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 Abstract: A new synthesis of Schiff (K) 6 and Mannich bases (Q) 7 had formed 
compound (Q) 7 by reacting compound (K) with N-methylaniline at the presence of 
formalin 35% to given Mannich base (Q). Additionally, new complexes were formed 
by reacting Schiff base (K) with metal salts CuCl2·2H2O, PdCl2·2H2O, and PtCl6·6H2O 
by 2:1 of M:L ratio. New ligands and their complexes were characterized, exanimated, 
and confirmed through several techniques, including FTIR, UV-visible, 1H-NMR, 
13C-NMR spectroscopy, CHN analysis, FAA, TG, molar conductivity, and magnetic 
susceptibility. These compounds and their complexes were screened against breast 
cancer cells. It was determined that several of these compounds had a significant anti-
breast cancer effect due to their ability to induce cell death and reduce tumor growth. 
Metal complexes have been thoroughly studied as a potential anti-cancer therapy and 
have shown promising results. It was revealed these complexes uniquely affect the 
biological processes involved in cancer growth, leading to apoptosis and fading of cells. 
To form MCF-7 cell cultures, MCF-7 cells were seeded in 96-well plates at an 
appropriate density (5 × 105 cells/well). Metal complexes utilized in MCF-7 therapy 
have the potential to disband some of the harms associated with chemotherapy, such 
as drug resistance and toxicity. 
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■ INTRODUCTION 

Schiff base is a functional group consisting of an 
imine (-C=N-) or azomethine (-N=CH-) linkage, which 
is formed by the condensation of a primary amine with an 
aldehyde or ketone [1-2]. It is named after its discoverer, 
Hugo Schiff, who synthesized it in 1864. Schiff bases have 
numerous applications in various fields, including 
chemistry, biology, and medicine. They have been used as 
ligands for metal ions in catalysis and as intermediates in 
synthesizing various organic compounds. Schiff bases 
also have important biological activities, including 
antimicrobial, antitumor, and antiviral properties. 
Evidence suggests that 1,2,4-triazole derivative Schiff 
bases exhibit anti-cancer activity against MCF-7 cells [3-
4]. For instance, past research investigated the anti-cancer 
activity of a series of Schiff bases derived from 1,2,4-
triazole and found that some of the tested compounds 
showed potent cytotoxicity against MCF-7 cells [5]. Other 

research evaluated the cytotoxicity of a series of 1,2,4-
triazole Schiff bases and their corresponding 
platinum(VI) complexes against MCF-7 cells and found 
that some of the tested compounds showed promising 
anti-cancer activity. Some studies also reported the 
cytotoxicity of Schiff bases derived from 1,2,4-triazole 
against breast cancer, suggesting that their potential as 
anti-cancer agents against breast cancer cells. 

Mannich bases are organic compounds that 
contain an amine, a carbonyl group, and an aromatic 
ring [6]. They are used in a variety of applications, 
including as antimicrobial agents and as inhibitors of 
enzymes involved in cancer cell growth. Mannich bases 
have been studied for their potential to inhibit the 
growth of breast cancer cells. Studies have shown that 
the effects of Mannich based on the growth of MCF-7 
cells were found to inhibit cell growth in a dose-
dependent manner. Other research reported that 
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Mannich bases could induce apoptosis in MCF-7 cells [7]. 
Another study investigated the effects of Mannich bases 
on the expression of genes involved in the growth and 
survival of MCF-7 cells. The results demonstrated that 
Mannich bases could downregulate the expression of 
genes involved in cell growth and survival, suggesting that 
they may effectively inhibit the growth of MCF-7 cells. 
Overall, evidence to date suggests that Mannich bases may 
effectively inhibit the growth of MCF-7 cells. 

Several empirical studies have demonstrated the 
potential of heterocyclic compounds to target breast 
cancer, advocating the potential of heterocyclic 
compounds to show anti-breast cancer activity. Both 
heterocyclic steroids and curcumin were found to have a 
significant effect on the viability of MCF-7 cells when 
treated for 48 h. Heterocyclic drug aripiprazole also 
demonstrated a growth inhibitory potential against 
cancer cells and could serve as a lead for developing novel 
breast cancer drugs. Furthermore, platinum(IV) 
complexes were reported to be a highly potent 
antiproliferative activity against all the tested cancer cell 
lines, including the well-known refractory triple-negative 
breast cancer cell line MCF-7. Besides, etoposide was 
found to inhibit the proliferation, migration, and invasion 
of MCF-7 cells [8]. Furthermore, the biotin-guided 
platinum(IV) complex is highly cytotoxic against cancer 
cells but hypo-toxic against mammary epithelial cells [9]. 
MCF-7 is a commonly used breast cancer cell line that is 
highly responsive to chemotherapy [10]. Schiff and 
Mannich base ligands were synthesized, and used to form 
metal complexes with copper, palladium, and platinum 
ions. Spectroscopic techniques and other analyses were 
employed to identify the ligands and complexes. The 
complexes exhibited octahedral structures, except for 
palladium, which had a tetrahedral geometry. 

