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Abstract: Reactivity characteristics of Tranylcypramine and adopting on C60 (ih) in gas and water phases have been
focused in the present work, using DFT B3LYP/6-311+G (d, p). Calculation of chemical structure (dipole momentum),
thermodynamic features (gibbs free energy, enthalpy, entropy, as well as thermal capacity) and electronic parameters (o,
u, o, x and n) were carried out. Based on the calculations of HOMO and LUMO energy, Tranylcypramine indicated the
properties of stability and reactivity. There are two active sites for Tranylcypramine, which both show thermodynamic

stability.
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INTRODUCTION

Tranylcypromine can be defined as a non-hydrazine
monoamine oxidase (MAO) inhibitor which acts and it is
used in a similar capacity as phenelzine; however, it has
less  prolonged inhibition. @ The  half-life  of
Tranylcypromine has been reported between 90 to 190
minutes. It has structural relations with amfetamine and in
case of overdose, its metabolism to amfetamine occurs
(Cheeseman et al., 2000; Kuganathan et al., 2019).
Catalysis of the oxidative deamination of the
neurotransmitters (noradrenaline, dopamine, serotonin), a
primary amino group to the relative aldehydes, takes
place by Monoamine oxidase (MAO) as a flavoprotein
that exists in mitochondrial membranes. The aldehyde is
then converted into relative alcohol or carboxylic acid by
other enzymes. The additional neurotransmitters are
catabolized by MAO after inducing their action. The
transmitter action is prolonged due to interferences in the
activity of MAO, which are reported as useful therapeutic
factors in depression treatment (Cheeseman et al., 2000;
Ghasemi et al., 2018). Trans (+)-2-
Phenylcyclopropanamine (Tranylcypromine) (I) is a
monoamine oxidase (MAQ) inhibitor which is mainly
applied in psychiatric depression treatment. It inhibits
MAO and other enzymes through blockage of oxidative
deamination of different naturally-occurring monoamines
(sympathomimetic, 5-hydroxytryptamine) 1. It also shows
some impacts which are not associated with enzyme
inhibition. “I” has applications in conditions of close
medical control due to acute and chronic toxicities, which
are dependent on their dose. The approach of brain-
specific chemical delivery system (CDS) has the potential
of enhancing utilization of I in therapeutic applications
through dosage reduction. It consequently extends drug
presence at the site of receptor and reduces toxicity.
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Successful application of the dihydropyridine-quaternary
pyridinium s~It- type redox carrier-based CDSs has been
reported in different drugs, while the functional principles
are clearly defined (Petrovic et al., 2012, Ralser et al.,
2016).

Backy ball (C60) has applications as an absorbing agent
(Kang et al., 2011; Saraswati et al., 2019) in several toxic,
as well as nontoxic chemical ingredients
(Mallawaarachchi et al., 2018), dyes (Kalaugher, 2005),
and wastewater (Wang et al., 2002; Adolfsson-Erici et al.,
2002; Zhao et al., 2020; Lopez-Fernandez et al., 2012).
Theoretical calculations in all disciplines (Shirai et al.,
2005) including nanocage (Kang et al., 2011) have been
performed using density functional theory (Yavuz et al.,
2009; Garelli et al., 2005; Takzare et al., 2019;
Ceulemans et al., 2008; Muya ef al., 2009) and molecular
dynamic calculations (Jo ef al., 2018; Wang et al., 2020;
Xu et al.,2013).

The present work has applied backyball (C60) as an
absorbent for Tranylcypramine in gas and water phases by
density functional theory with 6-311+G(d, p) basis set.

MATERIALS AND METHODS

Method of Computation

Application of the chemical quantum estimations has
been used because of the Gaussian 03 (GESMIJ et al.,
2009) package that runs on the supercomputer. The three
parameter hybrid functional of Becke B3LYP and the 6-
311+g(d, p) basis set were used for full geometry
optimizations, electric field gradient, thermodynamic
features, and electronic parameters. The current work has
been used Backyball C-C (C60 ih) as an absorbent. The
following formula was used to calculate the energy of
absorption:

Eads:E(B-T)'(E Tranylcypramine +Ebackyball)
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RESULTS

