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INTRODUCTION:
Autism spectrum disorders is a clinical disease that is associated with a 
wide range of neurodevelopmental symptoms. Three key features are 
used to describe ASD: repetitive behaviour, restricted interests, and 
chronic impairment in social communication and engagement.(1). 
One in 36 (2.8%) 8-year-old children have been identied with autism 
spectrum disorder (ASD), according to an analysis published today in 
CDC's Morbidity and Mortality Weekly Report (MMWR). The new 
ndings are higher than the previous 2018 estimate that found a 
prevalence of 1 in 44 (2.3%). The data come from 11 communities in 
the Autism and Developmental Disabilities Monitoring (ADDM) 
Network and are not representative of the entire United States(2). 
Siddha medicines are used to treat illnesses and disorders because they 
have fewer adverse effects, and are less expensive. The discipline of 
Siddha medicine, particularly herbal formulations, can benet greatly 
from the use of molecular docking because it enables the molecular 
interactions of the formulation's lead molecules with receptors to be 
understood, as well as the inference of the formulation's basic 
biochemical targets.(3).

In traditional Siddha medicine, the clinical picture of Autism is more or 
less correlated with the condition called Mantha sanni. Numerous 
herbal or herbal-mineral preparations have been employed only for 
managing the illness. Kuruver Kudineer (KK) is one among the herbal 
medicine which is used for Mantha Sanni (Autism Spectrum disorder). 
The formulation is mentioned in the Siddha pediatric textbook 
Balavagadam. The Ingredients of Kuruver Kudineer are Kuruver 
(Vetiveria Zizanioides), Vilamichu (Plectranthus vettiveroides), 
Chukku (Zingiber officinale). Parpadagam (Hedyotis corymbosa), 
Siruthaekku (Clerodendrum Serratum). These ve  components have 
long been utilized in Siddha medicine to treat many psychological 
complications(4).

Monoamine Oxidase( MAO-A)
In the outer membrane of mitochondria in cells, monoamine oxidase 
(MAO), a avin-dependent enzyme, is frequently placed. Two well-
known MOA subtypes, MAO-A and MAO-B, differ in terms of tissue 
distribution, substrate and inhibitor sensitivity, and three-dimensional 
structural characteristics but share up to 72% of their sequences. By 
oxidative breaking down the substrate, they are crucial in the oxidative 
deamination of crucial amine neurotransmitters and dietary amines. It 
also participates in the completion of this phase in the central and 
peripheral nervous systems (CNS and PNS) by deoxidizing FAD with 
molecule oxygen and simultaneously releasing H2O2.

Compounds that inhibit MAO-A activity have an antidepressant effect 
by primarily boosting norepinephrine and serotonin (5HT), whereas 
MAO-B inhibitors have an antiparkinsonian effect by primarily raising 
dopamine [38]. In experimental study, the distinct functions of Tyr 69, Ile 
335, Tyr 407, and Tyr 444 in the nding of particular substrates and 
inhibitors for human MAO-A and MAO-B have been widely established. 
A molecular docking simulation technique was used in this investigation 
to predict powerful MAO-A enzyme inhibitors, followed by lead 
compound discovery. The inhibition of the MAO-A enzyme by natural 
and synthetic substances has previously been explored using a variety of 
methodologies. However, no effective reversible inhibitor of this 
enzyme has yet to be discovered, necessitating further investigation. As a 
result, the purpose of this investigation was to suggest a prospective 
MAO-A inhibitor that could be utilized in the future for mood disorders 
and, with further optimization, could be used for the therapeutic 
management of ASD(5).

Aim:
The goal of this study is to evaluate  an in-silico computational analysis 
of the phytochemicals found in Kuruver Kudineer (KK), a traditional 
Siddha remedy that is widely used for managing aggression in autism 
(Mantha Sanni).

