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Figure 1 Chemical structures of phencyclidine, esketamine, AXS-05, psilocybin and others.
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Figure 3 Chemical structures of other relevant compounds.
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3.4 AMPAZARIEA AT

AMPASZ AR N T RIS R IR 52 AR (1) 25 3 Y
M FHMXPE RS B SR g s, I I 45 S ]
BAPEAE ST AT B S of R A e A R,
AT RN, SR PR B AR RN, I [ g
AMPASZARFE VI IE, X FE7 §E 1] AMPASZ A4 ) 1 41
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04958242 }:S47445 (FE3)ZF 187577t 23k NI AR 36
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1M, AMPASZ AR BSOS AT RE G| R AP 4 o M dr PR M,
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BRRIRFAS KR kT 8, TS 5 15 4 g
s B FECY. mGIluR2/33EH AN = B s
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2B 250 7T TR R I mGTuR S 6t [ 25 44 1 75 75
DC5610437E G PR AT A 5T R I H R AF IRs ok . 1+
YEL BIZIR R w A, B AT HHARRE I T O
HEANDHIRARRIG R B, Sk &, RS R IR Z A
YT FLESNARRE 167 U8R B S B T S5 9T R AN
B, HEHT7H8E 22 @ ¥ 2 E K5 T P
BGAIE.

3.6 HBRAEZARHE LA

IRE R (Scopolamine, [3)/& —pEik Rt 28
T2 AR (RIMAE B RE 2 A4 FE Bi7m). I Emt Fi R i, Fak
FR R B 2R B (4 ng/ke) AT LE S I N (3~5 K ) B 27
FERAAIEIR ), RV A R R A A TS R



FREFR: b 2025 H55% 8 M

I 1553 B INMDASZ R FIM, 2 4%), (HFL T (S
SHHIEZAN BN EW 8. SEEIER, RE
BT feE o BH TG ABARE H (B 4R 22 T | M 3244,
i B N 5 A R R A 22 TG 14, AT B0 AMPASZ
RFIMTORC U5 5l H. Zak Fe nl {2 A gy & 52 )2
Akt. mTOR Kp70S6K HIEERAL, HETT ™ A= HrH Al 24
i, A, AEPREM, EEETEM, 2K B
VU0255035 (FEI3)[FIFE TGS AT AL FImTORC 15 5
R, PR AEPUEGTHIAR N, mTORCIHHIF]. AMPA
AR U B L2 A5 3 138 BEL T 7510 T 5 4 L W 2 15 5
(RIBCAMAR RO 3k 48 Sz LA LR 1 Lk 4
. SR, AT I PR AT 58 AR 5% 31 AR B 5 el 5 3 Uk
e A G 1 i 0 A bR 25 A 7 A Car i i T e 7l 5 s
IhRFETE. MEBDNFAKT T &), HAE 3BT
FHREFML I REI B 2R RE TR
B BRI R FL 45 RAEEA— Sk, (B /EIEA
B S RPN E AR — IR AR R,

4 BHi5RY

ILEER, PO RGTIIAR 254 (K TS 1
BORRBE, S INAAE &8 SRt 1 AT G T i #E.
TR GEPUHIAR 251 1 B T MR 2 i s, bl
HIE T R TTIN A BRI A 22338 T /K P SRR FE AR A
F. BRI, IXSREGIE W R BUA A R AL, Hor21/31
AETE PEIIAR B T BT 2k, AR PR ) 1 HAE I R
IR, 9 T SEAE —JRBR, BTN GRS R
I8 AR T A, o, NMDASZARSE LI
SR TR ) 2 e PAS B e PRI v B 17 S 28 ) 041
AN, NMDASE AR OO PRI GTIAR 25400 K
MRz O RE Rz —. SRT,  SUREIH A S I AR A
RS X6 L e PR L FH A b i, AR At ST N 3 B 1T
KA IEIINMDASZ RSB, tedh, HAlfEH
TR EIR RGN 25) (W AMPA 32 A 1E A8 46 7 75 771 |
AR LA TR B2 VS U110 750 R 2 B PR SE 2
RERFE. BR 1S R WIROIT R, 2R R e
RIS R 7 BRI . iltn, Dk k)
S -2 AR 2 7 7R 2 4 S R, AT A
FACN U R (PR IE ST L, 3 2 25 B T R
% #0 R AW B T 25 SR AT B ORI RE VR T SR 1
ST AT T, AN, IR — LA GO

