In silico repurposing and side effect studies of
first-and second-generation antipsychotic drugs
in methamphetamine addiction treatment
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Introduction

METH is a psychostimulant that directly affects the central nervous system (CNS), especially the TOOlS

reward circuitry; METH induces increased dopamine transmission [1].

METH enters neurons via the dopamine .
transporter (DAT) then affects the Protein Data Bank NCBI BLASTP
vesicular monoamine transporter 2
(VMAT?2) on the synaptic vesicle, thus the
vesicle releases dopamine higher than that AVOGADRO
in regular conditions. This mechanism
causes an increase of dopamine in the v.1.1.2
cytoplasm and subsequently in the
synaptic cleft [2].
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Antipsychotic drugs are divided into two groups: first-generation antipsychotic drugs and second- RGSUlt and DiSCUSSiOn
generation antipsychotic drugs, in which the second-generation type has fewer side effects, known as

LigPlot+ v.2.2.4
extrapyramidal symptoms (EPS), than the first-gen drug class [3]. The mechanism of action of the
conventional antipsychotic drug is the inhibition of the dopamine receptor subtype D2, which is different
from the new one that inhibits both the D2 receptor and serotonin receptor subtype 5-
Hydroxytryptamine receptor 2A (5-HT2A) [3]

Figure 1 Diagram of methamphetamine mechanism in
the human neuron and synaptic cleft [2]

» Every antipsychotics has a higher negative binding score than dopamine. Thus, they can prevent dopamine
from binding with the D2 receptor. This process decrease the overstimulation caused by METH.

» First-generation antipsychotic drugs are better at binding with D2 and 5-HT2A receptors than second-
generation drugs are; however, second-generation antipsychotic drugs are promising for curing patients with
METH addiction.

> When only binding affinity is deliberated, two most suitable drugs with the highest 5-HT2A/D2 ratio are
prochlorperazine (Fig. 2,4,6) and olanzapine (Fig. 3,5,7), respectively.

In this study, we are repurposing five drugs (prochlorperazine, haloperidol, olanzapine, zotepine,
and aripiprazole) for METH addiction treatment. Drugs' action via binding D2 receptor may

compromise METH-induced overstimulation of dopamine. Molecular docking was performed to > Olanzapine is the most proper drug to treat patients concerning the side effects of the drugs, since
predict the interaction energy between antipsychotic drugs/dopamine/serotonin and D2/5-HT2A olanzapine affects only dyslipidemia and no other severe adverse effects compared to others [4, 5].
receptors and their binding energy was analyzed. Their interactions were illustrated using the 2-
dimensional (2D) diagram. 2a 2b 3a
Table 2 Analysis of the D2 and 5-HT2A receptor interaction from the 2D diagram.
H-bonds Hydrophobic contacts
ligand
D2 5-HT2A D2 5-HT2A , , , o . . . o
Figure 2 2D diagram from LigPlot+ of prochlorperazine with Figure 3 2D diagram from LigPlot+ of olanzapine with
2a) dopamine D2 receptor and 2b) serotonin 5-HT2A receptor. 3a) dopamine D2 receptor and 3b) serotonin 5-HT2A receptor.
control 4 2 6 7
prochlorperazine 0 0 14 12
Figure 5 UCSF
. Figure 4 UCSF Chimera Chimera visualization
haloperidol 0 1 17 12 visualization shows the shows the best
. best binding binding
olanzapine 0 0 11 12 conformation of conformation of
prochlorperazine on olanzapine on the
zotepine 0 0 15 13 the serotonin D2 serotonin D2
Figure 9 2D diagram from receptor binding site receptor binding site
aripiprazole 0 1 14 17 LigPlot+ of haloperidol with
serotonin 5-HT2A receptor.
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Antipsychotic drugs with high binding affinity with D2 receptor were shown to interact with Asp114 and Si'fuu;ﬁzgtl:fnssh%m;ntir: Cll'?ilrjr':ra visualization
Cys118 and antipsychotic drugs with a high binding affinity with serotonin 5-HT2A receptor were likely to best binding shows the best
interact with Asp155 [6]. Our result shows that high affinity drugs interact with the mentioned residues. conformation of binding conformation
Haloperidol, which has the highest binding affinity with 5-HT2A, forms an H-bond with Asp155 (Fig. 8 and 9). prochlorperazine on of olanzapine on the
the serotonin 5-HT2A serotonin 5-HT2A
receptor binding site receptor binding site
C I . Table 1 Binding scores and affinity rank of control (dopamine, serotonin) and antipsychotic drugs
onciusion (prochlorperazine, haloperidol, olanzapine, zotepine and aripiprazole) with D2 receptor and 5-HT2A receptor
> Every antipsychotic drug in this study is capable of blocking D2 receptor from dopamine Binding score (kcal/mol)
overdose because of the higher binding affinity in comparison to dopamine. , L L FDA drug Adverse effects
. . .y « el . . L . ligand affinity rank affinity rank : :
» The most suitable drug determined by binding affinity is prochlorperazine which is the typical D2 (lowest to 5-HT2A | (highest to information [4, 5]
antipsychotic drug, followed by olanzapine which is the atypical drug. highest) lowest)
> A suitable indicator which used to classify typical and atypical antipsychotic is EPS. Since
atypical antipsychotic drugs are defined by their lethal side effects, prochlorperazine control 6.5 1 6.4 6 neurotransmitte _
clinically displays EPS side effects regardless of its high 5-HT2A/D2 ratio. rs
» Olanzapine is the most suitable antipsychotic drug of the five selected drugs used in this orochlorperazine -8 4 08 5 typical extrapyramidal
study. symptoms
haloperidol -10.8 6 -10.4 1 typical extrapyramidal
symptoms
ACknOWIngement olanzapine -7.9 3 -8.7 4 atypical dyslipidemia,
weight gain
In this work, graphic images were produced using the UCSF Chimera package from the Resource for zotepine -7.8 2 -8.1 > atypical akathisia
Ejimcgmp;;iggi(;gigjalization, and Informatics at the University of California, San Francisco (supported by aripiprazole ~10.6 5 9.6 3 atypical lower risk side effect

According to the 2D diagram, haloperidol which has the highest affinity
with D2 receptor also possesses the most hydrophobic interactions with D2.
The H-bond interaction is correlated with high affinity to 5-HT2A receptors as

two of the highest affinity drugs, including haloperidol and aripiprazole,
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