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Abstract

ackground: Amitriptyline is specifically recommended for the treatment of anxiety that is associated

with depression. Since 1950, authorities have authorized its use for the treatment of severe mood

disorders. One of amitriptyline's main antidepressant properties is its ability to block the central
nervous system's serotonin and norepinephrine absorption.

Methods: In this study, we computed the quantum computation data for amitriptyline (AMT) using density
function theory (DFT) and molecular docking techniques. We evaluated the shifts in H-NMR and 3C-NMR
using the GIAO approach and compared the obtained results with the experimental spectra. We conducted
molecular docking, using two receptors to identify the most optimal interactions between ligands and
proteins.

Results: The study showed that the geometrical parameters (bond lengths, angles, and torsion angles) from
DFT were very close to the experimental data, with an average discrepancy of 0.01 A to 0.03 A. We obtained
comparable experimental and theoretical spectroscopic data. We performed molecular docking
investigations on the 4IB4 and 8IRV proteins.

Conclusion: This study investigates the properties of AMT at the quantum mechanical level. This paper
meticulously investigates several significant parameters, comparing calculated spectroscopic results (UV,
FTIR, HNMR, and CNMR) to experimental data. This study demonstrates the specified molecule's non-
linear optical properties. When docking the molecule with the two proteins, we calculate the binding energy
to be -8.9 and -9.6 kcal/mol, indicating that the compound merits further investigation for its medicinal
applications.
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Density function theory (DFT), spectroscopic, and molecular docking studies of an antidepressant drug

Introduction

In the field of psychiatry, tricyclic antidepressants have
been extensively utilized for the treatment of a variety
of disorders, with a particular emphasis on clinical
depression [1-3]. In most cases, the primary objective
of these medications is to inhibit the uptake of
norepinephrine or serotonin in the presynaptic region.
However, the potency of these medications varies, and
they tend to cause unwanted side effects. Although
there are more recent and less dangerous alternatives,
tricyclic antidepressants continue to be prescribed
because of their lower cost and reputation as the most
prominent class of antidepressants. This is the case
even though there are other options available. Three
rings of atoms make up the molecular structure of
tricyclic antidepressants, where the name of these
medications comes from [4-7]. In most cases, the core
ring is made up of seven atoms, and the side chain is
made up of either N-alkyl methylamine or N-alkyl
dimethylamine. =~ Drugs such as imipramine,
desipramine, clomipramine, amitriptyline,
nortriptyline, doxepin, and trimipramine are examples
of tricyclic antidepressants that are commonly used [8-
10].

As a tricyclic antidepressant, amitriptyline is
especially prescribed for the treatment of depression,
both endogenous and psychotic, as well as the anxiety
that is inherently connected with depression. For the
treatment of serious affective disorders, it has been
approved for use since the year 1950 [11]. The capacity
of amitriptyline to inhibit the uptake of serotonin and
norepinephrine in the central nervous system is
primarily responsible for its antidepressant effects. On
the other hand, it also possesses additional
pharmacological properties, such as the ability to block
histamine, muscarinic, alpha-1 adrenergic, and
serotonin receptors, in addition to various ion
channels, even when present in extremely low
concentrations [12,13]. Several in vivo models linked to
acute, local delivery of low doses of amitriptyline have
demonstrated peripheral anti-inflammatory and
analgesic activities in addition to its antidepressant
effects. There is a probable chance that its
pharmacological activities are responsible for the
analgesic and anti-inflammatory effects that it
possesses. Amitriptyline has little propensity for
inhibiting the uptake of adenosine, a purine-based
medication that is effective in treating pain and
inflammation.

AMT has a ring structure, and the groups (10,11-
dihydro-5H-dibenzo[a,d] annulene and 3-
(dimethylamino propylidene) are the components that
make up the molecule. A total of 46 bonds are present
in the molecule of AMT. A total of twenty-three non-H
bonds, thirteen multiple bonds, three rotatable bonds,

one double bond, twelve aromatic bonds, two six-
membered rings, one seven-membered ring, two
eleven-membered rings, and one tertiary amine
(aliphatic) are present in the sample.

