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A B S T R A C T   

Breast cancer, one of the most serious issues worldwide, has been raising day by day. It has now 
become a necessary to develop a suitable drug to combat this terrible illness. Schiff bases are 
increasingly being used as powerful medications for a number of illnesses. BNH has now syn
thesized from Benzil and Nicotinic hydrazide and characterized experimentally by FT-IR, UV, 1H 
NMR,13CNMR and Mass analysis. DFT calculations were done using Gaussian 16 W with B3LYP/ 
6-311 + G (d,p) and geometry of the compound is optimized. Frontier Molecular orbit (FMO), 
Mullikan atomic charges and Molecular Electrostatic Potential (MEP) were studied. Invitro 
antimicrobial studies were done using various bacteria and fungi. The synthesized compound is 
appropriate against bacterial and fungal actions. Invitro study were done using MCF-7 cell lines to 
analyze the anticancer property of the ligand. The outcome suggests that BNH may be employed 
in the future as a novel anticancer medication.   

1. Introduction 

Cancer is a disease that is becoming a threat to the people of the world. It is something deleterious enough to devour mankind. More 
than 19.3 million cancer cases and proximately 10 million cancer death cases were reported recently [1]. The fact is that it has not yet 
been possible to find a felicitous remedy for this disease that kills human life. It has become imperative to get hold of this deadly disease 
which is increasing day by day. There is an uncontrollable cell magnification which can affect different organs of the body and exhibits 
sundry symptoms [2]. To prevent this, we have to resort to coerced treatment methods and medicines. Cancer reporting has increased 
steadily over the past several years, and breast cancer is one of the most prevalent types. According to the current statistics, more cases 
were reported in developed countries than developing countries. Women are disproportionately affected and the remaining cases are 
visually perceived primarily by men. This rate appears to be increasing [3]. Various reasons increase the risk of this disease. Studies 
show that late pregnancy, menopause, lifestyle, incongruous diet, age, gender and utilization of variant of contraceptives all contribute 
to this disease [3,4]. Family tradition additionally contribute to this to some extent. There is growing need to develop a suitable 
treatment modality to surmount this life-threatening condition. Therefore, scientists are doing a lot of research to find surmount drugs 
for this. Schiff bases and its complexes can contribute a lot in the pharmaceutical area to fight against breast cancer. 

Primary amines and carbonyl compounds condense to form Schiff bases [5]. The imino group, which is present in the Schiff base, 
forms hydrogen bonds with the active site of the reaction center and triggers a variety of reactions. The usage of Schiff base complexes 
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as a catalyst in numerous processes, including oxygenation, decomposition, hydrolysis etc. [6]. Living organisms were at risk from 
bacterial and fungal infections. Moreover, there is the growing problem of antimicrobial drug resistance, which negatively affects the 
health of living organisms because many infectious diseases are no longer effectively treated with over-the-counter drugs, resulting in a 
significant number of deaths worldwide. Schiff bases shows antibacterial and antifungal properties [7]. It also shows antituberculosis, 
antimalarial, anti-inflammatory applications etc. [8,9]. Many cancers, including those of the breast, lungs, glioblastoma, numerous 
neurological illnesses, etc., have been found to respond well to treatments including Schiff bases [10,11]. Hence, the contributions 
given by Schiff bases in medicinal and pharmaceutical fields is of great paramountcy Because of these multiple uses, interest in 
research on Schiff bases is growing, which inspires scientists to create novel compounds and make them useful in the treatment of 
major health problems. 

Also, theoretical ways for creating suitable medications are emerging these days. Among them, computational chemistry appears to 
be increasingly prevalent. The electrical structure of molecules and solids can be studied using two well-known computational 
chemistry techniques: ab initio calculations [12] and Density Functional Theory (DFT). Both methods are essential for deciphering 
experimental data, forecasting molecular activity, and comprehending chemical characteristics. Density functional theory (DFT) has 
risen to prominence in theoretical molecular modelling rapidly. Comparing the DFT approach against traditional ab initio methods, the 
former can compute a wide range of molecular properties more precisely. Literature reviews showed that DFT is significantly more 
accurate at reproducing the geometrical structural values that are shown in experiments [13,14]. 

