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Abstract: In this work, chloroquine (CLQ) has been evaluated for its inhibition of coronavirus using
trapping on the boron nitride nanocage (B4N10) functionalized with some atoms as a drug delivery
procedure, owing to the direct electron transfer principle, as illustrated by the quantum mechanics
method of molecular modeling. In fact, the theoretical approach using CAM-B3LYP/6-311+G (d,p)
explains how B4N1o binds the CLQ drug through electronic-state density, nuclear quadrupole resonance,
nuclear magnetic resonance, and thermodynamic properties. In the end, the results showed that using
B4N1o modified with aluminum, carbon, and silicon for adsorbing the CLQ drug to form "BsAIN1o—
CLQ, B4sCN1p—CLQ, and B4SiN1—CLQ" could yield a promising drug-delivery formulation. This can
be supported by quantum-mechanical calculations based on the physical and chemical properties shown
in PDOS, NMR, NQR, and IR spectra. Here, we used network pharmacology, metabolite analysis, and
molecular simulation to elucidate the biochemical basis of the health-promoting effects of the CLQ
drug via B4AN10-mediated drug delivery.

Keywords: BsXNio (X=Al/C/Si); drug delivery; CLQ; COVID-19; quantum DFT.

© 2026 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. The authors retain copyright of
their work, and no permission is required from the authors or the publisher to reuse or distribute this article, as long as proper
attribution is given to the original source.

1. Introduction

The arrival of a recent coronavirus, known as the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has involved a pandemic of Coronavirus Disease of 2019
(COVID-19) [1,2]. Following its precedent, a reported case in Wuhan, China, in December
2019, recent studies by medical professionals and scientists have supported some ideas about
the virus's pathogenesis and nature [3]. The intensity of the COVID-19 pandemic has waned
since the beginning of 2022, in parallel with a significantly reduced risk for disease progression
and death due to widespread vaccination, hybrid immunity, and the intrinsically low virulence
of the Omicron subvariants [4]. The use of early therapies (antiviral monoclonal antibodies and
small molecules) has been approved for preventing disease progression and hospitalizations
among high-risk outpatients with comorbidities [5]. Gottlieb et al. investigated the early
treatment of COVID-19 outpatients with oral antivirals or short daily infusions, a strategy that
helped turn the tide of the pandemic by reducing hospital admissions and mortality [6].
Furthermore, Kim et al. have indicated that, while treatment options for patients with severe
disease requiring hospitalization are now available, with corticosteroids emerging as the
treatment of choice for critically ill patients, interventions that can be administered early during

https://biointerfaceresearch.com/ 1of12


https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC164.106
mailto:fmollaamin@kastamonu.edu.tr
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6896-336X

https://doi.org/10.33263/BRIAC164.106

infection to prevent disease progression and longer-term complications are urgently needed
[7]. There is not a certain therapy or vaccine receivable to battle versus SARS-CoV-2 [8].
Lately, antibodies have been almost all created in human cells and transformed animal cells,
which are programs with many tools that are very difficult to run [9,10]. In addition, SARS-
CoV-2 is a current major challenge for researchers, and they are still working on the
development of antiviral drugs against SARS-CoV-2 [11-13]. Currently, researchers and
scientists are working on the development of a drug against COVID-19 in the following ways:
the prevention of self-assembly (structural proteins), viral replication (Nsps), viral entry, and
the blocking of the signaling pathways required for viral infection [14-16].

Chloroquine, with the formula CisH26CIN3, has antiviral and anti-inflammatory
properties and has been used for the treatment of MERS—CoV, Zika virus, enterovirus EV—
AT71, OC43, influenza A H5N1, SARS—CoV, and SARS-CoV-2 infections [17,18].

Recently, several studies have investigated the potential benefits of chloroquine or its
derivative, hydroxychloroquine, an inexpensive antimalarial medication that has been used for
years in COVID-19 therapy [19, 20].

Daolin et al. have shown that chloroquine, with a dual function in antiviral immunity,
can be critical to consider for introducing in the COVID-19 cure [21].

There is a need to enhance the bioavailability and operational interval of a medication
to achieve therapeutic outcomes. Drug delivery approaches can alter a medication's
pharmacokinetics and quality by providing diverse components, drug delivery systems, and
medical devices [22-25].