A growing number of researchers in the various fields
of science are beginning to recognize the significance
of the area of computational chemistry [14]. Estimating
the geometrical characteristics of compounds is an
important part of organic chemistry since it helps to
understand the molecular structure and provides
insights into reaction pathways and mechanisms [15-
17]. In addition, it plays a vital role in the field of
organics. It is also possible for computational studies to
provide extensive information regarding the electrical
characteristics of reactants, intermediates, and
products, enabling research to be compared with
various experimental studies [18,19]. The growing
collaboration between experimental and computational
chemistry has played a crucial role in solving numerous
problems organic chemists face. Additionally, DFT
(Density Function Theory) has recently achieved
significant synthesis chemistry advancements [20,21].
Both chemistry and physics extensively utilize the
quantum-mechanical (QM) technique known as density
functional theory. This tool (DFT) allows for calculating
the electronic structures of atoms, molecules, and
solids. The field of computational solid-state has
widely used this technique since 1970. It was not,
however, widely used in quantum-chemical
applications until the 1990s, after considerable
modifications were made to the approach, which
resulted in improved accuracy. DFT is known for having
a better price-to-performance ratio when compared to
other wave function-based methods, like Mpgller-
Plesset perturbation theory or coupled cluster [22].
Because of this, it is possible to research molecular
systems that are more significant and useful with
appropriate accuracy. This has extended the predictive
potential inherent in electronic structure theory. As a
result, DFT has become the most commonly used
electrical  structure  method. In addition,
computational chemistry has the potential to generate
fresh concepts for the development of novel chemical
reactions and the execution of mechanistic research.

Since AMT has a significant therapeutic use, we
decided to do theoretical research on AMT compounds
(DFT/TD-DFT and Molecular Docking). We utilized the
DFT and TD-DFT methods, along with the B3LYP
functional and 6-311++ G (d, p) basis sets, to determine
the most appropriate geometry parameters for the
molecule. Additionally, we looked at the possibility of
correlations between the data at hand and the
theoretical framework.

Methods
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Spectroscopic studies

We recorded the NMR spectra using a Bruker ultra
shield plus 600 spectrometers operating at a proton
resonance frequency of 600 MHz. We created the
solutions for AMT using deuterium oxide (D20). We
transferred approximately 1 millilitre of the solution to
a 5-millimeter NMR tube for NMR spectra. We recorded
the chemical shifts using the ppm scale (Table 1). We
used the compound tetramethyl silane (TMS) as an
internal standard. The chemical shift reading had a
precision of approximately +0.01 ppm. The calculated
relative uncertainties for chemical shifts (5, ppm) are
4%. The UV spectra of the AMT were acquired by
electronic absorption tests (Figure 1). This experiment
employed the Evolution 300 UV-visible
spectrophotometer. The UV spectra of the solution
were measured in the wavelength range of 200 to 400
nm. The NICOLET iS50 FT-IR spectrometer from
Thermo Scientific (Madison, USA) was utilized to
conduct FTIR studies (Figure 1). A spectrum of pure
H>O was subtracted from the system under
investigation. Only a portion of the wavelength is
displayed to maintain clarity in the graph.

Computational analysis details

The density functional theory (DFT) was utilized to
achieve complete optimization of the molecular
structure of the AMT in its ground state by using
Gaussian 09 software [23]. For this purpose, the B3LYP
function was used in conjunction with the 6-
311++G(d,p) basis set. The molecular electrostatic
potential map (MEP) was drawn using the iso-surface
of the electron density, which was found to be 0.004
electrons per A® (Figure 2). The SCRF-TD-
DFT/B3LYP/6-31++G(d,p) was utilized to estimate the
electronic absorption spectrum. To figure out how
reactive the compound was, we used the frontier
molecular orbital (FMO) connected to the highest
molecular orbital (HOMO) and the lowest molecular
orbital (LUMO). We utilized the Gaussian computer
package and the Gauss-View molecular visualization
application to perform all the above computations. To
conduct topological analysis, an illustration of the
electron localization function (ELF) was created using
the atoms in molecules (AIM) theory (Figure 2), with
the assistance of the Multiwfn program software[24].
Furthermore, molecular docking analyses were
effectively performed wusing Autodock-Vina and
Chimaera software, revealing the precise interactions
between the molecules. The Chimera program, created
at the University of California, San Francisco, enables
interactive visualization and study of molecular
structures and associated data [25]. This includes
supramolecular assemblies, density maps, docking

results, sequence alignments,
conformational ensembles.

trajectories, and

Results

Optimization Investigation

For this particular task, the density function theory
(DFT) with B3LYP function, 6-311++ G (d, p) basis set,
was utilized [26,27]. As discussed, the AMT structure
was optimized in the gas phase using B3LYP density
functionals. A frequency calculation followed this to
check that the molecule had a conformation with the
lowest possible energy. This allowed us to acquire the
theoretical IR spectra, which were then compared with
the experimental data.