This paper presents results from in vitro 
experiments examining the effects of synthetic 
compounds derived from ligands on breast cancer 
progression. The study focused on the MCF-7 cell line 
and used the MTT assay to assess cell proliferation. The 
findings suggest that certain synthetic compounds, even 
at low concentrations, have the ability to inhibit the 
growth of breast cancer cells. The effectiveness of these 

compounds was ranked as follows: Pt2K > Q > Pd2K > 
Cu2K > K > untreated cells. These findings have 
important implications for the potential development of 
new treatments for breast cancer. 

■ EXPERIMENTAL SECTION 

Materials 

The Sigma-Aldrich company supplied all the 
chemicals utilized in this research with additional 
purification. These chemicals and solvents included 
terephthalic acid, pure ethanol (EtOH), carbon-disulfide 
(CS2), chemical compounds (glacial acetic acid, sulfuric 
acid, and potassium hydroxide (KOH)), sodium 
bicarbonate (NaHCO3), diethyl ether, metal salt 
(CuCI2·2H2O, PdCI2·2H2O, and PtCI6·6H2O), 
trypsin/EDTA, DMSO-d6, Roswell Park Memorial 
Institute (RPMI) 1640, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) stain, and fetal 
bovine serum (FBS). 

Instrumentation 

This study adopted the KBr-disk technique to 
record the Fourier transform infrared (FTIR) spectra on 
a Shimadzu-8400 spectrophotometer (Shimadzu, Kyoto, 
Japan). A Bruker DRX400 NMR spectrometer (Bruker, 
Zürich, Switzerland) was used to record the proton 
nuclear spectra for Schiff base (K) magnetic resonance 
(1H-NMR, 13C-NMR) spectra (400 MHz, 125 MHz) in 
DMSO-d6 related to tetramethylsilane. Conductivity 
measurements were conducted with the WTW, (USA). 
The chloride content was 686–Titro Processor–665 
Dosim A–Metrohm/Swiss. The magnetic susceptibility 
measurements were done using the Bruker-BM6 
instrument, while the electronic spectra used a 
Shimadzu-160 spectrophotometer (200–900 nm; Kyoto, 
Japan). The atomic absorption (AA) technique was 
conducted using a Shimadzu PR-5 ORAPHIC-
PRINTER atomic absorption spectrophotometer, while 
the Gallen Kamp apparatus determined the melting 
point. Additionally, the Vario-EL III elemental 
instrument was applied to conduct the elemental 
analysis. This study also used the CO2 incubator Cypress 
Diagnostics (Belgium), Microtiter reader Gennex lab 
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(USA), Laminar flow hood K & K scientific supplier 
(Korea), microscope TE-2000 (Nikon, Japan), and cell 
culture plates Santa Cruz Biotechnology (USA). 

Procedure 

Synthesis of ethyl (E)-3-(4-hydroxyphenyl)acrylate (2) 
The routing Scheme 1 was utilized to produce ethyl 

(E)-3-(4-hydroxyphenyl)acrylate [11]. It was synthesized 
in 5 g (0.027 mmol) of (E)-3-(4-hydroxyphenyl)acrylic 
acid (1), dissolved in 40 mL EtOH, and utilized dropwise 
through 6 mL of conc. H2SO4 was the media phase of the 
acidic solution. The mixture of reaction was placed under 
reflux for 6 h, and the residual acid was eliminated by 
vacuum filtering. A NaHCO3 solution 10%, 50 mL was used 
to produce the ethyl (E)-3-(4-hydroxyphenyl)acrylate (2) 
compound, followed by an assembly of the crystal. 

Synthesis of  (E)-3-(4-hydroxyphenyl)acrylohydrazide (3) 
This route was utilized to synthesize (E)-3-(4-

hydroxyphenyl) acrylic hydrazide Scheme 1 [12]: 3.3 g 
(0.017 mmol) of ethyl (E)-3-(4-hydroxyphenyl)acrylate 
was immersed in 25 mL of absolute EtOH. The mixture of 
solution was heated and refluxed for 8 h before hydrazine 
hydrate 80% 35 mL was added, and the reaction was 
assessed using TLC. Eventually, vacuum-dried and 
filtered solids were produced via a Paige crystal needle 
with ice-cold water in the form of powder. 