Among nanoparticles, boron nitride (BN) nanomaterials have shown excellent physical
and chemical properties and a wide range of applications in drug delivery systems [26]. In this
work, the focus was on the CLQ drug attached to functionalized B4N10_NC with Al, C, and
Si atoms, towards the formation of B4AIN10-CLQ, B4CN10-CLQ, and B4SiN10-CLQ
complexes for the treatment of COVID-19 (Figure 1).
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Figurel. Adsorption of chloroquine (CLQ) by functionalized BsN1o with Al, C, and Si atoms towards formation
of B4AIN1o—CLQ, B4CN1—CLQ, and B4SiN1c—CLQ complexes.
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The COVID-19 pandemic, driven by the constantly changing SARS-CoV-2 virus, has
kept global health systems on high alert. With new virus strains appearing regularly, many of
which spread more easily and can escape immune defenses, worries about how well current
vaccines and treatments work have grown. As resistance to antiviral drugs and monoclonal
antibodies becomes more common, doctors are looking at combining different treatments and
developing new, more powerful antibodies that can fight a wider range of virus variants [27].

2. Theoretical Background, Materials, and Methods

The theoretical method of density functional theory (DFT) is one of the most widely
used approximations of Hohenberg, Kohn, and Sham, which enables the theoretical
investigation of material properties [28]. The DFT approach provides a beneficial level for
estimating chemical systems [29].

In this work, the structures of CLQ drug adsorbed on the B4aXN1o (X=AIl/C/Si) were
minimized at the skeleton of the DFT approach, accompanied by the three-parameter Becke’s
exchange [30] and Lee-Yang—Parr’s correlation non-local functional [31], introduced as
B3LYP level. The calculations used the basis sets of LANL2DZ and 6-311+G (d,p) with
multiplicity of +1 and convergence on RMS density matrix=1.00D-08 and convergence on
MAX density matrix=1.00D-06. In fact, molecular modeling techniques are used to describe
the process of interaction between CLQ drug and B4XN1o (X=AIl/C/Si) towards formation of
BsAIN10-CLQ, B4sCN1o—CLQ, B4SiN1o—CLQ complexes as the drug delivery system for
treatment of Covid-19 disease (Figure 1).

In this research, the Onsager pattern was carried out, which was extended by Frisch,
Wong, and Wiberg by applying spherical cavities [32]. This model provides a less accurate
explanation of the solute/solvent interface, but it can lighten the assessment of energy
derivatives during optimization and frequency analysis. Furthermore, Cramer and Truhlar
developed this model at the dipole level [33]. As a matter of fact, a cavity should have a
physical impression, as in the Onsager design, and a mathematical susceptibility, as is
frequently the case in other definitions of solvent influences [32]. So, the cavity must maintain
the solvent and its neighbors as the greatest possible section of the solute charge diffusion [34].

The CNT compound is discussed in drug-delivery programs that might be implemented
using a variety of biomaterials containing DNA, proteins, and antibodies. This provides
clearance for the purpose of assigning special cells, tissues, and organs. These substances might
lightly interpenetrate cells, releasing medications directly to the nucleus or cytoplasm. Drug-
releasing platforms enhance the pharmacological and therapeutic profile and influence of the
medication, and reduce the occurrence of off-target effects [35].

In fact, a mass of quantum mechanical techniques can accomplish discovering certain
properties of physico-chemical specifications extracted from a minimized frame of CLQ drug
attached to B4sXN1o (X=AI/C/Si), consisting of density of electrical states, electric potential,
Bader charge distribution, vibrational computations, and nuclear magnetic resonance analysis,
owing to running a drug delivery model using the Gaussian 16 revision C.01 program [36]. In
addition, the gauge-including atomic orbitals (GIAO) method has been used to assess gauge-
origin issues in the measurement of nuclear magnetic shielding for [B4XNi1p—CLQ
(X=AI/C/Si)] complexes using DFT.
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3. Results and Discussion

3.1. PDOS study.

The electronic structures of the CLQ drug attached to the BsXNi (X=AIl/C/SI)
nanocage were evaluated to explain the interfacial electronic parameters using quantum
methods.

