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Abstract

COVID-19 has already swept millions of lives and created the
deep black cloud made up of negative emotions. Acanthus ilicifolius
was used as Traditional Indian medicine (TIM) and Traditional Chi-
nese medicine (TCM). The plants showed many clinical properties.
Still, the neurological related functions and disorders are not well
explored in this plant. Complex interplay of positive and negative
emotions orchestrated by intricately associated neuronal circuits,
neurotransmitters coupled with endocrinal in- fluence holds respon-
sible for human behavior, considered as the root of human civiliza-
tion, is currently facing existential crisis during COVID-19 pandemic.
In the present study, an attempt was made to identify the interaction
between A. ilicifolius natural compounds and Echinacoside as ref-
erence compounds were to study the neurotransmitters functions
through biomathematical and computational method. Initially, in sil-
ico molecular docking was performed to identify the potent natural
compounds against neurological disease. The results show among 8
natural compounds, 26.27-Di(nor)-cholest-5,7,23-trien-22-ol, 3-me-
thoxymethoxy, Cholest-5-en-3-ol (3, Beta.)-, carbonochloridate,
Cholesterol and Echinacoside exhibited maximum interaction with
all the target proteins. Especially, Echinacoside exhibited the max-
imum interaction with (Serotonin) 5-hydroxytryptamine receptor 2A
(-17.077), Sodium-dependent serotonin transporter (-15.810) and
(Histamine) Histamine H2 receptor (-17.556). These two neurotrans-
mitters act as a major concern related to the mental disorders and
neurological functions. The natural compounds may potent inhibitor
for neurological disorders.
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Introduction

In Ayurvedic medicine (Sahachara), 4. ilicifolius one among the
9 plants to treat theumatic complaints. Leaves and roots are used as
a treatment for asthma, paralysis, Anti-inflammatory, Antimicrobial,
used as an antidote for snake venom and Hepatoprotective function.
Neurotransmitters function which are the important physiological
phenomena of human beings. A presynaptic nerve cell is induced by
certain stimulus called neurotransmitters, a molecule which can stim-
ulate or inhibit a postsynaptic cell which is released into the body.
Glycine, serotonin, Gamma Amino Butyric Acid (GABA), endor-
phins, norepinephrine, acetylcholine, and dopamine are some of the
neurotransmitters found in the body [1]. Our nervous system appears
as a vast network of specialized cells, of which, neurons play an im-
portant role in information processing based on the location, mor-
phology, chemistry, and connectivity of the cell types [2].

Neurons are available in an enormous amount and they commu-
nicate with each other through neurotransmitters. It acts as chemical
messengers to synchronize the signals transmitted from neuron to
neuron and also play a central role in proteins involved in neurotrans-
mitter synthesis and inactivation, neurotransmitter receptors and brain
function. These brain chemicals interact with target sites through re-
ceptors located in the brain also regulate a wide variety of processes
throughout the body (organs, glands, and muscles) [3].

Neurotransmitters such as PEA and glutamate are responsible for
the urinary measurement level and ends up in reflective of periph-
eral biosynthesis of urine by dopamine and serotonin. Nephrons in
the kidney act as filter circulating neurotransmitters or the precursors
from the blood into the urine [4]. Irrespective of the origin of produc-
tion of neurotransmitters, the dysregulation of it leads to a disease
state. For example, glutamate regulates as a brain’s major excitatory
neurotransmitter but high glutamate results in celiac disease [5] and
hyperthyroidism [6] and low level of glutamate cause migraines [7].

In the same way, histamines are the immune-modulator and neu-
rotransmitter. High histamine involves allergies and low histamine
lead to mild depression, fatigue, and weight gain and tension head-
aches. The pleasure and reward centre in the brain is associated with
the dopamine neurotransmitter. High of anxiety and stress are due to
the high level of dopamine [8] and low level of it lead to Alzheimer’s
disease [9]. Norepinephrine regulate fight or flight response with
bipolar disorder [10] and anxiety (high level) [11, 12] and Alzhei-
mer’s disease (low level) [13]. The major inhibitory neurotransmitter,
GABA, found elevated in ovarian cancer patients [ 14] and preeminent
in sleep difficulties and anxiety patients with low level of GABA.
Whereas, serotonin play the feelings of happiness and well-being.
The high level of serotonin leads to high blood pressure, anxiety, and
irritability and low level of it cause depression [15].
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Neurodegenerative disorders in the nervous system are character-
ized by the accumulation of abnormal protein aggregation and oxida-
tive stress was due to environmental and genetic influences. Alzhei-
mer’s disease and Parkinson’s disease were found to be the common
neurodegenerative disorder [16]. Yet another neurodegenerative dis-
ease caused by prions end up with multiple sclerosis and spongiform
encephalopathies. So, based on the detailed literature survey and our
previous work in the mathematical model [17]. In the present study
was designed for a new drug candidate or the use of traditional medic-
inal plant extracts in neurotransmitters disease was done with in silico
molecular docking and mathematical model. An exploration was done
with Acanthus ilicifolius with 7 natural compounds extracted from
leaves Echinacoside from the Cistanche deserticola was used to study
the binding properties of 11 neurotransmitter such as, Muscarinic ace-
tylcholine receptor M1, Muscarinic acetylcholine receptor M2, Mus-
carinic acetylcholine receptor M3, Neuronal acetylcholine receptor
subunit alpha-7, D2 dopamine receptor, Gamma-aminobutyric acid
type B receptor subunit 1, Glutamate receptor ionotropic, kainate 1,
Beta2 adrenoceptor, 5-hydroxytryptamine receptor 2A, Sodium-de-
pendent serotonin transporter, Histamine H2 receptor. Followed by
the common standard drug was used for the comparison.

