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A B S T R A C T   

Autism spectrum disorders (ASD) are a complex sequelae of neurodevelopmental disorders which manifest in the 
form of communication and social deficits. Currently, only two agents, namely risperidone and aripiprazole have 
been approved for the treatment of ASD, and there is a dearth of more drugs for the disorder. The exact path-
ophysiology of autism is not understood clearly, but research has implicated multiple pathways at different 
points in the neuronal circuitry, suggesting their role in ASD. Among these, the role played by neuro-
inflammatory cascades like the NF-KB and Nrf2 pathways, and the excitotoxic glutamatergic system, are said to 
have a bearing on the development of ASD. Similarly, the GPR40 receptor, present in both the gut and the blood 
brain barrier, has also been said to be involved in the disorder. Consequently, molecules which can act by 
interacting with one or multiple of these targets might have a potential in the therapy of the disorder, and for this 
reason, this study was designed to assess the binding affinity of taurine, a naturally-occurring amino acid, with 
these target molecules. The same was scored against these targets using in-silico docking studies, with Risperi-
done and Aripiprazole being used as standard comparators. Encouraging docking scores were obtained for 
taurine across all the selected targets, indicating promising target interaction. But the affinity for targets actually 
varied in the order NRF-KEAP > NF-κB > NMDA > Calcium channel > GPR 40. Given the potential impli-
cation of these targets in the pathogenesis of ASD, the drug might show promising results in the therapy of the 
disorder if subjected to further evaluations.   

1. Introduction 

Autism spectrum disorders (ASD) are known to be a complex set of 
neurodevelopmental sequelae resulting from the interplay between 
numerous responsible factors, which together contribute to deficits in 
communication and social interaction, often accompanied by stereo-
typical behaviors and other defects in general neuronal functions. The 
symptoms of autism can run the gamut from mild and high-functioning 
forms (which require no to minor assistance) to severe or low func-
tioning forms requiring significant and often lifelong assistance. Hence 
the name autism “spectrum" disorders (Diagnostic and Statistical 
Manual of Psychiatric Disorders, 2013). Additionally, many other 

behavioral anomalies, such as depression, anxiety and hyperactivity, 
have also been associated with autism (Hudson, et al., 2019; Leitner, 
et al., 2014; Vasa and Mazurek, 2015). Currently, the global incidence of 
the disorder stands at 1 in 100 children (World Health Organization, 
2022), with 1 in every 36 children reporting suffering from ASD in the 
United States (Maenner et al., 2023). With the statistics already very 
high and growing at an alarming rate, the disorder now presents a 
problem that requires urgent attention. 

While the understanding of the factors that play a role in the 
development of autistic phenotypes has been growing steadily over the 
last few years owing to an increase in the number of children being 
diagnosed with the disorder as well as enhanced interest in the same, the 
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exact pathways that are involved in the pathogenesis are still not 
completely defined. Environmental and social factors have been said to 
play important roles in the generation of autistic symptoms, and a ge-
netic predisposition has also been implicated. Dysfunction of pathways 
involved in normal neuronal signaling is believed to be an important 
contributor to the development of an autistic phenotypes, and a number 
of signaling cascades have been correlated to signs of autism. 

1.1. Pathways suggested to be involved in ASD 

Primarily, damage to neuronal cells mediated through over-
activation of pathways like the ERK/MAPK (Tidyman and Rauen, 2009), 
PI3K/Akt (Sharma and Mehan, 2021), NRF2/NFKB (Canning et al., 
2015; Young et al., 2011), and glutamatergic cascades (Brown et al., 
2013), among others, has been found to have a direct relation to 
autism-related symptoms, and the mechanisms through which this is 
brought about can be far and varied, but are believed to occur mainly 
through processes like excitotoxicity, generation of reactive oxygen 
species, and neuroinflammation (Eissa et al., 2020) through an increase 
in the levels of cytokines and other mediators, among others. 