Figure 2 (a—d) introduces the projected density of states (PDOS) of the CLQ drug,
B4AIN10, B4CN1o, and B4SiN1o, respectively. It is obvious from the figure that after adsorption
of the CLQ drug on the B4XNz1o (X=AI/C/Si), there is a significant contribution of p-orbitals of
Al, C, Si, N, and Cl atoms in the unoccupied stage. Population analysis and PDOS indicate that
C, N, and Cl atoms of CLQ remain in linkage with B4XN1o(X=Al/C/Si), and they can grab
more electrons from other elements. So, the graph of PDOS reveals that the p states of the
adsorption of C, N, and Cl atoms on the B4XN1o—C(X=AI/C/Si) are significant through the
conduction band (Figure 2a—d). Furthermore, the existence of covalent features for the
[BaXN1o—CLQ (X=AIl/C/Si)] complex has shown the equal energy content and configuration
of the PDOS for the p orbitals of Al, C, Si, N, and Cl atoms (Figure 2a-b).
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Figure 2. Electronic properties of Partial Density of States (PDOS) for (a) CLQ drug adsorbed on (b)
B4A|N1(rCLQ; (C) B4CN107CLQ; (d) B4SIN1(rCLQ

Figure2a—d shows that the CLQ drug states adsorbed onto BaXNio(X=Al/C/Si)
complexes have more contribution at the middle of the conduction band between —5eV to —
15eV, while contribution of C, N, CI states in CLQ drug are expanded and close together
(Figure 2a), and Al states in BsAIN1o (Figure 2b), C in B4CNio (Figure 2¢) and Si in B4SiN1o
(Figure 2d) approximately have the most contributions.

As a matter of fact, the aforementioned consequences indicate that the principal
complex and a certain degree of covalent character can narrow the direct band gap of the CLQ
drug when absorbed on the B4XNzo (X=AI/C/Si) complexes.
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3.2. Spectroscopy of NMR.

The nuclear magnetic resonance (NMR) information of shielding tensors (ppm)
containing isotropic (oiso) and anisotropic (caniso) for CLQ drug linked to B4XNz1o (X=AIl/C/Si)
complexes was computed (Table 1). The results obtained demonstrate the "SCF/GIAQO"
magnetic shielding tensor for Al, C, Si, N, and Cl atoms, revealing the active zone of the CLQ
material as a potential therapeutic agent for viral disease treatment. The measurements were
run at the "B3LYP/6-311+G (d, p)" level of theory using the Gaussian 16 revision C.01
program [28] and were reported in Table 1.

Table 1. Data of nuclear magnetic resonance (NMR) tensors (ppm) for CLQ drug attached to BsAIN1, BsCNag,
and B4SiNioby quantum methods. SCF GIAO Magnetic shielding tensors (ppm) consisting of an isotropic
shielding tensor (ciso) and an anisotropic shielding tensor (caniso).

CLQ B4AIN10-CLQ B4CN10—CLQ B4SiN1o—-CLQ
Atom Giso Ganiso Atom Giso Ganiso Atom Ciso Ganiso Atom Giso Ganiso
C1l 132.52 | 130.65 Bl 96.71 82.91 B1 103.95 91.64 Bl 69.65 66.87

c2 134.71 | 115.73 N2 259.30 | 626.11 N2 111.66 621.75 N2 211.97 928.02

C3 154.14 | 132.97 N3 58.49 79.64 N3 1655.31 | 2921.16 N3 890.97 2652.00

C4 133.90 | 120.89 B4 105.97 72.42 B4 99.38 130.29 B4 93.00 40.07

C5 129.01 | 112.43 B5 94.94 58.17 B5 111.94 4471 B5 56.79 52.74

C6 121.43 | 90.28 B6 78.48 78.26 B6 111.96 63.24 B6 55.44 76.88

Cc7 135.35 | 119.43 N7 180.32 | 573.04 N7 268.02 362.56 N7 147.71 1114.40

C8 145.64 | 85.83 N8 79.95 253.36 N8 557.61 1335.78 N8 1417.29 | 215341

C9 124.85 | 112.78 N9 460.09 | 832.80 N9 601.87 1305.01 N9 588.36 | 4046.60

N10 76.90 | 440.22 N10 558.79 | 717.03 N10 877.08 1752.31 N10 575.52 2937.29

N11 236.30 | 37.80 N11 512.23 | 941.85 N11 1094.84 | 1854.46 N11 88.60 3677.85

C12 179.56 | 34.90 N12 283.32 | 712.10 N12 637.42 1166.30 N12 300.50 2936.03

C13 20491 | 29.29 All13 | 488.58 | 206.97 C13 99.65 87.81 Sil3 670.58 157.49

C14 198.50 | 27.14 N14 28.48 599.67 N14 35.63 1510.04 N14 123.22 1007.9

C15 200.92 | 22.42 N15 21.33 591.87 N15 262.85 1199.51 N15 40.17 1170.06

The [BsXN1o—CLQ (X=AI/C/Si)] complexes have reflected the significance of
chemical shielding consisting of ciso and caniso (ppm) for diverse elements of B, Al, C, Si, N,
and Cl atoms in the active zones of the system, owing to the NMR curve (Table 1).

