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Abstract

Background: Letrozole is a non-steroidal drug utilized as a treatment of hormone-sensitive
breast cancer. It has been shown that letrozole has harmful side effects. Therefore, it seems
necessary to design a letrozole drug sensor. In this work, we scrutinized the sensing properties of
the B, N, AIB, )N, , and GaB, )N, nanoclusters toward the letrozole drug in various adsorption
sites.

Methods: Investigations were done using the density functional theory (DFT) calculation with
the B3PW91/6-311G(d, p) level of theory. The time-dependent density functional theory (TD-
DFT) calculations were used to investigate Ultraviolet-visible (UV-vis) spectrums with the same
level of theory.

Results: The adsorption energy of B, N, , AIB, N, , and GaB, N, in the most stable complex-
es were calculated at -16.81, -34.62, and -27.41 kcal mol™, respectively. The results obtained
from the study of electronic properties showed a high sensitivity for the detection of letrozole in
B,,N,, compared to AlIB, )N, and GaB,)N, . The calculated recovery time for the B, N, is 0.13 x
10 s, which indicates a very short recovery time. The UV-vis spectrums showed that the letro-

zole/B, N, exhibits shift toward the higher wavelengths (red shift).
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Conclusion: Therefore, these results showed that the B, N. is a good candidate for identifying

30" 30

letrozole. Further, B, N, would be more effective than AIB, N. and GaB, N, due to the simple

30" 30
synthesis.

Introduction

Letrozole drug is a specific, potent, aromatase inhibitor,
and non-steroidal currently used to treat hormone-
sensitive breast cancer in postmenopausal women.'”* Due
to various side effects such as headache, hot flashes, short
half-life (= 45 h), and breast tenderness, it is essential to
design a simple, rapid, and effective letrozole drug sensor.*
Different techniques have been used for detecting letrozole,
including chromatographic and spectrophotometric
techniques.®® These methods are generally time-
consuming, more complicated, and expensive. Besides
these costly and time-consuming techniques, it has been
specified that nanomaterial-based chemical sensors can
detect various materials at low concentrations because of
the high volume/surface ratio.” The utilization of sensors
has many advantages, such as easy construction against the
easy analytical instrument, short reply time, low cost, and
small size.

Nanostructures take advantage of high specific surface
area, chemical activity, and enhanced diffusivity.'*'* Various
nanomaterials such as nanocone, nanowires, nanotubes,
nanoclusters, and nanosheets have been widely utilized for

29" 30 29" 30

chemical sensors.?**® For example, Sun et al.”’ studied the
interaction of amantadine drug on the aluminum nitride
(AIN) and boron nitride (BN) nanoclusters using density
functional theory (DFT) calculations. Results indicated
amantadine interacts via its -NH, region with the BN
and AIN nanoclusters. The adsorption energies of BN and
AIN nanoclusters were calculated at -1.36 and -1.67 eV,
respectively. After the adsorption of amantadine in the BN
nanocluster, the E_(energy gap) decreased significantly
and increased electrical conductivity. Thus, the results of
E, indicated BN nanocluster could be a potential sensor for
sensing amantadine.

Among various nanostructures, BN nanoclusters as
inorganic nanostructures have been developed due to their
excellent chemical, physical, and electronic properties.?®!
Xia et al** have indicated that the B, N, nanocluster
would be relatively simple to synthesize and stable. B, N
nanoclusters haveattracted muchattention amongscientific
and engineering communities for various applications.”*?
Yin et al.”” confirmed the thermodynamical and vibrational
stability of B, N, by the symmetric first-principles
calculations.Furthermore, they calculated the total energy
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of six, seven, and eight homogenous bond isomers (N-N
and B-B bonds) of B, N, and found that the B, N, with
6 N-N (B-B) bonds is the most stable configuration
compared to the 7 and 8 homogenous bonds. Therefore,
the B, N, nanocluster with 6 homogenous bonds was used
in this study. Computational methods significantly help
the experimentalist to understand different compounds’
behavior.®®* In this study, the adsorption of letrozole
on the B, N, nanoclusters was investigated using DFT
calculations. Furthermore, we inserted Al and Ga atom
instead of B atom in the B, N, (AIB, N, and GaB, N, ) to
find a suitable sensor for the letrozole drug.