The contribution of these factors to the generation of autistic 
symptoms can occur at different levels of molecular signaling, and 
interestingly, all of these pathways ultimately converge in damage to 
neuronal cells through apoptotic cascades. These cascades can in turn be 
activated by multiple mechanisms, the most commonly encountered of 
which are inflammatory pathways mediated through NFKB and NRF2 
(Canning et al., 2015; Eissa et al., 2020; Yan et al., 2015; Young et al., 
2011), as well as the calcium-induced (Nguyen et al., 2018) excitotoxic 
systems helmed mainly by NMDA-glutamate signaling and the attending 
calcium influx (Gargus and Schmunk, 2014; Nguyen et al., 2018; Rojas, 
2014). 

In terms of neuroinflammation, the NF-KB cascade is well-known. 
The NF-ΚB pathway is an inflammatory cascade which has a key role 
in neuroinflammatory processes (Yan et al., 2015; Young et al., 2011), 
and its presence has been detected in different regions of the brains of 
ASD subjects (Malik et al., 2011). While it is debatable whether this 
molecule is a primary contributor to the pathogenesis of autism or has 
more of a role in the later stages, it is now considered to be important in 
the etiology of the disorder. As such, therapeutic agents which can bind 
to and inhibit this pathway may have potential in the treatment of ASD. 

Similarly, The Nrf2 pathway involves a transcription factor con-
trolling the expression of genes playing a role in cytoprotection. This 
cascade is under negative regulation by different molecules, among 
which, the Kelch-like ECH-associated protein 1 (KEAP1) is the main 
regulator, mediating degradation of the factor through ubiquitination. 
This pathway has been found to be implicated in the synthesis and ho-
meostasis of a number of antioxidants, including glutathione, catalase 
and NADPH, among others (Canning et al., 2015). Oxidative stress is 
believed to play a role in the disorder (Giulivi et al., 2010; Tang et al., 
2013), and the same may be mediated through imbalance of this 
cascade. As such, binding of agents which can restore this balance may 
be a potential therapeutic strategy. 

Importantly, the Nrf2 and NF-KB pathways are not isolated, but 
rather occur in tandem with each other, displaying a delicate balance 
between their functioning and activity. This is because on the one hand, 
Nrf2 has the capacity of downregulating the expression of NF-KB by 
causing an elevation in the levels of multiple antioxidant molecules, 
while on the other hand, NF-KB is also directly involved in inhibiting the 
expression of Nrf2. In the case of autism, this balance is tipped to one 
side, resulting eventually in an increased expression of the inflammatory 
factor while the levels of Nrf2 are seen to decline. So, therapeutics acting 
on even one of these pathways will likely show an effect on the func-
tioning of both these cascades (Shah et al., 2023). 

Glutamate signaling is one of the most important pathways that has 
been implicated in the pathophysiology of autism (Rojas, 2014), and has 
been said to be involved in causing damage to neuronal cells mainly 

through excitotoxic processes (Essa et al., 2013). While baseline func-
tioning of glutamate receptors is essential for normal synaptic plasticity, 
an elevation in the same (Brown et al., 2013; Page (2016)) is suggested 
to be responsible for causing cell death through apoptotic pathways, 
with calcium overload through an increase in the activity of calcium 
channels (Gargus and Schmunk, 2014; Liao et al., 2020; Nguyen et al., 
2018) being an important route for excitotoxicity (Essa et al., 2013). 
This calcium overload, in turn, can be mediated through the stimulation 
of intracellular calcium channels, or the voltage-gated channels present 
on the cell surface. These elevated levels of calcium are then known to 
interact with multiple downstream molecules such as calcium 
calmodulin-dependent kinase II (CamKII) and calcinurein, bringing 
about the activation of inflammatory and apoptotic cascades through 
the activity of certain pro-inflammatory mediators. Mitochondrial 
dysfunction and generation of reactive oxygen species (ROS) follow, 
ultimately resulting in neuronal cell (Creamer, 2020; Hudmon and 
Schulman, 2002; Palmieri et al., 2010). Given this context, it is 
reasonable to believe that agents which can inhibit and restore the 
normal functioning of glutamate receptors and/or calcium channels may 
be beneficial in ASD. 