Materials and Methods
Collection and Authentication of Plant

A ilicifolius leaves were collected from Cuddalore District, Tamil
Nadu, India and authenticated by the Botanical Survey of India, Tamil
Nadu Agriculture University, Coimbatore, Tamil Nadu, India. (BSI/
SC/5/23/09-10/Tech. 306). A voucher specimen of the plant has been
deposited at the Herbarium of Botanical Survey of India.

Preparation of the leaf extracts

The fresh leaves of A. ilicifolius were washed and shade dried at
room temperature (28 + 2 C). The dried leaves were powdered by the
electrical blender. 25 gms of A4. ilicifolius leaf powder was used for
methanol extraction in the Soxhlet apparatus [18]. The solvent was
boiled gently at 64 C in a heating mantle until the extraction was
done. Then the solvent was evaporated using a rotary vacuum evapo-
rator to yield a viscous dark green residue of methanol leaf extracts.

Identification of phytochemicals

The GC-MS of 4. ilicifolius methanolic leaf extract was identified
compounds are 26.27-Di (nor)-cholest-5, 7, 23-trien-22-ol, 3-me-
thoxymethoxy (RT=12.31). 9H —purin-6-amine, N, 9-bis (trimeth-
ylsilyl)-8-((trimethylsilyl) oxy) (RT=14.09). Cyano colchicines
(RT=6.06). 3Beta-methoxy-5-cholesten-19-oic acid (RT=18.46)
[19]. Cholest-5-en-3-ol (3, Beta.)-, carbonochloridate (RT=25.978),
Cholesterol (RT=27.518), Cholest-5-en-3-ol (3, Beta.)-, propionate
(RT=28.51) and Echinacoside [20]. Infrared spectroscopy identifies
the functional group present in the above-listed compounds, the pres-
ence of alcohols and phenols in the O-H region at 3389 cm™.

In silico studies

Preparation of Ligands and standard drug

The seven major phytochemical compounds considered are:
26.27-Di (nor)-cholest-5, 7, 23-trien-22-ol, 3-methoxymethoxy,
9H —purin-6-amine, N, 9-bis (trimethylsilyl)-8-((trimethylsilyl)
oxy), Cyanocolchicines and 3Beta-methoxy-5-cholesten-19-oic
acid. Cholest-5-en-3-ol (3, Beta.)-, carbonochloridate, Cholesterol,
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Cholest-5-en-3-o0l (3, Beta.)-, propionate and Echinacoside struc-
tures were retrieved from Protein data bank (PDB) and ISIS Draw
2.3 software (freeware) (http://chemfan.pg.gda.pl/Oprogramowan-
ie/Program/Draw23.exe) was used to design the ligands. Analogs
were changed into MOL files and 3D optimization was done by
ChemSketch 3D viewer of ACDLABS 8.0. The standard drug was
used for comparison. Acetylcholine, Dopamine, GABA, Glutamic
acid, Norepinephrine, Serotonin, and Histamine were collected from
PubChem.

ADME property of active components

Lipinski rule of five is used to check the Adsorption, Distribution,
Metabolism, and Excretion (ADME) orally active drug in humans.
This was done by ADME tool. OSIRIS Property Xplorer was used
to validate the drug molecule (Active phytochemicals) which has an
inhibitory effect on the modeled target protein. Properties such as mu-
tagenicity, irritant, tumorigenic and drug likeliness of the phytochem-
icals were studied [21, 22].

Collection of Target proteins for HCC

The lists of target proteins for neurotransmitters were collected
through a literature survey and structures were retrieved from the Pro-
tein Data Bank (PDB) shown in Table 1.