Synthesis of potassium (E)-2-(3-(4-hydroxyphenyl) 
acryloyl)hydrazine-1-carbodithioate (4) 

In Scheme 1, an EtOH solution was utilized to 
dissolve each of the compounds: 2 g (0.006 mmol) of (E)-
3-(4-hydroxyphenyl)acrylohydrazide (3) and 1 g 
(0.0135 mmol) of KOH, resulting in the formation of 
compound potassium (E)-2-(3-(4-
hydroxyphenyl)acryloyl)hydrazine-1-carbodithioate (4). 
Then, CS2 was added to the mixture solution at 0 °C for 
12 h. To precipitate the compound, diethyl ether 
(250 mL) was added, and the mixture was refluxed with 
continuous stirring. It was later cooled for 10 min, and the 
resulting solid crystal was obtained by vacuum filtration. 

Synthesis of (E)-4-amino-5-(4-hydroxystyryl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (5) 

The current procedure in Scheme 1 was utilized to 
synthesize compound 5, (E)-4-amino-5-(4-hydroxystyryl)-

2,4-dihydro-3H-1,2,4-triazole-3-thione, from compound 
4, (E)-2-(3-(4-hydroxyphenyl)acryloyl) hydrazine-1-
carbodithioate (2.86 g, 0.0098 mmol), and 80% 
hydrazine hydrate (30 mL). The mixture was allowed to 
react for 6 h, resulting in a greenish solution. TLC 
analysis was performed to monitor the reaction’s 
progress. The solution became acidic under vacuum, 
and the resulting precipitate was collected. 

Synthesis of compound 4,4'-(((1Z,1'Z)-1,4-
phenylenebis(methaneylylidene))bis(azaneylylidene
))bis(5-((E)-4-hydroxystyryl)-2,4-dihydro-3H-1,2,4-
triazole-3-thione) (K) (6) 

A hot solution of (E)-4-amino-5-(4-
hydroxystyryl)-2,4-dihydro-3H-1,2,4-triazole-3-thione 
(1.41 g, 0.0025 mmol) in 30 mL of EtOH was added 
dropwise to a solution of terephthaldehyde (1.34 g, 
0.01 mmol) in the presence of 6 drops of glacial acetic 
acid (AcOH). The reaction mixture was refluxed for 8 h. 
The resulting white compound was filtered and dried in 
air to yield the required Schiff base ligand (K) as a white 
solid crystal (yield: 72%, m.p.: 291 °C) in Scheme 1. 

General synthesis of 4,4'-(((1Z,1'Z)-1,4-phenylenebis 
(methaneylylidene))bis(azaneylylidene))bis(5-((E)-4-
hydroxystyryl)-2-((methyl(phenyl)amino)methyl)-
2,4-dihydro-3H-1,2,4-tr iazole-3-thione) (Q) (Mannich 
base) (7) 

In Scheme 1: 0.84 g of Schiff base (K) 6 
(0.0015 mmol) and 35% methylene oxide (0.3 g, 
2 mmol) were dissolved in ethanol (12 mL), and the 
mixture was stirred at room temperature for 20 min. A 
solution of N-methylaniline (0.5 g, 0.9 mmol) in EtOH 
(4 mL) was slowly added dropwise. The reaction mixture 
was stirred for 3–4 h and placed in a refrigerator 
overnight. The resulting precipitate was filtered and 
recrystallized from ethanol to give Mannich base 7. 

Synthesis of the transition metal complexes (8) 
The complexes (Cu2K, Pd2K and Pt2K) were 

synthesized as shown in Scheme 1 by adding the hot 
ethanolic solution of the metal ions (CuCl2·2H2O, 
PdCl2·2H2O, and PtCl6·6H2O) to 0.93 g (0.0016 mmol) 
of hot ligand (K) in 2:1 (metal:ligand) molar ratio. The 
reaction mixture was refluxed for 8 h, and colored 
precipitates were formed. The complexes obtained were  
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Scheme 1. A common synthesis pathway for new Schiff, Mannich bases, and their complexes 
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filtered and recrystallized from EtOH. Table 1 shows the 
number of metal salts in the complexes. 

Cell toxicity tests (MTT assay) and staining combining 
ethidium bromide with acridine orange (AO/EB) for 
MCF-7 cells 

