ECC

Eurasian Chemical Communications

Original Research Article

http://echemcom.com

Study of bendamustine anticancer drug in gaseous and in a few
selected liquid solvents phases using functional density theory
(DFT)

Mehri Deilam, Ashraf Sadat Ghasemi*, Fereydoun Ashrafi
Department of Chemistry, Payame Noor University, P.0. BOX 19395-3697, Tehran, Iran
Received: 19 April 2019, Accepted: 9 June 2019, Published: 1 November 2019

Abstract

In this research, bendamustine anticancer drug in main and excited states in gaseous
phase and in water and ethanol and methanol solvent phases have been studied, using
DFT at MPW1PW91/6-311++G(d, p) theoretical level. The molecules of solvent
affected the equilibrium structure of species. The effects of solvents have been
studied by polarized continuum model (PCM). The optimized structural parameters in
gaseous and in water, ethanol and methanol solvent phases as frequency data, relative
energy, dipole moment, the energy of highest occupied molecular orbital (HOMO),
the energy of lowest unoccupied molecular orbital (LUMO), density functional
graphs and gap energies have been calculated. The results of the theoretical
computations confirm that the structure of drug, in both the main and the excited
states, is more stable in liquid phase than in gaseous phase, and most stable in water.
The computation results confirm that the drug stability increase by increasing in
polarizability of the solvent.

Keywords: Bendamustine; gaseous and liquid phases; main state; excited state;
polarizability.

Introduction

The exact cause of asymmetric division
of body cells namely cancer is
unknown. Probably some genetic
factors or some cases that perturb the
activity of the cells can create the
problem in cells core that may be the
origin of cancer [1]. Abnormal growth
of one cell can cause abnormal growth
of other cells and finally results in
cancer [2-5]. Nowadays, chemotherapy
is the most important treatment of
cancer. Chemotherapy, for the first time,
has done by one of the existing drugs in
1955, but nowadays much more drugs
are used for this case [6,7]. Now,
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chemotherapy is a common method of
cancer treatment that can destroy cancer
cells [8]. In this research, bendamustine
anticancer drug has been investigated by
theoretical and computational methods.
Bendamustine drug (BENDA) was
firstly synthesized in 1963 in East
Germany by Ozegowski and Krebs [9,
10]. This drug has the trade names
Treanda,  Treakisym,  Ribomustin,
Levact and other drugs have been used
in the cancer treatments as malignant
tumors, chronic lymphocytic leukemia
(CLL), multiple myeloma, non-
Hodgkin's lymphoma, and lung cancer,
by injection into a vein [11,12].
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Bendamustine belongs to the alkylating
medications family. This drug also has
been investigated for sarcoma treatment
[10].

DFT method as a useful and
assured method has been exerted to
compute electronic structure theory and
spectroscopic properties of different
types of compounds [6]. This method
has been the most common method used
in Computational Chemistry in the last
ten years [13,14]. This method has been
used in much more studies as interaction
of molecules and adsorption effects of
different molecules and elements on the
different surfaces [15-29]. Many authors
also, in order to understand the
biological and anticancer activity of
certain drugs inevitably, have studied
the physicochemical properties using
DFT method [30-41].

In this paper, the basic and excited
states of Bendamustine drug have been
studied in the gaseous and in the liquid
solvents phases using DFT method at
MPW1PW91 theoretical level (for basic
state) and at MPWI1PW91-TD
theoretical level (for excited state) at 6-

311++G (d,p) basis orbital set.
Furthermore, thermodynamically
properties, relative energy, dipole

moment, structural parameters, gap
energy and HOMO and LUMO
molecular orbitals have of the drug been
investigated and discussed.

Computational methods

In this study, the structure of
Bendamustine drug has been optimized
using DFT method (MPW1PW91 for
main state and MPW1PW91-TD for
excited state) performing 6-311++G
(d,p) basis set. The effects of solvent on
the main and excited states have been
performed by polarized continuum
model (PCM) [42]. Polarity of the
solvent has been measured by dielectric
constant or relative permittivity. As
much as the dielectric constant is

higher, the solvent polarity is higher.
Modeling the effects of solvent, PCM
that belongs to the classification of
polarized solvents model has been used.
In this model, the solvent considered to
be a continuum polarization instead of
individual molecules, can use for
different systems [43-48]. PCM model
also studies the stability and energy of
structures [49]. The density of states has
plotted at this level of theory to obtain
the gap energy [50]. Quantum
mechanics calculations have been
performed by Gaussian 03 software
[51]. To obtain more details, the
electrophilicity index (o) has been
calculated. This index measures the
value of system stability during charge
transfer. The magnitude of ® indicates
the stability of structure [52]. Chemical
potential (i) and Chemical hardness (1))
also have been calculated to obtain more
details. The above mentioned indexes
have also been calculated using
following equations:

__(I+A)

I (1)
_(1-A)
T2 ?)
o

i (3)

Where | (-EHomo) is ionization potential
and A (-ELumo) is electron-affinity.
Calculating Enomo and Erumo the gap
energy, Eg has obtained.