-

S. PDB Reference
Gene name Protein name
No ID
Muscarinic acetylcho-
5CXV .
line receptor M1
Muscarinic acetylcho-
3UON .
line receptor M2
[23,24]
1 Acetylcholine Muscarinic acetylcho-
4U14 .
line receptor M3
Neuronal acetylcholine
5AFH receptor subunit
alpha-7
2 Dopamine 6CM4 D2 dopamine receptor [25]
Gamma-aminobutyric
3 GABA 4MR7 acid type B receptor [26]
subunit 1
L Glutamate receptor
4 Glutamic acid 2ZNT [27]

ionotropic, kainate 1

5 Norepinephrine 2R4S Beta2 adrenoceptor [28]

STUD 5-hydroxytryptamine

receptor 2A
6 Serotonin [29]
Sodium-dependent
5171 A

serotonin transporter

7 Histamine 3SN6 Histamine H2 receptor [30]

Table 1: List of neurotransmitters receptors.

J

Molecular Docking of A. ilicifolius phytochemicals against
HCC target proteins

The structure was minimized using OPLS-2005 force field with
Polack-Ribiere Conjugate Gradient (PRCG) algorithm. The Schro-
dinger Glide program version 2017 has been used for docking. The
best 10 poses and corresponding scores have been evaluated using
Glide in single precision mode (GlideSP) for each ligand. For each
screened ligand, the pose with the lowest Glide SP score has been
taken as the input for the Glide calculation in extra precision mode
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(Glide XP). The docking was carried out with the following non-de-
fault settings in Glide SP and Glide XP both [31].

Results and Discussion

Structure and function of the neurotransmitters by
Bio-Mathematical model

Typical neuron mathematical equation

A typical neuron is generally classified into three parts namely cell
body, dendrites, and axon [32]. The cell body contains the nucleus
and associated intracellular structures whereas, dendrites are the ex-
tension of the cell body. Axon carries information from the cell body
to other cells (receiving cell). Dendrites and axons, both extensions of
the cell body, are also referred to as processes.

For the typical neuron, a simple model is as follows:

N =K(C+D+4)

@.1)

where N is the neuron; C is the Cell body; D is the Dendrites; A4 is
the Axon; K is the diffusion coefficient. Factors that relate to the K,
are the neuron weight, degree of ionization, neuron space configura-
tion, and the condition that whether it combined with the three distinct
parts.

Cell body

Cell body assimilates the synaptic input and transmits the deter-
mined message to another cell by the axon. It was found to be respon-
sible for the diversity of biochemical process such as transforming
glucose into high-energy compounds to other parts of the neuron,
highly active proteins serve as chemical messengers between cells are
manufactured and packaged and specialized organelles perform the
cell’s function. Sheng Chen [33] proposed a mathematical theory for
hormonal functions in the cell body were as follows:

dC;

5 (G G5 @), i=1.2. 2.2)

where fi is one hormonal function of the cell body, and fi
is made up of three main parts:

S (CLC, .S (@), £,(C.C,, S, ).
Dendrites

Dendrites expand its sensitive receptive surface to the surround-
ing nervous tissue, reflects the function of the cell and the functional
properties can be predicted from the pattern of dendritic branching.
The thin branching and treelike forms increase the chance for syn-
aptic connections in the brain [34]. Dendrites in the many neurons
present with a special form of synaptic connection called dendritic
spines. They are small (1-2 pm), a thorn-like protuberance from the
dendrite and are the major anatomical feature of neurons in the human
nervous system.

According to the definition of dendritic spines, suppose that the
dendritic spines are e = x + y . If for any x (0 ), y (0) satisfy the con-
dition that system (2.1) and system (2.2) achieve
modifiable structures.
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On the basis of adaptive control methods, we can give the follow-
ing equations and the stability of neural networks with the dendritic
structure:

—ke
4 11
—xx +o" —ke

13

2 2 23)

|t

(u()=-D Ax -D%x —(@(y -y)+y )+a'(x —=x)+x
t 1 ] 1 2 1 4 2 1

lu ()=-Drx —Dex

{2 2

a1l
— (v =) T XLX2 gy

WYY G )L
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lus (6 = =D, % - D™ —ke3
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wheree =x, +y, ,e, =x,ty,,e,=x, Ty, e, :x4+y4,ki >0,
(i=1,23,4)Ift > o, then e — 0, and system (1) and system (2)
achieve modifiable structures indicating the possibility that the pineal
gland, a primary source of dendrites.

