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Abstract: Breast cancer is a type of cancer frequently encountered in women, and there is a need for more efficient and safer
therapeutic approaches. Letrozole is an aromatase inhibitor that suppresses the growth of estrogen-dependent tumors, but its
metabolic stability at high temperatures may restrict its therapeutic activity. In the present theoretical work, based on quantum
calculations using the Gaussian software package, we examine the thermodynamic properties of the letrostructure alone and in
combination with lead-free perovskite (CaTiO3), structure. The compatibility of the perovskite was further examined in terms of
its biosafety in relation to the hemoglobin molecule. The obtained difference in Gibbs free energy (AG) values and displacement
of enthalpy (AH) towards the more stable side, as well as higher deformation and binding energies of perovskite, were found when
combined with letrozole. These signs suggest that more spontaneous tumor growth and tight binding to the cancerous formation
were achieved, which did not present any apparent hematotoxicity. Then, lead-free perovskites may serve as a potential mediator
for enhancing the efficacy of letrozole in breast cancer treatment.
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INTRODUCTION

Breast cancer is one of the most frequent malignancies in women worldwide, and a leading cause of both morbidity
and mortality, particularly for estrogen receptor-positive (ER+) cancers. The global incidence of this lethal disease is
about 2.3 million new cases with over 680,000 respective deaths; these figures from GLOBOCAN 2020 are
representative of the huge health burden due to the disease [1, 2]. The available epidemiologic data suggest that early
detection is the cornerstone of cancer survival [3]. One of the important therapeutic advances is aromatase inhibitor
treatment, particularly letrozole, which blocks the activity of CYP19A1 (aromatase), responsible for the
transformation of androgens into estrogens. Impaired by letrozole (LT), whose anticancer efficacy has been
demonstrated to retard tumor growth and prolong survival [4, 5]. Nevertheless, its heat, light, and pH sensitivity could
influence its stability and pharmacological performance [6, 7]. Physics has started using quantum simulations
(programs such as Gaussian) to investigate the generic electronic, thermodynamic, and optical properties of molecules.
It would have provided a "mental laboratory" in which to learn more about letrozole behavior and its relationship with
physical factors before experimental usage [8-10]. In the present work, we suggest an integrated scheme, which starts
with the investigation of letrozole as a single molecule by extracting its thermal functions (H, G, S) at physiological
temperature (298-315) K and then looks for an optical signature for studying TD-DFT calculations in order to discern
a safe region of spectra. It is subsequently tested in a blood-mimicking medium (SMD/Water) for safety. The
interaction of letrozole with lead-free perovskite (Ca,Ti,Os). This approach lays the groundwork for developing a
therapeutic-physical concept that enhances letrozole efficiency by tailoring its thermo-spectral milieu using safe and
promising materials, such as Ca,Ti,Os. It presents a potential front-line view of combining medicine and theoretical
physics effectively in the fight against breast cancer [11, 12].
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COMPUTATIONAL METHODS

This theoretical work utilized the Gaussian 16 program to analyze the molecular interaction simulation and
investigated the thermodynamic and optical properties of these models. A cancer model was first built using the
molecular structure provided in [13]. The molecular steroid defect of this hormone was simulated by fusing two
progesterone molecules to create a conglomerate structure, supposed to be the virtual one of growth catechol
estroprogestins in breast cancer. The optimized letrozole structure [14] was further retrieved from literature databases
and covalently attached to the cancer model, resulting in a complex (cancer-letrozole) as a reference system.

Next, the structure of a lead-free perovskite, Ca,Ti,Og, was prepared using full crystallographic data [15].
Calculations were then performed on its interaction with the deoxyhemoglobin molecule of blood [16] to verify its
biosecurity and non-hazardous behavior for human health in contact with blood components. This analysis was also
necessary to evaluate the medical suitability of the material for inclusion in the therapy model. The cancer-letrozole
complex was subsequently conjugated to perviskite to explore increased stability and efficacy of letrozole in the
presence of perviskite compared to the control case.