PEY) TR (U 25 277040 56 45 20) AR FARAE ¥8 97 4M ekt i B
2 BE 1 S5t A

KR, PRI LY T TR RS R AR T
HEL SR R LR LRI PR 2. BN, SRR T
U= I(2R,6R)-Fo 5 2 &L ((2R,6R)-HNK, [#1)
AR RAZ B 2 0. W FE R B, AR B AT 28R 5
R T NMDASZ AR FEHUE ], 128 i & AMPA
ZARE SR AT A TR S %
NMDASZRIETTFEENEH, kT SR IR A
VIR B RGN AR 25 R SR T BT 0T M. Sk
AR, 550 SR E PR BT LS R NI, B
FEN G AR TE S50 ) A5 HUNMD A SZ 44 J5 0 1
W5 5B (mTORC]. BDNF-TrkBi# #%). X fhss
ANMDARZ A, BRI E n BV Sng, G 8T
R H e B PR S 2 AR B EIAE R BT B AR
PO AR, BRI 2 FBIF ST B, A R A AT
1 A R e v R A EE AR . L, NLRP3 485 /M
SR E ¢ R AN, NLRP3 AOE /MK H 806 212
HFIL-1BFIIL- 1811 71, X 48 5 RE K T 1 7K ~F- Tt v ]
S WPIATRE (7™ EFERE. AR TS R B, SR AT
I8 Ik N LR P3 98 5E /AR FRI0S R AE BTAMARVE ;[
i, 2 H A HINLRP3 28 5 /MA 1 Z5 D0 (E i 70
JE T 3 AR O B, SR 2 R
RN G AR RE VR T M E B R T M, FE 2
NLRP3 % E /M ¥ Th 8 U8 5 B8 il R ok — Filbl A
RS BIVRTT

AT, B AR RS A I PR AT AN R A
Jee I H PR UHIARAE Y, FoAh S 2R A=
2 — 2. . DMTAHI5-MeO-DMT AR S 5t 32 51
ZORE, R X R R MU B T
W LA A BT AL, 0k LI PR A28
RS, BRELLIFISE, MRS ME I, ok
Jiie 2 MK D 5 7513, 4- 37 B 4805 PR 3L 2K 75 i (MDMA,
FI3) 7R 7 tH PRE R AR 7). A, TR A
SARAE R T 2 A Ho s g EEEAER, N
Z AMARAE 53 A7 TE YR VERT Rk, DRk
R AYEDTMAR SUS R 78 1E H 28 2 BV, 1
W RI, By B2 AR5 0751 A Sk 2 0 o S ) e Pk
oA vE M. R, PR k- P HEK (B-endor-
phin) UL K Bl J 52 435 43 B sh 77 T 4 % HE(buprenor-
phine, E3)%%, HIEWEFLFRILE T R BTHIALIE .

2447



AR PR A PTIAR 25 Wt et e

B, R R R, w. SAMRI T B2 A4 I
23 B AT DO RS A 3 1. R R
PRI AT RE A BEAS Ff VR R P U, (E A LRt
FORG D938 L UM 25900 (0 T 5 8 A3 B ) 2 28 A
B, ARK, IR NN TIX LS VR BT S R R 2
AR AR ELAE LA, JEAE B S5 R 2L 55 9 M B, F

TN A BB i ML R R AL 54, e
AEBE IR B A UM 2L F. BLAh, BEXTREE
Ji0 DX A0 20 A B )R WA 3 32K 5 AR th K RO E T A,
PASEHLTE B RIEL P R IR AR, #E— DT
PUNAR G RST RO 22 4. X EEHORE O AR T 52
INECE Y LN