If we put (3) and system (1) to the system (2), then the following
error equations can be obtained between the groups for some fraction-
al differential equations and the central nervous system:

(| DA ey -

—eq (xz—x1 )— kie1
JﬂDtﬁZeZ =—ejx1—e.xy—koep 2.4)
|Diev =ebx3—k3es

=—efxa—kaeq

where «=a-a.e=b-he=c-c.a=i-ho=r-r are the parameter estimation er-
rors. Next, according to (4), we design the adaptive update law for
each parameter estimation error:

(D' e =(x —x)e
g 2 1

\ 1

IDfie =—x ¢
| t
p b 33
12, Tec=x2€2 (2.5)

| DiPen =x1e2
|Dﬁee =Xxe
Ll‘ , PR

where 0 <f,<1,(i=5,6,7.,8,9), and (5) are obtained by eliminat-
ing the dendritic potentials from the underlying compartmental model
or cable equations [35].

Axon

Axon is the excitable membrane that extends to the region of syn-
aptic contact and generates or propagate the action potential. General-
ly, cells contain one axon but there may be off branches or collaterals
to transmit the action potential to the brain. The distinctive length
of the axon is the action potential and there occurs a Turing-like in-
stability condition as a precursor for pattern formation in a spatially
organized network.

Accordingto ea =a—a",ep =b-b,ec =c—=c",en =h—h,er =r—r"
and (5), we can get the parameters of the adaptive control law:

U_)ﬂ,a”:(x -X e
! F

It g 1

ID"* =xe

I 33

Pl - e (2.6)
\LL b= e

Iphr==ec

L ‘s
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According to (4) and (5), we get the total error of the system:
DPE = AE 2.7

t

B n 23 n P4 14} Po a 143 2] 1
where Dy E=(D; ey ,Drer,Ds e3,Dr eq, D ey,Dsep,Ds ec,Ds ep,Ds e),
T

E=(er,er,e3,e4,ea,ep,ec,en,e), 0<ff <1,(i=1,L,9).

Then we consider Eq. (2.7), and expand the formula, we obtain:

(e (—k 00 0 -(mxm) 0 0 00 Ve
“ell ] 0 -k 0 0 0 0 —x —x 0 le|
I'ell ‘I 0 0 -k o0 0 x 0 00 "3@}
ix I o 0 -k 0 0 0 0 -wi
D*l e ll:AE:‘.‘v—x 0 0 o0 0 0 0 0 0 l“‘e |
e | 1o 0 = o0 0 00 00 el
‘e‘l ! 0 x 0 0 0 0 0 0 0 ““e 1
‘ILeI IO 0 o 0 0 0 0 0 HH
|a 1
\4) Lo oo % 0 o 0o o o h%)
Setting P = E, . Then we obtain the following result:
AP + PAT
A+AT=—0
(—2k 0 0 0 000 00O0)
\ |
| 0 2k 0 0 0 0 0 00 |
||0 0 2k 0 00000\I
|0 0 0 2k 0 0 0 00 |
=l 0o o 0 0 000 00|
| |
| 0 0 0 0 0 0 0 00 |
[ o o 0 0 000 00 | (2.8)
| |
I 0 0 0 0 0 0 0 O OI‘
Lo o 0 0 000O00)

where k >0, (i=1,2,3,4), 0=diag (2k, , 2k, 2k, , 2k, 0,0,0,0,0).

It is easy to see that O = diag (2k, , 2k ,, 2k, , 2k, , 0,0, 0,0, 0) is
a semi-positive definite matrix. Then, the state variable of (7) E=(el
,e2,e3,ed,ea,eb,ec,eh,er)is asymptotically stable, that is,
e ,e,e,¢e,¢e.,¢e,¢e.,e,.,
time. Therefore, we achieve the neuronal functions in the endoplas-

e, approach zero asymptotically with

mic reticulum by a number of the adaptive robust set of fractional
differential equations anti-synchronization indicating how the disper-
sion relation depends on the spatial distribution of the axon-dendritic
weights with respect to both network and dendritic coordinates [36].

These primary afferent axons come in different diameters and
can be divided into different groups based on their size. Here, in
order of decreasing size, are the different nerve fiber groups: A-al-
pha (13-20 um), A-beta (6-12 um), A-delta (1-5um) and C-nerve fi-
bers(.2-1.5um). A-alpha, A-beta, and A-delta nerve fibers are insulat-
ed with myelin. C-nerve fibers are unmyelinated. The thickness of the
nerve fiber is correlated to the speed with which information travels
in it - the thicker the nerve fiber, the faster information travels in it.
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The model is described by a hyperbolic system of equations
g(0,+v,0 )p, :Zkijpj, 0<x<ow,t>0,1<i<n,
Wherekl.j EOifiqéj,Zkij =0and0<e= 1.Here p,(x,f)isthe

thickness of the nerve fiber

in one of n nerve fiber groups, and x is the size of the nerve fiber.
Setting

where A is determined by the boundary conditions at x = 0 and v
is a weighted average of the velocities v, ( v, can be positive or nega-
tive). It is easy to prove that

0,5, 1)—> Qs nase—0
where Q (s, ?) is the bounded solution [37]
Overall, Cell body, dendrites, and axon are the three main parts

of a neuron. We first consider the existence of positive solutions to
parabolic nonlinear genetic equations of the form

where a . The dendrite receives
the signal from other neurons; then the signal is computed at the syn-
apse and transmitted to the cell body.