The thermodynamic properties (free energy AG, enthalpy AH, and entropy AS) changes were computed using the
following equation [16], as well as energies of dissociation energies Eq.r [17] and binding energy Eg [16] to check the
stability model and spontaneity reactions:

AG = AH — AST (1)
Edef = (EDocking - Ea) + (EDocking - Eb) )
_ (NEa + MEb) - EDocking (3)

B N+M

Where: T, temperature, E, : total energy of first material, E;, : total energy of second one, N and M : are number of
atoms for a and b, Epgcring :is the total energy for docking a with the b.

RESULTS AND DISCUSSION

Figure 1 illustrates the process of docking a hemoglobin structure with a Ca,Ti,O¢ perovskite crystal. Vibrational
analysis confirmed the thermal stability of the final structure, as no phantom vibrational frequencies were detected,
thereby meeting the stability criterion. This supports the assumption that perovskite is biocompatible with blood
components and does not cause direct toxic effects.

FIGURE 1. Docking of the hemoglobin structure with the perovskite.

Figures 2 and 3 depict the docking model of letrozole with the cancer target, as well as the docking of the ternary
cancer-targeting complex, which includes letrozole and perovskite. The results of the calculations confirmed the
stability of this complex. This study aims to enhance the therapeutic efficacy of letrozole in the treatment of breast
cancer by using lead-free perovskite as a safe adjuvant. This approach improves thermal stability and reduces
phototoxicity, all while avoiding hematotoxicity, by achieving optimally stable structures. Figure 1 illustrates the
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process of docking a hemoglobin structure with a Ca,Ti,O¢ perovskite crystal. Vibrational analysis confirmed the
thermal stability of the final structure, as no phantom vibrational frequencies were detected, thereby meeting the
stability criterion. This supports the assumption that perovskite is biocompatible with blood components and does not

cause direct toxic effects.

FIGURE 3. The docking of the letrozole structure (liver) to the breast cancer with the perovskite intermediates.

In table (1) All values of OHB selected were from a well-established source and served as the gold standard [16,
18]. OHB should be considered the best blood fitness and functional model. The Gibbs free energy (AG) and enthalpy
(AH) listed for OHB were relatively lower compared with the docking of Pb-free perovskite to deoxyhemoglobin,
((CaTiOs3), - DHB), suggesting that the process is not fully thermodynamically favorable but may represent a stable
interaction that does not damage protein structure [19] .

The results for the entropy change (AS) revealed that both models presented negative values, indicating a decrease in
disorder after bonding. Despite the increase in the number of cells, we did not reach a higher level. Thus, we have a
cell amount that could influence the essential biological function of hemoglobin - oxygen transport [20]. In contrast,
the dissociation (Edr) and binding (Eg) energies demonstrated that perovskite’s' contact with DHB is superficial, weak,
and non-covalent, revealing that perovskites do not induce structural or functional distortion to hemoglobin [21, 22].

These findings are in accord with the results of earlier clinical research, which have indicated an association
between the hemoprotein risk and preserving its free energies and space structure within the normal range[23].Thus,
all the values of perovskites (CaTiO3), — DHB are within an acceptable range as observed to that of the reference
value of oxyhemoglobin, and this proves that perovskites is a relatively safe material, showing non-toxic properties
with respect to the blood on a molecular contact level.
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In Table 1 Thermodynamic and energetic considerations of the letrozole—cancer complex versus the letrozole—
perovskite (CaTiO3), - cancer complex revealed a significant enhancement in all investigated aspects when replacing
lead-based perovskite. The Gibbs free energy (AG) decreased from 1.53 eV to 0.62 eV, indicating that the reaction
was more spontaneous and thermodynamically stable. The enthalpy (AH) was also transferred from a high positive
value (19.33 eV) to near zero (-0.08 eV), demonstrating the transfer of a state that requires external energy to another
with greater stability and lower energy costs. In addition, AS had a lower value of 3.59 eV compared to 17.79 eV,
indicating a more ordered system due to the presence of perovskite.