Methods

Adsorption of letrozole drug onto the B, N , AIB, N, and
GaB, N, nanoclusters surfaces was calculated using DFT
and time-dependent density functional theory (TD-DFT).
All calculations were carried out using the Gaussian 09
program package® with the B3PW91/6-311G(d, p) level
of theory.*** The previous studies were reported that the
B3PWO91 method is one of the better methods,*** and
6-311G(d, p) basis set known convenient for nanocarrier
systems.*** The adsorption energies (E ) of letrozole
onto the B, N, , AIB, N, and GaB, N, nanoclusters were
obtained with the following equations:

E,, = E (Letrozole/B,N,) - E (B, N, ) - E (Letrozole)

307 30 307 30
Eq. (1)
E,, = E (Letrozole/AIB, N, ) - E (AIB,,N, ) - E (Letrozole)
Eq. (2)
E,, = E (Letrozole/GaB N, ) - E (GaBN, ) - E (Letrozole)
Eq. (3)
where E (Letrozole/B,N, ), E (Letrozole/AlB, N, ),
and E (Letrozole/GaB,)N, ) are the total energies of the

B, N,, AIB,,N, and GaB,N, interacted with letrozole.

E (Letrozole), E (B, N, ), E (AIB _N_), and E (GaB N, )

307 30 297 30 297 30

are the total energy of the lone letrozole, B, N, , AIB, N

307 730 297 730
and GaB,N_, respectively. Thermodynamic parameters

(enthalpy (AH), entropy (AS), and Gibbs free energy
(AG)) were also investigated at the same method to check
the validity of the optimization. Furthermore, the density
of states (DOS), molecular electrostatic potential (MEP),
natural bond orbital (NBO), and all energy calculations
analyses were investigated.

Results and Discussion

Adsorption of letrozole onto the B, N

The letrozole optimized structure and MEP plot are
indicated in Figure 1. The MEP plot shows that the
negative charges are mainly localized on the 25 Nitrogen
(N), 26N, 32N, and 33N atoms (yellow and red), which
can be adsorbed on the electron-withdrawing parts of the
nanoclusters.

First, the structure of the B, N, nanocluster was
optimized, and the most stable structure was reported in
Figure 2. Then, the interaction of letrozole with B, N, was
investigated in diverse adsorption sites (Figure 2). The E
of letrozole with the B, N, in states A, B, C, and D was
investigated about -4.60, -5.60, -11.43, and -16.81 kcal mol"
! with equilibrium distances of 1.69, 1.69, 1.64, and 1.62 A,
respectively. Thus, the adsorption of the letrozole from its
33N with the B, N, (state D) is the most stable adsorption
site. Furthermore, using molecular dynamic simulation
with the AMBER force field, the adsorption energies were
calculated at -8.00, -7.99, -9.14, and -11.91 kcal mol™ in
states A, B, C, and D, respectively. Thus, similar to the DFT
method, the molecular dynamic simulation indicated the
adsorption from state D is the most stable. We calculated the
E , of letrozole with the C_ nanocluster at 4.38 kcal mol*.*°
Therefore, the E ; value indicated appropriate interaction in
the B, N, nanocluster compared with the C_ nanocluster.
The Mulliken charge transfers from the letrozole to the
B, N,, in states A, B, C, and D were investigated at about
0.279, 0.288, 0.219, and 0.264 e, respectively. Furthermore,
the natural bond orbital (NBO) charge transfers were
calculated at 0.302, 0.307, 0.322, and 0.337 e. Positive
values of NBO charge transfers illustrated that the charge

transferred from letrozole to B, N, nanocluster. The dipole

Letrozole

MEP

Figure 1. optimized structure and MEP plots of the letrozole drug. (The color scheme for MEP surface is red-electron rich or partially
negative charge; blue-electron deficient or partially positive charge; light blue-slightly electron deficient region; yellow-slightly electron rich