To maintain the cell cultures of MCF-7, a human 
breast cancer cell line, the MCF-7 cells were seeded at an 
appropriate density (5 × 105 cells/well) in 96-well plates 
and incubated for 72 h to allow the cells to attach and 
grow in cell culture plates that were previously coated with 
an appropriate substrate. Media MCF-7 cells can be grown 
in a variety of media RPMI 1640 medium, supplemented 
with 10% FBS [13] and antibiotics such as 100 unit/mL 
penicillin and 100 g/mL streptomycin [14]. Culture 
conditions cells should be cultured for 180 min at 37 °C in 
a humidified incubator with 5% CO2. Once the cells 
reached approximately 80% confluency, they were 
detached from the plate by adding trypsin-EDTA 
solution, incubated for 60 min, neutralized with media, 
and re-suspended and seeded at the desired density in new 
plates. Quality control was done to regularly check the 
health and morphology of the cells under a microscope to 
ensure that they were growing as expected. It was also 
important to routinely check for potential contamination 
by cell lines. Cryopreservation was used to preserve cell 
lines for long-term storage, in which the MCF-7 cells can 
be cryopreserved in a freezing medium containing 
dimethyl sulfoxide (DMSO-d6) [15]. Overall, maintaining 
MCF-7 cell cultures required careful diligence and 
adherence to sterile techniques to ensure the purity and 

viability of the cells. MCF-7 cells in 96-well plates were 
treated with new compounds at IC50 concentrations, and 
the cells were monitored using fluorescence microscopy 
after 24 h of incubation, two rounds of washing with 
PBS, and an injection of 100 μL of AO/EtBr for 2 min. 

■ RESULTS AND DISCUSSION 

Table 1 provides data from the C, H, N, and S 
analyses and the atomic absorption of a newly 
determined ligand derived from the Schiff and Mannich 
bases, as well as its physical properties. The ligand and 
its complexes were formed in a 2:1 ratio (metal ion to 
ligand). All complexes were confirmed to exhibit 
solubility in DMSO-d6. 

FTIR, 1H-NMR and 13C-NMR of New Schiff Base (K), 
Mannich Base (Q), and Their Complexes 

Analytical data for FTIR, 1H, 13C-NMR for 
synthesized Schiff, Mannich bases, and other complexes 
observed in Table 2, and Fig. 1–5: Schiff base (K); FTIR 
(KBr, ν, cm−1): 3632 (O–H str.), 3335 (N–H str.), 2573 
(S–H str.), 1631 (C=N str.) [16], 1329 (C–N str.), 1236 
(C=S str.) and 1109 (C–O str.). 1H-NMR (DMSO-d6, δ 
ppm): 12.95 (2H, s, S–H thiol), 10.53 (2H, s, O–H alcohol), 
9.92 (2H, s, CH=N imine), 9.28 (4H, s, ArH benzene ring 
central) 7.92 (4H, s, ArH benzene ring terminal), and 6.39 
(4H, m, CH=CH ethylene group). 13C-NMR (DMSO-d6, 
δ ppm): 157.2 (C–S thiol), 153.4 (C–O alcohol), 140.5 
(C=N imine), 137.4 (C=N triazole ring), 126.6 (C=C 
benzene ring central), 121.99 (C=C benzene terminal), 
and 105.5 (C=C ethylene). Mannich base (Q); FTIR (KBr,  

Table 1. The physical properties and analytical data of the ligand and its complexes are derived from new Schiff (K) 
and Mannich bases (Q) 

Comp. Experimental formula Color M.P 
(°C) 

Yield 
(%) 

M.wt 
(g mol−1) 

Micro elemental analysis found (calc.) Metal content 
% found. (calc.) C% H% N% S% 

K C28H22N8O2S2 White 291 72 566.66 58.11 
(59.35) 

3.21 
(3.91) 

18.21 
(19.77) 

10.84 
(11.32) - 

Q C44H40N10O2S2 Pale crystal 279 74 804.99 64.39 
(65.65) 

4.33 
(5.01) 

15.89 
(17.40) 

6.05 
(7.97) - 

Cu2K C28H32Cl4Cu2N8O6S2 Brown > 323 79 909.63 
35.33 

(36.97) 
3.09 

(3.55) 
12.04 

(12.32) 
6.53 

(7.05) 
12.76 

(13.97) 

Pd2K C28H32Cl4N8O6Pd2S2 Pale green > 317 81 995.37 33.24 
(33.79) 

2.83 
(3.24) 

10.21 
(11.26) 

4.93 
(6.44) 

20.44 
(21.38) 

Pt2K C28H24Cl8N8O2Pt2S2 Dark brown > 311 77 1242.44 25.79 
(27.07) 

1.57 
(1.95) 

8.53 
(9.02) 

4.59 
(5.16) 

30.22 
(31.40) 
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Table 2. FTIR data for new Schiff (K), Mannich (Q), and metal ion complexes 

Symbol 
FTIR (ν, cm−1) 

N–H C=N C=S -N–CH2–
N- 

M–N M–O M–S M–CI 

K 3335 1631 1236 - - - - - 
Q 3311 1612 1225 1166 - - - - 
Cu2Q 3382 1702 1184 - 622 510 466 375 
Pd2Q 3338 1694 1195 - 582 533 452 382 
Pt2Q 3364 1687 1242 - 601 541 432 359 
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Fig 1. FTIR spectra of Schiff (K), Mannich (Q), and their metal ion complexes 

