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[Abstract] Depression is a common mental disorder, clinically manifested primarily by persistent low mood and loss of interest, imposing

a heavy burden on patients and their families. Monoaminergic antidepressants are associated with issues such as delayed onset of action,

low efficacy, and high relapse rates, thus failing to adequately meet clinical treatment needs of patients. Studies have demonstrated that

the glutamatergic system plays a crucial role in the progression of depression. Drugs targeting glutamatergic receptors can achieve rapid,

effective, and sustained antidepressant effects by modulating glutamate release and receptor signaling pathways. Currently, the only rapid-

acting antidepressants targeting glutamatergic receptors that have been approved for marketing globally are Spravato and Auvelity, which

fall far short of meeting the clinical needs in this field. This review summarizes the research progress in rapid-acting antidepressants targeting

glutamatergic receptors, aiming to provide insights and references for the future development and clinical application of such drugs.
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Gln: glutamine (AZEEIZ) 5 Glu: glutamate (%) ; mGluR: metabotropic glutamate receptor (R AR Z R4 ; KAR:
kainate receptor (ZLFEZRZ/AK) ; NMDAR: N-methyl-D-aspartate receptor (N-F3E-D-RAZIRZ/E) ; AMPAR: a-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid receptor (a-Z3&-3-F84E-5- F 5k 4-FUEME IR 2 1K) ;5 eEF2K: eukaryotic elongation factor 2 kinase (L
TEAEPDIEM R T~ 2 ) ; BDNF: brain-derived neurotrophic factor (it E 72 K1) 5 eEF2: eukaryotic elongation factor 2 (F
TZEPDIEMIR T 2) 3 p-eEF2: phosphorylated eukaryotic elongation factor 2 (&R {1k EAZ AP AEMK T~ 2) 5 TrkB: tropomyosin receptor
kinase B (JRWIBRE B Z/&HEF B) ; AKT: protein kinase B (25 H# & B) ; ERK: extracellular-regulated protein kinase (ZHHf4MA T
FE AW ; mTOR: mammalian target of rapamycin (Wi FLZN4)E ME R LEA)
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Figure 1 The effects of glutamatergic receptors on neuroplasticity
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Figure 2 Chemical structure of ketamine
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Figure 3 Chemical structure of esketamine
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Table 1 Rapid-acting antidepressants targeting glutamatergic receptors

e H/YMEFR {ERHLE % e T AL B B RS
NMDAR  NRX-101 (D-cycloserine+lurasidone) NMDAR #4805 I 4 NCT03396068
NRX-100 NMDAR # i 71) i NCT03396601
REL-1017 NMDAR #$i71) i NCT04855760,
NCT06011577
GLYX-13 (rapastinel) NMDAR 1E2E A4 571 A NCT02932943,
NCT02943564,
NCT02943577
BI1569912 GluN2B F1 A4 1 55 771 i NCT06280235,
NCT06558344,
CTR20242430
NBI-1070770 GluN2B F1 A4 1R 5 771 i NCT06267846
MIJ 821 Confasprodil) GIuN2B U AE R 5 771 11 NCT04722666,
NCT05454410,
NCT03756129
CERC-301 GluN2B #5475 1G] NCT01941043,
NCT02459236
EVT 101 GluN2B #5757 1G] NCTO01128452
CP-101,606 GIluN2B #EHi5) 3 NCT00163059
D-cycloserine NMDAR #53-#3h 5 1139 NCT00408031
SNA11 NMDAR #4338t 551] /41l 751 IR -
AV-101 NMDAR #5$i5 1T 47 NCT03078322
AVP-786 NMDAR #5Hi7) 1T #7 NCT02153502
CLE-100 NMDAR #5351 i NCT04103892,
NCT06340958
Falkieri (esketamine DPI) NMDAR # i 7) i NCT03965871,
NCT03965858
GM-1020 NMDAR #5351 mi NCT06309277
AZD6765 NMDAR #5351 mi NCT01482221,
NCT00781742
AVP-923 (quinidine NMDAR #4705 34 NCTO01882829
sulfate+dextromethorphan hydrobromide )