region, respectively).
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moment (DM) value in pure B, N, was increased from
0.14 Debye to 8.47, 10.18, 6.85, and 8.66 Debye in states A,
B, C, and D, respectively, which make them more soluble
in polar solvents after adsorption. The AH values for the
B, N, nanocluster were investigated at -2.30, -2.96, -8.13,
and -14.51 kcal mol”, and the AG values were calculated
at about -0.16, -0.83, 6.23, and -11.12 kcal mol™ in state A,
B, C, and D, respectively. Thus, these results approved that
the adsorption of letrozole in state D is stronger since AH
and E , values indicated in state D are more negative than

that of other states.

Adsorption of letrozole onto the AIB29N30 and
GaB29N30

In the following, the Boron (B) atom of the B, N,
nanocluster was altered with Aluminum (Al) or Gallium
(Ga) atom (AIB,N, and GaB,N,) for adsorption of
letrozole. The most stable structures of letrozole/AIB, )N,
and letrozole/GaB, N, complexes in the different states are
shown in Figures 3 and 4. The E , of letrozole/AIB, N, in
states E, E G, and H was calculated to be -24.40, -25.41,

o
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1N /letrozole complexes in state A, B, C and D.

-28.88, and -34.62 kcal mol’!, respectively (Table 1). The
equilibrium distance of letrozole and AlB, N, nanocluster
was determined 1.99, 1.99, 2.00, and 1.98 A, and NBO
(Mulliken) charge transfer was calculated to be 0.153
(0.173),0.171 (0.179), 0.183 (0.130), and 0.182 (0.169) e in
state E, F, G, and H, respectively. Therefore, charge transfer
from drug to nanoclusters. The AH values for the AIB, N,
nanocluster are calculated at -23.18, -23.98, -26.32, and
-31.56 kcal mol" in states E, F, G, and H, respectively.
The AG values in states E, E G, and H are calculated at
-19.63, -20.22, -21.57, and -28.02 kcal mol’, respectively.
The E , of letrozole/GaB,,N, in the state I, J, K, and L was
calculated to be -17.59, -18.45, -22.98, and -27.41 kcal
mol ! with equilibrium distances of 2.04, 2.04, 2.05, and
2.03 A, respectively. Similar to the B, N, and AIB, N,
nanoclusters, the NBO and Mulliken charge transfers
for letrozole/GaB, N, complexes demonstrated a charge
transfer fromletrozoleto GaB, N, nanocluster. Theseresults
indicated that the adsorption of the AIB, N, nanocluster
is stronger than B, N. ‘and GaB N, nanoclusters. Similar

307 30 297 730
to the B, N_ , the adsorption of the letrozole from its 33N

Pharmaceutical Sciences, 2023, 29(2), 219-227 | 221



Behmanesh, et al.

®o

&\ u =) Y @ o } & *.O >
@ &emi
= O’é‘o u%l

Eaa=-24.44 keal mol'@® <_— N26

D=1.99 A

Ea.a=-25.37 kecal mol'z<::] N25
D=1.99 A<_— |\

o - ¥ Lo
3? L AP e T o
= &2 8 2
AlB29N30 State E State F

%o
pre "QQ%NQ

(-]
E.4=-28.83 kcal mol-! I

D=2.00 A< O @y af\’
o Ty
o

&
State G

Figure 3. Optimized structure for the pure AIB, N
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with AIB, )N, and GaB,,N, nanoclusters (states H and L)
are the most stable. The DM values were enhanced after
the letrozole interaction with nanoclusters. These results
indicate an increase in solubility after letrozole adsorption
on the nanoclusters. Thus, negative values indicated that

and AlIB

PR

gy

D. D

1 g 3

Faa—-34.59 keal mol 1@ —a——I N33
D=1.98 A '

0N, /letrozole complexes in state E, F, G and H.

the interaction of letrozole with the B, N, , AIB,)N_, and
GaB,N,  is exothermic, and the letrozole’s adsorption is
spontaneous. The E ; calculated values are more negative
than the AG values, indicating AS reduction (Table 1).