According to the calculation results of prior studies,
nanocage adoption with metallic atoms is accompanied
with efficient modifications of electrical features,
chemical activities, and the potential to react in them (Lee
et al., 2008). Thus, B3LYP/6-311+G(d, p) has been used
used in the present work to optimize all the structures,
including Tranylcypramine and buckyball (C60,
fullerene), as well as adopted Tranylcypramine on
buckyball. Tranylcypramine optimized structure is shown
in fig. 1. Tranylcypramine has two active sites, namely N
and phenyl rings. Each site has its own chemical and
electrochemical position in Tranylcypramine, as shown in
fig. 2. Various effects for reaction on chemical reactions
have been reported for TDensity electrons in each
positions. It is possible to obtain more desirable chemical
behaviors in gas phase by the presence of phenyl ring.

]

Fig. 1: Optimized structure of Tranylcypramine by
B3LYP/6-311+G(d, p)

Fig. 2: Different Active Place in Tranylcypramine

DISCUSSIONS

HOMO and LUMO energies can be considered as
significant features of chemical reactivity. Larger
amounts of LUMO are related to the higher electron
acceptance capacity in molecules. HOMO and LUMO
energies are responsible for recognition and prediction of
how strong or stable chemical compound are. Given the
energies of these frontier orbitals near orbitals with
different energy levels, the highest electron excitations
take place at HOMO-LUMO band gap energy.
Particularly, in the case of large chemical aromatic
systems, small HOMO-LUMO band gaps result in
n electrons which are mobile. Thus, the electron can

easily jump to higher energy levels close in energy.
Higher energy distribution across the molecule takes
place due to greater m electrons mobility, leading to more
stable conditions. Therefore, higher stability will result
from smaller gaps of HOMO-LUMO. The = electrons
mobility indicates good conductivity of large aromatic
systems (such as graphene nanoribbons), which makes
them excellent semiconductors because of small
conduction band gap, which leads to electrical current of
the electrons movement. The HOMO and LUMO can be
regarded interesting issues because of providing valuable
insights into the reaction conditions according to the
interaction of orbitals to control the reaction outcomes.
Weak electrons are provided by HOMO energies for
reaction in chemical conditions. Tranylcypramine shows
high participation in chemical reactions because of
HOMO energy. It also donates electrons in all chemical
reactions due to electro negativity of atoms (O, Cl) in
Tranylcypramine chemical structure. The Details of
Tranylcypramine frontier (HOMO and LUMO) orbitals
are shown in table 1.

Fig. 3: Tranylcypramine -C60 Complexes in Different
Active Side (three different position)

Compounds polarity in reaction media is introduced by
dipole momentum of chemical compounds. As shown in
table 1, Tranylcypramine dipole momentum equals
1.2936 D in gas, indicating Tranylcypramine polarity due
to electronegative atoms in Tranylcypramine (N atom)
chemical structure.

Table 1: Energy Data and Dipole Momentum of
Tranylcypramine by B3LYP/6-311+G(d, p)

Tranylcypramine Gas
Energy -1061.93kJ
Dipole moment 1.2936
HOMO -380.49x10"eV
LUMO -26.24x10"eV
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Table 2: Electronic Parameters of Tranylcypramine in Gas and Water Phase by B3LYP/6-311+G(d, p)

Tranylcypramine IP (eV) EA (eV)

(V)

n(eV) x(eV) (V) | o(eV)

gas 380.49E19 | 26.24E19

-203.36E19

177.12E19 | 203.36E19 | 5.64E-22 | 1.16E21

There are three active sites of Tranylcypramine for
adopting C60, as shown in fig. 3. C60 has (ih) symmetry
which means that all sites have similar conditions for
participation in chemical reactions. In other words, it does
not matter which position is considered in reactions. The
principal and optimized buckyball structure can be
observed in fig. 4.

Table 3: Energy and Dipole Momentum in
Tranylcypramine-C60 Complexes

1 2
E(kcal/mol) -2050.214 -2045.206
w(D) 1.6817 1.8541
AE(ads/kJ) -6810.639 -6789.605

1A

If

! ,.'"

Fig. 4: Optimized Structure of C60(ih) by B3LYP/6-
311+G(d, p) E(-738.33kJ)

The capacity of performing works and supplying heat is
called energy. The energy saved in chemical bonds is
called chemical potential, which can be regarded as a
significant thermodynamic property. Chemical potential
can be applied in different sciences related to materials,
including chemistry, physics, biology. as well as chemical
engineering. It makes calculation of all chemical
materials’ thermodynamic parameters possible at different
spatial pressures and temperatures.

