y 2
A EEAEH,
1.4 ZNEREEFNREEE
141 ZORiReE AR kA

2R A FH 2 2 (mitochondrial protein home-
ostasis)%*géf*j1$@ﬂﬂ§]%§: HR A LS
A & B RN G A 1) 2l 285 3 A O 4 R 1) 4R
PR N 2 1 Bl A B RE Y P IR A b Aok i
AT & & H I ( mitochondrial unfolded protein
response, UPRmt) & JCEE 1Y 4 il [ v 2 —, B &
FH AL PN 1 BT A R AT B B AR R B R Y i
JOREE SRR RS R A 2 T B R AR )
REFE 57, h W WF 5% & B, 18 M O 4l N K
( chronic restraint stress, CRS) /] FiR A 22 31 i BH
A PIARREST R, H UPRmt #5643 7K - i 3 7
/&, 10 Hspa9 Hspd1 ,Ubl5 . Abeb10 1 ClpP 2518
XKW UPRmt 5 #IARAE 4 A9 A 0%, AT A Al BE
VE BTS2 i #E L
1.4.2 SR R A Bt

2R AR A ¥ K& A ( mitochondrial biogenesis ) J&
T A0 R BE 5 S AR £ 75 oK 3G 0 9 S E8 R ) 1Y
AR N g — T A R SRR B Y A AR
U SRR A W) K A BT R LA A
A Tl A 1 BE ) BTS2 ARy RBOE F 1a
( peroxisome
coactivator-lac, PGC-1a) |57 -AMP 15 1k 25 185 if
( AMP-activated protein kinase, AMPK) A%k [A
F 1(nuclear respiratory factor 1, Nrfl) %P0 (A
¥ 2(nuclear respiratory factor 2, Nrf2) | Z AL
1 (sirtuin 1, SIRTI) ., £k ki 4K 5% % I+ A

proliferator-activated ~ receptor-ry
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( mitochondrial transcription factor A, TFAM )
S50 Hi PGC-la SR 2R IR R W) 2 4 1Y)
PTG R IT R A, 5 gl B o R 4 A
It., MDD H# 4 1l PGC-1a /K B3 FEAE
SR L B, i S PGC-1a 33K T 1# A9/
R B P AE R 3l 1) R 0 N X AT A T
' PGC-lo 35 IR /NN 26 BLHS R R XA T
BN LB R UL, PGC-1a /K F Y B
RS HARAE 19 K B VIAROG . [R) IS 72 i PR AT 5%
H& B, MDD S5 LAY SIRT1 mRNA Jik
M T il R B, /N BN A PEC
t) SIRT1 SRS T HAREEAT S, 1 1) /N B
WA PRC B G = T B SIRTL ¥ iE
(SRT2104) Ji , /N BU A AR AL AT o B W w201
FEHT AN 3 ( prenatal restraint stress, PRS) 55
AP ARE R I B R AMPK Nrf2 7K
TREARN S 25 BT LR AR A 4 A A DGR Y
PR F 7K P B I AT BB S5 I RE A A O
1.4.3  ZeRifksh i D Rep G

LA SN 77 2# ( mitochondrial dynamics ) &8
AR A A S8 i, 15 A T 4 45 4 A
AR, DA 328 Rl RS 9 i LR AR P g
(inner mitochondrial membrane , IMM ) FIZ& K7 {4~
X ( outer mitochondrial membrane, OMM ) 1 fE
I SRR W K T LA B R A
27545 % M 1 (optic atrophy 1, Opal) (& RGN
A4 A 1 (mitofusin 1, Mfnl) FIZERIAR &5 H 2
(mitofusin 2, Mfn2) , Ef15 IMM Fl OMM %54 ;
T 24748 32 28y Zewi AR 3 J A G 1 1 (dynamin-
related protein 1, Drpl) 45, Drpl 5 OMM %54
FEAEAN M i RO AR 254 | Ao 0 224 g 4>
ST AR A I RS & B, MDD AR 3
25 CURVE 20 it 4 2E U9 ( neuron-derived extracellular
vesicles, NDEVs) #7 Mfn2 7K 5-F&AK, 78 F e 80
5 — F& 0 i P B4 ] R (selective  serotonin
reuptake inhibitor, SSRI) 47 8 J& J5 , Mfn2 1K &
EH A S gT kB, o B AR sh ) 2
B A EIAREEAT 3, DA SRR i GTP il Mfn2
TEAR B #% ( nucleus accumbens, NAc) H1 [ R IA &
K7, PRS 53 9 A0 K RUMARKL A rfr Min1 |
Mfn2 Fil Drpl FEik$fam > o 25 LAk, Zekifk ol
J15 DI RE Rt A 4G LR AR Rl S 1 S T