Table 1. Calculated adsorption energy (E, /kcal mol '), bond distance between letrozole and nanocluster (D/A), Charge on the letrozole in

complexes (Q/e), HOMO energies (E
and dipole moment (DM/Debye).

/eV), LUMO energies (E(

(HOMO)

LUMOY

/eV), energy gap (Eg/eV), change of Eg after adsorption (%AEg/%

Name E,, D Q E(HOMO) E(LUMO) Eg %AEg DM AH AG AS
Letrozole - - - -7.74 -2.43 5.32 - 2.66 - -
B,,N,, - - - -6.72 -2.09 4.63 - 0.14 - -
A -4.60 1.69 0.279 -5.79 -3.33 2.45 -47.08 8.47 -2.30 -0.16 -0.007
B -5.60 1.69 0.288 -5.74 -3.15 2.59 -44.06 10.18 -2.96 -0.83 -0.007
(o3 -11.43 1.64 0.219 -6.13 -2.68 3.45 -25.49 6.85 -8.13 -6.23 -0.006
D -16.81 1.62 0.264 -5.86 -2.86 3.00 -35.21 8.66 -14.51 -11.12  -0.011
AIB, N, - - - -6.47 -2.65 3.83 - 2.64 - -
E -24.40 1.99 0.173 -5.61 -3.8 1.80 -53.00 13.11 -23.18 -19.63  -0.012
F -25.41 1.99 -0.179 -5.56 -3.63 1.93 -49.61 14.80 -23.98 -20.22  -0.013
G -28.88 2.00 0.130 -6.00 -2.83 3.17 -17.23 7.22 -26.32 -21.57  -0.016
H -34.62 1.98 0.169 -5.74 -2.95 2.79 -27.15 12.14 -31.56 -28.02 -0.012
GaB,N,, - - - -6.48 -2.88 3.60 - 2.21 - - -
| -17.59 2.04 0.136 -5.61 -3.64 1.97 -45.28 12.06 -15.22 -11.46  -0.013
J -18.45 2.04 0.142 -5.56 -3.46 2.10 -41.67 13.83 -16.41 -13.69  -0.009
K -22.98 2.05 0.108 -5.95 -2.81 3.14 -12.78 6.83 -21.03 -17.37  -0.012
L -27.41 2.03 0.176 -5.71 -2.88 2.83 -21.39 11.10 -25.18 -22.94  -0.011
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The MEP plots of pure and complexes of nanoclusters
are indicated in Figure 5. The electrostatic potential in Al
and Ga atoms of AIB, N, and GaB, N, compared to the
B, N,, is significantly more positive (blue color), making
it the most electron-withdrawing site for N atoms of the
molecule. Adsorption of letrozole on B, N, , AIB, )N, , and
GaB, N, in states D, H, and L significantly changed their
MEDP plots. The MEP maps after the adsorption process
indicated that the letrozole drug is more positive (blue
color). These results showed charge transfers from the
letrozole drug to nanoclusters and confirmed the results of

NBO charge transfers.

Evaluation of the electrical properties of letrozole on the
nanoclusters

The electronic properties of B, N, , AIB, N, , and GaB, )N
nanoclusters before and after adsorption of the letrozole
drug are indicated in Table 1. In the B, N, nanocluster,
the HOMO and LUMO energies are about -6.72 and
-2.09 eV, respectively. Therefore, the E_ was calculated at
4.63 eV. The electronic properties significantly changed

in the AIB, N, and GaB N, nanoclusters. The HOMO
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and GaB

and LUMO energies for AIB, N, were calculated at -6.47
and -2.65 eV, respectively. Also, the HOMO and LUMO
values of GaB N, were calculated at -6.48 and -2.28 eV,
respectively. These results demonstrated that inserting
the Ga or Al atoms instead of the B atom destabilizes the
HOMO and stabilizes the LUMO levels. Therefore, in the
AlB, )N, and GaB,N, nanoclusters, the E values were
reduced by 17. 28% and 22.25% compared with the B, N,,
nanocluster. After adsorption of letrozole, in the most
stable complex of the letrozole/B, N, (state D), the LUMO
level is stabilized by shifting from -2.09 to -2.86 eV, and the
HOMO level is destabilized by about 0.86 eV. These changes
in the LUMO and HOMO levels significantly decreased
the E of the B, N from 4.63 to 3.00 ¢V (-35%). In the