R (R)- UGN 5155 71 NMDAR 5§71 11 4 CTR20212471
SLS-002 (intranasal racemic ketamine) NMDAR #5157 11 #1 NCT04669665
SALO114 (dextromethorphan-+bupropion) NMDAR #Hi7) 1T 47 CTR20250861,

CTR20240090

felbamate NMDAR 5§05 11 34 NCT00034229
riluzole NMDAR #5475 11 34 NCT01204918,
NCT00376220,

NCT01703039
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NMDAR (2R,6R)-hydroxynorketamine NMDAR #5557 1T 41 NCT06511908
GATE-202 (apimostinel) NMDAR 1EAE 4571 11 NCT06400121,
NCT02067793
GATE-251 (zelquistinel) NMDAR 1E 25 ¥4 1 575 1T 41 NCT06547489,
NCT03586427,
NCT07115329
AMPAR  NBI-1065845 (TAK-653, osavampator) AMPAR IFZE R 7571 I NCT06786624,
NCT06911112,
NCT06963021,
NCT06966401
perampanel AMPAR F 4717 1 NCT05786066
MKC-231 AMPAR #2))5 1G] NCT00621270
Org 24448 AMPAR 1EZZ 17577 1 NCT00113022
Org 26576 AMPAR IEZE R 571 1139 NCT00610649
S47445 (CX-1632, tulrampator) AMPAR 1EZZ 15571 1139 NCT02805439
AMPAR; XW10508 AMPAR ##)j7l; NMDAR #i7] 1139 ACTRN12625000128493,
NMDAR ACTRN12623001080617
mGluR ADX-71149 mGIuR2 IEAE RT3 1139 NCT01582815
RO4995819 (RG-1578, decoglurant) mGIuR3 #EHiH); mGIuR2 F5Hi7) 3 NCT01457677
TP0473292 mGIuR3 #5517 mGIuR2 #5Hi 7 11 44 NCT04821271
RO4917523 (basimglurant) mGIuRS £ A5 {45 71 11 44 NCTO01437657
AZD2066 mGIuRS f5Hi7) IR NCTO01145755
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Figure 4 Chemical structures of representative rapid-acting antidepressants
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Figure 5 Binding mode analysis of representative rapid-acting antidepressants with glutamatergic receptors
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PK i % b ( TRANSFORM M 5%, NCT02417064, SR UKL AW, BFSE K PR rapastinel i 5 3
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i) & 1 BF 9% ' ( SUSTAIN B 5%, NCT02782104, kinase, ERK) [ #4{%. mTOR {5 5 % 3 #il BDNF
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J& CYP450 2D6 il ], S5472WFART LI W& M GluN2B 748491 %5 5. Onfasprodil 7€ 1 1
FAERATEVNIR ], S Hm S R M I RIS (NCT05666687 ) H s Hi W41 22 4 1k
Gb, ARSI IR S EEEREGT A2 B EHESIERTSE (NCT03756129 )
W, PZYE T AR ol . SRR ol 2 BEGR T MR TEIVAREE B BANAREE IR, (HAETE

‘f@ '?ii/& 20254E 11 H 449% H11M PPS Prog Pharm Sci Nov. 2025 Vol. 49 No.11 -




. Prog Pharm Sci Nov. 2025 Vol. 49  No. 11

R EIVEF BY5 ki 5 onfasprodil 1677 = AR
SiE Y T RIS (NCT04722666 ) #a A4l ; i
ST onfasprodil JAY T MEIGTEIVARIE Y TG RIS
(NCT05454410 ) T 2025 4 4 H5Eh, SRR PER

