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 Metal-based drugs hold potential as a means to circumvent drug 

resistance in cancer. In this work ،a number of new copper (II) Schiff 

base complexes with tridentate phenim ligand were prepared and 

identified by FT-IR ،UV-Vis and elemental (CHN) analysis. The 

spectroscopy indicated that the ligand coordinates to the Cu (II) ion 

through the azomethine and pyridine nitrogen atoms ،resulting in 

stabler complexes with specific geometries. CuSB-1 [Cu (phenim) 

Cl₂] was found to be the most active of the compounds synthesized. 

Cytotoxicity assays showed good anti-proliferative activity against 

MCF-7, PC3 and HEK-293 cell lines, with significantly lower IC₅₀ 

values than other complexes and Cisplatin. CuSB-1 was found to 

effectively interact with DNA, likely via non-covalent binding 

(intercalation). In vivo studies on a rat breast tumor model 

demonstrated that CuSB-1 efficiently inhibited tumor growth, 

lowered specific growth rate and extended the tumor doubling time, 

surpassing cisplatin. Biochemical and histopathological studies 

showed increased apoptosis induction and decreased tumor 

proliferation. Moreover ،antioxidant enzyme analysis suggested that 

CuSB-1 alters the redox balance by reducing the activity of catalase 

and glutathione peroxidase ،and increasing the activity of glutathione 

reductase ،thereby increasing the level of oxidative stress. As a 

whole, the anticancer effects of CuSB-1 are mediated through a 

multi-pronged mechanism of action ،which includes DNA binding, 

induction of oxidative stress and activation of apoptosis. The results 

suggest CuSB-1 could be a lead compound in the development of 

novel copper-based antitumor drugs.  
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1- INTRODUCTION  
 

The accidental discovery of Cisplatin by Barnett Rosenberg et al., 1969 [1] marked the start of the 

evolution of metal-based drugs towards new chemotherapeutic agents. These drugs are usually metal complexes that 

bind to nucleobases in DNA [2], or hydrolytically or oxidatively cleave the DNA molecule [3،4]. This damage 

results in the cells' apoptosis، either from irreparable DNA damage or by the blockade of cell cycle transcription 

factors. First-generation metallodrug، cisplatin، binds to DNA at the N7 position of guanine to form platinum–DNA 

adducts، thereby triggering DNA damage response proteins. These proteins block the activity of cyclin-dependent 

kinases (CDKs)، and induce apoptosis through the p53 pathway [5،6]. But the major drawbacks of cisplatin are drug 

resistance and its high toxicity [7،8]. This has prompted the need for ligand modification and alternative، more 
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biocompatible metal complexes that can bind to DNA in a physiological environment. A number of first-row 

transition metals are essential parts of metalloproteins with various biological functions. Copper is of particular 

interest because it is found in enzymes such as Zn-Cu superoxide dismutase [9], tyrosinase [10]، dopamine β-

hydroxylase [11], cytochrome c oxidase [12] and blue copper proteins [13]. Copper complexes have been widely 

investigated due to their biologically relevant redox chemistry and high binding affinity towards nucleobases 

[14،15]. These complexes are known to possess oxidative، hydrolytic and photolytic nuclease activities [16]. In 

addition، bis (salicylate) copper (II) complexes have been reported to have synergistic effects with antioxidant 

agents such as curcumin-derived diketimines, and exhibit cytotoxicity and antivirality [17]. Copper complexes with 

glycine have also been found to reverse drug resistance in T-cell acute lymphoblastic leukemia (CEM) cells [18]. 

Most recently، Schiff base copper complexes containing quinoline have been found to be proteasome inhibitors in 

prostate cancer [19]. Taken together، these studies suggest that copper complexes are able to affect both DNA and 

protein function، which can be used to our advantage.  
 

The complexes studied in this work are mononuclear copper complexes with a Schiff base ligand having two 

pyridine and one azomethine (imine) nitrogen donors، and other various monodentate ligands (Figure 1). First، a 

number of copper complexes were tested for their cytotoxicity (MTT assay). The complex [Cu(phenim)Cl2] (CuSB-

1), with the smallest IC₅₀ value، was chosen for further investigations. The MCF-7 cell line was initially used to test 

its anticancer activity before performing in vitro experiments on tumor-bearing rats.  
 