Finally, the role of GPR40 in autism is through its importance in the 
maintenance of intestinal integrity (Usuda et al., 2021) and neuronal 
function (Yang et al., 2018). Bacteria present in the gut microbiota are 
known to convert sugars and fibers present in the diet to short chain fatty 
acids (SCFAs) like acetate, propionate and butyrate, which are involved 
in physiological processes like gluconeogenesis, as well as certain in-
flammatory processes like the activation of NLRP inflammasomes which 
are important in maintaining gut integrity through the stimulation of 
interleukin receptors (particularly IL-8 activated by NLRP3). Improper 
function of these GPRs can result in increased intestinal permeability 
(Usuda et al., 2021), leading to the release of toxins into the blood-
stream, which has been implicated in the etiology of autism through 
neuroinflammation and immunoexcitotoxic processes (Strunecka et al., 
2018). Additionally, the digestive tract-associated problems in ASD 
include leaky gut syndrome, further consolidating the relation. Inter-
estingly, it has also been suggested that GPR40 is expressed in the 
central nervous system, and affects the regulation of neuronal function, 
including in particular, the function of NMDA receptors, which again, 
might be connected to their role in ASD (Yang et al., 2018). As such, 
molecules showing affinity for GPR40 might also be promising candi-
dates for treatment of ASD. 

Keeping these findings in mind, we proposed assessing the docking 
scores and binding affinity of taurine against these target molecules, so 
as to suggest potential strategies for the therapy of ASD. 

2. Material and methods 

2.1. Modeling platform 

The docking study was performed using the Protein Preparation 
Wizard,LigPrep,Receptor Grid Generation, Ligand Docking, Glide mod-
ules of Maestro 12.3 version of the Schrodinger suite (Schrödinger, LLC, 
New York, NY, USA). 

2.2. Protein preparation 

The crystal structures of the target receptor binding sites of NF-KB 
(PDB ID-3GUT), NRF-Keap, (PDB ID-5WVF), NMDA (PDB ID-5EWJ), 
Calcium channel (PDB ID-6KZP), GPR 40 (PDB ID-4PHU) were 
retrieved from the RCSB Protein Data Bank (http://www.rcsb.org/pdb/ 
home/home.do). The proteins were prepared by using the Protein 
Preparation Wizard. In general, the wizard offers two gears involving, 
preparation and refinement of the protein structure. The protein struc-
tures were refined for their bond orders, formal charges and missing 
hydrogen atoms, topologies. The water molecules beyond 5 Å from 
proteins were removed. The possible ionization states were generated in 
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the protein structure and the most stable state was chosen. The hydrogen 
bonds were assigned and orientations of the retained water molecules 
were corrected. Finally, a restrained minimization of the protein struc-
ture was carried out using OPLS2005 force field with default Root Mean 
Square Deviation (RMSD) value of 0.30. 

2.3. Active site prediction and receptor grid generation 

The active site (binding pockets) and functional residues of different 
proteins were identified and characterized by Site-Map module from 
Schrodinger package. SiteMap calculation began with an initial search 
step that helped us in identification or characterization of one or more 
regions on the protein surface that are suitable for binding ligands to the 
receptor. The Site- Map module generates a number of active binding 
pockets and based on the parameters including site-score the best pocket 
for receptors were identified. Then, the shape and properties of these 
best site were computed by generating a grid box. A Gride box was 
produced to characterize the centroid of the dynamic site which is uti-
lized for docking by utilizing the Glide grid generation wizard. The Glide 
grid box measurements (the centroid of a docked posture) of the protein 
were set to 20 × 20 × 20 Å around the pocket. 