In the present study, a Schiff base (N′, N‴Z)-N′, N‴-(1,2-diphenylethane-1,2-diylidene) di (nicotinohydrazide) BNH is synthesized by 
the reaction between Benzil and Nicotinic hydrazide. The ligand was characterized experimentally using FT-IR, UV, 1H and 13C NMR as 
well as mass spectrometry and other instrumental methods. The DFT approach was used for theoretical computations, and the opti
mized geometry was produced. Various noncovalent interactions including hydrogen bond van be calculated using DFT [15]. The 
precise molecular geometries, activation energies, and energy differences between pairs of tautomer have been obtained using the 
widely used B3LYP approach. The B3LYP approach has been shown to be a good fit for systems due to its small absolute mistakes and 
cost-effectiveness of computations [16]. Thermochemical parameters of the ligand, its HOMO-LUMO transitions, MEP plot and 
Mulliken charge distribution was also obtained. In vitro experiments were used to evaluate the synthetic compound’s biological 
properties. Gram-positive and Gram-negative bacteria were used to study the antibacterial and two fungi, which were chosen for 
antifungal properties. In order to determine the efficiency of the synthesized compound against breast cancer treatments, an invitro 
anticancer investigation was performed using MCF-7 breast cancer cells. Also docking technique, molecular docking was performed to 
analyze the interaction between synthesized ligand and various selected protein. 

2. Materials and methods 

Materials used for the synthesis of the ligand was of analytical grade and used without any purification. Benzil, Nicotinic hydrazide 
were purchased from Sigma Aldrich and used without any purification. FTIR of the synthesized ligand was obtained using PerkinElmer 
IR Version 10.6.0 in the region of 4000 cm− 1 – 400 cm− 1. UV of the ligand was recorded using UV-2600 series spectrometer in the 
range of 200–600 nm using ethanol as solvent.1H NMR and 13C NMR was recorded using Bruker Advance 400 MHz FT-NMR Spec
trometer using DMSO as solvent. Molecular docking was performed using CB dock tool. DFT calculations were done using Gaussian 16 
W software and visualised using Gauss View 6.1 software. Invitro anticancer studies were done using MCF cell lines collected from 
National Centre for Cell Sciences (NCCS), Pune, India. 

3. ExperimentalPreparation of (N’,N‴Z)-N′, N‴-(1,2-diphenylethane-1,2-diylidene)di (nicotinohydrazide) (BNH) 

BNH was synthesized in accordance with the procedure described in Ref. [17]. A solution containing equal molar amounts of Benzil 
(2.1 g, 10 mmol) and Nicotinic hydrazide (1.37 g, 10 mmol) was prepared by dissolving them in 30 mL methanol. The pH of the 
solution was altered by gradually introducing glacial acetic acid. The solution was refluxed at 600C for 5–6 h before being progressively 
cooled. A yellow-coloured precipitate was produced, which was filtered, cleaned, and dried. The precipitate is soluble in hot DMF. The 
yield obtained was 66 % (2.3 g). Recrystallisation was done using DMSO but the crystal obtained was not suitable for X ray diffraction. 

3.1. Invitro antimicrobial studies 

The synthesized compound is subjected to invitro-antimicrobial studies using Agar well diffusion method. The analysis is carried 
out using two Gram positive bacteria (S.aureus, B. subtilis), two Gram negative bacteria (E.coli, P. aeruginosa). Antifungal analysis is 
carried out in two fungi (C.Albicans, A. Niger) [][][] [18,19] [][][]. 

3.2. Invitro anticancer studies 

The compound’s anticancer activity was evaluated against the human breast cancer cell line MCF-7 using the MTT assay. The cell 
line was procured from the National Centre for Cell Sciences (NCCS), Pune, India. The cells were cultured in Dulbecco’s Modified 
Eagles Medium (DMEM-Himedia), supplemented with 10 % heat inactivated Fetal Bovine Serum (FBS) and 1 % antibiotic cocktail 
containing Penicillin (100 U/ml), Streptomycin (100 μg/mL), and Amphotericin B (2.5 μg/mL). 
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3.3. Molecular docking studies 

Molecular docking is a computer modelling technique, which makes it easier to anticipate better orientation of the ligand with the 
selected protein. It is a computer aided drug design which can contribute a lot to the pharmaceutical industries. Docking studies of the 
ligand is carried out in CB Dock with various receptor proteins to identify various binding sites. The proteins were obtained from 
Protein Data Bank. 