NMDAR 5 #IHRAE & 2E & it B UIAHOC, I
PR A K Ifs RAFE 52 S4730E I 3 5 NMDAR FEFDRAE B8 5
SERGEM . AREERAL. AR 5 )7 ik
T EEMEM . HH T NMDAR LEIARAE A4 B
A BEAE AL AR e 2B, 42 290 I TR By
BORRERIMI TG . e AMBTIIARTER ; — 285l
NMDAR #8755 5 I ZETR YT R B2 b= AR RS A R
SN K v A SR P ol I R 0L FH 32 B R Pk i
HAG, o4 2R ez AR Bl 25 i oy 2R
fE T NMDAR, . I i) NMDAR #%5$1 7 Spravato
FUA PO B R A BCAREEVE 8 R A A B
SERUR PO VE AT, G R A 2 2B 15 Auvelity j&
A7 FEVDSF AL AR R ) B2 A ), S 22 R A P
BUH R RS T ARREVE L [ Bsf akt e T RIS i
YRR, 33X R s e s e AR 24 AT 2% B3t T SELG
22 o-BE-3-BES-AE-4-RIENERZAETH
AH#H

B ERE T AMPAR, & S804
JUIL AT, [ AMPAR BshHI7E & DTN ARYE
JH 0 ) B 2 A B 25 R T %5 AMPAR IE7ZE 4
TR A S IR AS ) AMPAR B9 ZhRE, HAHE
ER A, A2 P,

Org 26576 ( LKl 4) j&H Cortex fif &) AMPAR
WEARA PR, T 1999 4E 42 AL 25 Organon 2 w) i
T K. FEIGIRATHESE Y, Org 26576 K #4525 n]
A1 E i B I AT R BRUIAE 5 1 22 T A A7 G 5 i i Y
TEAVERTECRAS T, Org 26576 ISk K B
X BDNF JEHH ) mRNA K, S5 2s
SR BY FERT B EEIDARAE A T b W AR5

(NCT00610649 ) i, Org 26576 MKk HA RIFH)%
bk, TR Z R T R —E AP TmAREH
{B259369 7 415 2 LA HOE B g 2 7 P,

Tulrampator ( CX-1632, S47445, VLK 4) Zrh
Cortex fiff % 1) AMPAR IE A4 R4 7] . 7EAR AP 256
W, tulrampator AN 2> B 4% 8 AMPAR, Tfif 2 UL
AR 7 IG5 AMPAR PN Y8 5 300 AV 1T
A2 RO s TESh S, tulrampator
AT B G G 2 S A T RE, 15 SRR i BDNF,
HAMAZEYYEH, I H tulrampator 7£ M5 14 25 504
i A2 M R A, R 2 2 AN 21 R0 A R AR
FH 0, {HAE tulrampator 7E Sk 55 5 S0 AR E 4l B 16 )T
254119 TG ARG (NCT02805439 ) ., 244iA

PPS

7 20 A2 W DUE AR R (Hamilton Depression
Scale, HAMD )PF43 5428 40 AR LG b k22 55 B

Osavampator ( TAK-653, NBI-1065845, LK 4)
2 1 % R 25 BF & B9 AMPAR TE 78 A E  ), T
2020 HE4Z I 45 Neurocrine 2 &) AT IF K& o 18 I AR I
W58, osavampator X AMPAR [ H 42 8l i 14 #
55, S O e, O A VRSN B2, O
H A5 S0 2 0Bl BDNF, 22 Wi 14 25 3h 1 5 41
ABREIR, $ Ak LE R FE A UL ( delayed match-to-
sample, DMTS) #Effi%, HA SEIAEIFIFE S TRE
PR P FEIRYT BN BEAARAE 1 1T 30911 AR 56

(NCT05203341 ) 1, osavampator 41 1k 5| 1 = 2l
AR EL N, 2 A GE T BEIAEER, H
HA RAF 02 YRR 52 1% ; osavampator 1k 5 i
PERSAES BhvGATT 2590 00 TG RIS ( NCT06786624,
NCT06911112, NCT06963021, NCT06966401 ) 5% iz
HARSEEEI TH