MEP, Molecular electrostatic potential investigation

The molecular electrical potential (MEP) surface can
visually represent the charge distributions of molecules
in 3D. We can employ the presence of charged regions
in a molecule to determine molecular interactions and
chemical bond properties. A colour grading system can
achieve the visual representation of molecular size,
shape, and electrical potential (negative, positive, and
neutral), which is of utmost importance. Therefore, by
utilizing this knowledge, one can examine the
physicochemical characteristics of a molecule [28-30].
Following is the equation that was used to determine
the value of \Y% (r):

(D) V() =Zai - [ 2 ar

/=]

The colours correspond to different levels of
electrostatic potential on the AMT's surface (Figure 2).
The electrostatic potential grows progressively, from
red to orange, yellow to green to blue. The map was
colour-coded with a range of -0.039 au (deepest red) to
0.039 au (deepest blue). Red represents the highest
level of repulsion, specifically electrophilic assault,
whereas blue represents the highest level of attraction,
specifically nucleophilic attack [31].

Frontier molecular orbital (FMO) analysis

We used the B3LYP/6-311++G (d, p) basis sets to
determine the AMT electric and optical properties
based on the FMO theory. There exist two distinct
categories of molecular orbitals: LUMO (lowest
molecular orbitals) and HOMO (highest molecular
orbitals [31]. The HOMO orbital, which is the outermost
electron orbital, has the potential to function as an
electron donor. The energy level of the LUMO
corresponds to that of the innermost unoccupied
orbital. The LUMO functions as a receptor for accepting
electrons [32,33]. The electron-donating capacity, the
highest occupied molecular orbital energy (Euomo),
directly influences the molecule's capability to donate
electrons. A molecule with a higher HOMO energy (a
more negative value) can donate a more significant
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number of electrons. The energy difference (AE)
between the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital
(LUMO) is shown in Table 2. The softness,
electronegativity, chemical hardness, and
electrophilicity index of AMT [34] are in Table 2. The
disparity in energy levels between the highest occupied
molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) is indicative of the
molecule's chemical strength and reactivity [35]. The
symbol AE denotes the energy difference between the
HOMO orbital and the LUMO orbital. Table 2 shows the
values for the softness, electronegativity, chemical
hardness, and electrophilicity index of AMT. This
observation makes it clear that these moieties can
transition electrons. The energy gap (AE) that exists
between the HOMO and LUMO orbitals is responsible
for the chemical strength and reactivity of the
molecule. Our system has a difference in energy gap
(AE) of 5.399 eV for the AMT. Conversely, compound
reactive nature and stability are increased because of
the energies within the narrower band space gap. The
equations from 2 to 6 showed how the compounds were
described in terms of how they reacted, how hard they
were chemically, how soft they were, how
electronegativity worked, and how electrophilicity
worked [36-38].

(2) Chemical hardness n =
(3) Softness G = %

I-A
2

(4) Electronegativity o= %

(5) Chemical potential p = -o

(6) Electrophilicity index ¥ = 5
Where A and I are the electron affinity and ionization

potential
A = —Ervmoand I = —Enomo

Population analysis & Fukui Function

The Mulliken population analysis is a highly effective
method for logically explaining variations in
electronegativity among atoms inside a molecule. It is
frequently employed to substantiate the mapping of
molecular electrostatic potential contours [39]. The
MEP (Molecular Electrostatic Potential) and Mulliken
population were employed to forecast the behaviour of
various chemical systems in electrophilic and
nucleophilic reactions. Determining effective atomic
charges, which represent the charges assigned to each
atom and the distribution of positive and negative
charges inside molecules, is highly important for
manipulating the bond length between atoms. Atomic
charges play a crucial role in various molecular
phenomena, including the creation of dipole moments,
molecule polarizability, electronic structure, acidic and
basic behaviour, molecular reactivity, electrostatic

potential surface, and other features of molecular
systems[40-42]. The Mulliken population inquiry used
the B3LYP function and the 6-311++G(d,p) basis set.
The findings are presented in Table 3. The nitrogen
atom (N1) was regarded as a fundamental site and
exhibited a positive atomic charge. The charge
distribution indicated that the hydrogen atoms were
predominantly concentrated in positive charge regions.
Based on the information provided by Table 3, it can be
inferred that N1, C4, C5, C6, C7, C8, Cl11, and C12
possess a positive charge, while C2, C3, C9, C10 and
C13 to C21 possess a negative charge. Electronegative
atoms are atoms with a negative charge. Introduce an
electron-donating group to the carbon atom at position
C15, resulting in a negative charge. The charge on the
hydrogen atoms of the molecule under study exhibited
minor fluctuations because of their attachment to
neighbouring atoms. The hydrogen atoms within the
examined molecule play a significant role in
establishing a hydrogen-bonding network in a
crystalline state.