Fig (1): Basic structure of the family of copper complexes  
 

The emergence of multidrug resistance (MDR) in cancer cells remains a major obstacle to effective 

chemotherapy, leading to therapeutic failure and poor clinical outcomes. This challenge necessitates the 

development of novel anticancer agents capable of circumventing resistance mechanisms. Copper (II) Schiff base 

complexes have attracted significant attention as promising candidates due to their versatile coordination chemistry 

and potent biological activity. This study synthesizes and characterizes a series of copper (II) Schiff base complexes 

to assess their anticancer potential. Particular attention is given to CuSB-1 [Cu(phenim)Cl₂], identified as the most 

active complex, and to determining how it acts against drug-resistant cancer cells. The investigation examines its 

cytotoxicity and DNA-binding ability, along with its in vivo antitumor efficacy and capacity to induce apoptosis by 

modulating oxidative stress.  
 

 

2- MATERIALS AND METHODS  
 

2.1  Chemicals and Reagents  
 

The human breast cancer (MCF-7)  ،  prostate cancer (PC3), and human embryonic kidney (HEK-293) cell 

lines were procurement from a certified cell line bank. Culture media (Dulbecco's Modified Eagle Medium 

(DMEM)، DMEM-F12), fetal bovine serum (FBS)، and antibiotics (penicillin and streptomycin) were obtained from 

common vendors. Chemicals، such as MTT (3-(4،5-dimethyl-2-thiazolyl)-2،5-diphenyl-2H-tetrazolium bromide), 
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dimethyl sulfoxide (DMSO)، agarose، and buffers of high purity were sourced from established vendors. Cisplatin 

was employed as a positive drug. N-Methyl-N-nitrosourea (MNU)، BCA protein estimation kits and antioxidant 

enzyme assay kits were obtained from Sigma-Aldrich. All the solutions were prepared in double-distilled water.  
 

2.2  Preparation of Schiff Base Ligand (phenim)  
 

The Schiff base ligand (phenim) was prepared by the reaction of a heteroaromatic aldehyde with a pyridine 

amine in ethanol and refluxed for 3-5 h. After cooling to room temperature، the solid was filtered، washed with cold 

ethanol، and dried in vacuo. The formation of the azomethine (C=N) bond was confirmed by spectroscopy [20].  
 

2.3  Copper (II) Complex (CuSB-1)  
 

The copper (II) complex [Cu(phenim)Cl2] (CuSB-1) was prepared by refluxing the ligand with 

CuCl₂·2H₂O in ethanol for 2-3 h. The copper (II) complex was isolated by filtration، washed and dried in vacuo. 

Other members of the series were synthesised similarly، using different monodentate ligands (e.g. Cl-، N3-، SCN-، 

CN-، OAc-، OBz-، H2O) and a bis-complex، Cu (phenim)₂₂، was also prepared [21].  
 

2.4  Characterization Techniques  
 

The newly prepared compounds were analysed by FT-IR (to check coordination of the ligand through C=N 

stretching vibration), UV-Vis (to observe d-d and charge transfer) and elemental (CHN) analysis. These confirmed 

the formation of complexes and their purity.  
 

2.5  Cell Culture  
 

MCF-7 and HEK-293 cells were cultured in DMEM، and PC3 cells in DMEM-F12 medium، both 

containing 10% heat-inactivated FBS and 1% antibiotics (100 U/mL penicillin and 100 μg/mL streptomycin). The 

cells were cultured at 37°C in a humidified 5% CO₂ incubator.  
 

2.6  Cytotoxicity Assay (MTT Assay)  
 

  The MTT assay was used to determine cell viability. Cells (5 × 10³ per well) were cultured in 96-well 

plates overnight. The cells were then exposed to different concentrations (0.05-100 μM) of CuSB-1 for 24 h. Cells 

were incubated with MTT solution (5 mg/mL) for 4 h at 37°C. DMSO was added to dissolve formazan crystals and 

absorbance was read at 570 nm. Inhibition percentage was measured and IC₅₀ values calculated using GraphPad 

Prism [22].  
 

2.7   DNA Binding Studies  
 

  Calf thymus DNA was pre-treated with ethidium bromide، and fluorescence quenching experiments were 

performed. Various amounts of CuSB-1 (0-50 μM) were added and emission spectra were measured. The Stern-

Volmer equation was used to determine the binding constants.  
 

2.8   In Vivo Antitumor Study  
 

  Female rats were induced with breast tumors using MNU (50 mg/kg، i.v). Rats were grouped into control 

and experimental groups. CuSB-1 and cisplatin were given i.p. (1 mg/kg body weight twice a week for 4 weeks).  
 