And ¢" represents the Legendre transform of a function c:j ¢ — [
0, ), that is:

for z € R . Here, the bounded domain of R is Q including den-
drites, cell body with a nucleus, axon; the outward unit normal to 0
isv.b: R — R is a monotone non-decreasing function;

V: Q — R is a potential function; ¢ : RY — [0, ) is a convex
function; fis a non-negative real-valued function, and u,: Q — Risa
measurable function.

The restis u :[0,0) XQ >R, u=u(t,x).

If the signal into the cell body exceeds the holding threshold, the
cell will fire and send the signal down to other neurons through axon
[38].

Function and Transportation of Neurotransmitters

Neurotransmitters are the signaling molecules in neurons that play
a vital role in transmitting neural signals through specific receptors,
cytomembranes, and postsynaptic membranes. The end of axons of
nerve cell secrete neurotransmitters (chemical agents), diffuse
And transmit a signal to adjoining cells like muscle cells, neurons,
and glands across the synaptic gap by altering its electrical state.
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Suppose that the neurotransmitters signals function F : [0, © ) —
R,where F' =b"', If

p =b), p,:=bu,),f(x)=max(x, 0). Then the nonlinear ge-
netic equations (9) reduces to :

where

represents the transportation of neural signals by the time ¢ ( t€ [0,
o) ) and position x. The summation of extracellular neurotransmitter
concentration is

E(p ) =] ,[F(p(t,x)) +p(t,x)V (x)]dx.

Through the above equations (10) and (11), we can find out that
methionine enkephalin (ME), leucine enkephalin (LE), dopamine
(DA) are able to diffuse freely into both 1-palmitoyl- 2-oleoyl-sn-glyc-
ero-3- and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine
membranes and are guided by the aromatic residues Tyr and Phe.
Only a limited number of these neurotransmitters are allowed to pen-
etrate into the membrane, which suggests an intrinsic mechanism by
which the membrane is protected from being destroyed by excessive
inserted neurotransmitters [39].

Transportation of GABA

GABA, a universal nonprotein amino acid, and functions variedly
in different organisms (plants, fungi, and bacteria) and mammalian
tissues. It acts as an inhibitory neurotransmitter and helps the neurons
to recover from the worry, anxiety, and fretfulness [40].

The corresponding system of equations reduces to

The major predictions from the above equations are as follows: (1)
Uptake of GABA is totally sodium-dependent. (2) Although plots of
1/v versus 1/[Na]2 are nonlinear, the coupling

ratio for transport (Na/GABA) is 2. (3) For transport to take place,
the order of combination with a carrier must be Na, Na, GABA. (4)
Maximal velocity will occur only at infinite Na and GABA concentra-
tions. (5) There is a sigmoidal relationship between apparent maximal
velocity (Va) and [Na]. (6) Kt, the [GABA] that gives a velocity equal
to Va/2, rises and then falls as [Na] is increased from zero, passing
through a maximum at 33.52 mM [Na]. (7) The relationship between
initial velocity and [Na] is sigmoidal. (8) Jm, the rate of uptake with
infinite [Na], is hyperbolically related to [GABA]; Jm approaches
Vmax as [GABA] becomes very large. (9) KNa, the [Na] giving a ve-
locity equal to Jm/2, declines rapidly from 10—7M to 10—5M GABA,
but is essentially constant at 10—4M and above. (10) One GABA mol-
ecule is translocated per carrier molecule.

Transportation of Serotonin

Kogofsky [41] and other contributors cited that serotonin was
one of the major neurotransmitters responsible for many biological
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processes like appetite, mood disorders, sleep, digestion, depression
and generalized well-being.

The corresponding system of equations reduces to

The above equations of serotonin transporter provide a novel ge-
netic and behavioral primate model to study the molecular, neurode-
velopmental, and psychopharmacological mechanisms that underlie
genetic variation-associated complex behaviors, with specific im-
plications for the understanding of normal and abnormal serotonin
actions and the development of personalized Pharmacological treat-
ments for psychiatric disorders.

Transportation of Acetylcholine

Acetylcholine was found mostly in neuromuscular junctions and
are catalyzed by the acetylcholinesterase enzyme. It is responsible for
learning, voluntary movement, sleep and memory and too much of it
lead to depression and dementia in case of low level in the hippocam-
pus region [42].