Furthermore, the **C—NMR considerations on the CLQ drug have identified the active
zones of this compound, owing to unraveling the most electron-donor elements during CLQ
drug adsorption onto BsXN1o(X=AIl/C/Si) complexes, which expose the major shift in
tetramethylsilane (TMS) using quantum methods (Figure 3a—d).

The most alterations were declared for atoms of N11 in CLQ drug (Figure 3a), N11,
AIl60 in BsAIN1o—CLQ (Figure 3b), N11, C60 in B4CN1o—CLQ (Figure 3c), N11, Si60 in
B4SiN10—CLQ (Figure 3d).

The progress of impressive DFT methods, including electronic correlation effects, has
been shown to be a significant key in the field of shielding computations. By DFT theory,
which scales as N? (N=number of electrons), it is feasible to compute shielding in molecular
systems of practical interest, considering electronic correlation impacts. Furthermore, new
DFT approaches with linear scaling are available, which will enable further development in the
implementation of these techniques for computing magnetic shielding in large systems [37].

This skeleton, based on the theory, analyzes the solvent effects on the magnetic
shielding. The actual computation of these impacts is quite puzzling, because any model that
seeks to capture these interactions must estimate both the electromagnetic interactions
produced by solvent molecules and their dynamic parameters.
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Figure 3. The NMR spectra for (a) CLQ drug; (b) B4AIN1o—CLQ; (¢) B4aCN1o—CLQ; (d) B4SiN1o—CLQ.

3.3. NQR analysis.

Nuclear quadrupole resonance (NQR) spectra can provide precise structural and
compositional information about active groups in biological reactions. It offers a high
probability of identifying the quadrupole coupling constants and the associated charges,
providing insight into the system's electronic structure. In fact, NQR spectra become visible,
providing an intense tool for investigating diverse chemical influences in the solid phase of
many nitrogen-containing substances. Analyzing the quadrupole coupling constants of nitrogen
atoms permits an assessment of the electron density distribution on nitrogen nuclei and enables
analysis of charge distribution in chemical bonding involving nitrogen atoms.

So, "nuclear quadrupole resonance™ or "NQR" was evaluated for CLQ drug trapped by
the surface of BsXNio(X=AIl/C/Si) nanocages towards formation of [BsXN1o—CLQ
(X=AI/C/Si)] complexes based on the "nuclear quadrupole moment", and the “electric field
gradient” or "EFG" [38].

As the "EFG" at the site of the nucleus in the CLQ drug is allocated by the valence
electrons twisted in the particular attachment with close nuclei of BsaXN1o—CLQ(X=AIl/C/Si)
nanocages, the "NQR™" frequency at which transitions occur is particular for [BaXN1o—CLQ
(X=AI/C/Si)] complexes (Table 2).

Table 2. The electric potential (Ey/a.u.) and Bader charge (Q/coulomb) through NQR calculation for
functionalized elements of CLQ drug attached to BaAIN10, C-B4N1o, and Si-B4N1o nanocages using CAM-
B3LYP/EPR-I11,6-311+G(d,p) calculation.