e -5 PIABIE i & A K
1.4.4  ZRifA [ e

LMK F I (mitophagy ) A2 45 240 L 38 &<k [ W5
BL 2B 22 4 i T A 2 1] Y 2 7 14 - 4k 15 2 41
AR S0 A T Y- iy 02 A4 R 40 i P S 1) —
AR DL LR R S i
Z (ubiquitin, Ub) KRR FN Ub AR 14 15
WD Ub KRB S 2, e WY J2
PTEN 75 WBE 7 1 ( PTEN-induced kinase 1,
PINK1) /14 #5211 ( Parkin ) 3 1%, 75 2L N
P A5, PINKT ZE4E JF-76 4k Parkin , Parkin 72
R L R ARSI E A, i — 25 R& bk A
W sh I gE & B, Rk PINK1 F#{IK T CRS
VSN AR EEAT R 0 B, 7R SR R T A
B 5 18 2 Hh ZE K A2 ( dexamethasone , DEX) 175511
TR K BRI AR AL AL b PINK1 B9 3235 7K FREAIK,
XA BE 5 PINK1/Parkin il % H 65 0 I 4h, —
FOADEHBESMEMEER | - K 3
( microtubule-associated protein 1-light chain 3,
LC3) /MR 2z BRI Ekifk A wg
ZWZ5 Ub BB & 2, i iE 2 Fh 4k
PRIMIEEL 1, 40 Bel-2/ 195 8 E1B 19 kDa #H H.1E
JHAE 1 3(Bel-2/adenovirus E1B 19 kDa-interacting
protein 3, BNIP3) . Nip3 #t % H X ( Nip3-like
protein X, NIX) DA Mz FUN14 45340 & & 1 1
(FUN14 domain containing 1, FUNDC1) %7 #f
FERIN,FE TNF-o 15 53 10/ A AR B AL b /N R
P PRC iR X 52k 22 15 NIX PR AT L3S % /N LAY
EREEAT R 7E CSDS /N BRAMARRE Y b /N B,
Ji A0 96 T i [X i 2 35 FUNDC1 3 R R334 /)N B
AR BE AT AT fE 2 15 M G BY ( learned
helplessness, LH) /N RANABER LB | F = A2 pr 0
fiBZY A K R34 97 I, BNIP3 mRNA () % ik 1
SR ZE LA, Lokt [ gt AR R Ub AR
BARFN Ub ARMAG I 15 42 B A0 -5 MR A 1Y %
YL,

2 R IEREE LR ATIRE R E B
AETFRER

R ARG T AR AE 7 T AT A AR I o, O
BETEFEWNIRIRER " SESEHIMERZ Y
FALE, 2GR HA 22 ) | 220 R N 2 3 40 1 45
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PR 5 457 A, TR B 87 R0 R/ IR B e 3 AL
PRI BE 7 T B SRR A PR L 34 R
TRAFRIT v 245 % A A 2 b 1R 1) B 57+ 1 A 4%
TRE X5 TR A LA A BB AE 45 2 AR AL A
TeAblm RIGYr 5 R EAHEE L,
2.1 FEgeERE

VTR AT B 58 B9 AN TR, v 24 38 i 9 458
YRR RE 5 ) BE A5 ok M M AREE M F R 2 4
WG T — s R VO30 IR it AT 9 0 et
AIAETT o WIFSE R VO SR L e e 58 fi A
PR 07, B8 = i S ATP 17K F, I i 7%
Mfn2 1 Drpl BYZIKIKF R L2 MS R BLATHIAR
FEFIERIRRRAT R AT RS W, Uil n]
AT VRIS P TL- 13 35 2 18 AN T 380
% ( chronic unpredictable mild stress, CUMS) K F&
MAREEAT R DU F i A7 R B SRR
AT, AT LAIE 4 v AR O B AT S A R ik
FLRL A AR AR AN AR RE IR 3 3 Ok
JHAIR ol kg, 8L 2K fi is 2 I T 1, BB A% 3 ok
CUMS K BUFZ AR IE S F D RE , 3 5 4ok 14
ATP 7K R FEHUMRRVE . 320 H8 7 i A
2 A TRT R BORAE A UE FEA
R4 A B AT B, WT5ERI 7E CUMS 5
T WK R AAR A AL b SO AR U7 RE A5 8
T PR =R R A DN R AU I I, AR AR AR R
R RE LA T RE , AT & FEBUID AR AE LT
W E R A DL bre M & R B ( chronic
corticosterone, CORT) X £ by 1A S8 AL B R 1k 1<) 2
(2 R0 /N IARFEA T oA it T
DA SRR ROS FNZORLAR B LA KT -3 I FE
AR MOATP 7 A Ok 42 f WO R TN iR
( methamphetamine , MA) 175 S 09/ R JE IERAE
/N
2.2 RSN RN R AE R

WEE DI, HETC 2 A R Z 05 8]
HR 2 R DL A B AR AR 4 40 i B 7 K OF-  $ e b 4%
B A T 7K, Bl 1 SR A I ORI A RE {5 - 3 % 1Y)
WOE R fRANARIE, RO E AS K%
MIETR N, BF9E & B, 1O o] DL 280 /)
U T TL-18  IL-2 Fl TNF-o [ 3235 K & %
PUARVEIT . SelA s AFEOT DUH T A
5 L Lk, A 5 AT TL-1 106 /KPR R i