The AMT compound underwent Fukui function
study, as the Fukui function is a crucial metric for
determining the compound's nucleophilic and
electrophilic activity. The Fukui functions' charge
values can be found using MPA (Mulliken population
analysis). The calculation of Fukui functions can be
performed using the following formulas:

(7) Nucleophilic attack f+(r) = q,(N + 1) — g, (N)

(8) Electrophilic attack f~(r) = ¢,(N) — ¢, (N — 1)

(9) Radical attack f°(r) = q,(N+ 1) —q,(N —1)/2
Where q; is the charge of the atom at the rth atomic site,
(N) is neutral, (N+1) is anionic, (N-1) is cationic
chemical species. The equation can calculate the dual
descriptor

10) Af(r) = f*(r) —f~ ()

If the value of Af(r) is positive, it indicates an assault
by a nucleophile, whereas a negative value predicts an
electrophilic attack. Table 3 presents the Fukui
function values for ‘"electrophilic attack f~(r) ,
"nucleophilic attackf * (), and radical attackf°(r).

Electron localization function (ELF)

This study aims to evaluate the importance of ELF
(Electron Localization Function) using Pauli repulsion.
When the ELF value is 1, we refer to the related region
as the greatest Pauli repulsion region, visually
represented by red. Alternatively, when the ELF value is
zero or nearly zero, we refer to the area as the minimal
Pauling repulsion region, visually represented by the
colour blue. The maximum Pauling repulsion
corresponds to well-localized electrons, whereas the
minimum Pauling repulsion corresponds to delocalized
electrons. We can study these concepts in relation to
atomic shells, chemical bonds, and lone pairs. ELF
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analysis employs a quantitative examination of
aromaticity to provide essential information about
chemical structure, molecular bonding, and reactivity
[43,44]. Figure 2 depicts the three-dimensional graph of
the compound's electron localization function (ELF).
The colour red symbolizes the maximum value of ELF,
while yellow to green indicates the intermediate range
of ELF values. On the other hand, the colour blue
represents the minimum quantity of ELF.

Spectroscopic studies

HNMR and *CNMR studies

The proton and carbon NMRs of the suggested drug
molecule has been studied experimentally [45,46] and
computationally. Both the data sets have been
tabulated in the Table 1. We have observed a well-
established argument between the experimental and
simulated values. The structure of the entitled
compound was well characterized by the NMR studies.

There are nine aromatic protons found in the region
of 5.5 — 7.2 ppm. The aromatic protons appeared at
5.548 ppm, which is expected at H26. The peak at 6.783
ppm is representing the availability of a proton. The
two multiplets at 6.958 and 7.058 ppm indicating the
presence of 6 protons with the occupancy of 3 protons
at each position. The ninth aromatic proton appeared
at 7.096 ppm as a triplet. The aromatic protons (26H,
29H, 30H, 31H, 32H, 35H, 36H, 37H, 38H) observed in
the simulated data at 6.16, 7.105, 7.342, 7.406, 7.422,
7.446, 7.495, 7.514, 7.534 ppm. The range observed in
the simulation data for the aliphatic methyl and
methylene hydrogen atoms is 1.133-3.673 ppm while in
experimental data these hydrogen atoms appeared in
the range of 2.233-3.002 ppm. A singlet observed at
2.474 ppm indicating the 6 hydrogen atoms for two
methyl groups in experimental spectrum while these
six hydrogen atoms are being expected at the positions
1.133, 1.869, 1.876, 1.934, 2.267 and 2.309 ppm
respectively. The methylene protons are identified at
2.233, 2.566, 2.833 and 3.002 ppm with the occupancy
of two protons at each position in experimental data
while these eight protons appeared at 1.967, 2.117,
2.335, 2.664, 2.699, 3.049, 3.342 and 3.673 ppm.