AMPAR 7E 2 2] FC AT Wb & 15 % 1 2AE
I, P87 AMPAR ZIfEA FI T2 fAAmARaeik, e
IABAE H & AR, BARE A KREMFFTIEW,
H5% AMPAR T T LLURIESTARVE T, (HH i
A7 osavampator &b T M WA G IRAF 58, KZ 259
P70 S 350 T B0 R a6 2 . T g i R
& AMPAR Z514 5T 2% . B2 R U1 0 A A
B A B I, DA 2590 ) PR A DA 445 SR N R
B S W E AR A SEBRy 7k . IR, TRAIFSE
AMPAR AN [R] WV 56 RN 7 9 2540 5 T RE 25 5%, W
TEZS R I 50 % AMPAR AOAEFHMLA], 27 B 5g 3%
TR PPN 1A 22 % 29 T 2 AT TR 3L
23 KIBARBMIATHETH

HHr, #m mGluR 259 i R8T
mGluR2/3 Fl mGluRS5.,

TP0473292 ( UL 1&l 4) J& i K IE il 25 B & 1)
mGIluR2/3 5P 7, J& TP0178894 ( WL I& 6) A
2y, 1 Wi PRI 56 (NCT03919409 ) 45 % R,
TP0473292 7E{d 3718 # b HA K492 4 PR
ZAE, OURAEVFI RS, RN TR R 16k
R TP01788945™ {H TP0473292 JA YT MEVAPEH
ABAE 4 T 30 PRI 56: (NCT04821271 ) H4ESE KL
ARTZE

E 6 TP0178894 Ry{L 44
Figure 6 Chemical structure of TP0178894

et Aooose11 ok

11



%%ﬁ/@x%%ﬁllﬁ $49% H1LH

Hk, % BESEBREZENRERINSSHEEE | 955

Decoglurant (RO4995819, RG-1578, ULIE 4)
S % G 2 % 19 mGluR2/3 T2 A R 5 71, 1
I R AT ZE 7, decoglurant 7] 24z 3812 P 1 K FRUAG
PGk Z FEAT R DL AR RS s T 3R AR K2R
Y RAT I REFITE B Bk ba s 7R T IR R
( EudraCT 2009-011624-62, EudraCT 2009-014678-
17) 1, decoglurant ¥ % | A< R %5 i i75 5 1) A 1 ik
M, HEA R ZErEMZME; {H1E decoglurant
VE S ey VAR AE Sl Ba o7 25 W 04 T 49 1 PR I
(NCT01457677 ) ", %25 R AEW] o8 4 o
AR BN T AE B

Basimglurant (RO4917523, VWL Kl 4) & H %
TG 25 BF % 9 mGIluRS 7 A8 K 35 50), T 2020 4F
1% # %5 Noema Pharma #f 17 H & . Basimglurant [
M AR B s, A, TEIR YT MENR PR
ARAEATE BE 8 2 69 1T a W31l PRILER: (NCT00809562 )
ORI TR A Y AR I R IR T RO B
i Sy H 2 AR AE S B 36 97 25 W 59 11 b 30 il PR 1 56
(NCT01437657 ) AREF| EEA L, 0.5 mg # 1.5
mg 4 5N, IHIREATFEHFETDS
1] - BT 3y A7 A% 40 BB PF 42 5t 3 ( Montgomery-Asberg
Depression Scale, MADRS ) W4Tt & 25 H
TERBEL S )71, 1.5 mg 4328 # 1) MADRS 1143
16 THNARFE R P H 37 & % [Quick Inventory of
Depressive Symptomatology (16-item) (Self-Report),
QIDS-SRy¢] #4387~ ,, basimglurant B g gies T /%
FOIATSER B,

mGIluR i ¥ 2R T liEE S, 5 iGluR
L [E T SR M T M, fE2E ) Sac iR h K 4E
HEEAEM. © A UFIEIE Y] mGluR2/3 5 5057 F1

World Health Organization. Depressive disorder (depression)[EB/
OL]. (2025-08-29)[2025-10-20]. https://www.who.int/zh/news-room/
fact-sheets/detail/depression.

GBD 2019 Mental Disorders Collaborators. Global, regional, and
national burden of 12 mental disorders in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of Disease
Study 2019[J]. Lancet Psychiatry, 2022, 9(2): 137-150.

Lu J, Xu X, Huang Y, et al. Prevalence of depressive disorders and
treatment in China: a cross-sectional epidemiological study[J]. Lancet
Psychiatry, 2021, 8(11): 981-990.

