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Abstract

Depression, a prevalent mental disorder with multifaceted origins, impacts millions globally. Phar-
macological interventions form the primary treatment approach. However, most current antide-
pressants are grounded in the “monoamine neurotransmitter hypothesis,” including SSRIs and
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SNRIs, which alleviate depressive symptoms by modulating 5-HT and NE levels. Despite their effi-
cacy, these medications exhibit a delayed onset of action (usually 2~3 weeks) and can cause side
effects like gastrointestinal issues and sexual dysfunction. Moreover, there is a risk of relapse fol-
lowing prolonged use, and about 20%~30% of patients do not respond significantly to these treat-
ments. To address these limitations, recent years have seen the development of novel antidepres-
sants targeting different mechanisms. For example, ketamine, an NMDA receptor antagonist within
the glutamate system, has shown rapid efficacy in treating resistant depression. Concurrently,
emerging drugs that target other innovative pathways, such as AMPA receptors, mGluR receptors,
neuropeptide systems, ion channel and inflammatory markers, also hold promising therapeutic po-
tential. These new agents not only enhance mood but may also improve cognitive function and neu-
roplasticity. This paper offers a concise yet comprehensive overview of these advancements in re-
search.
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1. 5|8

FIHAE (Depression)& —Ffle WG 1 RRLAG , H BT ERZIA 3.8% M FUEA FIAIGEE[ 1] $HISAE ) &9
HLER G AN BB ELGR = 45 5E (A2 Witk by, H A DO IR —Fh 2 R0, it &, OB
Ao 4 2 75 T JE R ELAR AT SRS (2] SARE A RE M AR T AR OB RR, 3815 2 b B (i R
WA 5, WL A BN« WEPRI REAE SR (3], BR 1 OBRGTT RIS TT I8k, 25W0 R i6 T IR AE ) fie =
BFBG ARIMAT FUAE R W] 5 ST 2516 )7 MR R U8 50%,  HICSEHTIIAR 25t &7 88 77 28kt
W41, HTC LW RUIAL 2 RH LR ONEE i, BT R s R UL TR ISR 2 982 —
LARITITIE[S] o (HIXLELGWIAFAETE 22 B, B AnIE & R IR 2~3 FJa A REDRARAIAIAE IR, I X
ZIGTT 5 RA RN, AF IR R RE S K AE[6]. ASCEE & O LA 0 R B AR 25 1)
AW, B IR 24 BT L ml S AT SR AR 2R IR

2. BARRIREZIB R

A 438 11 B o 222 338 A DA D/ FUVRIS I K9 DR 5 AN [ B o 28 336 JO 11 S 5 93 A 35 DIAHL O, o P 5 fle
5-¥% 1% (5-Hydroxytryptamine, 5-HT). % ELfi%(dopamine, DA)Z: F ' - I} Z (Norepinephrine, NE)if & ][4
ICAT BEIF SHIARIE KA [ 7] Z SN N BB RE RN 5 115 5 S N A2 T 46, 15388 2R Nl 2k . /AR
WX, 5HE RIS TUESA R T — N EARE SR NS, P EAE TR Y A AR [8], Wi 1
170G PR ik PR A O PR B i S o 428 346 IO A FE e % A 2 ¥R AT . B AT BT A A B AR 254,
BRPEME 5-F2 0 i FE R HUM #7177 (Selective Serotonin Reuptake Inhibitor, SSRI). ¥EFE1E: 5-F8 (0 i fil 2 H S _E i
2 P57 (Selective Serotonin and Norepinephrine Reuptake Inhibitor, SNRI){3) &5 T X A IS H & .
SR LB AEAE TR SRR AR 0 1) L, RIFE SR IR 25, U A DG SR R 52 A R I T P B A1
{EHTHIAR R EAE TURE J5 A R thoR (6], RIS 8 73 B3 R AR 2] () i 24 1 A1 15 SR A R e
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3. AEE&(Glutamic Acid, Glu)5 y-H & T #(Gamma-Aminobutyric Acid, GABA)