2.4. Ligand preparation 

The two-dimensional (2D) structures of the ligands were drawn by 
2D sketcher panel in the workspace of the Maestro 12.3. These 2D 
structures were converted into their corresponding three-dimensional 
(3D) structures. Hydrogens were added and their energy was reduced 
to obtain most stable conformation using Macromodel’s Minimization 
module. The minimized ligand was then optimized by using the Opti-
mized Potentials for Liquid Simulations-2005 (OPLS-2005) force field in 
a Schrodinger suit at 7.4 pH until an RMSD of 1.8 A◦ was achieved in the 
LigPrep module. The optimised ligands were selected for docking 
analysis with the receptor.. 

3. Theory 

Despite the growing number of children across the globe being 
diagnosed with autism spectrum disorder, very limited drugs and ther-
apeutic agents are currently available for the treatment of the disorder. 
Currently, drugs which can alleviate behavioral symptoms such as irri-
tability are the first line of treatment for ASD, and these include agents 
like risperidone (3-[2-[4-(6-fluoro-1,2- benzisoxazol-3-yl)− 1-piper-
idinyl]ethyl]− 6,7,8,9-tetrahydro-2-methyl-4 H-pyrido[1,2- a]pyr-
imidin-4-one (Mano-Sousa et al., 2021) and aripiprazole (7-[4-[4-(2, 
3-dichlorophenyl)− 1- piperazinyl]butoxy]− 3,4-dihydrocarbostyril) 
(Blankenship et al., 2010). Nevertheless, research has been continuing 
towards developing therapeutic strategies for autism, and focus is being 
laid on a range of signaling pathways, with some receiving more 
attention than the others. Among them are included the NF-κB (Shih 
et al., 2015; Young et al., 2011) and NRF2-Keap-mediated (Canning 
et al., 2015) inflammatory cascade, the NMDA-glutamatergic (Rojas, 
2014) and calcium-mediated excitation pathways (Liao et al., 2020), 
and the free fatty acid receptor 1 (FFAR1/GPR40) receptor-mediated 
cascades (Usuda et al., 2021; Yang et al., 2018). In the present 
research, we put forward the hypothesis that the inhibition of these 
pathways by taurine can alleviate the neurological deficits seen in ASD.. 

Taurine (2-aminoethanesulfonic acid) is a naturally-occurring sulfur- 
containing amino acid, which is the most abundantly present free amino 
acid in the human body. Responsible for multiple processes in the body, 
it is known to bring about inhibition of the above-mentioned pathways 
at least to some extent, and this forms the basis of our hypothesis that it 
may show potential as a therapeutic for autism. A conditionally essential 
amino acid, it has found use as a neuroprotectant, owing mainly to its 
activities as an anti-inflammatory agent (Marcinkiewicz and Kontny, 
2014) and in the regulation of electrolytes, particularly the levels of 
calcium (Liu et al., 2006). It is believed to reduce calcium levels inside 
the cells, and block certain apoptotic pathways as well, thereby pre-
venting neuronal damage (Liu et al., 2006; Wu and Prentice, 2010) 

Fig. 1. Diagrammatic hypothesis of the present study.  
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through excitotoxic and inflammatory processes. 
In particular, taurine has been found to exert significant effect on 

glutamatergic pathways (Bulley and Shen, 2010) and put a stop to 
glutamate-induced excitotoxicity through blockade of an intracellular 
calcium spike. And since this calcium spike is often responsible for the 
activation of apoptotic cascades, the agent can well be believed to have a 
positive effect on neurons, the damage to which is implicated in 
neurological disorders including autism. Similarly, apoptosis is also 
mediated by neuroinflammatory pathways like the NF-KB system, and 
since taurine has a major effect in preventing this apoptosis (Wu and 
Prentice, 2010), it may be worth assessing if it has any effect on this 
molecule. And with the Nrf2 pathway working in the opposite direction 
to NF-KB, the potential effect drugs for autism may have on this cascade 
is also worth studying. The GPR40 receptor has a role in autism through 
the indirect induction of neuroinflammation (Eissa et al., 2020), and so, 
blockade of this receptor too might exert a neuroprotective effect, giving 
it credibility as a potential pathway through which autism might be 
tackled. 