4. Result and discussion 

4.1. DFT computational method 

4.1.1. Geometry optimization 
The geometry of the synthesized ligand BNH was optimized by using B3LYP/6–311++G (d, p) with accuracy and is shown in Fig. 1. 

Maximum force = 8 × 10− 06, RMS force = 1 × 10− 06, Maximum displacement = 0.000682, RMS displacement = 0.00015, predicted 
energy change = − 8.609998 × 10− 10 Hartree are the convergence limits. The C7––N15 bond length is 1.2977 A0 and that of N16 -C17 
length is 1.387 A0. The bond length of N16 -C17 is slightly greater than that of C7––N15, due to the shorter bond distances of double bond 
than single bond. Similar is the case of C8––N24 and N25– C26. C8––N24 has a bond distance of 1.2969 A0 and the bond distance of N25– 
C26 is 1.391 A0. N15–N16 and N24–N25 shows almost equal bond distances of 1.3428 A0 and 1.3538 A0 respectively. Also, both the 
carbonyl groups C17––O33 and C26–O34 have bond lengths of 1.2207 A0 and 1.2187 A0 respectively. C21––N22 has a bond length of 
1.3362 A0 which is similar to the bond length of C28––N29 having value of 1.3338 A0. Both this C––N belongs to the pyridine ring of the 
nicotinic hydrazide. The bond angle of C7–C8–N24 has a value of 117.33250. N24–N25–H50 shows a bond angle of 120.3121 A0 which is 
similar to N15–N16–H45 having an angle of 120.11040. Both N16–C17–O33 and N25–C26-034 exhibits similar bond angle of 118.20360 and 
118.33950 respectively. Similarly, C21–N22–C23 and C28–N29–C30 also have almost similar values of 117.83310 and 117.6592 
respectively. 

The dihedral angles of H45–N16–C17-033 is 6.74560, H37–C3–C4–C7 is 1.91810, N15–N16–C17–C18 is 8.40340, C8– N24–N25–H50 is 
9.41880 and H50–N25–C26–O34 is 1.1056. 

Fig. 1. Optimized geometry of BNH.  
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4.2. Mass analysis 

The calculated molecular weight and fragmentation process of the ligand are determined by its mass spectrum. In accordance with 
the indicated molecular weight of the ligand [C26H20N6O2] +, the pattern exhibits a parent molecular ion peak at (m/z = 449 amu) 
which also represents the base peak. Due to the progressive breakdown of the ligand, various peaks were seen. A peak at m/z =
326shows [C21H16N3O]+due to the loss of C5H4N30. A second fragment [C14H11N3O]+with a m/z of 237 results from the loss of C6H5, 
the base peak of the spectrum. Another fragment at m/z = 223 [C13H9N30] +by losing one of the CH moiety. This result makes clear 
evidence of the proposed molecular formula (C26H20N6O2) of the ligand. 

4.3. Experimental and theoretical analysis 

4.3.1. 1H NMR and 13C NMR 
Using TMS as the internal standard,1H NMR and 13C NMR of BNH is analyzed in DMSO solution. 1HNMR of the ligand shows the 

aromatic protons whose peaks ranges from 7.44 to 7.93 ppm [20]. Another peak at 8.59–8.69 ppm indicates the presence of azo
methine hydrogen (HC––N) [21]. Peak at 11.6 represents NH group present in the compound [22]. A sharp singlet at 3.35 ppm in
dicates the presence of methylene group in the ring [23]. The peak at 2.4–2.5 ppm due to the protons of DMSO [24]. In 13CNMR, a 
minor peak at 163.9 ppm is that of the C––O carbon [25]. 123.7–138 ppm represents aromatic carbon of the ligand. Another peak at 
149.1 ppm shows carbon atom (C––N) azomethine groups [26,27]. Peak at 152.5 ppm indicating the C– N carbon atom [27] and 
39.35–40.6 ppm indicates carbon atoms of DMSO [28]. 

Theoretical calculations of the 1HNMR also show peaks at6-7.5 range shows aromatic hydrogen in the ligand. Azomethine hy
drogens comes between 8 and 8.5. Peak around 10.04 ppm indicates NH hydrogen present. In 13C NMR, carbon atom of C––O moiety is 
represented by 166.37 ppm and 166.45 ppm. Peak around 149 ppm shows azomethine carbon atom (C––N). Aromatic carbons are 
represented by 120ppm-135 ppm. Another peak around 150 ppm indicates C–N carbon atom of the pyridine ring. Experimental results 
are in agreement with the theoretical analysis which supports the structure proposed above. 