Results and discussions

Optimization of structures

Quantum mechanics computations have
been performed using Gaussian 03
software. The structural parameters of
Bendamustine  drug  have  been
optimized using MPW1PW91 method
and at 6-311++G (d, p) basis orbital set.
Also, the frequencies computations have
been carried out to study vibration
techniques and zero point corrections at
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above mentioned computation level. structure of Bendamustine drug using
Time-dependent  density  functional above mentioned computations, is
theory (TD-DFT) has been applied for shown in Figure 1.

the excited state. The optimized
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Figure 1. The optimized structure of bendamustine drug

Structure and binding energy phase and in three solvents (ethanol,
The relative energy, E, the relative methanol and water) at MPW1PW91/6-
energy differences, AE, and dipole 311++G(d, p) quantum chemical level
moment have been calculated in the and have shown in Table 1.

ground and excited states in the gaseous

Table 1. The relative energy, E, the relative energy differences, AE, and dipole moment computed in the
ground and excited states in the gaseous phase and in three solvents

Phase Ground state | Excited state
E (eV) AE(eV) D (Debye) E (eV) AE (eV) D (Debye)
Gas -50547.202  0.603 2.73 -50547.006  0.726 2.10
Ethanol ~ -50547.776  0.029 3.29 -50547.702  0.030 1.95
Methanol  -50547.786  0.019 3.30 -50547.712  0.020 1.95
Water -50547.805  0.000 3.32 -50547.732  0.000 1.92
According to this Table, the As seen in Table 1, the dipole moment
stability of structure of drug in both of drug in ground state has increased
ground and excited states decreases in from gaseous phase to solvent phase.
the order of So it is expected that the stability of
water>methanol>ethanol>gas. The molecule in ground state increase with
results shown in Table 1 have shown the increase in polarity of solvent.
that the stability of drug in both states Whereas, the variation of dipole
increases with the increase in the moment in excited state is inverse,
polarity of solvent. Hence, the stability comparing to the ground state. So that,
of molecule in liquid solvents is more the dipole moment is grater in ground
affected by polarity variation than in state and in aqueous phase.

gaseous phase. Also, among the selected
solvents, it is more stable in aqueous
phase.

The energy in water solvent has
been calculated, in ground state it is -
50547.805 eV and in excited state it is -
50547.732 eV. Therefore, in aqueous
phase, the drug is more stable in ground
state than in excited state.

Electronic energies and the relative
stability

The highest occupied molecular orbitals
(HOMO) and the lowest unoccupied
molecular orbitals (LUMO) that are
sometimes called frontier orbitals are
very important parameters in quantum
chemical studies. As much as the energy
of HOMO orbitals is greater, it loses the
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electron more easily, and as much as the
energy of LUMO orbitals is smaller, it
accepts the electron more easily [53].
The HOMO and LUMO orbitals of
Bendamustine drug in ground states and
in excited states in gaseous phase and in
different solvents have been shown in
Figures 2 and 3. The difference between
HOMO and LUMO energies has called
gap energy (Eg). Studying the
specifications and the characteristics of
these orbitals and their energy
differences could lead to Dbetter
understanding and the clarification of
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kinetic stability, chemical reactivity of
molecules and interamolecular charge
transfer. As seen in Figure 2, a HOMO
distribution in the ground state, on the
molecules of the drug is asymmetric,
and in the excited state, a greater part of
the molecule has covered by the
distribution of HOMO. This may be
attributed to the contribution of more
orbitals in excited state. The distribution
of LUMO orbitals remains
approximately the same in the both
ground and excited states.

LUMO

LUMO

LUMO

LUMO

Figure 2. HOMO and LUMO molecular orbitals of bendamustine drug in ground state in (a) gaseous,
(b) ethanol, (c) methanol and (d) aqueous phases
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Figure 3. HOMO and LUMO molecular orbitals of bendamustine drug in excited state in (e) gaseous,
(f) ethanol, (g) methanol and (h) aqueous phases

The density of states plots (DOS)
have shown in Figures 4 and 5 that
indicate well the level of energies in
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Figure 4. DOS plots of bendamustine drug in ground state in (a) gaseous, (b) ethanol, (c) methanol and
(d) aqueous phases
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Figure 5. DOS plots of bendamustine drug in excited state in (e) gaseous, (f) ethanol, (g) methanol and
(h) aqueous phases

The results of computations at properties as electrophilicity index (o),
MPW1PW91 level and 6-311++G(p,d) chemical potential (u), chemical
basic orbital set of HOMO energy hardness (), | (-Ernomo) and A (-
(EHomo), LUMO energy (ELumo), gap ELumo) in ground and excited states
energy (Eg) and other quantum chemical have resumed in Table 2.