The compound, with the empirical formula C2H23Nj,
show up the existence of twenty carbon atoms out of
which fourteen are aromatic-carbon atoms. These
fourteen atoms are well identified in the aromatic
region of experimental spectrum 124.531-145.642 ppm.
The simulation data also identified the aromatic carbon
atoms in the range of 129.662-152.669 ppm. Both the
methyl carbon atoms (20C and 21C) located on the
spectrum at the position of 42.278 ppm experimentally,
while simulation data showed the occurrence of 20C
and 21C at 47.822 and 41.068ppm. The methylene
carbon atoms (2C, 3C, 10C and 15C) are identified at

24.425, 31.137, 33.054 and 56.498 ppm. Meanwhile, in
the spectrum obtained after the DFT calculations,
methylene carbon atoms (2C, 3C, 10C and 15C) are
detected at 37.477, 34.847, 31.798 and 60.895 ppm.

Vibrational Studies (IR)

The spectra obtained after the experimental [47] and
DFT calculations are presented in Figure 1. The
prominent vibrations from the different functional
groups of the compound have been compared. The
material used for the experimental run was salt Ze.,
amitriptyline hydrochloride, which is showing a broad
peak about 3300-3400 cm'!, which might be due to the
presence of moisture in the sample material, so the
same peak is not observing in the simulated spectra as
this was studied using the structure of pure
amitriptyline. As there are methyl and methylene
groups in the molecule due to which C-H stretching
peaks are observed in the range of 3000-2850 cm™. C-N
stretching peaks for the typical tertiary amine
functional group observed at about 1250 cm! in
experimental spectrum while in simulated spectrum C-
N stretching observed at 1200 cm. The difference
might also be due to different environment around the
nitrogen atom /7e., amitriptyline hydrochloride was
used for experimental observation and amitriptyline
was used for DFT calculations. The C=C stretching
peaks for aromatic group pointed out near 1600 cm™ in
experimental as well as DFT calculated spectra.
Similarly, aromatic C-H stretching and bending are
observed in their respective regions Figure 1.

(i) Experimental UV-visible Spectra (ii)Theoretical UV-visible Spectra

(iii) Experimental IR Spectra

(iv) Theoretical IR Spectra

Figure 1: Experimental and theoretical UV-visible spectra (i and
ii) and IR spectra (iii and iv) of AMT molecule.

UV-visible spectroscopic analysis

We used the time-dependent density functional theory
(TD-DFT), IEFPCM model to look at the electronic
spectrum of AMT in gas, water, MeOH, and DMSO
(Figure 1). We conducted the calculations using the
B3LYP/6-31++G(d,p) level of theory, utilizing the
optimized geometry of the ground state. The
absorption spectra were experimentally analysed at
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room temperature in water with a concentration of
5x10° M by our group [48]. We measured the highest
wavelength in the experiment at room temperature to
be 239 nm. The results from Figure 1 showed that the
molecule displayed a strong intensity band at 281, 281,
282, and 281 nm in all four solvents. This could be due
to the electronic transition of n—m*.

Thermodynamics properties
We calculated the AMT molecule's thermodynamic

Parameters Water Gas MeOH DMSO
Evovo (eV) -1.00 -0.53 -0.99 -0.99
Exono (eV) -6.02 -5.93 -6.01 -6.01
AE (ev) 5.02 5.40 5.02 5.02
Ionization potential (I) 6.02 5.93 6.01 6.01
Electron affinity (A) 1.00 0.53 0.99 0.99
Electron negativity (o) 3.51 3.23 3.50 3.50
Chemical potential (1) -3.51 -3.23 -3.50 -3.50
Chemical hardness (1) 2.51 2.70 2.51 2.51
Chemical softness (G) 0.20 0.19 0.20 0.20
Electrophilicity index (¥) 2.45 1.93 2.44 2.44

Table 2: The calculated various parameters of AMT in different
solvents.