 
Fig 2. 1H-NMR spectrum of Schiff base (ligand K) 
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Fig 3. 13C-NMR spectrum of Schiff base (ligand K) 

 
Fig 4. 1H-NMR spectrum of Mannich base (Q) 

 
Fig 5. 13C-NMR spectrum of Mannich base (Q) 

 
ν, cm−1): 3488 (O–H str.), 3311 (N–H str.), 2562 (S–H 
str.), 1612 (C=N str.), 1305 (C–N str.), 1225 (C=S str.), 

1124 (C–O str.), and 1166 (-N–CH2–N- str. Mannich). 
1H-NMR (DMSO-d6, δ ppm): 12.94 (2H, s, S–H thiol), 
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9.81 (2H, s, O–H alcohol), 9.25 (2H, s, CH=N imine), 7.98 
(4H, s, ArH benzene ring central) 7.23 (4H, s, ArH 
benzene ring terminal), and 6.88 (4H, m, CH=CH 
ethylene group), 3.37 (4H, s, methylene group Mannich) 
[17]. 13C-NMR (DMSO-d6, δ ppm): 161.1 (C-S thiol), 
155.4 (C–O alcohol), 151.9 (C=N imine), 140.9 (C–N N-
methylaniline), 134.5 (C=N triazole ring), 128.1 (C=C 
ethylene group), 54.1 (CH2– ethyl group Mannich), 30.9 
(CH3–N Mannich). The FTIR for other complexes (CsI, ν, 
cm−1) Cu2K, Pd2K, and Pt2K was assigned to M–N, M–O, 
M–S, and M–Cl, respectively, 622, 510, 466, and 375; 582, 
533, 452, and 382; 601, 541, 432, and 359. 

The Ultraviolet Spectra of the New Schiff Base (K), 
Mannich Base (Q), and Their Complexes  

The Schiff bases were dissolved in chloroform, and 
their complexes were formed, resulting in various bands 
as observed in Table 3 and Fig. 6. The ligand Schiff base (K) 
exhibited three absorption bands at 365 nm, 27397 cm−1, 
and 448 nm, 22321 cm−1 allocated to π→π*, n→π* intra-
ligand transition, and at 560 nm, 17857 cm−1 for n→π*. 
Whereas other complexes were arranged to copper(II) 
complex at 561 nm, 17825 cm−1, and 739 nm, 13531 cm−1 
assigned to [2Eg→2T2g] and [L→Cu] (C.T.); palladium(II) 
complex were assigned to 489 nm, 20449 cm−1, 612 nm, 

16339 cm−1, and 723 nm, 13831 cm−1 for [1Alg→1Blg], 
[1Alg→1Elg] and [L→Pd] (C.T.); platinum(IV) complex 
were assigned to 512 nm, 19531 cm−1, 633 nm, 15797 cm−1, 
and 709 nm, 14104 cm−1 [1Alg→3Tlg], [1Alg→3T2g] and 
[L→Pt] (C.T.). The Mannich base (Q) third bands 
appearance was assigned to 333 nm, 30030 cm−1 and 
488 nm, 20491 cm−1, allocated to π→π*, n→π* intra-ligand 
transition, and 510 nm, 19607 cm−1 assigned to n→π*. 
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Fig 6. Electronic spectra of the ligand K, Mannich Q, and 
their metal complexes 

Table 3. Molar conductivity, magnetic susceptibility, and electronic spectral data of ligand (K), Mannich (Q), and 
metal complexes 

Compound 
λmax nm 

(ν cm−1) Assignment 
Molar conductivity 
Ohm−1 cm2 mol−1 

Magnetic susceptibility 
(B.M.) (calc.) found 

Suggested 
geometry 

Ligand K 365 (27397) (π→π*) 
- - - 448 (22321) (n→π*) 

560 (17857) (n→π*) 
Mannich Q 333 (30030) (π→π*) 

- - - 488 (20491) (n→π*) 
510 (19607) (n→π*) 

Cu2K 561 (17825) 4Eg→4T2g 

13.780 (1.730) 1.900 
Octahedral 
geometry 739 (13531) L→Cu C.T. 

Pd2K 489 (20449) 1A1g→1B1g 

17.210 (0.008) 0.004 
Square planar 

geometry 612 (16339) 1A1g→1E1g 
723 (13831) L→Pd C.T. 