4.4. FT IR analysis 

The weak band in the region 3270-3160 cm− 1 show in the spectrum of the synthesized ligand is attributed to v (N–H) [29]. It is a 
broad peak which indicates the presence of hydrogen bond of the type NH …. N [30]. A low intensity band between 3080 and 3000 
cm− 1 represents aromatic ν(C–H) [31]. There is a sharp peak at 1664 cm− 1 which is due to the presence of C = 0 group of the ligand. 
C––N hyd N stretching vibrations are shown by sharp peaks around 1530 cm− 1 [32]. Vibrational frequencies between 1560 cm− 1 and 
1417 cm− 1 exhibits the presence of ν(C––N) and ν(C––C) bonds of the two-pyridine ring and aromatic ring respectively [29,33]. Also, 
there is a N–N bond vibrations around 1023 cm− 1. There is a presence of deformation vibration of C–H aromatic bond between 833 
cm− 1 and 730 cm− 1 [34]. 

IR intensities of the BNH is computed by using B3LYP/6–311++G (d, p). A weak band in the region of 3349 cm− 1 indicates the 
presence of v (N–H). Similar to experimental analysis, a sharp peak is observed at 1663 cm− 1 in theoretical calculation also, due to the 
presence of C––O group of the ligand. Frequency around 1516 cm− 1 exhibits the presence of ν(C––N) which is varied from the 
experimental observation. C–H deformation can be identified around 924 cm− 1. This shows that the theoretical observation is in 
agreement with the experimental one which contributes to the structure proposed by mass analysis (Fig. 2). 

4.5. UV interpretation 

Using a DOUBLE BEAM UV-VIS Spectrophotometer: 2202, the ligand’s UV absorbance spectrum was captured over the wavelength 

Fig. 2. IR spectrum – a) Experimental and b) Theoretical.  
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range of 200–700 nm using ethanol as solvent. Typically, the bands at 300–400 nm in the UV–vis spectrum of Schiff base compounds 
represent the excitation of electrons of the azomethine C––N group [35]. High intensity bands in this spectrum around 350–360 nm 
were attributed to the n- π*transitions of C––N [36]. While performing experimental calculation of BNH, the intensity peak is observed 
at 357 nm point out the presence of the n- π* transition of C––N azomethine group [37]. Theoretical calculation is done using DFT study 
which shows a broad spectrum with an intensity peak of 351 nm Fig. 3. Both experimental data are consistent with theoretical data 
which clearly give evidences for the structure of BNH. 

Noncovalent interactions like hydrogen bonding, π-π interactions can be obtained from UV–Vis spectra of BNH. The theoretical 
band is observed at 351 nm, and the experimental at 357 nm. This shift can be attributable to the effect of ethanol used which changes 
the UV–Vis spectrum. H bonding interactions produce absorption band shifts, primarily by influencing the electron stretching of the 
ligand or altering its surroundings [38–42]. 

4.6. Fluorescence studies 

The photoluminescence study of the ligand is observed in the 300–600 nm range Fig. 4. The emission spectrum of the ligand shows 
a high intensity peak at 424 nm on excitation at 357 nm. This high intensity peak is due to the intra ligand π-π* transitions exhibited by 
Schiff bases [43]. Also, this shows the high rigidity of the molecule. Since it exhibits high intensity peak, it can show fluorescent effects 
and hence can be used as photosensitizer against cancer cells thereby contributing to the cancer treatment [44]. 

4.7. Molecular electrostatic potential analysis 

The primary emphasis of molecular electrostatic potential is the electron density, which provides details on potential sites for 
electrophilic and nucleophilic attack as well as hydrogen-bonding interactions. The electrophilic and nucleophilic attacking sites were 
identified utilising MEP analysis employing the B3LYP/6–31++G (d, p) method. The MEP is coloured red for negative charge, which 
indicates the likelihood of electrophilic reactivity, blue for positive charge, which suggests a possibility of nucleophilic reactivity, and 
green for neutral. The quantification of a molecule’s electrostatic potential also makes it possible to determine its biological reactivity, 
especially when it comes as a drug receptors and enzyme-substrates interaction. Lone pairs of electronegative atoms are typically 
linked to negative potential regions [45–47]. 