Patel V, Saxena S, Lund C, et al. The Lancet Commission on global
mental health and sustainable development [J]. Lancet, 2018,
392(10157): 1553-1598.

Li Y F. A hypothesis of monoamine (5-HT)-Glutamate/GABA long

neural circuit: aiming for fast-onset antidepressant discovery[J].

PPS

mGIuRS T ARG I 50 BA PR L Rk i TR 1
P 5 2 ik 8 AR R A AR AS RS2 Rz ) KU AT
HHEA G IRBE B BERY R IR D, HORRBLH,
RAFAITRCR . M4 mGluR FFEFIALE] R 58 4
WY, ARCRFEEL D

PIAISRE J&— s UL ARPORS R B fis, ™ EE 2 ) AR
1 HH RS, gt RIS R T E B A, AR
I VAT ik B AR O ERYT MZ5 AT, IR IR
W BRIT 230 GG BRI 258, R 25 A7
RS . ARCRIRENE, i LB, DRIRAE
ZARTEAMARAE (45 B A= PR A v A 4% 25 EEEAE A,
VAT A R R 32 A PT LA G2 ik £8 8 A A ARAE AR, HG5
PR, MGEINRIYIRE, JF A R RGREE
VIS ST E N S o di N 1R S W = 1l o O
] A R R BB 37 MR B PR R AL BT IR 2585 /L, eI 2y
YT Y7 805 % PEME DL | I PRI & R R
F IR) &5 I PR i 55 v % FH 9 MADRS #1 HAMD H
TR B EBUR 250 N RYREIR AR AR O, XN
B R W97 SO VRN RICR A s SAIAE AH G
Il PRI 0 57 2 ST RU N s 3K, SEE ATk 5 %
TR ALAH HeE DA™= A i 25 22 5%, DA S i) X 25 e
MAITFRFIT, B2, BRRAEZIKE—REG
TIPS 25 0, (I 29 A AT
ORI . AR RN ™A )R, RO EIT R
TR B9 BEA: BRALHI T 5% 2 48 7 75 S TR BB 32 1R 5 11
ABIEZ MBS ZR, NI B TR A R0 259 FF
KM, I 22 Re e BT AT 5 e R R
B GTIARZ W)

Pharmacol Ther, 2020, 208: 107494,

Simon G E, Moise N, Mohr D C. Management of depression in
adults: a review[J]. JAMA, 2024, 332(2): 141-152.

Ferrari F, Villa R F. The neurobiology of depression: an integrated
overview from biological theories to clinical evidence[J]. Mol
Neurobiol, 2017, 54(7): 4847-4865.

Belge J B, Sabbe A C F, Sabbe B G C C. An update on
pharmacotherapy for recurrent depression in 2022[J]. Expert Opin
Pharmacother, 2023, 24(12): 1387-1394.

Nagane A, Baba H, Nakano Y, et al. Comparative study of cognitive
impairment between medicated and medication-free patients with
remitted major depression: class-specific influence by tricyclic
antidepressants and newer antidepressants[J]. Psychiatry Res, 2014,
218(1/2): 101-105.

Wang Q, Dwivedi Y. Advances in novel molecular targets for

Prog Pharm Sci  Nov. 2025  Vol. 49

No. 11



056 | ##, % ®HSFBRESRNRERIGIHLTA R

Prog Pharm Sci  Nov. 2025 Vol. 49 No. 11

antidepressants[J]. Prog Neuro Psychopharmacol Biol Psychiatry,
2021, 104: 110041.

Henter I D, Park L T, Zarate C A Jr. Novel glutamatergic modulators
for the treatment of mood disorders: current status[J]. CNS Drugs,
2021, 35(5): 527-543.

Musazzi L, Milanese M, Farisello P, et al. Acute stress increases
depolarization-evoked glutamate release in the rat prefrontal/frontal
cortex: the dampening action of antidepressants[J]. PLoS One, 2010,
5(1): e8566.