%R

Malhi GS, Mann JJ. Lancet, 2018, 392: 2299-2312

2 Demyttenaere K, Enzlin P, Dewé W, Boulanger B, De Bie J, De Troyer W, Mesters P. J Clin Psychiatry, 2001, 62(S22): 30-33
3 Trivedi MH, Rush AJ, Wisniewski SR, Nierenberg AA, Warden D, Ritz L, Norquist G, Howland RH, Lebowitz B, McGrath PJ, Shores-Wilson
K, Biggs MM, Balasubramani GK, Fava M. Am J Psychiatry, 2006, 163: 28-40
4 Kennedy SH, Rizvi SJ. Expert Opin Emerg Drugs, 2009, 14: 439-453
5 Isacsson G, Rich CL. Pediatr Drugs, 2014, 16: 115-122
6 Berman RM, Cappiello A, Anand A, Oren DA, Heninger GR, Charney DS, Krystal JH. Biol Psychiatry, 2000, 47: 351-354
7 Zarate CA, Singh JB, Carlson PJ, Brutsche NE, Ameli R, Luckenbaugh DA, Charney DS, Manji HK. Arch Gen Psychiatry, 2006, 63: 856
8 Josifescu DV, Jones A, O’Gorman C, Streicher C, Feliz S, Fava M, Tabuteau H. J Clin Psychiatry, 2022, 83: 21m14345
9 Reiff CM, Richman EE, Nemeroff CB, Carpenter LL, Widge AS, Rodriguez CI, Kalin NH, McDonald WM. Am J Psychiatry, 2020, 177: 391—
410
10 Domino EF, Chodoff P, Corssen G. Clin Pharma Ther, 1965, 6: 279-291
11 Li L, Vlisides PE. Front Hum Neurosci, 2016, 10: 612
12 Hashimoto K. Biochem Pharmacol, 2020, 177: 113935
13 Jelen LA, Young AH, Stone JM. J Psychopharmacol, 2021, 35: 109-123
14 Trullas R, Skolnick P. Eur J Pharmacol, 1990, 185: 1-10
15 Garcia LS, Comim CM, Valvassori SS, Réus GZ, Andreazza AC, Stertz L, Fries GR, Gavioli EC, Kapczinski F, Quevedo J. Basic Clin Pharma
Tox, 2008, 103: 502-506
16 Diazgranados N, Ibrahim L, Brutsche NE, Newberg A, Kronstein P, Khalife S, Kammerer WA, Quezado Z, Luckenbaugh DA, Salvadore G,
Machado-Vieira R, Manji HK, Zarate CA. Arch Gen Psychiatry, 2010, 67: 793-802
17 Zarate Jr. CA, Brutsche NE, Ibrahim L, Franco-Chaves J, Diazgranados N, Cravchik A, Selter J, Marquardt CA, Liberty V, Luckenbaugh DA.
Biol Psychiatry, 2012, 71: 939-946
18 Feder A, Parides MK, Murrough JW, Perez AM, Morgan JE, Saxena S, Kirkwood K, aan het Rot M, Lapidus KAB, Wan LB, losifescu D,
Charney DS. JAMA Psychiatry, 2014, 71: 681
19 Feder A, Costi S, Rutter SB, Collins AB, Govindarajulu U, Jha MK, Horn SR, Kautz M, Corniquel M, Collins KA, Bevilacqua L, Glasgow AM,
Brallier J, Pietrzak RH, Murrough JW, Charney DS. Focus, 2023, 21: 296-305
20 Miller OH, Moran JT, Hall BJ. Neuropharmacology, 2016, 100: 17-26
21 Zanos P, Gould TD. Mol Psychiatry, 2018, 23: 801-811
22 Lepack AE, Fuchikami M, Dwyer JM, Banasr M, Duman RS. Int J Neuropsychopharmacol, 2015, 18: pyu033
23 Hoeffer CA, Klann E. Trends Neuroscis, 2010, 33: 67-75
24 Duman RS. Depress Anxiety, 2014, 31: 291-296
25 K V A, Mohan AS, Chakravarty S. Brain Res Bull, 2020, 163: 170-177
26 Jourdi H, Hsu YT, Zhou M, Qin Q, Bi X, Baudry M. J Neurosci, 2009, 29: 8688-8697
27 Klann E, Dever TE. Nat Rev Neurosci, 2004, 5: 931-942
28 Beurel E, Song L, Jope RS. Mol Psychiatry, 2011, 16: 1068-1070
29 Beurel E, Grieco SF, Amadei C, Downey K, Jope RS. Bipolar Disord, 2016, 18: 473—480