I JRAE A AR oL Y S 2 s R LA
U1 28 GRS T e B T o A, LT L)
FEARILYE TNF-a &5 7KF, I B 3 83 CUMS K
SUMAREEST M) LT AE AT DLl 3 AR TNF-o
IL-1 1 1L-6 KPR HTR B A A W O AR AE i
B, EA R IR IE 118 K,
YRAZZRRIARTIBE | BETE E WA D RE A T 1 4
T, RAEPUHARIAE R 7 SRS 05T D i B
1B TNF-o 1 TL-10 375 P b 3] e 4 AR 60 1 1 7
Pt EE A 1L-18 IL-6 F TNF-o HY2 Ik,
SHIARIE R A BB AT
2.3 AR DNA

BIRRZ 058 © 2 UE ] mtDNA 78 AR AE 1Y
KRR g A A (H AR DG TR 2 i 5
B BRI T M TEVES A BT AR BT
HEFRLH AR, T LA AT B S ATP 5 i G A0
Ji mtDNA , M i 4 5 fi £ AR, 981 kiR T,
BEUEE CUMS KRIARIRES . /N i
SRS A5 75 24 NS AL R, AT IR R R L R L
ST, NP gE A RS X PINK-1/
Parkin i 78 42 5 1 £k 7 A I K S, I 38 m
mtDNA $2 DUl 2R AR Th AE | A 80k3% CUMS
KEAGMAR L™
2.4 FABRZHNEREEFNRS

BTN AR T R i R g R A, v 25 T 8
THEH o RS T —E bR, FEZhn
PRA Y e A T, IR R S 17 1h S50 B 2
S INEESINCE S 8 S N I i e 5 A A N2
ZH %, W5 AR B AT LA GE i B SIRT1/
PGC-1a 15 5 ML Tk Bt CUMS /N ERAMARFET T
KU R AT LIE I SR PGC-1a MY RIE, &
FEHBUMABRIMER™ . NS B Rl MIBLIIAR
YEF, AT RESE M i 355 Nef2 19 3238, B ok i
Ty RE B A5 52 B0 AT S W o B A A
AMPK #0% AMPK/PGC-1a 18 B , If 3858 NIX £
SRR A W, BB CUMS /) BRAY AR G
AR P AR RTRE B T TS SIRT1 Bk
SIRT1/PGC-1a/SIRT3 1Y 2 15, 8 7 £k ki 4 ) AE
FZRLR [ Wk M AR RE AT '™ e Lok A
S 27T, R SCEAR B T PR AN CRS KRR
R AR R B Rk, dERR ORI R T RE , 2% fif
FIERAE PR b SR 2 AT DA E I 18 5 i R 1k
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Drpl BYZIE, W CUMS KRR IR, & 15
HACIVERE I AELORA A Wy T, 2205 A
S S TN L S R VA R 4 RN o N
KR R PSS P A A AL,
A VA f ORI AR T &k, WE5E & B, Hope i
ABEIHIL I AT BE 2 10 1 A S0 165 B i 22 ST 2k A
Wi AR ROS Bl AN bl 28 ST P T, bk /b
LRLIR [ WA 1 S 2 on g T 5 R
Al DL il o 2R 3% 18 kDa #% iz %5 H ( translocator
protein, TSPO) /i3 (LA A4 H WA 538 % R &
FERUIIARAE AT B R K SR AT D) o
Mfn2 41 5 19 2R AR 1 W, 23 Ok BRI AR AR AT
Jg U8 AT B E CUMS /N RS AREE ST Ry ]
RESE i e LR B Wi, IFH] NLRP3 58P/
AR AR BG SE B 5 A 2 BB 1o B
LRI F W B0 NLRP3 % M /NMA Ok 2% fi 30 AR
FEAR

3 NG

L LT SR A S BE % W 7R SRR AE (9 A
AL b A 8, R0 ok (A R i AR e
B BRI OR S AE B ZoRi A DNA 15 £ 1 5
AR DA B 45 ] 2R 8 2 A AT 0T SRR AE ) K o A
HOEARHT, T A 2 o e v 2ok A RE B QI L ek
A BT JAE S I | B AR A DNA I
QAR LRALIR A W) LR B 12 DIRE | F ELE Y
SRR R ) R G, S IRAE BRI B B T
R, ARZshW Rl ROFFE 2 R0, T 25 BEid
2R R AR A 5 2RI ) R S S S AR AE
I, AR I TE N 28 G2 0 A AN [ P 28 1 3o 2o
PRIRERY Z AR IR P A 0, AT B L AE AR AT i
A BAHL R, I aT L i PN 2 B | e R4
SFEFROR  TRABETE o 25 X 2R R R S R 3 ik
(IR , 8 LT AR IR T #L AL, e, DT J
Z ot BEALXT IR RS, ok — 20 A b 2558
I EPELORL AR D) RE IR T IATAE 19 A vk X 4
P, AT T 3 256 At F 5 15 s PR 2 P B9 6 1k, o
Jei | JOL T o e b R T e 1Y i 42, 245 A 2y B
PR GR T UL E, IF AT Y P 25 52 05 e
PR2G 4 3l 25367 IIARAE A BT 1 4 i

SE 3k
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