From the MEP plot of BNH, the positive region is mainly localised on the Schiff base group, one of the phenyl rings of benzene and 
pyrimidine ring of nicotinic hydrazide. These are more prone to nucleophilic attack. The negative region concentrates on the one of the 
phenyl ring of the benzil, where electrophilic attack occurs. Remaining area shown by green colour indicates zero potential and small 
yellow portion indicates slightly electron rich regions (Fig. 5). 

4.8. Frontier Molecular orbital analysis (FM0) 

The lowest occupied molecular orbital (LUMO) and the highest occupied molecular orbital (HOMO) are taken into account while 
performing an FMO analysis of the ligand. The electron distribution in the orbitals, their energies, the energy gap between them, 
chemical hardness, electronegativity, and ionisation energies were all calculated using the FMO analysis [48] which is shown in Fig. 6. 
Determining the energy gap provides information on the electrical and optical properties of molecules as well as the chemical reac
tivity of the ligand. Lower the energy gap, more predominant will be the possibility of excitation of electrons and higher will be the 
reactivity. Also, more the FMO energy gap, the molecule is less reactive and more stable which makes it harder and vice-versa [49]. 
Here the orbitals that were examined include HOMO and LUMO, which are thought to be the key orbitals involved in electron transfers 
in chemical reactions [50,51]. HOMO of the ligand is mainly located in one of the aromatic rings of the benzil and the 
C––O–NH–N––CH moiety of benzil and nicotinic hydrazide whereas in LUMO electron density move towards aromatic ring of the 

Fig. 3. UV spectra of BNH(a)Experimental (b) Theoretical.  
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benzil, one of the pyridine rings of nicotinic hydrazide and to C––O–NH–N––CH moiety. Here the energy for HOMO = − 6.4052eV and 
LUMO = − 2.4978eV. The Ionisation energy of the compound, I = -EHOMO = 6.4052eV and Electron affinity(A) = -ELUMO = 2.4978eV. 
From this, various chemical parameters, Electronegativity (χ) = (I + A)/2 = 4.451eV. Chemical potential(μ) = -(I + A)/2 = − 4.451eV. 
Global hardness(η)= (I-A)/2 = 1.954eV. Global Softness = 1/η = 0.5117eV, which is the reverse of global hardness, Electrophilicity 
index (ω) = μ2/2η = 5.0694 eV can be calculated. The energy gap between HOMO-LUMO = 3.9071 eV. 

4.9. Mulliken charges 

Mulliken charge calculation of a given molecule allows one to identify the atomic ions within. This alters the vibrational spectrum, 
which in turn has an effect on a variety of other aspects of the system, including bond lengths of the atom, their dipole moments, 
molecular polarizability, their electronic structures, their acidity-basicity characteristics etc. The figure displays the calculation of 
Mulliken atomic charges using the DFT method [52,53]. All hydrogen atoms present in the molecule possess net positive charges. H45 
has the highest positive charge among all other hydrogens with a value of 0.522. Oxygen atoms O33 and O34 has negative charges of 
− 0.177 and − 0.196. Nitrogen atoms N22 and N29 which are a part of the heterocyclic aromatic rings possess positive values. Nitrogen 
N15 connected to C7 and N24 connected to C8 which forms C––N group possess positive values. But nitrogen N16 and N25 of 
CO–NH–N––CH possess negative values of − 0.060 and − 0.066. The carbons C3, C4, C9, of the benzil ring and C18, C19, C27 and C32 
of the nicotinic hydrazide ring, found to have net positive charges. Among the positive carbons, C18 attached to C––O group has high 
positive charge of 0.962 which shows its acidic nature. Hence nucleophilic attack is preferred here. C7, C8 carbon atom of the C––N 
group shows negative charges of − 0.526 and − 0.457 respectively. C17 and C26 attached to the oxygen atom also shows negative 
charges. High electron density at O33, O34, N25, N16, C10 (− 0.197), C11 (− 0.059), C21 (− 0.143) indicates a possibility of elec
trophilic attack at these sites. 

Fig. 4. Fluorescence spectrum of the synthesized ligand.  