Table 2. The calculated values of Exomo, ELumo, Eg, ®, w1, 1, | and A of Bendamustine drug in ground
and excited states in (a) gaseous, (b) ethanol, (c) methanol and (d) aqueous phases

Ground state Excited state

Phase = Gaseous Ethanol Methanol Water ‘ Gaseous  Ethanol Methanol Water
Unite eV eV eV eV eV eV eV eV
Eromo  -6.853 -6.683 -6.681 -6.679  -5.593 -5.404 -5.403 -5.402
Ecumo  -1.015 -0.827 -0.825 -0.822  -1.105 -0.906 -0.906 -0.893
Eq 5.838 5.856 5.856 5.856 4.489 4.498 4.498 4510
| 6.853 6.683 6.681 6.368 5.593 5.404 5.403 5.402
A 1.015 0.827 0.825 0.822 1.105 0.906 0.906 0.893
n 2.919 2.928 2.928 2.973 2.440 2.249 2.249 2.255
n -3.934 -3.755 -3.753 -3.595  -3.349 -3.155 -3.155 -3.148
o 2.651 2.408 2.405 2.330 2.298 2.213 2.213 2.197
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Studying the data shown in Table 2
reveals that the HOMO energies in
gaseous and solvents phases in the
ground state have located in lower
levels as compared to those in the
excited state. Whereas, in case of the
LUMO energies, inversely to the
HOMO energies, the orbitals in the
excited state have located in lower
levels comparing to those in the ground
state. The variations of Enomo and
ELumo in both ground and excited states
are in order of gas< ethanol< methanol
<water that has indicated the greater
stabilization of drug in aqueous phase.
Furthermore, EHOMO in excited state
in water has the smallest negative value
(-5.402eV) which indicates the best
electron-donation in the aqueous phase.
Also, EHOMO in the ground and
excited states in gaseous phase has the
greatest negative value (-1.015eV)
which indicates the best electron-
acceptation is in this phase.

The values of Eq in all phases in the
excited state are smaller than those in
the ground state which indicate that the
stability of drug in excited state is lesser
and the reactivity is greater in this
phase. The lowest Eq in ground state is
5.836 eV (in aqueous phase) and the
lowest Eg in excited state is 4.489 eV (in
gaseous phase).

The chemical hardness m, may be
considered as a measure of the
resistance of a chemical species against
the changes of electron configuration
[54]. The decrease in gap energy leads
to decrease in chemical hardness. In the
case of the Bendamustine drug in both
ground and excited states the chemical
hardness in gaseous phase is smaller
than that in the solvents. The smallest
amount of chemical hardness of the
drug in excited state and in gaseous
phase is 2.440 eV with the smallest
value of Eg.

The chemical potential p, may be
considering as a measure of the
system’s tendency to lose its electron
cloud [55]. In this study the chemical
potential of the Bendamustine drug in
both ground and excited states in
gaseous phase is smaller than that in the
solvents. The decrease in Eg, n and p
leads to the decrease in stability and
increase in the reactivity of the drug
compared to the reactivity in solvents
phases.

The electrophilicity index «, may
be considering as a measure of the
electrophilic potency of a chemical
species. The greater electrophilicity
index of the drug represents its higher
electron affinity. In the case of the
Bendamustine drug in both ground and
excited states the electrophilicity index
in gaseous phase is greater than that in
the solvents phases. Finally, the
electrophilicity index of all phases in the
ground state is greater than that in the
excited state.

Conclusion

In this study, the Bendamustine anti-
cancer drug have been studied in the
ground and excited states and in gaseous
and some solvents phases. The obtained
values of HOMO and LUMO energies
have shown that the structure of drug in
both ground and excited states and in
the gaseous phase has more negative
energy and thus has more stability as
compared to the solvents phases.
Considering the values of HOMO and
LUMO energies, Eqg in the excited one
has decreased in all phases as compared
to the ground state. Due to the decrease
of Eg, the chemical hardness, chemical
potential and electrophilicity have
decreased and thus the stability of drug
and its reactivity have been increased.
As a result, the drug structure
predominates in the ground state in the
solvent phase.
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