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Abstract

Multiple pieces of evidence suggest that targeting serotonin receptors might have the

potential to treat the core symptoms of autism spectrum disorder. We have pursued a

knowledge-based design strategy to identify novel arylpiperazine derivatives with

dual serotonin 5-HT1A/5-HT7 receptor agonist or mixed serotonin 5-HT1A agonist/5-

HT7 agonist/5-HT2A receptor antagonist properties. Seventeen new compounds were

synthesized and tested in radioligand binding assay at serotonin 5-HT1A, 5-HT7, and 5-

HT2A receptors, which are predicted to improve core symptoms of ASD. We identified

a dual 5-HT1AR/5-HT7 receptor agonist and a mixed 5-HT1A agonist/ 5-HT7 agonist/5-

HT2A receptor antagonist. Both compounds are metabolically stable in vitro and have

suitable central nervous system drug-like properties.
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Introduction

Autism Spectrum Disorder (ASD) refers to a group of neurodevelopmental disorder

characterized by:

• Persistent deficits in social communication and social interaction across multiple contexts

• Restricted, repetitive patterns of behavior, interests, or activities
(as defined by the Diagnostic and Statistical Manual of Mental Disorders DSM–5)

The frequency of ASD is increasing, with 

present rates of about 1 in 100 children in 

Europe and 1 in 54 in the United States
(www.cdc.gov/ncbddd/autism/data.html)



Etiological Factors

Comorbidities

Neuropathologies

Behavioral
abnormalities

(adapted from Vuong & Hsiao Biol. Psychiatry 2017)



Current psychotropic drugs do not treat core symptoms of ASD

FDA approved

Risperidone Aripiprazole

These medicines treat irritability associated with the ASD. By relieving irritability they

often improve sociability while reducing tantrums, aggressive outbursts and self-injurious

behaviors.



Drug targets for ASD neuropathologies

• mGlu5 receptor
• group II mGlu receptors
• Glycogen synthase kinase 3 (GSK-3)
• NMDA receptors
• GABA receptors

• PI3K/mTOR pathway
• Insulin-like Growth Factor-1
• SHANK proteins
• ROCK kinases

• Serotonin system
• Cholinergic system
• Oxytocin system
• Vasopressin System

For details see: Lacivita E, Perrone R, Margari L, Leopoldo M. Targets for Drug Therapy for Autism Spectrum Disorder: 
Challenges and Future Directions. J Med Chem. 2017;60:9114.



• Platelet hyperserotonemia: ∼70% increase of 5-HT level in platelet is observed in ∼30% of ASD patients

• Various serotonin-related genes has been associated to ASD in humans

• Serotonin function is important in postnatal brain development

The serotonin system and ASD

Selective Serotonin Re-uptake Inhibitors as “Off label” medicines

Fluoxetine Escitalopram Sertraline



Targeting Serotonin Receptors in ASD

5-HT1A receptor agonist treatment alleviate a reversal learning
deficit in a mouse model of schizophrenia (McLean et al.
2009; Rajagopal et al. 2016)

Tandospirone reduces marble burying behavior in wistar rats
(Abe et al. 1998)

Buspirone



Targeting Serotonin Receptors in ASD

Buspirone

Systemic administration of the selective 5-HT2A receptor

antagonist M100907 in BTBR mice facilitates set-shifting and

alleviates both a reversal learning deficit and elevated

grooming behavior.

M100907



Targeting Serotonin Receptors in ASD

Buspirone



Dual 5-HT7/5-HT1A (partial) agonists

• increase social interaction through activation of 5-HT1A receptor

• reduce stereotypy and/or improve cognition through activation of 5-HT7 receptor

Mixed 5-HT1A /5-HT7 agonist/5-HT2A antagonist

• improve social behavior through activation of 5-HT1A receptor

• reduce or eliminate stereotyped behavior by blocking 5-HT2A receptor

• improve cognition through activation of 5-HT7 receptor

Targeting Multiple Serotonin Receptors in ASD: our hypothesis
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Terminus-Intermediate chain-PIPERAZINE-Ar

KNOWLEDGE-BASED DESIGN

Combination of fragments responsible for the desired activity at 5-HT receptors

How to design: Dual 5-HT7/5-HT1A (partial) agonists ?