Fig. 5. MEP Plot of the ligand.  
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5. Biological studies 

5.1. Antimicrobial studies 

The method widely used for the evaluation of antimicrobial activity of the compound is Agar well diffusion method [54]. 
Muller-Hinton Agar medium (HIMEDIA-M173) is employed in antibacterial research to determine the susceptibility of microorganisms 
to antimicrobial agents. Two Gram positive bacteria (S. Aureus and B. Subtilis) and two Gram negative bacteria (E.coli and 
P. Aeruginosa) are used in the analysis. 38 g of the chemical are dissolved in 1000 cc of distilled water and heated. Bacterial cultivation 
is done using this medium. Distilled water is used as solvent which is used as negative control. The test samples (50 and 100 L) were 
added to wells T1 and T2 from the 10 mg/mL stock and plate is incubated. The standard is chosen to be Gentamycin. [55]. The results 
obtained were compared with the standard. There is no inhibition shown by S. Aureus, E. Coli and P. aeruginosa for the compound at this 
concentration. Also, the compound doesn’t show activity greater than the standard. Bacillus subtilis shows some inhibition in this 
concentration but the value is not greater than the standard value Fig. 7. 

Antifungal analysis is carried out in two fungi (Candida Albicans, Aspergillus Niger) [][][] [56] [][][] (see Table 1). Mueller-Hinton 
agar and Potato Dextrose Agar MH096 Himedia was used to test the sensitivity of different fungi strains to antifungal drugs [57]. 
Fungal suspension was made in this medium. Standardized inoculum was evenly dispersed around the plate. The test samples (50 and 
100 L) were introduced to wells T1 and T2 and incubated. Clotrimazole is selected as the standard [58]. While comparing the results 
obtained with those shown by various Schiff bases, the synthesized BNH is less active towards selected bacteria and fungi. The activity 
of the synthesized compound is lesser than that of the standard. The compound is inactive since the zone of inhibition observed is 

Fig. 6. HOMO- LUMO of BNH.  
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negative and there is no inhibition at this concentration (Table 2.). Even though BNH shows negative zone of inhibition against 
selected microorganisms, it can be used as a carrier for drug in drug delivery studies. 

5.2. In vitro anticancer study 

Invitro anticancer study of the compound was assayed by MTT assay against MCF-7(Human Breast cancer cell line). MTT assay or 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide is used to measure the cytotoxicity of the Schiff base ligand. The cells 
(2500 cells/well) were planted on 96-well plates and they were given time to adjust to the culture condition. The DMEM media (10 
mg/mL) was used to create test samples. The samples were added to the grown cells having different concentrations of 6.25,12.5,25,50 
and 100 g/mL and incubated. 100 mL of a 0.5 mg/mL MTT solution in PBS is added to the wells and again incubated. Finally 100 mL of 
100 % DMSO were added to each well and finally the absorbance was measured at 570 nm. Here DMSO is used a a negative control for 
the analysis. The IC50 value (the dose blocking 50 % of growth relative to the viability control) is a key factor in determining cyto
toxicity [59]. 

The ligand shows cytotoxicity against all the three cell lines tested. The ligand shows cytotoxicity against MCF-7 human breast 
cancer cell (IC50 value of 45.58) and A549 human lung cancer cell (IC50 value 51.19). This shows that the synthesized compound has 
better cytotoxicity against MCF-7 human breast cancer cell than lung cancer cell. The cytotoxicity of the ligand against breast cancer 
cell lines significantly emphasises the importance of metallodrug design in medical inorganic chemistry (Fig. 8). 

6. Molecular docking 

Molecular docking is a type of computational modelling that makes it easier to anticipate the preferred binding orientation of one 
molecule (such as a ligand) to another (such as a receptor) when they combine to form a stable complex [60]. Molecular docking was 

Fig. 7. Zone of inhibition of Bacteria and Fungi.  

Table 1 
Thermochemical Data from DFT analysis.  