2448


https://doi.org/10.1016/s0140-6736(18)31948-2
https://doi.org/10.1176/appi.ajp.163.1.28
https://doi.org/10.1517/14728210903107751
https://doi.org/10.1007/s40272-013-0061-1
https://doi.org/10.1016/S0006-3223(99)00230-9
https://doi.org/10.1001/archpsyc.63.8.856
https://doi.org/10.4088/jcp.21m14345
https://doi.org/10.1176/appi.ajp.2019.19010035
https://doi.org/10.1002/cpt196563279
https://doi.org/10.3389/fnhum.2016.00612
https://doi.org/10.1016/j.bcp.2020.113935
https://doi.org/10.1177/0269881120959644
https://doi.org/10.1016/0014-2999(90)90204-J
https://doi.org/10.1111/j.1742-7843.2008.00210.x
https://doi.org/10.1111/j.1742-7843.2008.00210.x
https://doi.org/10.1001/archgenpsychiatry.2010.90
https://doi.org/10.1016/j.biopsych.2011.12.010
https://doi.org/10.1001/jamapsychiatry.2014.62
https://doi.org/10.1176/appi.focus.23021014
https://doi.org/10.1016/j.neuropharm.2015.07.028
https://doi.org/10.1038/mp.2017.255
https://doi.org/10.1093/ijnp/pyu033
https://doi.org/10.1016/j.tins.2009.11.003
https://doi.org/10.1002/da.22227
https://doi.org/10.1016/j.brainresbull.2020.07.022
https://doi.org/10.1523/JNEUROSCI.6078-08.2009
https://doi.org/10.1038/nrn1557
https://doi.org/10.1038/mp.2011.47
https://doi.org/10.1111/bdi.12436

FREFR: b 2025 H55% 8 M

30
31
32
33
34
35

36
37
38
39
40
41
4
43
44
45
46
47
48

49
50
51

52

53
54

55
56
57
58

59
60

61

Zhou W, Dong L, Wang N, Shi J, Yang J, Zuo Z, Zhou Z. Neuroimmunomodulation, 2014, 21: 183-188

Liu RJ, Fuchikami M, Dwyer JM, Lepack AE, Duman RS, Aghajanian GK. Neuropsychopharmacology, 2013, 38: 2268-2277

Autry AE, Adachi M, Nosyreva E, Na ES, Los MF, Cheng P, Kavalali ET, Monteggia LM. Nature, 2011, 475: 91-95

Monteggia LM, Gideons E, Kavalali ET. Biol Psychiatry, 2013, 73: 1199-1203

Guo H, Lai L, Butchbach ME, Stockinger MP, Shan X, Bishop GA, Lin CL. Hum Mol Genet, 2003, 12: 2519-2532

Kim K, Lee S, Kegelman TP, Su Z, Das SK, Dash R, Dasgupta S, Barral PM, Hedvat M, Diaz P, Reed JC, Stebbins JL, Pellecchia M, Sarkar D,
Fisher PB. J Cell Physiol, 2011, 226: 2484-2493

Green JL, dos Santos WF, Fontana ACK. Biochem Pharmacol, 2021, 193: 114786

Rajkowska G, Miguel-Hidalgo J. CNS Neurol Disord Drug Targets, 2007, 6: 219-233

Abdallah CG, Sanacora G, Duman RS, Krystal JH. Annu Rev Med, 2015, 66: 509-523

Hardingham GE, Bading H. Nat Rev Neurosci, 2010, 11: 682—-696

Miller OH, Yang L, Wang CC, Hargroder EA, Zhang Y, Delpire E, Hall BJ. eLife, 2014, 3: e03581

Proulx CD, Hikosaka O, Malinow R. Nat Neurosci, 2014, 17: 1146-1152

Yang Y, Cui Y, Sang K, Dong Y, Ni Z, Ma S, Hu H. Nature, 2018, 554: 317-322

Kim JW, Suzuki K, Kavalali ET, Monteggia LM. Annu Rev Med, 2024, 75: 129-143

Taylor CP, Traynelis SF, Siffert J, Pope LE, Matsumoto RR. Pharmacol Ther, 2016, 164: 170-182

Stahl SM. CNS Spectr, 2019, 24: 461-466

Tabuteau H, Jones A, Anderson A, Jacobson M, losifescu DV. Am J Psychiatry, 2022, 179: 490-499

Griffiths RR, Richards WA, McCann U, Jesse R. Psychopharmacology, 2006, 187: 268-283

Carhart-Harris RL, Bolstridge M, Rucker J, Day CMJ, Erritzoe D, Kaelen M, Bloomfield M, Rickard JA, Forbes B, Feilding A, Taylor D,
Pilling S, Curran VH, Nutt DJ. Lancet Psychiatry, 2016, 3: 619-627

Roseman L, Demetriou L, Wall MB, Nutt DJ, Carhart-Harris RL. Neuropharmacology, 2018, 142: 263-269

Yaden DB, Nayak SM, Gukasyan N, Anderson BT, Griffiths RR. Curr Top Behav Neurosci, 2022, 56: 169—184