AN T AR G S A 208 AR L, BRI I AE AN (UL B 28 5T A ik = L e, K%
A P U ) A e 38 S ) AS T IS A B A B rh R R SC RV I o B R A 1 M s MR R
1M GABA /& = Z IR AR 238 57 o SIVAIAE B9 BEAL A 2 — R IX AP D A7 - P A AT BB, 43 RV B4
58, T GABA WEVERRAR . IXFRANT-4 7 e T SO0 48 0 2% (R B Aot BE SRS, B — 2B IR 46 15 Thigé
MIZEAEL[O] [10]. BtAh, BRRIEEL ZFAF K2 AL AEATEM, SiEE T2 AEMAEEZAE, &
o 52 A 0 RRLE FVRISAE 0999 B2 B 2 ORFEAS TR (1170 9F T8 R BLAMAIOE £ 3 R L i (X (9 48 U R KT 57
Wb, JUHR SIE AT D, WHTE B R L WS A . AR R R R A P e i
i, RS SE TN EAR LSS, WXL ARG B & T (Ca2) N T (Na) N, &5
RATVE T AL [ 12]0 XA LM AT KRS MR KR HFAE, = FEAIEN Ca /KT % T, dkimfilk
— RIS SR, A AR Y BT TR SR (AP B M . AR B), IR ERER 2 I R B R PR
AEAR, A PR e i AT, X RO M Bk, A i 5 10 BN 2 —,
FAHIAE B O 2 (A 22 TCIRAL A DX AR RIS, AT RE- S IR A B AR O [12] [13].

o FEIR BRI A R R A% 30 2 R U (T REEACHE, R R IR- B R AL IR o X — AR T4
TUANRE S5 240 0 F) e P A AR Dh RE 2R OQ 2. AR TR IR I 48 R R 2 Wi S 4 I s, e it 2 B
i PR AN BB, AR5 ORI 2 o b AR R il BN N, SR, FESIAIRE B P, K
WA IR FERE IO RE S BOX — IR RG0S0 K Y e A A 2 PR RN, S BUE) iz
(FIZhRERRAT[14]. 26 T AR, B AT A 50 O BT RPTmaR 25y, B2 R AE i PTA AL #E s IEAE B 7T,
TR R AR A, BARRE AL A 1 B
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Figure 1. Mechanism of rapid-acting antidepressants based on Glu and GABA hypothesis [9]
1. £ T AR GABA RS AIRIE R HIFBZRIHLHI0]

3.1. N-BHE-D-XZ FEZ &5 (N-Methyl-D-Aspartate Receptor Antagonists)

N-H 3E-D- K 4 &R (N-methyl-D-aspartate, NMDA) 32 & B R IR R Gt HH — N R S FiliE 2k, &
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R AT BRI A K E . W], NMDA SR 1) B0 vl fg 5 fARE 1) B A2 % . NMDA
SR R T 5 5 ik ) K S ) B A B SR A O . NMDA A2 4445 B 77 id ik 9 i i FE 5 1Y) NMDA 5%
e, PR S Sl 81, Rk RANER I E B 4121, NMDA ZARH RS & S8k, Ml
NMDA SZR T LA — B A, (R MZE 0. thAh, NMDA SZARKEHUAIE AT LASR s ik i P4 4275 75
[Al-¥-(Brain-Derived Neurotrophic Factor, BDNF)[{J7K*F-, BDNF Xf #ZE e HIAEAF Sl A v] 8 1 B A
HIEEA[15].

S A (Ketamine) & — i AETE S+ NMDA ZAAFEHTA], B PORSMANHERER, Renl & EiRIT ik
PUPE ST 77 A 2 2 I RCR, VR 45 25 )5 JU/NN S B8 R T RUR [16]. SRR 8 i 41 )
NMDA 321k, 1458 AMPA ARG 5465, B E RAhaT Bk, KIESHIIE-[17], HPuR b
IS R AR 470 245 0 24 PR ATV AISRE PR 7S 70, A5 e e DA T 98 Ml AR 82 ) o ) BB 2 245 49) o 3 ) SR (S-K etamine)
FRANEHR S B ik, AR TIRITHARAE . 3R] SUREEE LV TT IR TT T 24 PEAIARAE i R B H 2
FRR, AT SRR T KRR Mz e, ST RIER . BB 14k 2 R R A
SR () EARAE AL, S HO R IAS [7] X IR 520, DL A HAE AN [R) RS SIARAAE iR AR, RN SEAE
W FE Rl A SR SURER IO R 7, RS 2 At R R DL S HA 25 M IBC G iR o7 SRS 18]