Mixed  5-HT1A /5-HT7 agonist/5-HT2A antagonists ?
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Hedlund et al. Neurosci Lett. 2010

Ki [nM]

5-HT7 5-HT1A 5-HT2A

15 379 626

Structural motif for agonist activity at 5-HT7 receptor

BA-10
Costa et al. Front Behav Neurosci. 2015 

TP-22
Lacivita et al. Eur J Med Chem. 2016 

LP-211 stimulates cAMP production in
5-HT7 receptor-expressing N1E-115 cells
(Lacivita et al. 2020, submitted)
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WAY-100635 (antagonist)
Forster et al. Eur J. Pharmacol. 1995

compound 16 (partial agonist)
Bojarski et al. Bioorg Med Chem. 2006

UCN-2550 (agonist)
López-Rodríguez et al. J Med Chem. 2005

MMP (CUMI-101) (agonist)
Kumar et al. Eur. J. Nucl. Med. Mol. Imaging 2007
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Aripiprazole (antagonist)
Forster et al. Eur J. Pharmacol. 1995

Risperidone (antagonist)
Forster et al. Eur J. Pharmacol. 1995

Brilaroxazine (antagonist)
Cantillon et al. Schizophr Res. 2017

Compound 14m (antagonist)
Chen et al. J Med Chem. 2013
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Terminus-Intermediate chain-PIPERAZINE-Ar

KNOWLEDGE-BASED DESIGN

Combination of fragments responsible for the desired activity at 5-HT receptors
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Synthesis of the Target Compounds
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AG-45 (n= 3)
AB-9 (n= 4)

N

OCH3

Reagents: A) ethyl acetoacetate; conc. H2SO4; B) 1-arylpiperazine; K2CO3; C) NaH, Br–(CH2)n–X
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Reagents: A) Pd(dppf)Cl2; 2M Na2CO3; B) bis(2-chloroethyl)amine.HCl, K2CO3, KI



Radioligand Binding and in vitro Metabolic Stability Data
Results and Discussion



Half-life and Intrinsic Clearance of Selected Compounds

The data indicate that all the selected compounds showed higher stability than LP-211, with
intrinsic clearance values lower up to 5-fold as in the case of compound ST-72. Thus, these
compounds are predicted to be low-clearance compounds and suitable for studies in vivo



Functional study at 5-HT7 receptor (cAMP signalling) 
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Compounds ST-58, AG-45, and ST-72 stimulate 5-HT7
receptor-mediated cAMP production. N1E cells were
transfected with cAMP FRET-based biosensor CEPAC
and 5-HT7R-mCherry. Cells were stimulated with the
compounds, as indicated. Mean values of the cAMP-
biosensor response upon stimulation with ST-58, AG-
45, and ST-72 are shown. LP-211 and 5-CT were used
as controls.

ST-58 AG-45

ST-72
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Functional study at 5-HT1A receptor (cAMP signalling) 

Compounds ST-58, AG-45, and ST-72 behave as 5-
HT1A receptor agonists in the receptor-mediated
cAMP inhibition. N1E cells were transfected with
cAMP FRET-based biosensor CEPAC and 5-HT1A
receptor-mCherry. After pre-treatment with 1 µM
forskolin and 25 µM IBMX, cells were stimulated with
the indicated compounds. Each trace shows cAMP
response at the single cell.

ST-58 AG-45

ST-72



Functional study at 5-HT2A receptor (inositol phosphate signalling) 

Concentration-response inhibition curves of AG-45 and risperidone (as reference 5-HT2A receptor
antagonist) on inositol phosphate production stimulated by 1 µM 5-HT in CHO-K1 cells expressing
human 5-HT2A receptors.
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Conclusions

24

• 5-HT neurotransmission system is an active area of investigation in ASD research since 1961

• SSRIs are efficacious to treat obsessive-compulsive disorder

• However, clinical studies indicate that SSRIs are not effective on the core symptoms of ASD

• Literature data suggest the investigation of new combinations of activities at 5-HT receptors

• We have identified new compounds with dual 5-HT1A/5-HT7 agonist properties (ST-58, ST-72) 
and the mixed 5-HT1A/5-HT7 agonist/5-HT2A antagonist characteristics (AG-45)

• These compounds are metabolically stable in vitro and have suitable CNS drug-like
properties

• Behavioral studies in animal models of ASD are in progress
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