Goodwin GM, Aaronson ST, Alvarez O, Arden PC, Baker A, Bennett JC, Bird C, Blom RE, Brennan C, Brusch D, Burke L, Campbell-Coker K,
Carhart-Harris R, Cattell J, Daniel A, DeBattista C, Dunlop BW, Eisen K, Feifel D, Forbes MK, Haumann HM, Hellerstein DJ, Hoppe Al,
Husain MI, Jelen LA, Kamphuis J, Kawasaki J, Kelly JR, Key RE, Kishon R, Knatz Peck S, Knight G, Koolen MHB, Lean M, Licht RW,
Maples-Keller JL, Mars J, Marwood L, McElhiney MC, Miller TL, Mirow A, Mistry S, Mletzko-Crowe T, Modlin LN, Nielsen RE, Nielson
EM, Offerhaus SR, O’Keane V, Palenic¢ek T, Printz D, Rademaker MC, van Reemst A, Reinholdt F, Repantis D, Rucker J, Rudow S, Ruffell S,
Rush AJ, Schoevers RA, Seynaeve M, Shao S, Soares JC, Somers M, Stansfield SC, Sterling D, Strockis A, Tsai J, Visser L, Wahba M, Williams
S, Young AH, Ywema P, Zisook S, Malievskaia E. N Engl J Med, 2022, 387: 1637-1648

Raison CL, Sanacora G, Woolley J, Heinzerling K, Dunlop BW, Brown RT, Kakar R, Hassman M, Trivedi RP, Robison R, Gukasyan N, Nayak
SM, Hu X, O’Donnell KC, Kelmendi B, Sloshower J, Penn AD, Bradley E, Kelly DF, Mletzko T, Nicholas CR, Hutson PR, Tarpley G, Utzinger
M, Lenoch K, Warchol K, Gapasin T, Davis MC, Nelson-Douthit C, Wilson S, Brown C, Linton W, Johnson MW, Ross S, Griffiths RR. J Am
Med Assoc, 2023, 330: 843

Lucido MJ, Dunlop BW. Brain Sci, 2025, 15: 161

Carhart-Harris R, Giribaldi B, Watts R, Baker-Jones M, Murphy-Beiner A, Murphy R, Martell J, Blemings A, Erritzoe D, Nutt DJ. N Engl J
Med, 2021, 384: 1402-1411

Reckweg JT, Uthaug MV, Szabo A, Davis AK, Lancelotta R, Mason NL, Ramackers JG. J Neurochem, 2022, 162: 128-146

Aleksandrova LR, Phillips AG. Trends Pharmacol Sci, 2021, 42: 929-942

Shao LX, Liao C, Gregg I, Davoudian PA, Savalia NK, Delagarza K, Kwan AC. Neuron, 2021, 109: 2535-2544.¢4

Carhart-Harris RL, Roseman L, Bolstridge M, Demetriou L, Pannekoek JN, Wall MB, Tanner M, Kaelen M, McGonigle J, Murphy K, Leech R,
Curran HV, Nutt DJ. Sci Rep, 2017, 7: 13187

Wong JJ, Wong NML, Chang DHF, Qi D, Chen L, Lee TMC. Commun Biol, 2022, 5: 574

Edinoff AN, Odisho AS, Lewis K, Kaskas A, Hunt G, Cornett EM, Kaye AD, Kaye A, Morgan J, Barrilleaux PS, Lewis D, Viswanath O, Urits L.
Front Psychiatry, 2021, 12: 699740

Wang S, Zhang W, Liu Z, Zhang T, Wang Y, Li W. Front Neurosci, 2023, 17: 1332329

2449


https://doi.org/10.1159/000356517
https://doi.org/10.1038/npp.2013.128
https://doi.org/10.1038/nature10130
https://doi.org/10.1016/j.biopsych.2012.09.006
https://doi.org/10.1093/hmg/ddg267
https://doi.org/10.1002/jcp.22609
https://doi.org/10.1016/j.bcp.2021.114786
https://doi.org/10.2174/187152707780619326
https://doi.org/10.1146/annurev-med-053013-062946
https://doi.org/10.1038/nrn2911
https://doi.org/10.7554/eLife.03581
https://doi.org/10.1038/nn.3779
https://doi.org/10.1038/nature25509
https://doi.org/10.1146/annurev-med-051322-120608
https://doi.org/10.1016/j.pharmthera.2016.04.010
https://doi.org/10.1017/S1092852919001470
https://doi.org/10.1176/appi.ajp.21080800
https://doi.org/10.1007/s00213-006-0457-5
https://doi.org/10.1016/S2215-0366(16)30065-7
https://doi.org/10.1016/j.neuropharm.2017.12.041
https://doi.org/10.1056/NEJMoa2206443
https://doi.org/10.1001/jama.2023.14530
https://doi.org/10.1001/jama.2023.14530
https://doi.org/10.3390/brainsci15020161
https://doi.org/10.1056/NEJMoa2032994
https://doi.org/10.1056/NEJMoa2032994
https://doi.org/10.1111/jnc.15587
https://doi.org/10.1016/j.tips.2021.08.003
https://doi.org/10.1016/j.neuron.2021.06.008
https://doi.org/10.1038/s41598-017-13282-7
https://doi.org/10.1038/s42003-022-03463-0
https://doi.org/10.3389/fpsyt.2021.699740
https://doi.org/10.3389/fnins.2023.1332329