The corresponding system of equations reduces to

It is easy to see that the first intron of the ChAT gene encompasses
the open reading frame encoding another protein, vesicular acetylcho-
line transporter (VAChT), which is responsible for the transportation
of acetylcholine from the cytoplasm into the synaptic vesicles.

Transportation of Dopamine

Dopamine the inhibitory and excitatory neurotransmitter play the
main role in the regulation of reward circuitry and pleasure centers
and a dynamic brain chemical for memory and motor skills [43].

The corresponding system of equations reduces to

The major predictions from the above equations involving the ef-
fects of dopamine transporter(DAT) overexpression in MN-9D cells
on the transportation of dopamine(DA) are as follows: some individ-
uals may be simultaneously more responsive to the effects of environ-
mental adversity and enrichment (i.e., differential susceptibility).

Transportation of Epinephrine

Epinephrine, otherwise called as adrenaline, a hormone responsi-
ble for its metabolism. It plays a key role in mental focus, attention,
arousal, cognition, inhibits insulin excretion and elevates the number
of fatty acids in the blood [44].
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The corresponding system of equations reduces to

In the above equations, we established a dynamic mathematical
model for detection of diabetes in blood with the help of parameters
as epinephrine. In addition to this, we also incorporated a new pa-
rameter in the existing model i.e. beta cells which has a great impact
on the insulin.

Transportation of Glutamate

The exciting glutamate neurotransmitter required for memory and
learning. Low level of glutamate results in poor brain activity and
tiredness and high-level cause death to the neurons in the brain [45].

The corresponding system of equations reduces to

The above equations of glutamate transporters tell us that the con-
trol of glutamate concentrations is critical to the normal functioning
of the central nervous system, and how glutamate transporters regu-
late glutamate concentrations to maintain dynamic signalling mecha-
nisms between neurons.

Transportation of Histamine
Histamine plays a major role in allergic reactions, affect emotions

and behavior, control the sleep-wake cycle and promote the release of
epinephrine and norepinephrine.

We use 7=t + h instead of the above expression to get

In silico molecular docking towards Neurodegener-
ative Disorders

ADME/Tox filtering rules such as molecular weight, polar surface
area, logP or number of rotatable bonds shown in Table 2. Target pro-
teins were retrieved from PDB (Protein Data Bank). The Schrodinger
Glide program version 2017 has been used for docking [46-48] shown
in Table 3. The hydrogen interactions between ligands and target pro-
teins are shown in (Figure 1 A, B, C).

. LogKa . . .
S. No Ligand Physical-chemical properties Log P
HSA
Molec-
ular H2 H2 ac-
donors ceptors
Weight
26.27-Di(nor)-
cholest-5,7,23-
1 trien[1]22-ol, 1.118 414.627 1,000 5,100 5.785
3- methoxy-
methoxy
9H —purin-6-
amine, N,9-
bis(trimeth-
2 . 0.998 367.672 1,000 4,000 5.157
ylsilyl)-8-
((trimethylsi-
lyl)oxy)
Cyanocolchi-
3 i -0.576 424.452 0 9,500 1.902
cines
3Beta-me-
thoxy-5- cho-
4 . 1.414 430.67 1,000 3,700 7.011
lesten-19-oic
acid
Cholest-5-en-
3-0l (3, Beta.)-
5 1.809 383.66 1 1.7 6.916
, carbonochlo-
ridate,
6 Cholesterol 1.843 386.66 1 1.7 6.999
Cholest-5-en-
7 3-0l (3, Beta.)- 2.371 442.724 0 2 8.418
, propionate
8 Echinacoside -2.248 786.736 12 28.8 -3.648
Table 2: ADME properties of active phytochemical components.
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Totally, eight natural compounds with six standard drugs were
docked against eleven target proteins, represent as neurotransmitters.
The results show among the eight natural compounds, Echinacoside
has shown the highest interaction with 5-hydroxytryptamine receptor
2A, Sodium-dependent serotonin transporter, and Histamine H2 re-
ceptor. The receptors are mainly involved in neurogenic disorders in
human.