MATERIALS AND METHODS:
Test drug Kuruver Kudineer (KK)
Kuruver Kudineer (KK) is a poly-herbal siddha formulation with 
active compounds that are used to managing aggression in Autism 
(Mantha sanni). The following Siddha medicinal herbs are included in 
this Kuruver Kudineer Preparation (Table 1)

Table 1: Ingredients Of Kuruver Kudineer With Its Botanical 
Name And Phyto-components Selected For Docking
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ABSTRACT
Background: The discipline of Siddha medicine, particularly herbal formulations, can benet greatly from the use of molecular docking because it 
enables the molecular interactions of the formulation's lead molecules with receptors to be understood, as well as the inference of the formulation's 
basic biochemical targets.  The goal of this study is to carry out an In-silico computational analysis of the phytochemicals found in Kuruver Aim:
Kudineer (KK), a traditional Siddha remedy that is widely used for managing aggression in autism (Mantha Sanni).  The ligand Methodology:
structures were developed and optimised using AutoDock Tools(Morris, Goodsell et al., 1998) . Using Autodock Vina, the compounds were all 
docked. The function of the target protein Monoamine Oxidase -A (PDB 2Z5X), which is involved in the breakdown of the neurotransmitters by 
MAO-A, will be inhibited by the creation of a hydrogen bond between phytocomponents and the target's core amino acids (Tyr 69, Ile 335, Tyr 407, 
and Tyr 444). In order to control the aggression of Autism (Mantha Sanni), phytocomponents that inhibit the target enzyme MAO-A may be used as 
potential targets.  The compounds present in Kuruver Kudineer (KK) like Gingerenone-A, Betulinic acid, Zingiberene, Rutin, Geniposide Results:
and β-sitosterol showed maximum interactions with MAO –A when compared to that of Clorgyline. According to the outcomes of the 
computational investigation, the bio-active substances present in the Siddha formulation Kuruver Kudineer (KK) have signicant afnity to the 
target MAO-A (PDB 2Z5X).  From the results of the present study, it was concluded that the MAO – A  reveal signicant effect to Conclusions:
managing the aggression present in Autism spectrum disorder and thereby considered an excellent drug choice for the clinical management of  
Mantha sanni.
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S. 
NO

VERNACULAR 
NAME

BOTANICAL 
NAME

PHYTO- 
COMPONENTS

1. Kuruver Vetiveria zizanioides β-vetivenene (6)
2. Vilamichu Plectranthus 

vettiveroides
Thymol(7)

3. Chukku Zingeber officinale Gingerenone-A (8)
Zingiberene (8)

4. Parpadagam Hedyotis corymbosa Rutin (9)
Geniposide (9)

5. Siruthaekku Clerodendrum 
Serratum

β-sitosterol (10)
Betulinic acid (10)
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Target Protein Retrieval
Binding of phytocomponents with the core amino acids (Tyr 69, 
Ile335, Tyr407, Tyr444) of the target by forming hydrogen bond will 
hinder the function of the enzyme Monoamine oxidase A- (MAO-A) 
with PDB –2Z5X. These amino acid residues are functionally 
responsible for binding of substrate and further involved in 
degradation of the neurotransmitter dopamine by MAO-A. Thereby 
phytocomponents which inhibit the target enzyme MAO-A may act as 
a potential therapeutic agent for management of Aggression in Autism 
(Mantha Sanni). The crystalline structure of the target protein 
Monoamine oxidase-A (PDB 2Z5X) was obtained from the protein 
data bank, and the protein was cleaned up and missing hydrogen atoms 
were replaced. The Auto dock programme examined the different 
orientations of the lead molecules in relation to the target protein, and 
the best dock position was chosen based on the interaction study 
analysis.