Sanacora G, Gueorguieva R, Epperson C N, et al. Subtype-specific
alterations of gamma-aminobutyric acid and glutamate in patients with
major depression[J]. Arch Gen Psychiatry, 2004, 61(7): 705-713.
Taylor M J, Mannie Z N, Norbury R, et al. Elevated cortical
glutamate in young people at increased familial risk of depression[J].
Int J Neuropsychopharmacol, 2011, 14(2): 255-259.

Moriguchi S, Takamiya A, Noda Y, et al. Glutamatergic
neurometabolite levels in major depressive disorder: a systematic
review and meta-analysis of proton magnetic resonance spectroscopy
studies[J]. Mol Psychiatry, 2019, 24(7): 952-964.

Jiang L, Liu N, Zhao F, et al. Discovery of GluN2A subtype-selective
N-methyl-D-aspartate (NMDA) receptor ligands[J]. Acta Pharm Sin B,
2024, 14(5): 1987-2005.

Niciu M J, Kelmendi B, Sanacora G. Overview of glutamatergic
neurotransmission in the nervous system[J]. Pharmacol Biochem
Behav, 2012, 100(4): 656-664.

Mclntyre R S, Jain R. Glutamatergic modulators for major depression
from theory to clinical use[J]. CNS Drugs, 2024, 38(11): 869-890.
Huang X, Sun X, Wang Q, ef al. Structural insights into the diverse
actions of magnesium on NMDA receptors[J]. Neuron, 2025, 113(7):
1006-1018.¢4.

Machado-Vieira R, Henter I D, Zarate C A Jr. New targets for rapid
antidepressant action[J]. Prog Neurobiol, 2017, 152: 21-37.

Tse Y C, Lopez J, Moquin A, et al. The susceptibility to chronic social
defeat stress is related to low hippocampal extrasynaptic NMDA
receptor function[J]. Neuropsychopharmacology, 2019, 44(7): 1310-
1318.

Feyissa A M, Chandran A, Stockmeier C A, et al. Reduced levels of
NR2A and NR2B subunits of NMDA receptor and PSD-95 in the
prefrontal cortex in major depression[J]. Prog Neuropsychopharmacol
Biol Psychiatry, 2009, 33(1): 70-75.

Suzuki A, Hara H, Kimura H. Role of the AMPA receptor in
antidepressant effects of ketamine and potential of AMPA receptor
potentiators as a novel antidepressant[J]. Neuropharmacology, 2023,
222:109308.

Ward S E, Bax B D, Harries M. Challenges for and current status
of research into positive modulators of AMPA receptors[J]. Br J
Pharmacol, 2010, 160(2): 181-190.

Antunes G, Simoes-de-Souza F M. AMPA receptor trafficking and its
role in heterosynaptic plasticity[J]. Sci Rep, 2018, 8(1): 10349.

Park M J, Seo B A, Lee B, et al. Stress-induced changes in
social dominance are scaled by AMPA-type glutamate receptor
phosphorylation in the medial prefrontal cortex[J]. Sci Rep, 2018,
8(1): 15008.

Freudenberg F, Celikel T, Reif A. The role of a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) receptors in depression:
central mediators of pathophysiology and antidepressant activity?[J].
Neurosci Biobehav Rev, 2015, 52: 193-206.

Koike H, Iijima M, Chaki S. Involvement of AMPA receptor in both
the rapid and sustained antidepressant-like effects of ketamine in
animal models of depression[J]. Behav Brain Res, 2011, 224(1): 107-
111.

Negrete-Diaz J V, Falcon-Moya R, Rodriguez-Moreno A. Kainate
receptors: from synaptic activity to disease[J]. FEBS J, 2022, 289(17):
5074-5088.

Schiffer H H, Heinemann S F. Association of the human kainate
receptor GluR7 gene (GRIK3) with recurrent major depressive
disorder[J]. Am J Med Genet B Neuropsychiatr Genet, 2007, 144B(1):
20-26.

Wang H Q, Wang Z Z, Chen N H. The receptor hypothesis and the
pathogenesis of depression: genetic bases and biological correlates[J].
Pharmacol Res, 2021, 167: 105542.