propertles (Glbb'S free energy, enthalpy) and entrOPY) Atom Mulliken atomic charges Fukui functions
using the following equations. NOD | NI¢Ly) | NeL) | & g i Af
N1 0.150 0.133 -0.021 0171_| 0.017__| -0.077 | -0.87
(13) G = —0.0005T2 — 0.28T + 999 C2 -0.484 -0.402 0.285 0.768 | -0.082 | 0343 | 0.850
c3 ~0.432 20.398 0310 0742 | -0.034 | 0354 | 0.776
(14) H =0.0005T2 + 0.009T + 997 c4 0.963 0.986 1.389 0426 | -0.024 | 0201__| 0450
(15) S =—0.00014T2 + 1.17 + 259 [ 0.307 0.204 £0.007 0314 | 0103 | -0.105 | -0.417
Cé 0.424 0.271 ~0.215 0.638_| 0.153 | -0.243 | -0.792
Figure 2 visually illustrates the relationship between c7__| o1 0.049 0.021 -0.107 | 0078 | -0.o14 | -0.185
. 8 0.128 0.016 20.107 0.234_| 0.111__| -0.061 | -0.346
the thermodynamic process and temperature. We used ) Y 102 ot T o1 T oz o5
temperature to establish parallel equations suitable for Clo 1 0555 | -0.460 -0.571 -0.018 | -0.095 | -0.05 | 0.075
Cil 0.059 0.187 0.119 0061 | -0.128 | -0.034 | 0.189
linear and quadratic equations. c12 0.015 0.079 0.032 0017 | -0.064 | -0.024 | 0.081
Ci3 20.335 20.293 -0.451 0.116_| -0.042 | -0.079 | -0.074
Figoation | Typeor | pemena | Galed | [ |0 | LGSl pot o o
atom numbering hydrogen/carbon values ppm values ppm Cl16 -0.464 -0.503 -0.344 0.121 0.038 0.080 0.082
atom c17 -0.373 -0.413 0.300 0.673 0.040 0.356 0.633
H-NMR C18 -0.440 -0.383 -0.314 0.126 -0.057 0.035 0.182
39H Methyl 6H 2.474 2.267 C19 20.369 ~0.307 0.355 0724 | -0.062 | 0.331 | 0.785
20H Methyl 6H 2474 1.869 €20 -0.273 -0.280 0.224 0493 | 0.007 | 0252 | 0491
TH Methyl 6H 474 2309 21 04T | 0427 0006 ] 0455 | 0020 | 0216 | 0475
H Methyl 6H 2474 1.934 Table 3: Mulliken charge distribution, Fukui function of AMT
43H Methyl 6H 2.474 1.133 molecule.
44H Methyl 6H 2.474 1.876
27H, CH2-Methylene 2H 2.233 2117 (i) Molecular electrostatic potential | (ii) Electron localization function
28H CH2-Methylene 2H 2.233 2.335 100102 - — 01 2 (ELF)
33H, CH2-Methylene 2H 2.566 1.967 o 5
34H CH2-Methylene 2H 2.566 2.664 3 \
22H, CH2-Methylene 2H 2.833 3.342
23H CH2-Methylene 2H 2.833 3.049 sk ?
24H CH2-Methylene 2H 3.002 2.699 ;‘ 2 P 29
25H CH2-Methylene 2H 3.002 3.673 °@ ,B\‘ ’
26H Aromatic-H 1H 5.548 6.16 op ~
37H Or 38H Aromatic-H 1H 6.783 7.422 (MEP)
37H Or 38H Aromatic-H 1H 6.958 7.446
29H Aromatic-H 3H 6.958 7.105
30H Aromatic-H 3H 6.958 7.534 (iii) Thermodynamics parameters
35H Aromatic-H 3H 7.058 7.495 —
36H Aromatic-H 3H 7.058 7.514 o
31H or 32H Aromatic-H 1H 7.058 7.406 5o A
31H or 32H Aromatic-H 1H 7.096 7.342 i P
13C-NMR g ™ //
20C Methyl Carbon 42.278 47.822 m T e
21C Methyl Carbon 42.278 41.068 il A o
10C Methylene Carbon 24.425 31.798 T et
2C Methylene Carbon 31.137 37.477
3C Methylene Carbon 33.054 34.847 Figure 2: (i) Molecular electrostatic potential (MEP) of AMT, (ii)
15C Methylene Carbon 56.498 60.895 electron localization function (ELF) map (color-filled and shaded
9C Aromatic Carbon 124.531 141.675 map that illustrates the projection effect of the hydrogen bonding
18C Aromatic Carbon 126.216 129.662 region in an AMT molecule), (iii) graphs representing
19C Aromatic Carbon 126.348 129.924 .
T30 ~romatic Carbon 127,756 132204 dependency of enthalpy, Gibbs free energy and entropy on
14C Aromatic Carbon 127813 133.094 temperature, and (iv) ligand (AMT) embedded in the active site
16C Aromatic Carbon 128.245 130.722 of protein.
17C Aromatic Carbon 128.280 132.033
11C Aromatic Carbon 128.548 135.446 Molecular Docking Study
12C Aromatic Carbon 130.234 131.033 . . . : .
c Aromatic Carbon 57100 9120 We used molecular docking to gain deeper insights into
8C Aromatic Carbon 138.977 149.903 the AMT molecule. We commonly use this method to
5C Aromatic Carbon 159.345 145.085 identify bioactive compounds for drug development by
6C Aromatic Carbon 140.011 148.859 . . . . .
iC Aromatic Carbon 145.002 152.660 assessing the ligand binding strength to the protein.