W EATBEAERZ A NMDA ZARTEGUR, X L2459 n] 5e AT B4 197 RN s8> i s E R . D-3122
ZAR(D-Cycloserine) /& —Fhi &5 259, B NMDA 2R EHiERH . EREE S NMDA 21k 45 4, 1
THGENE, ORI AR B ARV T HARIE AN A R b (7 g, 5 LA BT 24 0 PR B e FH o ok A
AT AT PR BT S AE AT [ 19] 6

3.2. AMPA Z{F#EN77(a-Amino-3-Hydroxy-5-Methyl-4-Isoxazole-Propionate Receptor
Agonists, AMPA Receptor Agonists)

AMPA ZAREFNFE — R BOE o- 2 IE-3-F2 -5 B I 7ol e-4- 1% (a-amino-3-hydroxy-5-methyl-4-
isoxazole-propionate, AMPA)SZ AR Z54) . AMPA 2R BB AR EEH B THZMAZ —, S HREMEE
R, FFAEPREBTERI 2 SIS RIS AR, X AEAF AMPA 32 A4S 77 I AIAE V6 7 Hh i) 2
JEos T BRI 71[20]. AT, AMPA K07 41 Ampakine FIIARSSLIZG W) O Wos H BG40
ARREIR BV /3. Ampakine B8R 1 iR T 44 (0 S fil A i, SO Sh A b AR REAT 9 [21]. AMPA 24k
PEhFi i m RAT IE 4T IR B, A AT I 7S AR TP VE A AMPA 2 ARBEN R 2 etk AL
FOERIRE[22]0 AR TE AT B2 B2 RAEFF AR AMPA SZAREEN7 ], DU I BA Bk ik,
/b B EIAE B B S i ) T 4RI RCR Y 2450

3.3. RIGFEAREEZFF5H17 (Metabotropic Glutamate Receptors Agonists, nGluR Agonists)

mGIluR Z1EJE T G HEMBECZAAZ IR, 7 =ML )\ A (23], mGluR A AEIE I — R IR0 ZRL
WA SRR PR AN B AL T B Ui 2R VO R 2 D R £ A5 S I B ORI T M A e A, A E
ATE P REET (R Ca> B E R AR FIME UL T PR IEIEH . Ik, mGluR BN R 2T
REEAERL 1524 [25]. mGluR FEFURELLJs /> R A A PEAIRR B, AT REXTHIARIE B A YT 2K

MPEP(2-Methyl-6-(phenylethynyl)pyridine) & —F#7 L) mGIuRS #5557 . mGluRS SZARTE X 14
Gu T v A, JCHAENE S AFTA KB . MPEP @i B IS mGIuRS SZAR I hRE, ohafid B2
AR Rl Rk, TR AL IR AR A T B, B TR PR . MPEP EAMAITAE FIEE FESE () 3h )
REAR R — E IPTARCR . BFFiR B, MPEP B8 5 D ATFEAT o, FFOs sh s B A
Dife, [FIINAE 5 SE 7 rh A BT T —LeRRM I 45 SR [26]
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3.4. GABA, Z{xiE¥557

GABA 1E KM A i BN H P 208 0, R EIEEEUETON GABAA 21 GABA [ T8 & 1@
18, /S0 MR A B AT AR 22 R X S P R HEAE R [27]. AR 2R 2L GABA %446/ 5 GABA
REAHI 0 77 Ut &AM E, Rfik GABA REFHI R MG IR 4G 2N T, XEEZREH p2 WEAR A H M
RRRFAE, PTPUE B O N FBERT GABA RN SRETE GABA BEHMH & —FhRFSLMEINS], e M i 58
fili /N GABAA AT, X188 GABAA 216 59l J5 GABAA AKX HILETAZHE ad a5+ ab PAK & Tk
[28]c A IGPRTTHEFCTM, e R 1 1 v e AR 20 J R R ) GABA REA I AR SE A WEIT R, Fel2 s
H a5 WHK GABAA ZAK[29].