The volume was calculated as [23]:  
 

𝑉 =  0.44 ×  𝐴 ×  𝐵²               (1) 
 

Where A and B represent tumor diameters. Tumor growth rate and doubling time were calculated accordingly.  
 

2.9  Histopathological Analysis  
 

Tumor tissues were fixed in formalin، embedded in paraffin، cut into 5 μm sections and stained with 

hematoxylin and eosin. The mitotic and apoptotic indices were determined by counting cells microscopically.  
 

2.10  Antioxidant Enzyme Assays  
 

Catalase، glutathione peroxidase and glutathione reductase activities were spectrophotometrically 

determined in tumor tissue homogenates (nmol/mg protein/min).  
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2.11  Statistical Analysis  
 

The experiments were carried out in triplicates and the results were presented as mean ± SEM. One-way 

ANOVA and Student’s t-test were used for statistical analysis. A p-value < 0.05 was considered statistically 

significant.  
 

 

3- RESULTS AND DISCUSSION  
 

3.1   FT-IR Spectral Analysis  
 

The FT-IR technique was used to verify the coordinating ability of phenim towards Cu (II) in Cu1-Cu11.  

The free Schiff base (phenim) ligand showed a bands at around 1625 cm⁻¹، which is a typical feature for the 

azomethine (C=N) stretching vibration، indicating the imine linkage. This band was observed at lower frequencies 

(1598-1612 cm⁻¹) in all complexes (Cu1-Cu11), suggesting coordination of the azomethine nitrogen atom to the 

Cu(II) center. The pyridine ring stretching bands (1480-1500 cm-1) were also shifted (5-10 cm-1) in the complexes، 

indicating the coordination of pyridine nitrogen atoms. The new bands observed in the low-frequency region (510-

540 cm⁻¹ and 420-460 cm⁻¹) were assigned to ν(Cu-N) and ν(Cu-Cl/O/N) vibrations، respectively، confirming 

complexation. The FT-IR spectral data of the phenim and its copper (II) complexes (Cu1-Cu11) are listed in Table 

1، which reveal the involvement of azomethine and pyridine nitrogen atoms in coordination.  
 

Table (1): FT-IR spectral data (cm⁻¹) of the phenim ligand and Cu (II) complexes (Cu1-Cu11)  
 

Compound 
ν(C=N) 

(azomethine) 

ν(C=N) 

shift 

Pyridine 

ν(C=C/C=N) 
ν(Cu–N) ν(Cu–X)* 

Other characteristic 

bands 

phenim 

(ligand) 
1625 

 
1485–1500 

   

Cu1 1608 ↓17 1490 520 430 (Cl) 
 

Cu2 1605 ↓20 1492 525 445 (N₃) 
2030 (N₃⁻)، 1090، 625 

(ClO₄⁻) 

Cu3 1602 ↓23 1488 530 450 (SCN) 
2080 (SCN⁻)، 1085، 

620 (ClO₄⁻) 

Cu4 1600 ↓25 1495 535 455 (bipy) 1095، 625 (ClO₄⁻) 

Cu5 1607 ↓18 1491 522 435 (Cl) 1090، 622 (ClO₄⁻) 

Cu6 1609 ↓16 1493 518 425 (H₂O) 1088، 620 (ClO₄⁻) 

Cu7 1604 ↓21 1489 528 440 (OAc) 
1550، 1410 (COO⁻)، 

1092، 625 

Cu8 1601 ↓24 1490 532 448 (OBz) 
1600، 1385 (COO⁻)، 

1085، 622 

Cu9 1598 ↓27 1487 540 460 (CN) 2120 (CN⁻)، 1090، 625 

Cu10 1603 ↓22 1492 530 450 (Im) 1093، 623 (ClO₄⁻) 

Cu11 1606 ↓19 1494 525 — 1095، 625 (ClO₄⁻) 
 

Overall، FTIR results clearly indicate that the phenim ligand acts as a tridentate N، N، N donor، coordinating 

through two pyridine nitrogen atoms and one azomethine nitrogen.  
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3.2   UV–Visible Spectral Analysis  
 

The UV-Vis spectral features of the complexes (Cu1-11) are outlined in Table 2، which reveal ligand-

based، LMCT and d-d transitions، as expected for Cu (II) complexes.  
 