Joffe M E, Conn P J. Antidepressant potential of metabotropic
glutamate receptor mGlu(2) and mGlu(3) negative allosteric
modulators[J]. Neuropsychopharmacology, 2019, 44(1): 214-236.
Jong Y I, Izumi Y, Harmon S K, et al. Striatal mGlu(5)-mediated
synaptic plasticity is independently regulated by location-specific
receptor pools and divergent signaling pathways[J]. J Biol Chem,
2023, 299(8): 104949.

Mao L M, Wang J Q. Alterations in mGlu5 receptor expression and
function in the striatum in a rat depression model[J]. J Neurochem,
2018, 145(4): 287-298.

Chaki S, Fukumoto K. mGlu receptors as potential targets for novel
antidepressants[J]. Curr Opin Pharmacol, 2018, 38: 24-30.

Attucci S, Carla V, Mannaioni G, ef al. Activation of type 5
metabotropic glutamate receptors enhances NMDA responses in mice
cortical wedges[J]. BrJ Pharmacol, 2001, 132(4): 799-806.
Fedgchin M, Trivedi M, Daly E J, et al. Efficacy and safety of fixed-
dose esketamine nasal spray combined with a new oral antidepressant
in treatment-resistant depression: results of a randomized, double-
blind, active-controlled study (TRANSFORM-1)[J]. Int J
Neuropsychopharmacol, 2019, 22(10): 616-630.

Lavretsky H, Roose S P. The efficacy and safety of esketamine for
the treatment-resistant depression in older adults: comments on
TRANSFORM-3 trial results[J]. Am J Geriatr Psychiatry, 2020,
28(2): 142-144.

Popova V, Daly E J, Trivedi M, et al. Randomized, double-blind
study of flexibly-dosed intranasal esketamine plus oral antidepressant

vs. active control in treatment-resistant depression[J]. Eur

ot AooosiE 11l a0k 11



[40]

[41]

[42)

[43]

[44]

[46]

[47]

[48]

[49]

%%ﬁ/ﬁdeﬁuH $49% H1LH

Neuropsychopharmacol, 2019, 29: S35-S36.

Wajs E, Aluisio L, Holder R, et al. Esketamine nasal spray plus
oral antidepressant in patients with treatment-resistant depression:
assessment of long-term safety in a phase 3, open-label study
(SUSTAIN-2)[J]. J Clin Psychiatry, 2020, 81(3): 19m12891.

Castro M, Wilkinson S T, Al Jurdi R K, et al. Efficacy and safety of
esketamine nasal spray in patients with treatment-resistant depression
who completed a second induction period: analysis of the ongoing
SUSTAIN-3 study[J]. CNS Drugs, 2023, 37(8): 715-723.

Hashimoto K. Rapid-acting antidepressant ketamine, its metabolites
and other candidates: a historical overview and future perspective[J].
Psychiatry Clin Neurosci, 2019, 73(10): 613-627.

Nguyen L, Thomas K L, Lucke-Wold B P, ef al. Dextromethorphan:
an update on its utility for neurological and neuropsychiatric
disorders[J]. Pharmacol Ther, 2016, 159: 1-22.

Tosifescu D V, Jones A, O’Gorman C, et al. Efficacy and safety
of AXS-05 (dextromethorphan-bupropion) in patients with major
depressive disorder: a phase 3 randomized clinical trial (GEMINI)[J].
J Clin Psychiatry, 2022, 83(4): 21m14345.

Stahl S M. Dextromethorphan/bupropion: a novel oral NMDA
(N-methyl-D-aspartate) receptor antagonist with multimodal
activity[J]. CNS Spectr, 2019, 24(5): 461-466.

Moskal J R, Burgdorf J S, Stanton P K, et al. The development of
rapastinel (formerly GLYX-13); a rapid acting and long lasting
antidepressant[J]. Curr Neuropharmacol, 2017, 15(1): 47-56.

Kato T, Duman R S. Rapastinel, a novel glutamatergic agent with
ketamine-like antidepressant actions: convergent mechanisms[J].
Pharmacol Biochem Behav, 2020, 188: 172827.