i B %5 1 (Brexanolone) 5 #H 7 1% .(Zuranolone) /& — ' GABAA SZAKFA MM H Y7, Hi& T 2019 4
1 FDA b T 7= 5 dARE « Ji5 5 7E—TUBEAL . 2 BRI RE 2 B0 v o 3 1 3 P AT e R0 () 2B 0
JREE[30], HAE—TIRE 2 HAREE Aok # AR E B A% T PuamAsE A [31], © 7T 2023 4F 1 FDA ik
M TRI7 7 54048 . {2 FDA £ — 58 & RIE R hFR, HETE = “H RN BVEIESE ” kSR #E X2
Xof B P HIARAE (VAT TR EANFE AT AT o N4 R i (Ganaxolone) 547 VB AL, 78— THAT ) Hofg A AN 2k
HRRE PR 48 28 i 2ot BT TBOhR 25« AR HRBC AW e, DsR W Uk R AG PUm Al A FH(32], it — P H
PUARAE A E AT .

4. ZRK R G (Neuropeptide System)

M2 KR GAEGUHNAR 250 FE T IB A 2 B0, BUNHAERTE 28, T A2t i R 4t k155
HEMEM . MAERRGEY L— RSV TERAMR, XLEEAREME RS AAERTEN, Gz
Zeftid . THLOIREMBLEN . PR & — 28 2 B 20 ik S JLAESTLAIAR 25 V0BT 78 Hh 998 7 -

4.1. FEREEREMEF(Corticotropin-Releasing Factor, CRF)Z {4 B Eh5

CRF /& N Fefil - ffk - & _E iR (hypothalamus-pituitary-adrenal, HPA)fi 1 £ ZRA5IK 7, 61 07 MU N
PR SR . ZERIBCIRA T, CRF ik SR M2 B _E MR B2 it 3R (adrenocortical hormones, ACTH), 4k
T RIS R B 5 3 W B S 3R o Kl NS A ) LA AE J 30 P B N A B 1 R g, AR
HPA Sl FEBGE A5 2 P03, ISR RN IRRE % V1A OC . AEHARGE B35, CRF IR H R0
W ILIRHE, Iy CRFE ZKF-ThE AL HPA Hl DI RE IR AN TCHE o Ik 1) U N W] g 3 Bk 42 s
JR RGP RAT, JLHSE 5S-HT. DA A NE RGAMZEEL, T2 AHEGRER . 6ok, CRF b B E 0 HX f
LRGN HAXIS, QOFELERGE TS AN, SR g e 102 RAT AR B33].

CRF @1 5P 324k CRF1 Al CRF2 456, 19 MU M 2 A A FETh §E . CRF1 SARLE SR 3
MRS ETEE S CHEENEM . CRF 5 CRF1 2464565, FECACTH B, MM 51K — RV
K. KEUEHER Y, CRF1 SZARFEIARAE B3 h R I H I BEE R, e )2 75 M 0T 5 B A AR E AR A rh
[34], EILHPH] CRF1 24K, A LA HU8 /D> CRF 15548 07 R IA R 20, M S AR eIk .

VFZImPRATAF7E R B, CRF1 SZARAEHUAIESN YA o BA B BT ARFEAE A, 1, CRF1 24k
FEH0T Antalarmin 7518 M SBUSE A 56 25 el 1 RIS | R BRI REAT (351 ERARIm PR AT B T 45
RBONERM, A CRF1 FEHURIZE NG R 50 (10 R AE R A% . 7 — IOV P ARS {5 FH s 1 AR vy £ P K- 2
H BT, CRF1 Z A&+ 1177 Pexacerfont % JJRZ T H R ML M E %A #W, I H. Pexacerfont
X R R EEAT ACTH I 2R AR B A 520, IX Ui B CRF1 #5557/ nT 52 DAL T HPA Hhi) 7 R FEEH
[36]. 4> CRF1 f5Hu7IE I AR5 A e I ORI T aR 8, mlRe R i T2l ME 2R 2491
37 1ok o fi 5 B 10 R AR DA S K S B EIE FH[37], R SR o B0 T4k CRF1 & HU5RI 1) 73 145
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¥, RN — 2 A S T Sl g DLBR S AR IR R 37 2R 2 4

5 CRF1 ZAEAE, CRF2 SZARAERIBUR B E BN E 4. — i 7R, CRF2 ZEn e A
ORISR R ThRE, el e AR IR R R VR [38]. PRI, CRF2 2R I B i
FERIHTIIAREE &5, R X — AU AT S A A TR B ks 2 R4 5 CRF1 Al CRF2 SZARAH G
M E 2 Fis.