Pt2K 512 (19531) 1A1g→3T1g 
23.410 (0.010) 0.014 

Octahedral 
geometry 633 (15797) 1A1g→3T2g 

709 (14104) L→Pt C.T. 
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Thermal Analysis (TG) of the New Schiff Base (K), 
Mannich Base (Q), and Their Respective Complexes 

According to Table 4 and Fig. 7, the Schiff and 
Mannich base ligands (referred to as K and Q) and their 
complexes underwent TG analysis in the N2 environment. 
The analysis was conducted over a 25 to 600 °C 
temperature range with a heating rate of 10 °C/min. TG 
analysis is a sensitive method that can assess how changes 
in physical and chemical properties (e.g., heat capacity) 
are related to temperature by combining moisture in the 
oven with gravimetric analysis. The weight loss in the 
analysis occurred primarily during the later stages of 
disintegration, resulting in an overall weight loss [18] 
exceeding 70%. This weight loss was attributed to the 
thermal vaporization of volatile substances after moisture 
evaporation. Additionally, the complexes decomposed in 
two stages, with the second involving removing 
molecules, leading to deterioration. Similar two-stage 
decomposition and dehydration were also observed in the 
Schiff and Mannich bases. The findings suggest that the 
complexes and bases underwent a multi-stage 
decomposition process, starting with the vaporization of 
volatile substances followed by the deterioration and 

removal of molecules from the complexes during 
subsequent stages. 

Anti-cancer Assay 

The pharmaceutical investigation currently stands 
as the most slashing domain for identifying viable cancer 
treatments, with a specific focus on the creation of 
metal-based anticancer drugs. Since most of the 
medicines currently used to treat cancer are cytotoxic [19], 
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Fig 7. TG curve of the ligand and its complexes 

Table 4. Data regarding the thermal decomposition of the Schiff base ligand (K), Mannich base (Q), and the 
corresponding complexes 

Comp. 
Molecular formula 

M.wt. Steps 
Temp. range of 

the decomposition (T.G) °C 
The suggested formula 

for loss 
Mass loss % 

Cal. Found 

K 
C28H22N8O2S2 

566.66 

1 0–200 CH3CH2OH, 2-OH 14.11 13.72 
2 200–390 2(-C6H4, -CH) 31.41 29.87 
3 390–595 2(4-N, 2-CH, 2-SH) 52.23 51.76 

Q C44H40N10O2S2 
804.99 

1 0–225 2(-OH, -C6H4, -CH) 26.33 25.29 
2 225–410 2(4-N, 2 -CH, 2-SH) 36.77 36.32 
3 410–595 2(-CH2, -CH3, C6H5, -N) 29.81 28.19 

Cu2K 
C28H32Cl4Cu2N8O6S2 

909.63 

1 0–190 2(H2O, -OH) 7.69 6.99 
2 190–390 2(-C6H4, C=C, C2N3H) 33.31 33.02 
3 390–595 C6H4 8.35 8.08 

Pd2K C28H32Cl4N8O6Pd2S2 
995.37 

1 0–250 2 -OH, C6H4 11.05 10.88 
2 250–390 2 -C2N3H2 13.66 12.83 
3 390–595 2(-C6H4, C=C, C=N) 25.31 23.96 

Pt2K 
C28H24Cl8N8O2Pt2S2 

1242.44 

1 0–235 CH3CH2OH 3.70 3.54 
2 235–420 2(-OH, C=C, C6H4) 18.83 17.90 
3 420–595 2(-C2N3H2) 17.06 16.72 
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Scheme 2. The proposed structures for the Schiff base ligand (K), Mannich base (Q), and the complexes formed by 
these ligands with their respective metal ions 
 
generating anticancer therapeutics with high efficacy and 
low toxicity is among the toughest challenges. One of the 
severe health burdens in the globe is the prevalence of 
cancer, which contributed to 1/6 (9.6 million) of the 
deaths worldwide in 2018. Additionally, breast cancer is 
the most common type of cancer diagnosed worldwide. 

