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Recently, a breakthrough article by Chen et al, “Flexible
scaffold-based cheminformatics approach for polypharmacological
drug design” was published in Cell. This work focuses on
polypharmacological drugs (PPD) and innovatively proposes a flexible
scaffold-based cheminformatics approach (FSCA) for drug design. The
precursor drug molecule IHCH-7179, which possesses both 5-HT,,
receptor (5-HT;,R) agonist and 5-HT,, receptor (5-HT,,R) antagonist
activity, was successfully synthesized. IHCH-7179 molecule showed
great potential for pharmacological effects in combating mental
disorders and alleviating cognitive dysfunction in vivo [1].

For a long time, clinical drug development has focused on
single-target therapies [2]. For diseases with complex pathogenesis,
e.g. neurological and psychiatric disorders, including anxiety
disorders, depression, and schizophrenia, due to the complex
pathogenesis and involvement of multiple symptoms, single-target
therapies are always not satisfied [3]. Therefore, the development of
PPD is particularly important.

To overcome the limitations of single-target therapies, the design of
PPD has attracted more attention. The 5-HT system is a pivotal
neurotransmitter system in the human brain [4]. 5-HT,R is one of the
most widely distributed 5-HT receptors, located on the soma and
dendrites of 5-HT neurons [5]. 5-HT, 4R is closely related to depression
and suicide [6]. Furthermore, 5-HT;,R agonists mainly exert
anti-anxiety effects by regulating 5-HT function, e.g. Buspirone and
Tandospirone. In clinical practice, for severe refractory depression, the
combination of 5-HT;,R partial agonist Tandospirone could
significantly promote the therapeutic efficacy of stress-induced
anxiety-like behavior [7]. Combining D2 receptor antagonists or semi
agonists with 5-HT;,R agonists is one of the recent ideas for
developing a new generation of antipsychotic drugs (including
bifeprunox, aripiprazole, and SSR181505) [8], which can eliminate
extrapyramidal adverse reaction, treat negative and positive
symptoms, and cognitive impairment of schizophrenia.

The core concept of designing PPD is to predict pharmacological
activity through combination patterns. Drugs targeting the serotonin
receptor family typically consist of two pharmacophores: the first
pharmacophore and the second pharmacophore. The first
pharmacophore usually binds to the orthostatic binding pocket (OBP),
while the second pharmacophore binds to the extended binding
pocket (EBP). According to the published structures of serotonin
receptor drug complexes, this study identified two common binding
modes. Excitants such as Lysergic acid diethylamide (LSD) and
ergotamine adopt a “stretching-up” binding posture, in which the four
ring skeleton of the first pharmacophore presents an approximately
planar configuration. While the second pharmacophore extends
upward to the outer side of the membrane and binds to the shallow
binding pocket (SBP). The antagonists such as lumateperone tend to
adopt a “bending-down” binding mode, in which the four ring
skeleton of the first pharmacophore presents a bent conformation at
the intermediate connection, while the second pharmacophore
extends downward to the deep binding pocket (DBP) of the
transmembrane core region. Therefore, an ideal multi-target molecule
performs a versatile conformation: a “stretching-up” binding posture
in 5-HT,R to activate this type of receptor, and a “bending-down”
binding posture in 5-HT,)R to inhibit the activity of this type of
receptor [1].
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Drugs are usually composed of two or more pharmacophores. These
pharmacophores bind to different receptor pockets, triggering
receptor conformational changes and resulting in different
pharmacological activities [9]. FSCA is based on target and skeleton
structure information, targeting the clinical drug needs of diseases
such as schizophrenia and dementia. The authors first selected multi
ring skeletons with variable conformational features from the ChEMBL
and Enamine compound libraries. Due to the presence of aromatic
benzene ring structures in drugs targeting serotonin receptors, the
identified variable conformation polycyclic skeleton should possess
three characteristics. Firstly, the first ring, or the combination of the
first and fourth rings is an aromatic ring; Secondly, the second non
aromatic ring contains a sp’ hybridized nitrogen atom. Thirdly, the
third non aromatic ring contains a protonated, positively charged
nitrogen atom, which facilitates the assembly and connection of the
second pharmacophore, as well as anchoring with the conserved
amino acid D3.32 of the amine receptor through salt bridge
interaction; The C-N bond connecting the second and third rings
exhibits conformational flexibility in the multi ring skeleton due to the
reversible transformation property of the sp’-sp” hybrid orbitals of
nitrogen atoms [1].

According to the screened skeleton, the research group synthesized
new flexible molecules. The molecules were connected by the
identified 10 polycyclic frameworks with 4-fluorobenzene groups
through a butanone-based linker. Subsequently, based on the
previously analyzed structures of 5-HT;,R (PDB ID: 7E2Z) and
5-HT,,R (PDB ID: 7WC8), molecular docking screening was
performed. 7 molecules could bind to the two proteins, and
respectively adopted the binding modes of “stretching-up” and
“bending-down”. When binding to 5-HT,,R, the multi ring skeleton
presented a nearly planar conformation and binds to the OBP, while
the 4-fluorobenzene group connected by the butanone linker extends
upwards and binds to the open superficial pocket. When binding to
5-HT,,R, the multi ring skeleton exhibited a bent conformation due to
the close contraction of the transmembrane helix TM7, and the second
extracellular loop ECL2. The collapse of the superficial pocket, and the
influence of the hydrophobic interlayer environment composed of
TM?7 and ECL2 amino acid side chains. Due to the downward position
of the nitrogen atom in the third ring of the connection, the
4-fluorobenzene group could only adopt a downward binding mode
and bind to the DBP in the transmembrane core region [1].

In vivo, combined with in vitro experiments confirmed the
multifunctional activity of the newly synthesized molecule. Both the
3- and 4-ring skeleton drugs, IHCH-7162 and IHCH-7179, exhibited
dual activity as 5-HT;,R agonists and 5-HT,,R antagonists. Among
them, IHCH-7179 adopted a binding mode of “stretching-up” and
“bending-down” in 5-HT;,R and 5-HT,,R, respectively. Subsequent
structural analysis revealed that the drug binding pocket of dopamine
D2 receptor shares structural characteristics similar to 5-HT,,R.
Therefore, the multi-target molecules showed dopamine D2 receptor
agonist activity, avoiding cognitive deterioration caused by long-term
inhibition of dopamine D2 receptor by existing drugs. In the mouse
model of mental disorders, IHCH-7179 exhibited excellent
antipsychotic symptoms. It effectively inhibited the shaking head
twitch response (HTR) induced by LSD in mice and alleviated the pre
pulse inhibition disorder (PPI) induced by LSD. IHCH-7179 also
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showed significant improvement in the manic hyperactive symptoms
induced by MK-801. In the APP/PS1 mouse model of Alzheimer’s
disease, IHCH-7179 can partially improve cognitive symptoms, which
is of great significance for the treatment of Alzheimer’s disease. These
results indicated that IHCH-7179 may become a potential
multi-target, multifunctional drug with the potential to treat various
mental illnesses and cognitive impairments [1].

In summary, this study proposes a clever drug design approach, by
screening pharmacophores with variable conformational features to
adapt to different receptor pockets, diverse binding modes are
generated, thereby achieving multi-target and multi efficacy
pharmacological activity. This is a highly innovative work that
provides new ideas for the development of next-generation
multi-target molecules.
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