At the same time, despite the potential implications of these cascades 
in ASD, a majority of them have not been explored as targets for drugs 
aimed at the therapy of autism. Moreover, with the growing incidence of 
the disorder across the globe, there is an increasing need for drugs to 
tackle the symptoms of ASD, but the same have not yet been developed 
since the pathways involved continue to remain elusive. And most drugs 
that are available only focus on symptomatic relief (risperidone and 
aripirazole). Since taurine is known to have an efficacy in maintaining 
neuronal health and countering the imbalances in at least a few of these 
pathways, and owing to its relatively favorable safety profile, we chose 
this agent for the present study. As such, in silico docking studies with 
these receptors were conducted in comparison to risperidone and ari-
piprazole as standards to establish data regarding target binding. 

3.1. Evaluation of hypothesis idea 

The Evaluation of the hypothesis idea was carried out through 
structure-based computer-aided drug design (CADD) and molecular 
docking. CADD makes use of computational methods to search, syn-
thesize, and validate pharmaceutic agents. These methods are chiefly 
divided into three broad categories, with the first being the discovery 
stage where potential drug targets and active compounds (“hits") are 
identified. The second stage encompasses preclinical studies and drug 
development. Finally, the registration of medications for clinical trials 
also makes use of CADD on some levels, and hence can be included as the 
third major category (Lavecchia and Cerchia, 2016). Drug discovery is 
increasingly making use of CADD at various stages, from target recog-
nition and validation, molecular synthesis, as well as target interaction, 
and has greatly improved industry economics in terms of cost and time 
(Kapetanovic, 2008). Molecular docking, in particular, is a method 
through which tiny ligands are docked into macromolecular proteins, 
and their complimentary values are scored against binding sites (Saikia 
and Bordoloi, 2018). 

4. Results and discussion 

In order to investigate the binding capacity of taurine in comparison 
to available reference drugs on selected proteins related to autism in 
humans, we docked them using Glide module of Schrodinger suite of 
Maestro 12.3. So, the docking results collected in the form of docking 
scores, types of interactions involved, and interacting residues, are 
shown in the Tables 1 and 2, supported with Figs. 3–5 illustrating 2D and 
3D ligand-protein interaction diagrams.. 

The x-ray crystallographic structure of selected targets were down-
loaded from the Protein Data Bank (PDB) and prepared using Protein 
Preparation Wizard in Schrodinger suite. Figs. 3a and 3b showed the 
unprocessed protein structure and the processod protein structure of 
NMDA respectively. Active site of the proteins was obtained using 
SiteMap tool, which provides a fast and effective means of identifying 
potential binding pockets of proteins. Five binding sites with different 
site score were identified as shown in Fig. 4 and Table 1. Site 1 with 
highest site score was used for further docking analysis and selected for 
Receptor grid generation. A grid was generated around the active site for 
effective binding as shown in Fig. 5. Glide docking tool of Schrodinger 
was used to dock the ligands to all the different proteins. In docking 
study binding affinity is being represented by scoring function known as 
docking score, that provides information about the extent of binding 
between the ligand and protein. The negative docking score corresponds 
to a strong binding and a less negative or even positive docking score 
corresponds to a weak or non-existing binding. 

Encouraging outcomes of Taurine with negative docking score 
ranging from − 6.115 to − 4.385 (kcal/mol) indicating its binding po-
tential for all the selected proteins (Table 2). But affinity for the selected 
protein varies and has been observed that Taurine showed binding po-
tential with all the different receptors in the order of NRF-KEAP > NF- 
κB > NMDA > Calcium channel > GPR 40. But compared to all the 
receptors, taurine showed the highest docking score and good binding 
affinity with NRF-keap receptors. The high score of Taurine could be due 
to the presence of high numbers of amino acids residues involved in 
hydrogen bonding as compared to other receptors as shown in Table 3. 
Fig. 5 is indicating the established hydrogen bonding between the amine 
group and oxygen of sulphonyl group in Taurine with active amino acid 
residues VAL 512, VAL 465 and residues ILE 559, VAL 606, GLY 367 
respectively. These interactions makes the ligands fit better within the 

Fig. 2. (a): Structure of risperidone, (b): Structure of aripiprazole, (c): Structure of taurine.  