Chemotherapy  is one  of the  widely used  treatment  

programs for treating tumors, especially among women. 
Nevertheless, the absence of solutions and growth in 
drug resistance hinders the efficiency of cancer 
chemotherapy. Such difficulty promotes the creation of 
antitumor medicines that are extremely effective and 
have low toxicity. The heterocyclic nucleus of 1,2,4-
triazole derivatives represented a much intriguing class 
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of substances with a broad range of biological activity. 
Due to their therapeutic potential, 1,2,4-triazole 
derivatives constitute a significant family of compounds, 
and many medications now contain a triazole ring. The 
major aims for enhancing the pharmaceutical 
effectiveness of triazole derivatives are their structural 
characteristics, such as appropriate dielectric, hydrogen 
bonding ability, inflexibility, and stability under in vitro 
conditions. Some drugs with a 1,2,4-triazole nucleus are 
utilized more medicinally, including ribavirin [20-21] 
(antiviral; anti-infective), itraconazole [22] (antifungal), 
bitertanol [23] (fungicide), and triazophos [24] 
(pesticide). Whereas vorozole, letrozole, and anastrozole 
are nonsteroidal medications used to treat cancer, while 
fluconazole is often utilized as an antibacterial. Aside 
from being used in the manufacture of numerous 
prospective and strong anticancer medicines, Schiff bases 
are particularly significant molecules with an azomethane 
functional group that engage in a variety of biological 
processes [25]. The biological activity of Schiff and 
Mannich bases can be enhanced when complexed with 
diverse transition metal ions due to their catalytic, 
anticancer, antibacterial, and antifungal characteristics as 
well as their biological production. Furthermore, 
organometallic Schiff bases and their transition metal 
complexes are regarded as significant substances. The 
growth of incredibly effective mineral-based drugs with 
applications in the treatment of infectious diseases or 
cancer has indeed been made possible by the complexes 
of N-heterocyclic (N–H–C) ligands with metals. The 
complexes were evaluated biologically, and transitional 
minerals demonstrated promising biological properties. 
This study utilized the human breast cancer cell line 
MCF-7 at varying concentrations (6.125, 12.5, 25, 50, and 
100 g/mL) for 72 h to evaluate the synthetic compound 
(K, Q, Cu2K, Pd2K, and Pt2K) as anti-proliferative and 
anti-tubulin activities by targeting tubulin protein [26]. 
The outcomes indicated that the new chemicals affected 
MCF-7 cell proliferation through such a tubulin-targeting 
mechanism. The findings of this investigation suggested 
that unique synthetic chemicals constitute new 
prospective therapeutic agents for the treatment of 
tumors. 

Analytical Statistics 

The data were analyzed using GraphPad Prism 5 
(GraphPad Software, USA) and the statistically 
significant differences were evaluated by unpaired t-test 
with a probability level of *P < 0.05. The values were 
exhibited as the standard error of means. 

Anti-tumor Activity 

The antitumor activity of various drugs was 
assessed in this study, specifically focusing on their 
cytotoxic effects on tumor cells and their ability to 
inhibit cell proliferation. Ligands, Schiff (K), and 
Mannich (Q) bases compounds, along with their 
complexes, were examined to determine their 
effectiveness against tumor cells. The study utilized the 
MTT assay [27] to quantify and select the appropriate 
concentrations of these complexes. It was observed that 
metal ion complexes derived from Schiff bases exhibited 
enhanced cytotoxicity against cancer cells, particularly 
those responsible for breast and brain tumors. The 
composition of the ligands and the functional groups 
used in their synthesis impacted the extent and nature of 
the inhibition observed. 

Inhibition of Human Breast Cancer Cells (MCF-7) 
by the Ligand (Schiff, Mannich Bases and Other 
Complexes (K, Q, Cu2K, Pd2K, and Pt2K) 

In the MCF-7 cells, the ligand Schiff base (K) 
emerged in the inhibition rate of IR = 23.16% at the 
concentration of 100 μg/mL. The proliferation rate 
(PR = 4.98%) was statistically significant at the 
concentration of 6.25 μg/mL. As shown in Fig. 8 and 
Table 5, the influence of cytotoxicity was recorded at 
9.12, 14.11, and 19.56% at the concentrations of 12.5, 25, 
and 50 μg/mL, respectively. 

Breast cancer with ligand Mannich base (Q) 
culminated in an inhibition rate of IR = 64.13% at the 
concentration of C = 100 μg/mL. The proliferation rate 
PR = 13.22% was statistically significant at the 
concentration of 6.25 μg/mL. As shown in Fig. 9 and 
Table 5, the influence of cytotoxicity was 17.58, 23.09, 
and 28.22 at the concentrations of 12.5, 25, and 
50 μg/mL, respectively. 
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Complex-(Cu2K) emerged in the MCF-7 cells at the 
inhibition rate of IR = 25.26% at the concentration of 
100 μg/mL. The proliferation rate PR = 6.21% was 
statistically significant at the concentration of 6.25 μg/mL. 
As shown in Fig. 10 and Table 5, the influence of 
cytotoxicity was recorded at 11.42, 16.21, and 22.67 at the 
concentrations of 12.5, 25, and 50 μg/mL, respectively. 

Meanwhile, complex-(Pd2K) emerged in the MCF-7 
cells at the inhibition rate of IR = 28.09% at the 
concentration of 100 μg/mL. The proliferation rate 
PR = 8.61% was statistically significant at the concentration 

of 6.25 μg/mL. As shown in Fig. 11 and Table 5, the 
influence of cytotoxicity was recorded at 13.86, 17.58, and 
24.61% at the concentrations of 12.5, 25, and 50 μg/mL. 