CRF-BP| «__

EXTRACELLULAR

MEMBRANE\\\ \\ 10 /HH(W/H/
N i

nucleus

S Gene z
Transcription @

Figure 2. The response of intracellular signaling pathways after activating CRF1 and CRF2 receptors in the central nervous
system [38]
B 2. BUEPIRMA RS CRF1 M CRF2 ZAEHMMESIERAIR (38

4.2. #ZRK Y (Neuropeptide Y, NPY)Z A Hzh7

NPY & —F IZAEAE TR MAE RGP AIE, FEAEDLG RS, TR, &M 5K X
Fk . XX S5 RTE NS R EACE V)M G . NPY B S PTG Bres R S i yE A,
PRy Nt 15 28 B i (1) B L 71 791  ZE FAIOE £ 3 R, NPY 7KSF 1) B 38 e o f o i R 2 D10 AH 5K
W NPY R G RCATINER 2508 7L — A EE 7 F[39]. Wk 3 fizs, NYP il G &AL & Im RIE
HUATEAEH o

FEHUIARFIFTN B, NPY F 0@ Y1 M Y2 2R R 4E/EH . NPY i B0% Y1 32k HPA
et i B0, H0H CRE BRI, S R 05 | 1 £E R AR AR [40] . Y1 SRR A B T4 Rrib 28
Fes® , MBI RO B OB S R . Y2 ZAREE EAS Y1 AR ER . Y2 AR HIHA
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REANEIEZ R, REM IR/ S Ak AT NPY FORER, A1 Kmih NPY [I/K-PRITRE[41]. $R1f, Y2 SZ2ikHE
OIS FHAE — L2 70 b BoR MBI AR CR, X 3ol it b Y2 SRS T LLRTE NPY (3 EE, i
SHRFVERSEIR . HbAh, NPY 38 AT US55 HAR AR 2038 J5T (1 5-HT+ NE F1 DA) VR, B R EHTHIAR
YER . NPY ‘X S 2 57 2 18] (1 AH BLAE F REAE LSO 1 8 PG vh IO IS 25 SRR A, 38 I K ) TE 14 1% 24
JR[42].

AR, NPY {EPUHIAR SR B FU B T 5 e . @Rl NPY 1 Y1 324k, SR EIIFR T2
ANELEMPANAR 259, 1KLL 2P0 R 08 A s 18 M RIS R PANAREEAT Jv,  FF FLAE Z R AlE ) ) A 5
R I B AT N ECE SR . Bt Y1 ZAREENF) BIBP3226, iS5 Y1 ZAkESIES S, BHIE YR
PENPY B#0d Y1 24K, D T NPY SRR A RE M E FH[43]. H RTENXT NPY Y1 SZARESh7111
WEFCIETE ARG IT O R E . AR SR IR FE 0] B 2 45 & L A M AR F B, ik st Y1 524k
BRI R N R AF 0 B ERE, MBS 2RI T B0R . JeAh, Y1 2R3 ah ) 5 H AL BU A 2 k&
IR —MERRR I T7 1), @ W EAE B e a7 ISR R [44]

H
NPY
GIRK
channel channel Receptor Adenylyl
. ) Cyclase
A\\'\.‘&">\ o \,\'/\
\ 1 p
‘\ " / J cAMP
\\ I II
| X§ , CAlv'lk‘ v
Hyperpolarization ! !
“ / PKA
ERK < p
pCREB<
e X
Vs N
// Transcriptional Regulation “\
g N
\

Figure 3. The multiple signaling pathways of NPY receptors via G proteins [39]
B 3. NPY 2B G EBMEZMESEE[39)