The deformation energy (Eq.r) was observed to be less negative after the inclusion of perveskite, implying that the
novel material has a low energy requirement for binding. Whereas binding energy (Eg) got much better, it has
decreased from 5.47 eV to a negative value (—242.69 e¢V), indicating that letrozole binding with the cancerous model
became stronger and more stable in the presence of perveskite. All of these results indicate that the incorporation of
perveskite increased its therapeutic effectiveness by enhancing thermal stability and reducing the dissociation
probability with letrozole.

These theoretical findings are in agreement with the literature, which reports that the use of stable nanomaterials
to enhance the environment of the drug molecule can improve its therapeutic effect and reduce its photo-thermal
degradation [21, 24]. Pb-free perovskites (e.g., CaTiO3; and Ca,Ti,O¢) also demonstrate the optical and thermal
properties required to be considered for biomedical applications while being less toxic to blood components [25, 26].In
clinics, improving drug stability is an essential element for higher efficacy of anticancer drugs, including letrozole,
because the drug stability correlates with its therapeutic effect and prevention from relapse [4, 7, 27].

From this, it may be inferred that the activity of perveskite (CaTiO3), was further improved due to its combination
with letrozole, facilitated by the excellent thermal and optical properties, making it a more effective therapy for breast
cancer, while enhancing stability and preventing possible adverse effects following thermal or photodegradation.

TABLE 1. Thermodynamic properties and binding energies of the studied models.

Energies, OHB (CaTiO3)2 with  Letrozole with Letrozole with (CaTiOs): with
eV DHB Cancer Cancer
AG 0.566097644 18.35814605 1.539707224 0.623431221
AH 0.063211153 17.17327027 19.33692572 -0.084245256
TAS -0.502886491 -1.184875784 17.7972185 3.596124127
Eaer -103458.6634 23162.74595 -77902.64077 -69114.19817
Es 187.4522258 -499.230869 5.47251226 -242.6955008

Theoretical calculations based on thermodynamic properties reported that the lead-free perovskite (CaTiOs3),,
when combined with letrozole, resulted in a considerable improvement in its therapeutic stability compared to the
previous compound acting alone. The formation of the ternary complex (letrozole—perovskite—cancer) resulted in a
significant decrease in Gibbs free energy (AG), indicating higher spontaneity. The enthalpy (AH) changes from a high
positive value towards near-zero or negative values, suggesting improved thermal stability. In addition, the
deformations (Egr) and binding energies (Ep) indicated that the enhanced complex is better able to form stable
complexes, as well as requires less energy when variations were made in a favourable environment.Perovskite's
binding to hemoglobin was also found not to be toxic or produce significant negative changes in blood proteins, further
supporting its safety potential. Therefore, lead-free perovskites are an effective mediator to enhance the stability of
letrozole, as well as promote its activity against breast cancer. Nevertheless, these results are speculative and require
follow-up with in vitro and clinical trials to ultimately validate their efficacy in vivo.

CONCLUSION

Theoretical calculations based on thermodynamic properties reported that the lead-free perovskite (CaTiOs3),,
when combined with letrozole, resulted in a considerable improvement in its therapeutic stability compared to the
previous compound acting alone. The formation of the ternary complex (letrozole—perovskite—cancer) resulted in a
significant decrease in Gibbs free energy (AG), indicating higher spontaneity. The enthalpy (AH) changes from a high
positive value towards near-zero or negative values, suggesting improved thermal stability. In addition, the
deformations (E4r) and binding energies (Ep) indicated that the enhanced complex is better able to form stable
complexes, as well as requires less energy when variations were made in a favourable environment.Perovskite's
binding to hemoglobin was also found not to be toxic or produce significant negative changes in blood proteins, further
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supporting its safety potential. Therefore, lead-free perovskites are an effective mediator to enhance the stability of
letrozole, as well as promote its activity against breast cancer. Nevertheless, these results are speculative and require
follow-up with in vitro and clinical trials to ultimately validate their efficacy in vivo.
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