Assuming that the pressure and temperature are constant,
it is possible to determine how stable the substances,
chemical compounds and solutions are through chemical
potential. Given the value of chemical potential u for
Tranylcypramine which is -203.36 in gas phase,
Tranylcypramine shows stability in gas phase. Energy
negativity indicates hidden energy in Tranylcypramine
chemical bonds and its activity. The definition of the
atom’s energy is based on the loss or gain of energy by
the atom, due to chemical reactions, which results in a
loss or gain of electrons. A chemical reaction, in which

energy is released, is known as an exothermic reaction.
On the other hand, a chemical reaction, in which energy is
absorbed, is known as an endothermic reaction. The
former leads to negative energy, which is indicated by a
negative sign; however, the latter leads to positive energy,
which is indicated by a positive sign. In the case of adding
an electron to a neutral atom (1% electron affinity), the
release of energy will takes place, which means that the
first electron affinity is negative.

Nevertheless, adding an electron to the negative ions (2™
electron affinity) requires higher amounts of energy.
Accordingly, there is an energy release from the process
of electron attachment, which leads to positivity of
electron affinities. Tranylcypramine shows positivity in
electron affinity energy (EA), indicating its reluctance to
donate electrons. Reactivity parameters of a molecule
such as electro negativity (y), softness (o), hardness (1)
as well as electrophilicity index (@), were obtained based
on the theory of Koopman using the DFT technique.
Electro negativity (x) can be defined as value of power
attraction of atoms or molecules, which is obtained from
HOMO and LUMO. n leads to stable and reactive
chemical molecules. ¢ parameter indicates the potential to
accept electrons of chemical molecules. Tranylcypramine
reactivity parameters in gas and water phases are shown
in table 2. As it is found in the study, Tranylcypramine is
significantly stable and reactive in chemical reactions. In
fact, adopting Tranylcypramine on C60 took place. The
energy of every complex in fig. 3 is shown in table 3.
According to the dipole momentum of every complex, all
active sites have the ability of acting in polar media.
Based on the relative adopting energy, among all active
sites led to structural stability in chemical media, structure
1 had the highest stability.

CONCLUSION

Tranylcypramine chemical reactivity and its adopting on
bulky ball (C60) was studied in this research with the
application of DFT B3LYP/6-311+G(d, p) in gas phase. It
was found from the chemical structure and electronic
parameters that Tranylcypramine was active and capable
of adopting on C60 while keeping its stability. There are
three active sides for Tranylcypramine, which all of them
show thermodynamic stability, while structure 1 shows
the highest stability of all.

REFERENCES

Adolfsson-Erici M, Pettersson M, Parkkonen J and Sturve
J (2002). Triclosan, a commonly used bactericide

Pak. J. Pharm. Sci., Vol.35, No.3, May 2022, pp.815-818

817



Absorption of tranylcypramine on C60 nanocage: Thermodynamic and electronic properties

found in human milk and in the aquatic environment in
Sweden. Chemosphere., 46(9-10): 1485-1489.

Ceulemans A, Muya JT, Gopakumar G and Nguyen MT
(2008). Chemical bonding in the boron buckyball.
Chem. Phys. Lett., 461(4-6): 226-228.

Cheeseman CI, Gupta D and Cook D (2000). University
of Alberta. Acad. Med., 75(9): 415-417.

Garelli MS and Kusmartsev FV (2005). Buckyball
quantum computer: Realization of a quantum gate. Eur.
Phys. J. B., 48(2): 199-206.

GESMJ F, Trucks GW, Schlegel HB, Robb BM,
Cheeseman JR, Scalmani G, Barone V, HPHGA P,
Nakatsuji H, Caricato M and Li X (2009). Gaussian 09
revision C. 0I. Gaussian Inc., Wallingford
https://gaussian.com/glossary/g09.

Ghasemi AS, Mashhadban F and Ravari F (2018). A DFT
study of penicillamine adsorption over pure and Al-
doped C60 fullerene. Adsorption, 24(5): 471-480.