CLQ BsAIN10-CLQ B4CN10—-CLQ B4SiN10-CLQ
Atom Q Ep Atom Q Ep Atom Q Ep Atom Q Ep
C1 0.01 —14.54 B1 -0.42 | -11.30 B1 0.29 -11.27 Bl 0.33 -11.26
C2 0.00 | -14.54 N2 032 | -18.14 N2 -0.15 | -18.09 N2 -0.16 | -18.11
C3 -0.04 | -1453 N3 -1.49 | -18.12 N3 -0.13 | -18.07 N3 -0.16 | -18.10
C4 0.09 -14.51 B4 -0.37 | -11.30 B4 0.29 -11.26 B4 0.33 -11.27
C5 0.04 -14.55 B5 -054 | -11.30 B5 0.30 -11.28 B5 0.33 -11.26
C6 0.00 —-14.50 B6 -0.26 | -11.28 B6 0.29 -11.27 B6 0.33 -11.26
https://biointerfaceresearch.com/ 6 of 12
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CLQ BsAIN10-CLQ B4CN1o-CLQ B4SiN10-CLQ
Atom Q Ep Atom Q Ep Atom Q Ep Atom Q Ep
C7 0.10 -14.47 N7 0.58 -18.14 N7 -0.15 | -18.09 N7 -0.16 | -18.12
C8 0.04 -14.57 N8 1.57 -18.13 N8 -0.13 | -18.08 N8 -0.15 | -18.09
C9 0.10 -14.53 N9 0.47 -18.20 N9 -0.10 | -18.08 N9 -0.33 | -18.18
N10 -0.28 | -18.14 N10 -0.24 | -18.20 N10 -0.10 | -18.09 N10 -0.33 | -18.17
N11 -0.07 | -18.01 N11 -0.02 | -18.18 N11 -0.09 | -18.08 N11 -0.31 | -18.16
C12 0.12 -14.46 N12 0.20 -18.18 N12 -0.10 | -18.07 N12 -0.32 | -18.15
C13 0.02 -14.52 Al13 -0.00 | -43.70 C13 0.11 -14.53 Si13 0.96 -48.39
Cl4 0.02 -14.52 N14 0.73 -18.12 N14 -0.14 | -18.08 N14 -0.18 | -18.12
C15 0.01 -14.52 N15 0.46 -18.13 N15 -0.14 | -18.08 N15 -0.18 | -18.12

Furthermore, in Figure 4 (a—d), the electric potential versus Bader charge of nuclear
quadrupole resonance for some atoms in the attachment of CLQ drug onto B4XN1o(X=Al/C/Si)
nanocages was measured by the theoretical method.

In Figure 4(a), the fluctuation of the charge distribution for all atoms in the CLQ drug
was exhibited to understand which atoms have a more electron-donating tendency in the
attachment to the B4aXN10—CLQ (X=AI/C/Si) complexes.

On the other hand, the N atom in the CLQ drug acts as an electron donor, with a high-
energy orbital containing one or more electrons. So, in BaXN1o(X=AIl/C/Si) complexes, the
elements of Al, C, and Si can be considered as the electron acceptors, which have a low-energy
orbital with one or more vacancies (Figure 4b, c, d).
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Figure 4. The amounts of electric potential (Ep/a.u.) versus Bader charge (Q/coulomb) through NQR
calculation for (a) CLQ drug; (b) BsAIN1g—CLQ); (c) BsCN1o—CLQ; (d) B4SiN1o—CLQ.

In fact, the influence of the linkage between N11 in the CLQ drug (Figure 4a) and Al60,
C60, and Si60 in BsAIN1o—CLQ (Figure 4b), B4CN1o—CLQ (Figure 4c), and B4SiN1p—-CLQ
(Figure 4d) complexes, respectively, during adsorbing CLQ is indicated by the achieved data
of E, from NQR spectroscopy. The competence of B4XN1o(X=Al/C/Si) complexes for sensing
CLQ is determined by their selectivity and sensitivity, which can indicate the yield of these
materials as the engaged detectors.

https://biointerfaceresearch.com/ 70f 12


https://doi.org/10.33263/BRIAC164.106
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC164.106

3.4. Spectroscopy of IR.

The spectroscopy of infrared (IR) through some computations was completed for the
CLQ drug (Figure 5a) attached to B4XN1o(X=AIl/C/Si) complexes by the DFT approach to
catch a more stable system, accompanied by thermodynamic attributes. Therefore, several
complexes containing BaAIN10—CLQ (Figure5b), B4CN1o—CLQ (Figure 5c¢), and B4SiN1o—CLQ
(Figure 5d) have been simulated.
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Figure5. The frequencies (F, cm™) of IR spectra for (a) CLQ drug; (b) BaAIN10—CLQ; (c) BsACN10—CLQ;
(d) B4SiN1o—CLQ.

€ (M~tem™ or Lmoltcm™) is the absorbance unit, and D (10~* esu? cm?) is the dipole
strength via the esu or electrostatic unit, which is a unit of charge in the cgs (centimeter-gram-
second) system.