AR PR A PTIAR 25 Wt et e

62
63
64
65

66
67

68
69

70
71

72
73
74
75
76
77

78
79
80
81

82
83
84
85
86
87
88

89

90
91
92
93
94
95
96
97
98
99

2450

St. Onge E, Patel P, Whitner C. J Pharmacy Tech, 2025, 41: 32-37

Moskal JR, Burgdorf JS, Stanton PK, Kroes RA, Disterhoft JF, Burch RM, Khan MA. Curr Neuropharmacol, 2017, 15: 47-56

Moskal JR, Burch R, Burgdorf JS, Kroes RA, Stanton PK, Disterhoft JF, Leander JD. Expert Opin Investal Drugs, 2014, 23: 243-254
Donello JE, Banerjee P, Li YX, Guo YX, Yoshitake T, Zhang XL, Miry O, Kehr J, Stanton PK, Gross AL, Burgdorf JS, Kroes RA, Moskal JR.
Int J Neuropsychopharmacol, 2019, 22: 247-259

Preskorn S, Macaluso M, Mehra DV, Zammit G, Moskal JR, Burch RM. J Psychiatric Pract, 2015, 21: 140-149

Burgdorf J, Zhang X, Weiss C, Gross A, Boikess SR, Kroes RA, Khan MA, Burch RM, Rex CS, Disterhoft JF, Stanton PK, Moskal JR.
Neuroscience, 2015, 308: 202-211

Kato T, Fogaga MV, Deyama S, Li XY, Fukumoto K, Duman RS. Mol Psychiatry, 2018, 23: 2007-2017

Liu RJ, Duman C, Kato T, Hare B, Lopresto D, Bang E, Burgdorf J, Moskal J, Taylor J, Aghajanian G, Duman RS. Neuropsychopharmacology,
2017, 42: 1231-1242

Kato T, Duman RS. Pharmacol Biochem Behav, 2020, 188: 172827

Hansen KB, Wollmuth LP, Bowie D, Furukawa H, Menniti FS, Sobolevsky Al, Swanson GT, Swanger SA, Greger IH, Nakagawa T, McBain
CJ, Jayaraman V, Low CM, Dell’Acqua ML, Diamond JS, Camp CR, Perszyk RE, Yuan H, Traynelis SF. Pharmacol Rev, 2021, 73: 298-478
Paoletti P, Bellone C, Zhou Q. Nat Rev Neurosci, 2013, 14: 383-400

Chazot PL, Stephenson FA. J Neurochem, 1997, 69: 2138-2144

Akazawa C, Shigemoto R, Bessho Y, Nakanishi S, Mizuno N. J Comp Neurol, 1994, 347: 150-160

Monyer H, Burnashev N, Laurie DJ, Sakmann B, Seeburg PH. Neuron, 1994, 12: 529-540

Wang CC, Held RG, Chang SC, Yang L, Delpire E, Ghosh A, Hall BJ. Neuron, 2011, 72: 789-805

Becker R, Gass N, KuBimaul L, Schmid B, Scheuerer S, Schnell D, Dorner-Ciossek C, Weber-Fahr W, Sartorius A. Psychopharmacology, 2019,
236: 3451-3463

Preskorn SH, Baker B, Kolluri S, Menniti FS, Krams M, Landen JW. J Clin PsychoPharmacol, 2008, 28: 631-637

Pochwat B, Rafato-Ulinska A, Domin H, Misztak P, Nowak G, Szewczyk B. Neuropharmacology, 2017, 125: 333-342

Jiménez-Sanchez L, Campa L, Auberson YP, Adell A. Neuropsychopharmacology, 2014, 39: 2673-2680