Table 1 
Site score of different proteins predicted by Sitemap tool.  

Protein 
Site 

Rank Site score 

NF- 
κB 

NRF- 
Keap 

NMDA Calcium 
channel 

GPR- 
40 

1  1  1.040  1.107  1.063  1.142 1.022 
2  2  1.035  1.094  1.019  1.043 0.968 
3  3  1.029  0.993  1.018  1.032 0.637 
4  4  1.009  0.979  0.99  1.030 - 
5  5  0.992  0.871  0.962  1.005 -  
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pocket of the receptor NRF-Keap. 
Further, when compared the results of taurine with reference drugs i. 

e Aripiperazole and Risperidone, it was found that taurine showed low 

docking score as compared to Risperidone except for NMDA receptor. 
Similarly for aripiperzole, taurine showed a comparable results with all 
the target receptors except for NMDA for which it showed high docking 
score. Comparable docking score of taurine with aripiperazole could be 
due to the involvement of more number and similar amino acid residues 
SER 319, LYS 318, PRO 317, LYS 327, VAL 465,ALA 466, ARG 354, GLU 
316,LYS 1462, GLU 65, VAL 512, ILE 559. Taurine (selected ligand), was 
found to have good binding potentials with NMDA receptor by affording 
high docking score (− 5.227) to reference drug risperidone (− 4.259), 
aripiperazole (− 2.973). This may be possible due to the absence of 
hydrogen bonding interactions with active site of amino acids in both 
the reference drugs. On the other hand, hydrogen bond interaction is 
present in Taurine with the amino acid of the active site namely SER 
319, LYS 327, GLU 316 of the target protein NMDA. Further, these in-
teractions make the taurine fit within the pocket of the receptor NMDA 
and indicated its potential for binding. 

Taurine showed high binding with receptors NMDA to Aripiperazole 
and Risperidone, preferabledrug used for the treatment of autism. 
Taurine antagonizing NMDA pathway may show improvement in the 
patient by inhibiting this pathway and may help in improve neurological 
complications thereafter and may improve the patient’s quality of life. 

Table 2 
Docking results of ligands with different receptors.  

Compounds Docking score 

NF-κB 
(PDB:3GUT) 

NRF-Keap 
(PDB:5WFV) 

NMDA 
(PDB:5EWJ) 

Calcium channel 
(PDB: 6KZP) 

GPR-40 
(PDB: 4PHU) 

Taurine 
(Test)  

-5.485  -6.115  -5.227  -4.559  -4.385 

Risperidone (Reference)  -7.732  -9.184  -4.259  -6.487  -4.005 
Aripiperazole 

(Reference)  
-5.081  -6.761  -2.973  -6.446  -4.796  

Fig. 3. (a) Unprocessed protein (b) Prepared protein.  

Fig. 4. Five Potential binding pockets obtained by Sitemap analysis.  

Fig. 5. Receptor grid generation around the active site.  
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5. Conclusions 

Autism spectrum disorders (ASD) is a set of complex neuro-
developmental deficits manifesting in the form of issues with commu-
nication and social behavior, paired with repetitive actions. The exact 
mechanism at play is not well-understood, but an interaction between 
environmental and genetic factors has been implicated, potentially 
acting through neuroinflammatory and excitotoxic pathways. Till date, 
the number of therapeutic agents available for the therapy of ASD is very 
limited, with only two drugs being approved by the FDA for manage-
ment of irritability in autistic patients. Literature suggests the potential 

role of a number of signaling pathways in the pathogenesis of the dis-
order, with particular emphasis being laid on the importance of the 
glutamatergic cascades and inflammatory processes. Impaired gluta-
mate signaling has been implicated in excitotoxicity to neurons, through 
activation of calcium channels. Similarly, inflammation of neuronal cells 
is brought about through pathways such as the NF-KB cascade, and the 
same is indirectly antagonized by pathways such as the Nrf2 cascade. 
This inflammation may be triggered by agents like short-chain fatty 
acids, which leak into the brain owing to dysfunction of GPR40 re-
ceptors, which is noted in leaky gut, a hallmark of ASD. In this paper, we 
hypothesized the potential of Taurine in acting on these pathways and 

Fig. 6. (a): 2D representation showing the interaction of Taurine with active amino residues of NMDA receptor (- - - - - - hydrogen bonds). (b): 3D representation of 
predicted binding modes of the Taurine. 