The curve in Figure 5 (a) shows the frequency limitation across 500-3500 cm™ for the
CLQ drug with a sharp peak around 2183.43 cm™. Figure 5 (b) shows the frequency range
between 100-1500 cm™ for BsAIN1o—CLQ with two sharp peaks around 158.81 and 915.64
cmL. Figure 5 (c) indicates the fluctuation of frequency between 50-750 cm™ for B4CN1—CLQ
with the sharp peaks around 37.34, 152.01, and 565.57 cm™. Figure 5 (d) shows the fluctuation
of frequency between 100-1100 cm™ for B4SiN1o-CLQ with sharp peaks around 281.19,
483.33, 902.26, 931.18, and 1029.57 cm™™,

The outlook of Figure 5 (a—d) provides evidence for different frequencies of [BaXN1o—
CLQ(X=AI/C/Si)] complexes, which indicate the active sites in the CLQ drug and
functionalized atoms in B4XN1o(X=AIl/C/Si) that can transfer the charge of electrons in polar
CLQ into the B4XN1o(X=Al/C/Si) complexes.

Furthermore, Table 3, through the thermodynamic specifications, concluded that
B4XN1o(X=Al/C/Si), due to the adsorption of CLQ drug, might be a more efficient sensor for
a drug delivery system.

https://biointerfaceresearch.com/ 8 of 12


https://doi.org/10.33263/BRIAC164.106
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC164.106

Table 3. The thermodynamic characters thermal energy(AE®), thermal enthalpy (AH®), Gibbs free energy (AG°®),
entropy (S°), and dipole moment of CLQ drug, Bs4AIN1c-CLQ, BsCN1o-CLQ, B4SiN1o-CLQ, using CAM-
B3LYP/6-311+G (d, p), LANL2DZ calculation.

Compound AE®x104 AH®x10 AG®x10* S0 Dipole moment
P (kcal/mol) (kcal/mol) (kcal/mol) (cal/K.mol) (Debye)
CLQ drug -821.875 -821.875 -821.913 129.091 5.8364
B4AIN1o-CLQ -55.0351 -55.0350 -55.0379 98.176 3.4260
B4CN1o—CLQ —42.3537 —42.3536 —42.3566 99.093 1.4160
B4SiN10-CLQ -57.9539 -57.9538 -57.9568 99.252 1.2968

It is remarkable that polarization functions in the practical basis set in the enumerations
indicate notable progress in quantum-theoretical techniques. The outcomes of the mentioned
perceptions strongly suggest that CLQ is associated with the X—BsN1o (X=AIl/C/Si) complex,
which is influenced by a mutation in the ambient polarization. It can be observed that an
increase in the dielectric constant enhances the efficacy and stability of this medication for
treating COVID-19.

The adsorption process of CLQ drug on the surface of functionalized BsN1oby Al, C, and
Si elements is affirmed by the AGR quantity:

AGF(; = AG1(3)4XN10—CLQ - (AGgLQ—adsorbed + AGICB)ALXNIO) ) X= AI’ C’ Si (1)

As seen in Table 3, all accounted AG° amounts of BsAIN1o—-CLQ, B4CN1—-CLQ, and
B4SiN1o—CLQ are close, which can demonstrate an appropriate potential of these
functionalized nanocages for CLQ drug adsorption as a drug delivery technique (Table 3).

4. Conclusions

A drug carrier or drug vehicle is a substance used in the process of delivering medicine.
It helps make the drug more targeted, effective, and safer when it's given to a patient. These
carriers are mainly used to manage how and when the drug is released into the body. In this
work, the effect of the CLQ drug on the treatment of COVID-19 has been studied owing to its
attachment to the B4XN1o (X=AIl/C/Si) complex surrounded by a periodic box of H2O as the
drug delivery technique. CLQ drug has motivated scientists to investigate the clinical therapy
of viral coronavirus malady (COVID-19) using linkage to the BsN1o, which can engage an
impressive drug delivery approach due to PDOS, NMR, IR, and NQR data analysis on the
optimized structure extracted from DFT measurements. It can be stated that the doped
nanocages, particularly BsAIN1o—CLQ, B4CN1o—CLQ, and B4SiN1ip—CLQ, show better
chloroquine delivery compared to the original nanocage because they have better
thermodynamic properties, stronger magnetic and electronic features, and higher reactivity.
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