Sakimura K, Kutsuwada T, Ito I, Manabe T, Takayama C, Kushiya E, Yagi T, Aizawa S, Inoue Y, Sugiyama H, Mishina M. Nature, 1995, 373:
151-155

Lundbye CJ, Toft AKH, Banke TG. J Physiol, 2018, 596: 5017-5031

Francija E, Lukic I, Petrovic Z, Brkic Z, Mitic M, Radulovic J, Adzic M. Behav Brain Res, 2022, 417: 113625

SuT, LuY, Fu C, Geng Y, Chen Y. Nat Neurosci, 2023, 26: 1751-1761

Derkach VA, Oh MC, Guire ES, Soderling TR. Nat Rev Neurosci, 2007, 8: 101-113

Lynch G. Curr Opin Pharmacol, 2004, 4: 4-11

Kadriu B, Musazzi L, Johnston JN, Kalynchuk LE, Caruncho HJ, Popoli M, Zarate Jr CA. Drug Discov Today, 2021, 26: 28162838
Nations KR, Dogterom P, Bursi R, Schipper J, Greenwald S, Zraket D, Gertsik L, Johnstone J, Lee A, Pande Y, Ruigt G, Ereshefsky L. J
Psychopharmacol, 2012, 26: 1525-1539

Kunugi A, Tanaka M, Suzuki A, Tajima Y, Suzuki N, Suzuki M, Nakamura S, Kuno H, Yokota A, Sogabe S, Kosugi Y, Awasaki Y, Kaku T,
Kimura H. Neuropsychopharmacology, 2019, 44: 961-970

Machado-Vieira R, Manji HK, Zarate CA. Neuroscientist, 2009, 15: 525-539

Musazzi L. Expert Opin Drug Discov, 2021, 16: 147-157

Dwyer JM, Lepack AE, Duman RS. Int J Neuropsychopharm, 2012, 15: 429-434

Tatarczynska E, Ktodzinska A, Chojnacka-Wojcik E, Patucha A, Gasparini F, Kuhn R, Pilc A. Br J Pharmacol, 2001, 132: 1423-1430
Belozertseva I, Kos T, Popik P, Danysz W, Bespalov A. Eur Neuropsychopharmacol, 2007, 17: 172-179

Furey ML, Drevets WC. Arch Gen Psychiatry, 2006, 63: 1121

Ghosal S, Bang E, Yue W, Hare BD, Lepack AE, Girgenti MJ, Duman RS. Biol Psychiatry, 2018, 83: 29-37

Voleti B, Navarria A, Liu RJ, Banasr M, Li N, Terwilliger R, Sanacora G, Eid T, Aghajanian G, Duman RS. Bio/ Psychiatry, 2013, 74: 742-749
Kan HW, Peng WH, Wu CC, Wang DW, Lee MT, Lee YK, Chu TH, Ho YC. Psychopharmacology, 2022, 239: 3805-3818

Anacker C. Biol Psychiatry, 2018, 83: e5—e7


https://doi.org/10.1177/87551225241287383
https://doi.org/10.2174/1570159X14666160321122703
https://doi.org/10.1517/13543784.2014.852536
https://doi.org/10.1093/ijnp/pyy101
https://doi.org/10.1097/01.pra.0000462606.17725.93
https://doi.org/10.1016/j.neuroscience.2015.09.004
https://doi.org/10.1038/mp.2017.220
https://doi.org/10.1038/npp.2016.202
https://doi.org/10.1016/j.pbb.2019.172827
https://doi.org/10.1124/pharmrev.120.000131
https://doi.org/10.1038/nrn3504
https://doi.org/10.1046/j.1471-4159.1997.69052138.x
https://doi.org/10.1002/cne.903470112
https://doi.org/10.1016/0896-6273(94)90210-0
https://doi.org/10.1016/j.neuron.2011.09.023
https://doi.org/10.1007/s00213-019-05310-3
https://doi.org/10.1097/JCP.0b013e31818a6cea
https://doi.org/10.1016/j.neuropharm.2017.08.006
https://doi.org/10.1038/npp.2014.123
https://doi.org/10.1038/373151a0
https://doi.org/10.1113/JP276304
https://doi.org/10.1016/j.bbr.2021.113625
https://doi.org/10.1038/s41593-023-01436-y
https://doi.org/10.1038/nrn2055
https://doi.org/10.1016/j.coph.2003.09.009
https://doi.org/10.1016/j.drudis.2021.07.027
https://doi.org/10.1177/0269881112458728
https://doi.org/10.1177/0269881112458728
https://doi.org/10.1038/s41386-018-0213-7
https://doi.org/10.1177/1073858409336093
https://doi.org/10.1080/17460441.2020.1822814
https://doi.org/10.1017/S1461145711001702
https://doi.org/10.1038/sj.bjp.0703923
https://doi.org/10.1016/j.euroneuro.2006.03.002
https://doi.org/10.1001/archpsyc.63.10.1121
https://doi.org/10.1016/j.biopsych.2017.06.017
https://doi.org/10.1016/j.biopsych.2013.04.025
https://doi.org/10.1007/s00213-022-06250-1
https://doi.org/10.1016/j.biopsych.2017.11.001