Donello J E, McIntyre R S, Pickel D B, et al. Demystifying the
antidepressant mechanism of action of stinels, a novel class of
neuroplastogens: positive allosteric modulators of the NMDA
receptor(J]. Pharmaceuticals, 2025, 18(2): 157.

Brady L S, Lisanby S H, Gordon J A. New directions in psychiatric
drug development: promising therapeutics in the pipeline[J]. Expert
Opin Drug Discov, 2023, 18(8): 835-850.

Gomez-Mancilla B, Levy J A, Ganesan S, et al. M1J821 (onfasprodil)
in healthy volunteers: first-in-human, randomized, placebo-controlled

study (single ascending dose and repeated intravenous dose)[J]. Clin

[52]

[56]

[60]

Transl Sci, 2023, 16(11): 2236-2252.

Ghaemi N, Sverdlov A, Shelton R, et al. Efficacy and safety of
MIJ821 in patients with treatment-resistant depression: results from
a randomized, placebo-controlled, proof-of-concept study[J]. Eur
Psychiatr,2021, 64(S1): S334-S335.

Suzuki A, Kunugi A, Tajima Y, et al. Strictly regulated agonist-
dependent activation of AMPA-R is the key characteristic of TAK-
653 for robust synaptic responses and cognitive improvement[J]. Sci
Rep, 2021, 11: 14532.

Su X W, Li X Y, Banasr M, ef al. Chronic treatment with AMPA
receptor potentiator Org 26576 increases neuronal cell proliferation
and survival in adult rodent hippocampus[J]. Psychopharmacology,
2009, 206(2): 215-222.

Fumagalli F, Calabrese F, Luoni A, et al. The AMPA receptor
potentiator Org 26576 modulates stress-induced transcription of
BDNF isoforms in rat hippocampus[J]. Pharmacol Res, 2012, 65(2):
176-181.

Bretin S, Louis C, Seguin L, ez al. Pharmacological characterisation of
S47445, a novel positive allosteric modulator of AMPA receptors[J].
PLoS One, 2017, 12(9): e0184429.

Freudenberg F, Reif-Leonhard C, Dawson G R, et al. All roads lead
to glutamate: NMDA and AMPA receptors as targets for rapid-acting
antidepressants[J]. Pharmacol Res, 2025, 220: 107918.

Watanabe M, Marcy B, Hiroki A, ef al. Evaluation of the safety,
tolerability, and pharmacokinetic profiles of TP0473292 (TS-
161), a prodrug of a novel orthosteric mGlu2/3 receptor antagonist
TP0178894, in healthy subjects and its antidepressant-like effects in
rodents[J]. Int J Neuropsychopharmacol, 2022, 25(2): 106-117.
Umbricht D, Niggli M, Sanwald-Ducray P, et a/. Randomized,
double-blind, placebo-controlled trial of the mGlu2/3 negative
allosteric modulator decoglurant in partially refractory major
depressive disorder[J]. J Clin Psychiatry, 2020, 81(4): 18m12470.
Quiroz J A, Tamburri P, Deptula D, et al. Efficacy and safety
of basimglurant as adjunctive therapy for major depression: a
randomized clinical trial[J]. JAMA Psychiatry, 2016, 73(7): 675-684.
Chaki S, Koike H, Fukumoto K. Targeting of metabotropic glutamate
receptors for the development of novel antidepressants[J]. Chronic

Stress, 2019, 3: 2470547019837712.

T [ TR | AR F AP, LSRR OEE, EEAFEALRRIL

AKX

PPS

REMSITR LR, B HRERENT RSEME AR A o R e = Pl BRI AR ks
SRR TR . TIIERIZVA T MRS ETE AN T, 2 5NRISE MEE2THE AIGR
B (I, I, M) , MRRTFEENIITRMEREEENEL . ARIHBIRA IR T2 B R E
Rl A RIS T L (CIFE ), B T ARG R RS BRI 7T o

(FfEHRE: w8l

Prog Pharm Sci Nov. 2025 Vol. 49 No.11 -