Table 1: Presentation of experimental and simulated H-NMR &
13C-NMR values (ppm).

This ligand interacts with the selected protein using
online drug target prediction, such as Swiss ADME-
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Target prediction. The binding affinity for the two
proteins obtained is —8.9 and -9.6 kcal/mol. The low
binding energy value demonstrates its bioactive nature.
The hydrogen bond distance provides information on
the compatibility of the ligand with the proteins.

Discussion

We compared AMT's bond lengths and angles
computed by the DFT study with the found
experimental values. The average divergence of the
discovered bond lengths, which ranged from 0.01 A to
0.03 A, agreed with the experimental values. The
presence of hydrogen bonding inside molecules may
cause the inconsistencies. The results show that the
B3LYP function, which uses 6-311++ G(d,p) basis sets,
gives the most accurate results close to the
experimental values. The B3LYP functional and the 6-
311++ G (d, p) basis set were used to find the MEP.
Some of the most significant information regarding the
hydrogen bonding interactions that occur within the
molecules, as well as the potential positively charged
and negatively charged sites, is depicted in Figure 1. It
was decided to position the region with a higher
negative charge on the N atom of the thiadiazole ring,
shown in red in Figure 1. Because there are N-H-N
hydrogen bonding surfaces close to each other, this
spot was chosen because it was thought to be perfect
for an electrophilic attack with a V(r) of -0.039 a.u.

Table 1 demonstrates that the AMT has a low value
of chemical softness (0.19 ev), so theoretically, it can be
considered a nontoxic molecule. Identification of the
chemical behaviour of the compound was made
possible through the utilization of the electronegativity
factor. One of the reasons why a molecule's
electronegativity is higher than average is because of
the chemical reactivity of the molecule. The compound
AMT has a dipole moment () of approximately -1.17 D
along the x-axis (ux), -0.08 D along the y-axis (uy), and
0.29 D along the z-axis (pz). Examining the
hyperpolarizability value of AMT allows for exploring
its potential to investigate novel nonlinear optical
(NLO) features. Figure 2 displayed the ELF (Electron
Localization Function). The molecule exhibits a
covalent bonding region between the C-C and C-N
atoms, characterized by the highest LOL value and the
highest degree of ELF. The blue ring region corresponds
to a large atomic nucleus's valence and inner shell.
Figure 2 displays the Electron Localization Function
(ELF) of the hydrogen bonding area, represented as a
shaded surface map with a projection effect.

HNMR study describes that the protons appeared in
their respective regions experimentally or in the DFT
case. The variation in the positions of protons for
experimental and simulated values might be due to the
solvent effect (D20 used in experimental observation