FREFR: b 2025 H55% 8 M

100 Fogaga MV, Wu M, Li C, Li XY, Picciotto MR, Duman RS. Mol Psychiatry, 2021, 26: 3277-3291

101 LiN, Lee B, Liu RJ, Banasr M, Dwyer JM, Iwata M, Li XY, Aghajanian G, Duman RS. Science, 2010, 329: 959-964

102 Wohleb ES, Wu M, Gerhard DM, Taylor SR, Picciotto MR, Alreja M, Duman RS. J Clin Invest, 2016, 126: 2482-2494

103 Navarria A, Wohleb ES, Voleti B, Ota KT, Dutheil S, Lepack AE, Dwyer JM, Fuchikami M, Becker A, Drago F, Duman RS. Neurobiol Dis,
2015, 82: 254261

104 Park L, Furey M, Nugent AC, Farmer C, Ellis J, Szczepanik J, Lener MS, Zarate Jr. CA. Int J Neuropsychopharmacol, 2019, 22: 10-18

105 Zelek-Molik A, Litwa E. Front Pharmacol, 2025, 16: 1544795

106 Xia CY, Guo YX, Lian WW, Yan Y, Ma BZ, Cheng YC, Xu JK, He J, Zhang WK. Pharmacol Res, 2023, 187: 106625

107 Shao BZ, Cao Q, Liu C. Front Mol Neurosci, 2018, 11: 320

108 Miller AH, Raison CL. Nat Rev Immunol, 2016, 16: 22-34

109 Lyu D, Wang F, Zhang M, Yang W, Huang H, Huang Q, Wu C, Qian N, Wang M, Zhang H, Zheng S, Chen J, Fu Y, Zhang C, Li Z, Hong W.
Psychopharmacology, 2022, 239: 3201-3212

110 Gonda X, Dome P, Neill JC, Tarazi FI. CNS Spectr, 2023, 28: 6-15

111  Williams NR, Heifets BD, Bentzley BS, Blasey C, Sudheimer KD, Hawkins J, Lyons DM, Schatzberg AF. Mol Psychiatry, 2019, 24: 1779—-1786

112 Jelen LA, Stone JM, Young AH, Mehta MA. Neurosci Biobehav Rev, 2022, 140: 104800

Recent advances in rapid-acting antidepressants

Libiao Pan', Yang He™’, Guan Wang], Jingshan Shen™"

: Vigonvita Life Sciences Co., Ltd., Suzhou 215009, China

? State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203, China

3 University of Chinese Academy of Sciences, Beijing 100049, China

*Corresponding author (email: shenjingshan@simm.ac.cn)

Abstract: Major depressive disorder (MDD) is a major global health challenge due to its high prevalence and
substantial disability burden, which pose considerable challenges to existing clinical interventions. Traditional
antidepressants rooted in the monoamine hypothesis exhibit limited efficacy, often with delayed therapeutic onset,
suboptimal remission rates, and prolonged treatment durations. These limitations underscore the urgent need for
therapeutic innovations that transcend classical neurotransmitter modulation paradigms, emphasizing rapid efficacy and
enhanced safety profiles. Glutamatergic modulators, exemplified by the N-methyl-D-aspartate (NMDA) receptor
antagonist ketamine, have emerged as a novel therapeutic approach, demonstrating significant symptom relief within
hours of administration. This review provides a comprehensive analysis of recent advancements in rapid-acting
antidepressants, focusing on intranasal esketamine, the monoamine-glutamate multi-target modulator AXS-05, and
psychedelic compounds such as psilocybin. By assessing their mechanisms in regulating synaptic plasticity, exploring
multi-target synergies, and analyzing their respective limitations, this study aims to provide insights and guidance for the
research and development strategies of novel rapid-acting antidepressants.
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