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Trace amine-associated receptor 1 as an emerging drug target:
Research progress and therapeutic prospects
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Abstract: Trace amine-associated receptor 1 (TAAR1), a widely expressed G protein-coupled receptor in the
mammalian central nervous system, serves as a key regulator of monoaminergic and glutamatergic systems and
plays a pivotal role in physiological processes such as emotion, cognition, reward, and learning and memory.
Recently, research on TAAR1 has expanded beyond its initial focus on psychiatric disorders to rapidly encompass
metabolic syndrome and immune system diseases, revealing its considerable potential as a therapeutic target for
multiple diseases. This review systematically summarizes TAAR1-associated signaling pathways and their critical
roles in various diseases, with a particular emphasis on the therapeutic mechanisms and application prospects of
TAARI agonists in schizophrenia, depression, Alzheimer's disease, Parkinson's disease, substance use disorder, and
type 2 diabetes. Furthermore, this article examines recent advances in the development of TAAR1 agonists,
spanning from derivatization tactics based on natural ligands to rational design guided by structural biology, and
explores future research objectives, including multi-target drug strategies. The aim of this review is to provide a
theoretical foundation and insights to support the development and translational application of TAARI-targeted
therapies.
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Figure 1 Role of TAARI in various diseases. TAAR1: Trace amine-associated receptor 1; Af: f-Amyloid protein; DA: Dopamine;

NMDA: N-Methyl-D-aspartic acid receptor; AMPA: a-Amino-3-hydroxy-5-methyl-4-isoxazole-propionicacid receptor
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Figure 2 Regulation of TAARI on intracellular signaling pathway. PKA: Protein kinase A; PKC: Protein kinase C; NFAT: Nuclear factor

of activated T cells; CREB: cAMP-response element binding protein; BDNF: Brain-derived neurotrophic factor; AMPK: AMP-activated pro-

tein kinase; NF-«B: Nuclear factor-«B; CaMKII: Calmodulin-dependent protein kinase II; NT3: Neurotrophin-3
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Zhang Z N R FE YL (Golgi-Cox) 15K B, TAARL
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Dedic 55 3L 55 5 4l 45 FH $04k 5 38 0 245 4) BT A
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U R 5 25T AKtIRFR 1K (30%~40%), 1 TAAR1 4%
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. [EEE, SRR IER T DA TE MetS &5 AL ]
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TAARI TE 55 R G0 H (1 2 ARAE ML A 58 40
# ., Hrh, Panas Z5°E 2012 42 I8 Cignal™ 45 8 44l
2 25 R R 71 S Ao I 32 AR B J B R RS 5 i, A IR
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B BHLE RS 2 B TAAR1 7] B8 78 S i 715 L RO
LA R G R HE—E IAE R . AR, TAART &
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59 nmol-L™"). 2016 %, Galley 25" 3% 11— R 1| 2-%&(
FE S IR AR ), 3 o B AZ E R L T X B A SRR AL
5 BR AR S s 07 4 HH R 2 TAARD BB 74k & 4 2
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e, A AT AR R E

2024 4F, Grossi 25! 2@ 1t 73 -1 2R ALAJF 724 S18616
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FH O Mo O RN K S 5 A PR 9% B 24 A
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AR, 8 G 0 AL AR B) 26 BR AR IR 15 G ek BA 2 [17]
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AN B PR % 00 S5 4 TAAR T 3880 570 ¥ H R LR 72
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A=) R B R R i 2 A B WD U0 TAARL A7 AE B 1 25
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£ OH, H KT OH M HURE: 2= A H i . ek
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(D Non-active required region
@ Introduction of small volume hydrophobic electron donors
(such as short aliphatic chains) can significantly improve the activity
(3 Introduction of too large aliphatic
substituents can significantly reduce the activity
(@Activity strongly depends on stereochemistry

Figure 3 2-Aminooxazoline TAARI agonists
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HO oA 16,17
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Monomethylation improves the activity

and substituents larger than
OH have deleterious effects

TIAM

ECs, = 189 nmol-L™

' O X
Substituents with 4'-position H o ' :
are more active than OH, ——! HO | ! NH, E

of the essential group of the basic amino
agonist receptor, but larger alkyl or
dialkylation significantly reduces activity