5. RIEMYXKEZR Y (Endocannabinoid System, ECS)

ECS F ZLAUHE Py VR I KRR 32 16 42 VU 75 % £ % e (Anandamide, AEA)FI 2-16 4 VU J% % H i1 (2-Arachi-
donoylglycerol, 2-AG). WK E SRR E 1 B5Z4K (cannabinoid type 1 receptor, CB1 receptor) ik 2%
1T 714 5% {£ (cannabinoid type 2 receptor, CB2 receptor), LA AHICHI A A ARERESS . BECS AMNAE 26015
A B OCHEBENIEM, & 5 HARE B EEALHIA B H VIO R[45]. FF TR, FARAE B3 R N ¥ AEA
1 2-AG KT BEFEMTAERANRE, I H AEA KV S5 HIARE 1) ™ EALRE B AR C[46], A CB1 Z A& A
(1) SR B LB 3 [47]

H AT ARG IET ECS BISERIGUHIAL 2585 L #E B S A, B ECS A — Rl B8 ) B8 B pT AR
ZiHE R, FIZEARYE(Rimonabant) & 2Bk E A~ CB1 #IHI72825%), 2003 FFAERR BAtHE Bili, (AR
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FURT RS Ak FH 25 040 S B R e, B S VTAG S T 2008 SRR (48], Xk PR W] CB1 AT RE
S5 8AT 2 MAFE L, 20 HAZAH] CB1 ZAA W] G S EUMALIEIR, A KIET CB1 ZMAIT K BTilAi 2
{10 SRS B AN T R B B R AN EE R AN CB 1 2 AR A1 5.

K 7 EHEE M ECS, I 52mg ECS AHIAU 1Bk (B Be 42 ECS W2 — P75 i skng . g 107 R
[z 7K i g (Fatty Acid Amide Hydrolase, FAAH)E 22 [/ AEA [, i@ #0H] FAAH, Refg g Sk AEA
7K, TP A DU I H A FE HI R . URBS97 & — M S i) FAAH #0571, 7EshPi Al dh R
PUEE FEAHTIIAR R, I AEA B7KF, ‘RIS CB1 Z R HvEE, S8 IR KRR S5,
AW A REVE A — R B B AR YA TT J7 S [49] . FRIE H i BE B (Monoacylglycerol Lipase, MAGL)
PO A T BT EAE 2-AG G, JZL184 & —/MEFEPEN MAGL #ifil77], mh@Ed s in 2-AG K°F,
WE ECS R%G. WMWK, JZL184 B~ A HuilARE RN, JE ARG NS = AR B AL [50]
[51]o K4 EoR T AEA fEAR P ISARHH LR FEAE T I A2

DAG or
Blosynthesis LPA Postsynaptic cell intericr
@ Diesterases BAG Other catabolic Reuse
Kinases pathways ——
Lipases AEA Degradation  Arachidonic acid
Weave
o Arachidonic acid Ethanolamine
Ca%zo +
PEA

\ / . )

. signaling o .

PRSPPI DA

Presynaptic cell interior

Transcription

T o

factors K"

B Ac— JoamP Protsin I,F'hosphorylatlo
S—p~ kinase A

Figure 4. A simplified schematic diagram illustrating the life cycle of the AEA [47]
4. AEA & s BHAR B LR B E [47)

6. HRAE(Inflammatory)

AL TR ) 9% F3 2 3L S AN MBI IT L USRI FE A B 27 ) o SIAIRE R “ SOREMRUL” A0, 12
Pk 9 E I 3o R AR A SR S s 5 SRR AT KT T o TR M ARG 4 A 2 A S PR S AT A I 2% T i
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T R AVARIEAR[52] o FIARAE B B R I — S8 1 S REURRAE, W4 S M S EbR ST A5 . 18
PESIE I 2 MO AR oM R, GBI OL R, AN E SRE bR S A i I R N AR R G, G
ZERIE, SR G BKE, anidsb IS AN 2 EREI G BCSRETIG 2E T S BAAR 53], [FIR SE
FREV TS HPA, 51K B RRE KT sy, i — 5w 48 A I RO RE I (5410 IeAh,  S0E AT REAIHI
i Y 14 4 25 75 77 Bl -F (brain-derived neurotrophic factor, BDNF)[{] 3214, FEARARL Al M, Ad K78 B 5 &
I B2 5y e A D Re B AG [55]