RECEPTOR STRUCTURE 
Fig 1: 3D- Structure of Monoamine oxidase A (PDB) - 2Z5X

Ligand Preparation
β-vetivenene, Thymol, Gingerenone-A, Zingiberene , Rutin, 
Geniposide, β-sitosterol ,Betulinic acid were reported as bioactive 
phytocomponents in the siddha formulation Kuruver Kudineer. For 
docking investigations, the 3D structural coordinates of these 8 
bioactive phytochemicals acquired from chem were used. Using chem 
draw prof online tool version 12.0., these ligand structures were 
further op�mized and prepared

Protein-ligand Docking
The crystal structure of the Monoamine oxidase-A enzyme protein-
ligand complex ((PDB 2Z5X) was obtained from online repository of 
Protein Data Bank. The 3D protein structures were optimized and 
prepared using chem draw prof online tool version 12.0

Molecular Docking Methodology
Docking calculations were carried out for retrieved phytocomponents 
against target enzyme Monoamine oxidase A. Essential hydrogen 
atoms, Kollman united atom type charges, and solvation parameters 
were added with the aid of AutoDock tools (Morris, Goodsell et al., 
1998). Afnity (grid) maps of ×× Å grid points and 0.375 Å spacing 
were generated using the Autogrid program (Morris, Goodsell et al., 
1998). AutoDock parameter set- and distance-dependent dielectric 
functions were used in the calculation of the van der Waals and the 
electrostatic terms, respectively. Docking simulations were performed 
using the Lamarckian genetic algorithm (LGA) and the Solis & Wets 
local search method (Solis and Wets, 1981). Initial position, 
orientation, and torsions of the ligand molecules were set randomly. 
All rotatable torsions were released during docking. Each docking 
experiment was derived from 2 different runs that were set to terminate 
after a maximum of 250000 energy evaluations. The population size 
was set to 150. During the search, a translational step of 0.2 Å, and 
quaternion and torsion steps of 5 were applied.

Fig 2: 2D and 3D Structure Of Phytocomponents

Table 2: Ligand Properties Of The Compounds Selected For 
Docking Analysis

RESULTS AND OBSERVATIONS:
The plants used in the siddha formulation Kuruver Kudineer yielded a 
total of 8 bioactive lead components. According to the herb's provided 
data, phytochemicals such as Gingerenone-A and Betulinic acid have a 
maximum of four interactions (100%) with the target protein enzyme 
Monoamine oxidase A's core active amino acid residues.   Following 
this, compounds such as Zingiberene, Rutin, Geniposide, and -
sitosterol placed second with the highest number of interactions (75%) 
with the active site of the target enzyme Monoamine oxidase A, 
compared to standard Clorgyline, which reveals the highest number of 
interactions (four).

Table 3: Summary Of The Molecular Docking Studies Of 
Compounds Against Monoamine Oxidase A- (MAO-A) With PDB 
– 2Z5X
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Compound Molar 
weight 
g/mol