Jo S, Kim S, Lee BH, Tandon A, Kim B, Park SH and
Kim MK (2018). Fabrication and characterization of
finite-size DNA 2D ring and 3D buckyball structures.
Int. J. Mol. Sci., 19(7): 1895.

Kalaugher L (2005). Buckyball pioneer dies. Phys.
World., 18(12): 9.

Kang SH, Kim G and Kwon YK (2011). Adsorption
properties of chalcogen atoms on a golden buckyball
Auyg from first principles. J. Phys. Condens. Matter.,
23(50): 505301.

Kuganathan N, Srikaran R and Chroneos A (2019).
Stability of Coinage Metals Interacting with C60.
Nanomaterials, 9(10): 1484.

Lee C, Wei X, Kysar JW and Hone J (2008).
Measurement of the elastic properties and intrinsic
strength of monolayer graphene. Science, 321(5887):
385-388.

Lopez-Fernandez XM, Khataee HR, Ibrahim MY,
Sourchi S, Eskandari L and Noranis MT (2012).
Computing optimal electronic and mathematical
properties of buckyball nanoparticle using graph
algorithms. Compel Int. J. Comput. Math. Electr.
Electron. Eng., 31(2012): 387-400.

Mallawaarachchi S, Premaratne M and Maini PK (2018).
Superradiant cancer hyperthermia using a buckyball
assembly of quantum dot emitters. JEEE J. Sel. Top.
Quantum Electron., 25(2): 1-8.

Muya JT, Nguyen MT and Ceulemans A (2009).
Quantum chemistry study of symmetric methyne

substitution patterns in the boron buckyball. Chem.
Phys. Lett., 483(1-3): 101-106.

Petrovic V, Marcincak S, Popelka P, Simkova J,
Martonova M, Buleca J, Marcincakova D, Tuckova M,
Molnar L and Kovac G (2012). The effect of
supplementation of clove and agrimony or clove and
lemon balm on growth performance, antioxidant status
and selected indices of lipid profile of broiler chickens.
J. Anim. Physiol. Anim. Nutr. (Berl)., 96(6): 970-977.

Ralser S, Kaiser A, Probst M, Postler J, Renzler M,
Bohme DK and Scheier P (2016). Experimental
evidence for the influence of charge on the adsorption
capacity of carbon dioxide on charged fullerenes. Phys.
Chem. Chem. Phys., 18(4): 3048-3055.

Saraswati TE, Setiawan UH, Ihsan MR, Isnaeni I and
Herbani Y (2019). The study of the optical properties
of C60 fullerene in different organic solvents. Open
Chem., 17: 1198-1212.

Shirai Y, Osgood AJ, Zhao Y, Kelly KF and Tour JM
(2005). Directional control in thermally driven single-
molecule nanocars. Nano Lett., 5(11): 2330-3334.

Takzare A, Ghafoor DD, Siddiqi AF, Ravali S, Shalbaf M
and Bakhtiar M (2019). Trachyspermum copticum
essential oil incorporated niosome for cancer treatment.
J. Drug Deliv. Sci. Technol., 52: 818-824.

Wang C, Huang W, Lin J, Fang F, Wang X and Wang H
(2020). Triclosan-induced liver and brain injury in
zebrafish (Danio rerio) via abnormal expression of
miR-125 regulated by PKCo/Nrf2/p53 signaling
pathways. Chemosphere., 241: 125086.

Wang S, Poon K and Cai Z (2002). Removal and
metabolism of triclosan by three different microalgal
species in aquatic environment. J. Hazard. Mater., 342:
643-650.

Xu J, Li Y, Xiang Y and Chen X (2013). Energy
absorption ability of buckyball C 720 at low impact
speed: a numerical study based on molecular dynamics.
Nanoscale Res. Lett., 8(1): 54.

Yavuz AE, Bayar1 SH and Kazanc1 N (2009). Structural
and vibrational study of maprotiline. J. Mol. Struct.,
924: 313-321.

Zhao M, Huang Z, Wang S, Zhang L and Wang C (2020).

Experimental and DFT study on the selective
adsorption  mechanism of Au (IIl) wusing
amidinothiourea-functionalized Ui0-66-NH,.

Microporous Mesoporous Mater., 294:109905.

818

Pak. J. Pharm. Sci., Vol.35, No.3, May 2022, pp.815-818