Todine or methyl substitution was the best,
while polyiodide substitution led to the decrease of activity

Figure 4 Thyroid amine analogue TAAR1 agonist. TIAM: 3’-lodothyronamine
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Figure 5 Targeted TAARI agonists. ND: Not detected

ZENOVLE BF 50 R BAL A P 20 2590 AR i Bl 11 S 50
W% (T,,=1.02 h, F = 1.26%), A Ik, i% B\ LA Gq
R EE A B 22 R e ALY, I 4 R 2 i
AT Gs/Gq X # B8 A& ¥ 23 (KBS, ECyp g, =
46.5 nmol-L™'; EC,, o, = 40.5 nmol-L™"), £ & % i 3 K
BB PR A (¢, = 2.31 h, F =39%) [ RN 22f# SCZ
RN TR B, T AS 2 U5 R BB EE . 2025 4F, Zhou
MO S LI A5 24 (ECyy 6, = 47.2 nmol L, ECyy, =
130.7 nmol-L™") % S &Y, LI m LA P4 Gs/Gq
W 1 R FEAKEE D B B AT AR AL, TR I e R
15 616 5 ) 25 (5, ECyy, = 6.1 nmol-L", ECy, =
14.8 nmol-L™"), Zib &Y B A R UF /KB M (pH = 74,
43.3 mg-mL") QU F e P & DR AE R BE (F =
13.45%).

H BT, 13 24 1 TAAR1/5-HT XU 2% 98 50 751 B

ECj, (Gs) = 9.85 nmol-L", EC,(Gq) = 66.5 nmol-L!

iy
[N HN
0N~ o) S

TAARI ECy, = 0.405 pmol-L"
SHT2cR ECy, = 3.485 pmol L™

NH,
H

S o Vi

\_o " 0 NH,

23

ECs(Gs) = 46.5 nmol-L"
EC5,(Gq) = 40.5 nmol-L"

H
[N
N S,
ED
28

TAARI ECs,= 0.022 pmol-L"
SHT2cR ECs, = 0.246 nmol-L"

EC;(Gs) = ND
EC5,(Gq) = 2.6 nmol-L"

\

Ulotaront (27)

TAARI ECy, = 1.688 umol-L™
SHT2cR ECs, = 298.169 pmol-L™

A 7] B ol 3 R e 43 2R BH R R B IR 1
77. 2023 4F, Wang 25"Vl i TSSO A H 4k
A 4126 (5, TAART EC,, = 0.405 pmol-L™), fit FBH 4
XAk &4 27 (K5, TAART EC,, = 1.688 umol-L™); &
B R, X AL SR T 5 R B I, A S 26 (F =
84.3%, t,, = 161 min) 7] §5 ¥ i5 5-HT ,AR/5-HT,AR,
S A /N BRORS et o3 R R AT I R B JE AR A AR R
FEIR . 2025 4F, Lu25!"3E T TAARL 5 5-HT, 32 1k 45
B A 1) O B ke i v FE R S e 38 BN 7 1) 45 W AH
LPE BT H AN TAART/S-HT, R W57 28 (TAAR1
EC,, = 0.022 pmol-L"; 5-HT,.R EC,, = 0.246 nmol-L").
gz B ATiR, # A TAART/S-HTR UL 2% 3 5 71l %
R 22 A1, ATAE RS 43 BERE 1R 9T R IE A S0
3.4 EHfh TAARLEF

2009 4F, Hu S8 1ok 77 1 R bk 218 7 4k DA 4K 58



FE A PRI 5% S AR -1 AR D X% 2450 B R B F 03 Je 45 17 P i % ¢ 2143 -

N

cl cl cl NH )
N R N nH gl N N

&Y Sote dot oy oL
N o NH e HN OO
2 30 31 3

2

I\ H,
m{ >—N N—\ NH
/
/N
NH,
35 36

Figure 6 Structures of compounds 29-39
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