AR, —LAL S HTARZ (1 SSRIs) AT DL ik B A 28 RE AR &0 I 7K - 2 2 BT AR /E FH 561
T J7IH, EERRE VR IT, WAl AP R 25 (ndE K APt % 2, non-steroidal anti-inflammatory drugs,
NSAIDs), £ 328 5 hEFR S AN ARE B, MR —E M7 RL(57]. /B SRR S5 HIARE 2
(B B SR IE O KB TS, (R — e R AR 1] R, B 5 5 FIARAE < 18] () IR R ok R 7T sa an ey, ¥y
WEICREE, JORE W] RESZHNARIE TSR, 17 55— Semit S MDA AR RE AR A B w68 51 R #0E [ S [58] [59].
IEE T RAEPR BT R BT 40 T 0 530, B AT OCE /b B Im R B S R, il an e IR S
=M IEIRIER - a(TNF-o)f5 5055, HoT BA S R IEFR S CRP. IL-6) I HTMAR G I o Rk i
st PEEE R, SR T J0 B B A IE bR S R, AW RO IEA BB [60]. A n &
K AT (Celecoxib), VENHUIMARZGRIAHBNEYT . 7T LAZE RS 73 FARAE 285 b FRAIS SOREAR B 7K1, AT 53
FIRBREAR,  FEl e Xd T 028 iy SO A B A, ZERE AT I PUHI AR AR B R 2 [61].

bRtz Ah, i AR 2R LA IE SE S HIARREAR O, A AT AR R B g0 2 L0 o I TE e
ViEE 2 XA RGUK B I SN BRI DT, R I 4H T AR TR 2, 1T DL 2 Re M tE
IFERE[62] [63], HEHEM, BT AEYIHRE - W - IR 7E & MOk s K HE O E I [64]. A FTIE
16S #ZH AR RNA I 1) 77 5 UL 5% 3 25 BEAMAIAE 5825 Il T oA 2 TR T A R IR 2R L 65, 45 & SRS 1 50,
Vg BT TS 6 5 ) A P A A B B A D A R R 1 R BRI [RRE W] DA 3 S AR S ) B TR A AT [ 66] 5
XS R W T i A E DR S IR 2 A SR OCIG . S0 — T2 H 2 R SO R W, B R4
(PIRFIE A M B I B R 4l B RN SR 258l eah, RCE R BRI 8L 2 MDD iE S R
G — MR [67].

Wi 5 Frs, SIVHRAE B85 (2 28 40 M DR 7 IO 3G N AT e 2= 51 R AR RORE I FE AN AN A JORE,  IX LepL i oo
KN 2= FEUHEAERE R, TR AE R RS . B AT — AR R AR AR RE IR T I I BT

A B
7. BFi@EE

FOVARRE P 5 308 T8 AR U0 & — PR X R EEAL B8, BT B FIEE R M A o5 SR IB o0, Tt
WM ET(K) ST (NaY) B8 7 (Ca) MR T(COHSE MBS sk, MM e et e m
GBI AT BEVE,  WATARAE ) R A W] R AP 4 JO IR b ) B 1 d 3 Th e i S UTAH 9K [69].

EWFFERE, EEEIARGE B RINSCIRAFEAS T, Kir2.3 ##iE 1) KCNJ4 il KCNJ1 I3 P SK3
IHIE A KCNN3 W8 2 i, KVI1.18iE R KCNAT WA KV9.3 (@i i) KCNS3 Witk . 80k
A AR R A% DX 3 3 3 e K] ik P 3 R A8 A 5 I X 3 P P Y& sl 02D, 3k ] R 5 ISR PR PR AT VR T IR
LA K[ 7010 SR H FT TG HE T80 B Tl TR B AR 2, (HERREk 2 i SR B, PR TE 2 A2 0%
BRGSO, S HAEIRE I A0 AR T B VIR DR [71], 75 B FEHIAE B8 2 Hh i KCNQ2/3 JdiE
TR I = AT B RGBT KCNQ 3838 nT DAV 225 B g% o A 4 e e e PE[72],  SARAE
RAN PG = FE1S 2 2 2 2GR (73], AR PS4 TR AE AURE AT, 38 1 B S T IBTE AN [T AL T
Ae S AR AR E R
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Figure 5. Inflammatory Pathways in depression [68]
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Table 1. Functions of different subtypes of potassium channels and their role in depression

1. FEIT R RBIERN TR EEMEREFAER

Potassium channels  Activity
Channels Types Properties and functional relevance in different brain  changes in
regions depression

Increases the threshold of action potentials, reduces the width of .