Molecular 
Formula

H Bond 
Donor

H Bond 
Accept
or

Rotata
ble 
bonds

β-vetivenene 202.33 
g/mol

C H15 24 0 0 0

Thymol 150.221 
g/mol

C H O10 14 1 1 1

Gingerenone-A 356.4 
g/mol

C H O21 24 5 2 5 9

Zingiberene 204.35 
g/mol

C H15 24 0 0 4

Rutin 610.5 
g/mol

C H O27 30 16 10 16 6

Geniposide 388.4 
g/mol

C H O17 24 10 5 10 6

β-sitosterol 414.7 
g/mol

C H O29 50 1 1 6

Betulinic acid 456.7 
g/mol

C H O30 48 3 2 3 2

Clorgyline 272.17 
g/mol

C H Cl NO13 15 2 0 2 6

Compound Est. Free 
Energy 
of 
Binding

Est. 
Inhibition 
Constant, 
Ki

Electrost
atic 
Energy

Total 
Intermole
c. Energy

Interact. 
Surface

β-
vetivenene

-8.31 
kcal/mol

804.38 nM -0.09 
kcal/mol

-8.61 
kcal/mol

593.075

Thymol -5.52 
kcal/mol

89.43 uM -0.07 
kcal/mol

-6.15 
kcal/mol

480.183

Gingerenon
e-A

-10.17 
kcal/mol

34.82 nM -0.04 
kcal/mol

-11.38 
kcal/mol

919.896

Zingiberene -8.24 
kcal/mol

909.28 nM -0.11 
kcal/mol

-9.31 
kcal/mol

644.046

Rutin -6.70 
kcal/mol

12.30 uM -0.05 
kcal/mol

-7.58 
kcal/mol

594.645

Geniposide -11.17 
kcal/mol

6.49 nM -0.06 
kcal/mol

-10.61 
kcal/mol

851.104

β-sitosterol -12.54 
kcal/mol

644.68 pM -0.02 
kcal/mol

-14.29 
kcal/mol

1013.38
4

Betulinic 
acid

-6.54 
kcal/mol

16.03 uM -0.18 
kcal/mol

-10.33 
kcal/mol

1156.21

Clorgyline -8.46 
kcal/mol

631.47 nM -0.05 
kcal/mol

-9.39 
kcal/mol

711.724



Fig 3: Docking Pose

CONCLUSION:
Based on the results of the computational analysis it was concluded 
that the bio-active compound's like Gingerenone-A, Betulinic acid, 
Zingiberene, Rutin, Geniposide and  β-sitosterol present in the siddha 
formulation Kuruver Kudineer possess signicant binding against the 
target Monoamine oxidase A by interacting with active amino acid 
present on the active site thereby it was concluded that these 
compounds may exerts promising anti-aggression activity by 
inhibiting the enzyme Monoamine oxidase A thereby it prevent the 
degradation of the vital neurotransmitter dopamine essential for 
neuron function. As a result, phytocomponents that inhibit the target 
Monoamine Oxidase A may be useful in the treatment of ASD (Mantha 
sanni). It was concluded that the phytochemicals found in the herb 
Kuruver Kudineer have strong anti-aggression activity for Autism 
(Mantha sanni).
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Table 4: Amino Acid Residue Interaction Of Lead Against Monoamine Oxidase A- (MAO-A) with PDB – 2Z5X
Compounds Interactions Amino Acid Residues
β-vetivenene 3 69 

TYR
303 
VAL

305 
LYS

352 
PHE

406 
CYS

407 
TYR

444 
TYR

           

Thymol 2 180 
ILE

181 
ASN

208 
PHE

215 
GLN

352 
PHE

407 
TYR

444 
TYR

           

Gingerenone-A 4 69 
TYR

180 
ILE

181 
ASN

208 
PHE

215 
GLN

305 
LYS

335 
ILE

337 
LEU

350 
MET

352 
PHE

406 
CYS

407 
TYR

444 
TYR

     

Zingiberene 3 69 
TYR

180 
ILE

181 
ASN

208 
PHE

215 
GLN

407 
TYR

444 
TYR

           

Rutin 3 51 
ARG

52 
THR

68 
ALA

69 
TYR

180 
ILE

181 
ASN

197 
TYR

208 
PHE

215 
GLN

305 
LYS

323 
CYS

335 
ILE

352 
PHE

406 
CYS

407 
TYR

435 
THR

444 
TYR

445 
MET

Geniposide 3 51 
ARG

69 
TYR

180 
ILE

181 
ASN

215 
GLN

352 
PHE

407 
TYR

444 
TYR

445 
MET

         

β-sitosterol 3 51 
ARG

52 
THR

69 
TYR

180 
ILE

215 
GLN

352 
PHE

407 
TYR

435 
THR

444 
TYR

445 
MET

448 
ALA

       

Betulinic acid 4 23 
ILE

51 
ARG

52 
THR

69 
TYR

180 
ILE

181 
ASN

208 
PHE

210 
VAL

215 
GLN

335 
ILE

352 
PHE

406 
CYS

407 
TYR

444 
TYR

445 
MET

448 
ALA

  

Clorgyline 4 69 
TYR

180 
ILE

181 
ASN

208 
PHE

215 
GLN

335 
ILE

352 
PHE

407 
TYR

444 
TYR
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