Conclusion

Neurotransmitters are molecules that inhibit or stimulate a post-
synaptic cell, which is released into the body by the presynaptic nerve
cell to produce a response to a certain stimulus. The development
of neurotransmitters and its complex functions are influenced by nu-
merous factors. In this study, some mathematical speculations have
been proposed on the basis of structural and functional characteris-
tics of the virtual neuron (especially the physiological phenomena
of human beings) with a molecular docking and bio mathematical
approach to formulating some speculations to the consolidation of the
identification of neurotransmitters function. This could pave a way
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Docking H-H
S. No Ligand Target Protein
Score interaction
Muscarinic acetylcholine receptor
9274 LYS 57
M1
Muscarinic acetylcholine receptor
-5.268 -
M2
Muscarinic acetylcholine receptor
-9.974 ASN 507
M3
Neuronal acetylcholine receptor
B -10.122 -
subunit alpha-7
D2 dopamine receptor -6.39 ALA379
26.27-Di (nor)-cholest-5, 7, Gamma-aminobutyric acid type B
1 23-trien-22-ol, 3- methoxyme- receptor subunit 1 -6.39 ALA379
thoxy
Glutamate receptor ionotropic,
. -7.868 -
kainate 1
Beta2 adrenoceptor -7.285 ASN 312
5-hydroxytryptamine receptor 2A -7.213 LEU 209, ASP 135
Sodium-dependent serotonin
-7.499 TYR 175, GLU 493
transporter
Sodium-dependent serotonin
-7.499 TYR 175, GLU 493
transporter
Histamine H2 receptor -6.115 ASN 293, TYR 316
Muscarinic acetylcholine receptor
-5.812 LYS 57
M1
Muscarinic acetylcholine receptor
-4.498 -
M2
Muscarinic acetylcholine receptor 6.63
M3 ’
Neuronal acetylcholine receptor 3911
subunit alpha-7 '
9H —purin-6-amine, N,9- D2 dopamine receptor -2.938 -
2 bis(trimethylsilyl)-8- ((trimethyl-
( Y . vD-8- (¢ 4 Gamma-aminobutyric acid type B
silyl)oxy) R -2.939 -
receptor subunit 1
Glutamate receptor ionotropic,
. -3.875 -
kainate
Beta2 adrenoceptor -5.399 TYR 308
5-hydroxytryptamine receptor 2A -3.918 LEU 209, ASP 135
Sodium-dependent serotonin
-4.272 -
transporter
Histamine H2 receptor -5.177 ASN 312
Muscarinic acetylcholine receptor
Ml ) )
Muscarinic acetylcholine receptor
-4.617 -
M2
Muscarinic acetylcholine receptor
-5.703 ILE 222, TYR 148
M3
Neuronal acetylcholine receptor
subunit alpha-7
D2 dopamine receptor - -
3 Cyanocolchicines , , ,
Gamma-aminobutyric acid type B
receptor subunit 1
Glutamate receptor ionotropic,
; -5.009 -
kainate
Beta2 adrenoceptor - -
5-hydroxytryptamine receptor 2A -5.806 LEU 209, ASP 135
Sodium-dependent serotonin
-6.509 ARG 104
transporter
Histamine H2 receptor -4.095 -
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Muscarinic acetylcholine receptor
-2.903 LYS 57
Ml
Muscarinic acetylcholine receptor
-3.381 ASN 404, ASP 103
M2
Muscarinic acetylcholine receptor
-7.416 ASN 507
M3
Neuronal acetylcholine receptor
. -8.656 -
subunit alpha-7
4 3Beta-methoxy-5-cholesten19- D2 dopamine receptor ol -
oic acid Gamma-aminobutyric acid type B 5.911
receptor subunit 1 '
Glutamate receptor ionotropic,
. -6.572 -
kainate
Beta2 adrenoceptor - -
5-hydroxytryptamine receptor 2A -6.86 LEU 209, ASP 135
Sodium-dependent serotonin
-6.991 TYR 175
transporter
Histamine H2 receptor -5.107 -
Muscarinic acetylcholine receptor
-6.206 -
M1
Muscarinic acetylcholine receptor
-9.955 LYS 57
M2
Muscarinic acetylcholine receptor
-4.591 -
M3
Neuronal acetylcholine receptor
} -10.534 TYR 529
subunit alpha-7
5 Cholest-5-en-3-0l (3, Beta.)-, D2 dopamine receptor -6.363 -
carbonochloridate,
G -aminobutyric acid B
amma-aminobutyric 'flCl type 6363 .
receptor subunit 1
Glutamate receptor ionotropic,
X -7.219 -
kainate
5-hydroxytryptamine receptor 2A -7.28 LEU 209, ASP 135
Sodium-dependent serotonin
-7.753 SER 555
transporter
Histamine H2 receptor -6.044 SER 204
Muscarinic acetylcholine receptor
Ml
Muscarinic acetylcholine receptor
M2 ) )
Muscarinic acetylcholine receptor
-9.829 -
M3
Neuronal acetylcholine receptor
B -9.742 -
subunit alpha-7
D2 dopamine receptor -5.846 -
Gamma-aminobutyric acid type B
Cholest-5-en-3-ol (3, Beta.)-, nobutyric acid typ -5.846 -
6 i receptor subunit 1
propionate
Glutamate receptor ionotropic,
; -6.403 -
kainate
Beta2 adrenoceptor - -
5-hydroxytryptamine receptor 2A -6.475 LEU 209, ASP 135
Sodium-dependent serotonin
-7.288 -
transporter
Histamine H2 receptor -6.043 TRP 313
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7 Echinacoside