307 30
most stable letrozole/AlB, )N, ~and letrozole/GaB, N,

complexes (states H and L), 2'ihewEg changed about -27.15%
and -21.39%. The E_ values show reactivity and sensitivity.
The lower values indicate higher sensitivity, reactivity,
and electrical conductivity since the change in E_ values
corresponds to the population of conduction elections, as

stated in Eq. 4.

A =AT3/2€)CP Leg
2KT

Eq.(4)
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Where A, K, and T are a constant in electrons/m?*K*?,
Boltzmann’s constant, and temperature, respectively.
Bearing in mind Eq. (4), the population of electrical
conductivity increases exponentially as E_decreases, which
is changed into an electrical signal. Thus, it is clear that the
letrozole/B, N, is more sensitive rather than letrozole/
AIB, N, and letrozole/GaB, N, . Decrease the E_ through

297 730"
adsorptlon of letrozole shown the B, N, could detect the
letrozole. The DOS plot in Figure 6 corroborated that this
alteration in the E_ region of B, N, is more pronounced

than AIB,)N, and GaB N, nanoclusters

Recovery time

The kind of recovery time and interaction is significant
for sensor development. Since strong interactions often
cause long recovery times, which are not ideal for
sensor applications. The recovery time is recognized
experimentally by exposure to UV light or heating the
adsorbent to higher temperatures.” Thus, the recovery
time of B, N, , AIB N, , and GaB,N, nanoclusters was
alculated with the following equations:

T = v, exp (-AG /kT) Eq. (5

where T, k, and v, are the temperature, Boltzmann's
constant, and attempt frequency, respectively. If UV of 10**
s (v ~10"s) is used for attempt frequency to extract the
letrozole attached to the nanoclusters, the recovery time
for the letrozole/B, N, , letrozole/AlB, N, , and letrozole/
GaB,,N, will be about 0.13 x 10, 33.13 x 10°, and 709.95 s
at ambient temperature, respectively. These results showed
that the AIB, N, and GaB, N, suffer from a long recovery
time and could not be practical as a letrozole drug sensor.

Also, the B, N, has a suitable short recovery time. Thus,

State H
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the B, N, nanocluster is an appropriate candidate for

sensing the letrozole drug.

Ultraviolet-visible (UV-vis) spectra

The TD-DFT calculations were utilized to investigate UV-
vis spectrums of pure nanoclusters and the most stable
complexes. In Table 2, the highest oscillator strengths (f)
for the current study nanoclusters were shown. The A
has existed in the spectra of B, N, , AIB, N, , and GaB, )N
nanoclusters placed at 306, 398, and 427 nm, respectively.
After the adsorption of letrozole on the nanoclusters, A
of complexes shifted to a higher wavelength (red shift). The
maximum A__shift was related to the letrozole/B, N, (162
nm). The UV-vis spectrum of B, N, and letrozole/B, N/
was shown in Figure 7.

X

Conclusion
In this work, the adsorption of letrozole drug on the B, N, ,

AIB, N, ,and GaB, N, nanoclusters was investigated using

DEFT calculations to find a new system for the detection of
letrozole drug. The calculations of E ; indicated favorable
interaction between letrozole and B, N, nanocluster. We
found that the adsorption of letrozole with AIB, N and

297 730
GaB, N, is greater, which can increase its recovery time.

The E values and DOS plots indicated that the B, N, has

greater sensitivity to the letrozole than the AIB N, and

297 30

GaB, N, . Thus, our findings determined that the B, N/

297 730"
nanocluster can selectively identify the letrozole drug.
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Figure 7. The UV-vis spectrum of B, N, and letrozole/B, N
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