Thermal Energy 1163.0222 kJ/mol 

Heat capacity (Cv) 0.453661 kJ/mol 
Entropy (S) 0.824293 kJ/mol 
Electronic energy (EE) − 3891253.8464 kJ/mol 
Zero-point Energy Correction 1088.8947 kJ/mol 
Thermal Correction to Energy 1162.8786 kJ/mol 
Thermal Correction to Enthalpy 1165.5015 kJ/mol 
Thermal Correction to Free energy 919.9017 kJ/mol 
EE + Zero-point Energy − 3890176.3411 kJ/mol 
EE + Thermal Energy Correction − 3890102.0394 kJ/mol 
EE + Thermal Enthalpy Correction − 3890099.6765 kJ/mol 
EE + Thermal Free Energy Correction − 3890345.1608 kJ/mol  
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performed by the synthesized ligand with various breast cancer proteins using online databases CB Dock. The docking of the ligand and 
the protein is done using online database. 

The CB-Dock (Cavity-detection guided Blind Docking) is a webserver utilises a unique curvature-based cavity detection approach to 
anticipate the binding sites of a given protein and calculate the centres and sizes. CB-Dock produces a set of points to represent the 
solvent-accessible surface and computes the curvature factor for each point. Docking box was customized for computation by CB 
-DOCK. A decent docking box encloses the native binding poses while excluding as many extraneous poses as possible. The key pa
rameters of this process is the centre and size of the docking box [][][] [61] [][][]. Choosing a suitable center ensures that the docking 
calculations concentrate on the relevant area of the protein, improving the likelihood of discovering biologically meaningful binding 
poses. Choosing the right size means that the docking method has ample room to investigate various ligand conformations and ori
entations within the binding site. The server is designed to interact with AutoDock Vina and has been meticulously tuned to produce 
models with a success rate of more than 70 % [ [62,63]. The ligand is taken in pdb format and the selected proteins is obtained in pdb 
format from RCSB protein data bank. Both ligand and receptor is inserted and docking is performed. The ligand usually interacts with 
the pharmacologically active site in the proteins. Based on the Vina score, the higher negative binding energy indicates the strongest 
interaction between the chosen proteins and the ligand [19]. Depending on the Vina score obtained by doing the analysis, five possible 
coupling cavities were identified. One of those was chosen based on its higher negative energy [64]. The binding modes obtained were 
shown in Fig. 9. The interactions and 2D visualisation of the proteins and ligands were then generated using BIOVIA [65]. Elements 
were used to configure the ligand and protein colours. The Ligplot analyses were developed to comprehend the intricate network of 
interactions between the docked ligands and the active site residues. Ligplot is a crucial tool for comprehending the pattern of 
hydrogen bonds and hydrophobic interactions [66]. 

By considering the role of certain target receptors in the initiation and progression of breast cancer, we selected a series of five 
breast cancer proteins based on the literature review and the docking is performed with the synthesized compound. The ligand’s 
potential to interfere with the actions of the aforementioned target receptors, inhibiting their function and accelerating the progression 
of cancer, is the premise of the docking study [67,68]. The proteins are Progesterone Receptor (PR) (PDB ID: 1SQN) [69], Epidermal 

Table 2 
Zone of inhibition shown by Bacteria and Fungi.  

SI NO Name of Microorganism Zone of inhibition (mm)  

Standard 
Gentamycin 

Negative 
Control 

T1 (500 μg) T2 (1000 μg) 

1 E.Coli 17 mm -ve -ve -ve 
2 S Aureus 25 mm -ve -ve -ve 
3 P. Aeruginosa 19 mm -ve -ve -ve 
4 B. subtilis 26 mm -ve -ve +ve (9 mm) 
5 C. Albicans 22 mm -ve -ve -ve 
6 A. Niger 19 mm -ve -ve -ve  

Fig. 8. Cytotoxicity analysis of ligand at different concentrations.  
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Growth Factor Receptor (PDB ID: 1M17) [70], Cyclin Dependent protein Kinase (CDK8) (PDB ID: 6R3S) [71], Mammalian Target of 
Rapamycin mTOR (PDB ID: 4DRH) [72] and NUDT5 signalling protein (PDB ID:5NWH) [73] (Fig. 9). After docking of the selected 
proteins and ligand, lowest binding energy is selected (see. Fig. 10). 

The synthesized ligand and the selected protein Progesterone receptor protein (1SQN) are docked and the it shows a minimal 
binding energy of − 8.6 kcal/mol. From the result, we can see that the GLU 695 forms hydrogen bond with hydrogen atom attached to 
N and O atom with distance of 2.91 and 2.95 respectively. Gln 815 shows van der Waals interaction with oxygen atom of the C––O 
group with distance of 2.84. LYS 822 shows interaction with oxygen atom of the C = 0 group with bond distance of 2.97. GLN 725, MET 
759, VAL 729, SER 728 etc shows van der Waals interactions. 