Muscarinic acetylcholine receptor
Ml

Muscarinic acetylcholine receptor
M2

-12.058

Muscarinic acetylcholine receptor
M3

Neuronal acetylcholine receptor
subunit alpha-7

D2 dopamine receptor

Gamma-aminobutyric acid type B
receptor subunit 1

Glutamate receptor ionotropic,
kainate

-16.094

Beta2 adrenoceptor

5-hydroxytryptamine receptor 2A

-17.077

LEU 209, ASP 135

Sodium-dependent serotonin
transporter

15.81

SER 559, GLU494, ILE552,
ASP98

Histamine H2 receptor

-17.556

SER 203, ASN 312, TYR 316, HE
93, CYS 184, ASN 103, PHE 193

8 Echinacoside

Muscarinic acetylcholine receptor
Ml

-5.554

ASN 382

Muscarinic acetylcholine receptor
M2

ASN 404, ASP 103,

Muscarinic acetylcholine receptor
M3

-12.058

Neuronal acetylcholine

receptor subunit alpha-7

ALA376, ALA379

D2 dopamine receptor

ALA 122

Gamma-aminobutyric acid type B
receptor subunit 1

Glutamate receptor ionotropic,
kainate

-16.094

Beta2 adrenoceptor

SER 303, ASN 312

5-hydroxytryptamine receptor 2A

-17.077

Sodium-dependent serotonin
transporter

-15.81

ILE 552, GLU 494, ASP328

Histamine H2 receptor

-17.556

Standard Drugs

1 Acetylcholine

Muscarinic acetylcholine receptor
M1

-5.554

ASN 382

Muscarinic acetylcholine receptor
M2

-3.773

ASN 404, ASP 103,

Muscarinic acetylcholine receptor
M3

-6.001

Neuronal acetylcholine receptor
subunit alpha-7

-8.257

2 Dopamine

D2 dopamine receptor

-2.55

3 GABA

Gamma-aminobutyric acid type B
receptor subunit 1

-2.182

ALA 122

4 Norepinephrine

Beta2 adrenoceptor

-8.34

SER 303, ASN 312

5 Serotonin

5-hydroxytryptamine receptor 2A

-7.848

Sodium-dependent serotonin
transporter

-6.19

ILE 552, GLU 494, ASP328

6 Histamine

Histamine H2 receptor

-5.393

SER 203

Table 3: Identification of new chemical entities through in-silico drug design method.
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Figure 1: (A) Interaction between Echinacoside and 5-hydroxytryptamine
receptor 2A (B) Interaction between Echinacoside and Sodium-dependent
serotonin transporter (C) Interaction between Echinacoside and Histamine
H2 receptor.

J

to formulate more mathematical speculations related to the neuron,
and finally, these data and approaches will be useful for construct-
ing virtual neuron with the help of biomathematics. The interaction
between natural compounds and neurotransmitter studies shows the
good interaction with all the compounds. Especially, 26.27-Di(nor)-
cholest-5,7,23-trien-22-ol, 3-methoxymethoxy, Cholest-5-en-3-ol (3,
Beta.)-, carbonochloridate, Cholesterol and Echinacoside exhibited
maximum interaction with all the target proteins. Among the other
compounds, echinacoside shows highest interaction with (Serotonin)
S-hydroxytryptamine receptor 2A (-17.077), Sodium-dependent se-
rotonin transporter (-15.810) and (Histamine) Histamine H2 receptor
(-17.556).

Serotonin the other major inhibitory neurotransmitter is deemed
to be the master neurotransmitter. The imbalance is one of the most
often cited contributors to depression and other mood disorders. It is
also intimately tied to many biological processes such as sleep, appe-
tite, pain, digestion, and generalized well-being.

Histamine is most commonly known for its role in allergic reac-
tions but it is also involved in neurotransmission and can affect your
emotions and behavior as well. Histamine helps control the sleep-
wake cycle and promotes the release of epinephrine and norepineph-
rine.

Serotonin and histamine were the brain monoamines which play
a vital role in cognition, emotions, pathophysiology, and treatment of
mental disorders. In the current study revealed that the neurotransmit-
ters structure and transportation by mathematical models and in silico
molecular docking results strongly shows the Echinacoside is a potent
inhibitor in some neurological disorder associated with serotonin and
histamine. Further, extend methods adapt to study the mechanism and
pathway level interactions between the natural compounds with the
disease.
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