Finally, the complex-(Pt2K) emerged in the MCF-
7 cells at the inhibition rate of IR = 68.31% at the 
concentration of C = 100 μg/mL. The proliferation rate 
PR = 14.97% was statistically significant at the 
concentration of C = 6.25 μg/mL. As shown in Fig. 12 
and Table 5, the influence of cytotoxicity was recorded 
at 19.36, 24.93, and 31.60 at concentrations of 12.5, 25, 
and 50 μg/mL. 

Table 5. Cytotoxicity assays of MCF-7 cells for K, Q, Cu2K, Pd2K, and Pt2K 
Comp. IR%, (C) μg/mL PR%, (C) μg/mL Other effect cytotoxicity%, (C) μg/mL 
K 23.16 (100) 4.98 (6.25) 9.12 (12.5) 14.11 (25) 19.56 (50) 
Q 64.13 (100) 13.22 (6.25) 17.58 (12.5) 23.09 (25) 28.22 (50) 
Cu2K 25.26 (100) 6.21 (6.25) 11.42 (12.5) 16.21 (25) 22.67 (50) 
Pd2K 28.09 (100) 8.61 (6.25) 13.86 (12.5) 17.58 (25) 24.61 (50) 
Pt2K 68.31 (100) 14.97 (6.25) 19.36 (12.5) 24.93 (25) 31.60 (50) 

 

 
Fig 8. Cytotoxicity of Schiff base (K) against MCF-7 cells 

 
Fig 9. Cytotoxicity of Mannich base (Q) against MCF-7 
cells 

 

 
Fig 10. Cytotoxicity of Cu2K against MCF-7 cells 

 
Fig 11. Cytotoxicity of Pd2K against MCF-7 cells 
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Fig 12. Cytotoxicity of Pt2K against MCF-7 cells 

The Evaluation of Compounds to Initiate Apoptosis 

Although chromatin condensation levels differ in 
apoptotic cells [28], they often display red to pink-colored 
nuclei. Fig. 13 shows the use of AO/EtBr dye 
combinations to further explore the tested compounds’ 
ability to cause cancer cell line death [29]. The cell nuclei's 
morphology and dark red color remained stable; however, 
when cancer cells were treated with a new experimental 
compound, their membranes were less consistent than 
those of untreated cells [30]. The morphological changes 
in the treated MCF-7 cells indicated that apoptosis was 
the primary reason for the observed cell death. At low 
doses, these compounds showed potent anti-proliferative 
effects against the MCF-7 cells. The presence of an azo-
methane group CH=N in the Schiff base's (K) chelate ring 
and a methylene group in the Mannich base (Q) may 
contribute to the enhanced activities of the synthesized 

compounds, as this element reduced the metal atoms' 
polarity during the coordination of metal ions with 
nitrogen. Besides the role of the employed complexes, 
the platinum and palladium complexes, along with the 
copper complex, were also observed to exhibit apoptosis 
effects against the MCF-7 cells. 

■ CONCLUSION 

The Schiff base ligand (K) was synthesized using a 
derivative of the triazole ring with terephthaldehyde, 
following a procedure outlined in the literature. 
Additionally, the Mannich base ligand (Q) was 
synthesized by reacting Schiff base (K) with N-methyl 
aniline and methylene oxide using a procedure reported 
in the literature. The newly synthesized ligands (K) 
exhibited a bi-dentate behavior in their metal complexes, 
specifically copper(II), palladium(II), and platinum(IV) 
metal ions. These metal ions coordinated with the thiol 
group and nitrogen of dimethyldiazene. The MTT 
experiment, which utilized the MCF-7 cell line, yielded 
interesting findings. The results indicated that certain 
synthetic compounds, even at low concentrations, have 
the potential to inhibit the proliferation of cancer cells. 
This suggests their potential as inhibitors for breast 
cancer MCF-7. The platinum complex exhibited the 
highest rate of inhibition and apoptosis of breast cancer 
cells MCF-7, with an inhibition rate (IR) of 64.13% and 
a concentration of 100 μg/mL. Conversely, the lowest rate 

 
Fig 13. Representative photomicrographs of the cellular morphology of (a) untreated MCF-7 cells, (b) ligand K Schiff 
base, (c) ligand Q Mannich base, (d) Cu2K complex, (e) Pd2K complex, and (f) Pt2K complex. Images were taken at 
40× magnification by using a microscope TE-2000 (Nikon, Japan), scale bar: 50 μM 
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of inhibition and apoptosis was observed in untreated 
cells. Based on the outcomes, the order of effectiveness 
was determined to be: Pt2K > Q > Pd2K > Cu2K > K > 
untreated cells. Through in vitro results, we conclude that 
the prepared compounds have a promising future in 
apoptosis and inhibition of breast cancer cells. 
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