For EGFR protein (1M17) (binding energy of − 8.3 kcal/mol) also, various favourable interactions are observed. LYS 721, ARG 817, 
ASN 818 exhibits conventional hydrogen bond with hydrogen bond attached to O atom with bond distance 2.87, 2.76 and 3.12 
respectively and THR 830 interacts with hydrogen of NH group distance of 3.05. LEU 768, THR 766, GLU 738, THR 766 etc shows van 
der Waals interactions. Asp 831 shows electrostatic interactions with N of C––N and O of C–OH group with distance of 2.84 and 2.95 
respectively. 

CDK8 proteins (6R3S) (binding energy of − 8.1 kcal/mol), Asp 173 show an electrostatic interaction with N of C––N and also forms 
hydrogen bond with NH and OH groups of the ligand. ALA97, ALA172, LYS 52 PHE 97, ALA 95 etc forms Pi Alkyl interaction with 
aromatic rings present in the compound. 

In the case of mTOR protein (4DRH) (having binding energy of − 10.1 kcal/mol), VAL 86, TRP 90, PHE 130, PHE 77, ILE 87 shows 
Pi-Pi stacking interactions with aromatic ring of the ligand. SER 118, TYR 57 and ASP 2102 show hydrogen bond with hydrogen at 
nitrogen atom. At the same time TYR 113 forms hydrogen bond with hydrogen atom attached to the oxygen atom. PHE 2039 Pi-Alkyl 
interaction with the aromatic ring of the compound. Also, TYR 2038, THR 2098, TYR 2105 exhibits a van der Waals interaction with 
aromatic rings of the system. Finally, NUDT5 (5NWH) (Binding energy − 8.8 kcal/mol) show various interactions like Hydrogen 
bonding, Pi-Pi stacking interactions etc. Two hydrogen atoms associated with OH group of the ligand forms conventional hydrogen 
bond ALA 96 and GLN 82. NH2 group of ARG 84 interacts with O of the OH group again by hydrogen bonding with a bond distance of 
3.11. TRP 28, TRP 46 and LEU 98 shows Pi - Pi interaction with the phenyl rings. TRP 46 shows Pi-Pi interactions with one of the 
phenyl rings and the pyridine ring of the ligand. 

Since the ligand and protein shows better interactions, it is clear from the docking that synthesized ligand has a better affinity for 
the selected proteins. Hence the synthesized compound has better activity in drug designing against breast cancer. 

Fig. 9. Vina scores obtained for a) 1SQN, b) 1M17 c) 6R3S d) 4DRH e)5NWH.  
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Fig. 10. Interactions of proteins with BNH.  
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Fig. 10. (continued). 
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Fig. 10. (continued). 

V. Preethi et al.                                                                                                                                                                                                         



Heliyon 10 (2024) e29689

14

Fig. 10. (continued). 
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Fig. 10. (continued). 

V. Preethi et al.                                                                                                                                                                                                         



Heliyon 10 (2024) e29689

16

7. Conclusions 

The compound synthesises BNH from Benzil and Nicotinic hydrazide is successfully done. It is characterized by various spectro
scopic techniques like FT-IR, UV, 1H NMR, 13CNMR, Fluorescence study and Mass spectrum. The structure of the synthesized com
pound was proposed by mass spectra. All other characterization techniques, both theoretical and experimental, clearly supports the 
proposed structure of BNH. Invitro antimicrobial studies shows that the compound is less active against the bacteria and fungi, but it 
can be used as a drug carrier in the medical field. By performing invitro studies of anticancer using MCF-7 cell shows that the com
pound is good enough for the treatment of breast cancer. Also, Molecular docking was performed with various proteins selected in the 
category of breast cancer and the compound has an appreciable binding energy with mTOR (4DRH) protein which point out that the 
BNH could be significant contribution for discovery and development of drug having anticancer effect. The findings of the in vitro 
research demonstrate the ability of BNH to inhibit a range of microbial activities. This property may also be utilized to create new 
medications for the treatment of breast cancer, which would be a significant advancement in the pharmaceutical industry. Complexes 
of the BNH with metals are under investigation and its applications has to be explored further for better advancement in drug 
discovery. 
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