KV KVl action potentials, and inhibits neuronal excitability. Hippocampal, NAc  Increase

KV3 Achieves rapid repolarlzgtlon gf action potentla}s.to enable high- Hippocampal Decrease
frequency firing with temporal precision.
KV4 Modqlates the frequency aqd morpho!ogy of action pqt;ntlalg, NAc Decrease
prolonging the duration of action potentials during repetitive firing.
KV7 Slows the afterhyperpolarization anq adgqsted the RMP to stabilize ‘ mPFC, Decrease
neuronal excitability hippocampal
Maintains RMP, cellular excitability, and modulating inhibitory
Kir Kir3.1 neurotransmitters to preserve homeostasis and specific synaptic hippocampal Increase
plasticities within the body.
Kird.1 Maintains high K+ conductivity in astrocytes and preserves RMP mPFC, Increase
’ & vy y P hippocampal, LHb
. Leads to hyperpolarization of postsynaptic membranes and .
Kir6.1 inhibition of neuronal activity, reducing neuronal excitability. Hippocampal Increase
KCa BK The opening of BK channe;lJrs can repolarlze the membrane and mPFC Decrease
prevent Ca*" entry into the cell.
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FRERT, 5K

Bk
An increase in intracellular Ca®" following synaptic stimulation
SK activates SK chz.n'ln(.els, wh1<':h inhibits membrane §x01ta}?111ty, mPFC.VTA Increase
promotes dendritic integration, and regulates the induction of
synaptic plasticity.
K2P  TERK-1 Maintaines the RMP near the potassmm egl:uhbrlum potential to . mPFC, Increase
regulate cellular excitability. hippocampal
TASK-3  Regulates neuronal activity by influencing the RMP of neurons. Hippocampal Increase
Table 2. Chemical structure of various antidepressants appeared in the article
2. P ISR AR L F 554
Name Types Chemical structure
O]
Cl
Ketamine NMDA receptor antagonists
NH
-~
0]
S-Ketamine NMDA receptor antagonists
Cl
O
HoN,
D-Cycloserine NMDA receptor antagonists - NH
of
O
. . O
Ampakine AMPA receptor agonists N ]
@)
MPEP mGluRS5 agonists % N
| A
=
Brexanolone GABAA receptor modulator
Zuranolone GABAA receptor modulator
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FRERT, 5K

B3k
Ganaxolone GABAA receptor modulator
Antalarmin CRF1 receptor antagonists
-HCI
N
o
Pexacerfont CRF1 receptor antagonists N \ N
\
: OH
o Oy NH
BIBP3226 Y1 receptor agonists O NI/VH NH,
s} A
Cl
al i *Cl
Rimonabant CBI receptor antagonists \N‘N
/
URBS597 FAAH antagonists
JZ1.184 MAGL antagonists
- NH,
0
N. N
Celecoxib NSAIDs FiC—
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JRAG N EEHE R, W1 5-HT DA 1 NE. X8 24545 1 15 i o B 5 A 2258 iK1, SR RIS AE
o SR, BRESRAGYIAF ST ROE NS RITEFIROR. DL (B TO BB S 1), R Jol 2 AR Ml v 1k
HRAE B E R, TR IR

AR, Axt HATZ0ET I RIRIE I, B2 ST IR R B a7 5% . BRI RS GABA
RGUEHT RO R FLA NMDA 2R H5 57077 S B PR HCAE A i P FRIAE P i) PO S R B, 51k T2
Kik. HULFI, AMPA ARSI mGluR S20RHE T 0 e L 2 O PTAARROCR » Bedh, Mk R
i, WIRERIRR RS KA S LI Tl B AR 25 . S IRUSONE B o 22 33 Jo ~F- 44 v 0 s 24
B HARR, IX A S B ROE SRR IE, DR PUIAR IR T i ROET K R] BE

JEERK, PUAR 25 WA T DR AR T B I 4R, R R THTHAMINRE . MR
AL L R RN A 2 0 o B R A B A IR T O RIS S BN B R PR L &
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