while CH:Cl: for DFT calculations). The '*CNMR data
sets showed a good correlation among both
calculations; the slight difference might be due to the
difference of solvent used for NMR measurements.
While searching in literature to provide a comparative
NMR spectroscopic results we found a reference in
which NMR of amitriptyline as free base and salt have
been reported in d6-DMSO [49]. The data is very
interesting, and values agree with each other with the
minor difference. The six methyl protons are detected
at 2.64 ppm in d6-DMSO for hydrochloric acid salt of
amitriptyline and when d2-D20 was used as solvent
these protons appeared at 2.474. These six protons
occupied the position at 2.0 ppm in d6-DMSO when
amitriptyline as free base was under study,
experimentally. The simulation data indicated that in
dichloromethane as deuterated solvent the six protons
of methyl groups have appeared in the range of 1.133-
2.309 ppm. When we compare the availability of
methylene hydrogen atoms in all these four
experiments, it is observed that the ranges of appearing
the peaks for the subjected protons are very much close
to each other. In addition to these methyl and
methylene hydrogen atoms, a comparative expected
appearance for aromatic hydrogen atom-H26 noted and
data sets are well aligned. The peak for H26 hydrogen
atom appeared at 5.82 ppm in d6-DMSO while the
experiment was taken place as AMP-chloride salt and
the presence of H26 was detected at 5.8 ppm when as
pure free base was dissolved in d6-DMSO for
experiment. In the present study amitriptyline chloride
salt was dissolved in d2-D20 for H-NMR study and the
peak for H26 atom was detected at 5.55 ppm. In the
simulation data we have selected the dichloromethane
and pure free base for a comparative study so the peak
for H26 appeared at 6.16 ppm. Vibrational (IR) data
depicts that the experimental spectrum is nicely
correlate with calculated spectrum. The only thing that
was different between the calculated and measured
data was the C-N stretching peaks for the common
tertiary amine functional group. These peaks were seen
at about 1250 cm-1 in the measured spectrum and at
1200 c¢m-1 in the simulated spectrum. Different
environments around the nitrogen atom, such as using
amitriptyline  hydrochloride  for  experimental
observation and amitriptyline for DFT calculations,
could potentially explain the difference. As
temperature increases, Gibbs free energy (G) decreases,
while the values of enthalpy (H) and entropy (S)
thermodynamic functions increase, as shown in Figure
2. The same pattern was also observed by Fatima et al.
[50]. As temperature escalates, molecule vibrational
intensities and translational and rotational energy
augment, hence enhancing thermodynamic
functions. The thermodynamic properties exhibited
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fitting factors (R2) of 0.999 for Gibbs free energy,
entropy, and enthalpy, respectively. The
thermodynamic parameters were calculated by
analysing the vibrations of the system using the
B3LYP/6-31++G(d,p) method. Gibbs free energy
quantifies thermodynamic characteristics of biological
systems, such as protein stability, DNA behaviour, and
enzyme kinetics. As the temperature increases, the
intensity of molecular vibrations and the energy
associated with translation and rotation also increase,
leading to an increase in thermodynamic functions
[51]. Molecular docking is a commonly utilized
technique in drug discovery for exploring the
relationship between structure and activity, along with
biological activity. Molecular docking serves as an
effective technique for drug development within the
pharmaceutical industry, as it minimizes both the time
and cost of synthesis while enhancing the efficacy of
pharmaceuticals. People regard it as a modern
approach that accurately identifies the precise location
where the ligand binds to the protein receptor
molecule. We dock the AMT molecule with the two
protein receptors (PDB codes: 4IB4 and 8IRV). 4IB4
belongs to chimeric protein. Chimeric, or fusion
proteins, are proteins formed by the amalgamation of
two or more genes that initially encoded distinct
proteins. The translation of this fusion gene produces
one or more polypeptides that possess functional
characteristics derived from each of the constituent
proteins. The 8IVR protein is a guanine nucleotide-
binding protein (G-protein). G-proteins act as
molecular switches inside cells and help send signals
from outside the cell to inside it. The binding affinity
for two proteins obtained are —8.9 and -9.6 kcal/mol.
Abdulhameed Odhar et al., reported the energy of
binding (-7.1 and -7.2 Kcal/mol) for salbutamol
against monoamine oxidase [52]. The low binding
energy value demonstrates its bioactive nature. The
hydrogen bond distance provides information on the
compatibility of the ligand with the proteins.

The primary use of Amitriptyline (AMT), a tricyclic
antidepressant drug, is to treat depression. This study
aims to forecast quantum computational studies using
the DFT and molecular docking method. Based on the
obtained data, we can conclude:

The study found that the geometrical parameters
(bond lengths, angles, and torsion angles) calculated by
DFT were very close to the experimental data, with only
a difference of 0.01A to 0.03A on average. MEP
(Molecular Electrostatic Potential) and ELF (Electron
Localization Function), which employ distinct colour
codes, determine the reactivity, chemical properties,
and sites of attack of the molecule. We also computed
the softness, electronegativity, chemical hardness, and
electrophilicity index values. The FMO study confirms

that compounds are both non-toxic and biologically
active. In order to look at the molecule's
photochemical, electronic, and structural properties,
we compare experimental and computational data from
spectroscopy (*HNMR, BCNMR, FTIR, and UV
spectroscopy). The experimental and theoretical FT-IR
results provide comparable values for the vibrations of
C-H, C-N, and C-C. We determined the maximum
wavelength (Amax) in the gas phase to be 281.02 nm. In
H20, the Amax was also 281.02 nm, while in methanol it
was 280.96 nm, and in DMSO it was 281.03 nm. We
found the experimental Amax in H20 to be 262 nm.

We conducted molecular docking analyses on the
4IB4 and 8IRV proteins. When the molecule docks with
proteins, the calculated binding energy is -8.9 kcal/mol
for 41B4 and -9.6 kcal/mol for 8IRV. This suggests that
the AMT has potential for further investigation in
pharmaceuticals.
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