Fig. 7. (a): 2D representation showing the interaction of Aripiperazole with active amino residues of NMDA receptor (- - - - - - hydrogen bonds,- - - - - - - aromatic). 
(b): 3D representation of predicted binding modes of the Aripiperazole. 
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correcting their dysfunction as a therapeutic agent in autism, and put 
forward the idea of repurposing it for the same. In silico molecular 
docking studies, where tiny ligands are docked into macromolecular 
targets to score their complimentary values at binding sites, were used to 
back our hypothesis, with comparison against reference drugs risperi-
done and aripiprazole. During the same, we obtained encouraging re-
sults regarding the docking scores of taurine across all the target 
molecules involved in the study, hinting at a potentially promising 
interaction of the drug with these targets in the therapy of ASD. At the 

same time, the binding affinity was seen to go in the order of NRF-KEAP 
> NF-κB > NMDA > Calcium channel > GPR 40, and the best docking 
score and binding affinity was shown against Nrf-Keap. However, 
docking scores shown by taurine were less than those shown by risper-
idone and comparable to those shown by aripiprazole across all targets 
except against the NMDA receptor, where they were comparable and 
superior, respectively. As such, the interaction of taurine with NMDA 
receptors might be the key step in its potential application in ASD 
therapy. 

With the current scenario in the pharmaceutical market being 
directed towards drug repurposing and polypharmacy to as opposed to 
developing new drugs due to the time crunch arising from the growing 
need for therapeutics for various disorders, including ASD, the present 
study was focused on providing a basis for potentially repurposing 
taurine for treatment of the disorder. Moreover, since this molecule has 
shown acceptable and promising binding scores to most of the potential 
targets used for the present study, the same can potentially be used as a 
starting point for planning future research, and help streamline pro-
cedures to save time and effort, as well as preventing the unnecessary 
death of animals during protcols. 
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Fig. 8. (a): 2D representation showing the interaction of Risperidone with active amino residues of NMDA receptor (- - - - - - hydrogen bonds, - - - - - - - aromatic). (b): 
3D representation of predicted binding modes of the Risperidone. 

Table 3 
Types of interactions with active amino acid residues.  

Compounds Receptors No. of 
Residues 

Hydrogen 
bonding 

Aromatic 
bonding 

Salt 
bridges 

Taurine NF-κB  05 ARG 354 - ARG 
354 

Risperidone  17 ARG 354 ASN 547 - 
Aripiperazole  22 ARG 354 - - 
Taurine NRF- 

Keap  
11 VAL 512, 

VAL 465, 
ILE 559, 
VAL 606, 
GLY 367 

- - 

Risperidone  32 THR 560 LEU 365 - 
Aripiperazole  33 ARG 415 VAL 561, 

LEU 365 
- 

Taurine NMDA  08 SER 319, 
LYS 327, 
GLU 316 

- LYS 
327, 
GLU 
316 

Risperidone  15 - GLU 316 GLU 
316 

Aripiperazole  18 - PRO 317, 
GLU 316 

- 

Taurine Calcium 
channel  

08 ASN 952, 
LYS 1462 

- LYS 
1462 

Risperidone  18 LYS 1462 LEU 499 - 
Aripiperazole  17 LYS 1462 - - 
Taurine GPR-40  11 GLU 65 TYR 12 LYS 62, 

GLU 65 
Risperidone  21 - - - 
Aripiperazole  23 SER 8 LEU 2253   
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