Table (2): UV-Vis spectral data (λmax، nm) of Cu (II) complexes (Cu1-Cu11) in DMSO  
 

Complex π→π* (nm) n→π* (nm) 
LMCT 

(nm) 

d–d transition 

(nm) 
Geometry (proposed) 

Cu1 268 332 402 645 Distorted square pyramidal 

Cu2 272 338 410 655 Distorted octahedral 

Cu3 275 342 420 670 Distorted octahedral 

Cu4 270 335 408 660 Distorted octahedral 

Cu5 266 330 400 640 Square pyramidal 

Cu6 269 333 395 635 Octahedral 

Cu7 271 336 405 650 Square pyramidal 

Cu8 273 340 412 665 Distorted octahedral 

Cu9 278 345 430 690 Distorted octahedral 

Cu10 270 337 410 655 Distorted octahedral 

Cu11 267 331 398 642 Octahedral 
 

The λmax values of Cu1-Cu11 complexes showed minor differences based on the monodentate ligand، suggesting 

variations in the ligand field strength. A bathochromic shift was observed for complexes with stronger field ligands 

(CN⁻، SCN⁻), indicating stronger ligand-metal interactions.  
 

3.3   Elemental (CHN) Analysis  
 

CHN elemental analysis was used to verify the purity of the complexes. The observed values were found to 

be in close agreement with the theoretical values for all complexes (Cu1-Cu11), suggesting successful synthesis and 

good purity. The elemental (CHN) analysis data (Table 3) revealed calculated and experimental values in good 

agreement، confirming the proposed molecular formula as well as the purity of all the complexes.  
 

Table (3): Elemental (CHN) analysis of Cu (II) complexes (Cu1-Cu11)  
 

Complex C (%) Calc. 
C (%) 

Found 
H (%) Calc. H (%) Found N (%) Calc. 

N (%) 

Found 

Cu1 52.14 51.98 3.85 3.79 10.12 10.05 

Cu2 50.86 50.70 3.78 3.70 13.45 13.30 

Cu3 49.76 49.60 3.62 3.55 12.45 12.30 

Cu4 53.10 52.90 3.95 3.88 11.20 11.05 

Cu5 51.48 51.30 3.82 3.75 10.05 9.92 

Cu6 50.95 50.78 3.88 3.80 9.85 9.70 

Cu7 50.21 50.05 3.90 3.82 9.88 9.76 

Cu8 52.05 51.85 3.96 3.88 9.60 9.48 

Cu9 48.90 48.75 3.55 3.48 11.95 11.80 

Cu10 51.60 51.42 3.87 3.79 10.30 10.15 

Cu11 54.32 54.10 4.12 4.05 11.65 11.50 
 

The minimal difference (< ±0.4%) between the calculated and experimental values suggests the complexes' 

stoichiometric purity.  
 

3.4   Antiproliferative Activity of CuSB-1  
 

The comparative IC₅₀ values of the copper(II) complexes (Cu1-Cu11) against MCF-7، HEK-293 and PC3 

cell lines using MTT assay are shown in Table 4. The values represent mean ± SEM of three experiments. 

Complexes Cu1، Cu3، Cu5، Cu7 and Cu9 exhibited relatively low IC₅₀ values against all the three cell lines. But 

CuSB-1 [Cu(phenim)Cl₂] was chosen for further studies due to two reasons:  
 

i. Its relatively low IC₅₀ values for all the tested cell lines، and  

ii. Its better solubility in the experimental conditions than other complexes.  
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Table (4): In vitro cytotoxicity (IC₅₀، μM) of copper (II) complexes with phenim against cancer cells  
 

Compound IC₅₀ (μM) MCF-7 IC₅₀ (μM) PC3 IC₅₀ (μM) HEK-293 

CuSB-1 [Cu(phenim)Cl₂] 4.18 ± 0.39 6.12 ± 0.54 5.26 ± 0.41 

Cu2 16.02 ± 1.08 10.75 ± 0.47 12.95 ± 2.05 

Cu3 7.42 ± 0.58 13.25 ± 2.45 10.68 ± 1.29 

Cu4 10.35 ± 0.31 8.52 ± 0.44 16.10 ± 1.36 

Cu5 7.30 ± 0.60 7.85 ± 0.65 10.95 ± 0.40 

Cu6 14.20 ± 1.70 7.85 ± 0.90 18.30 ± 3.10 

Cu7 7.60 ± 0.20 5.05 ± 1.02 10.72 ± 1.55 

Cu8 14.10 ± 1.20 11.05 ± 0.45 8.45 ± 1.55 

Cu9 9.20 ± 0.34 5.25 ± 0.47 6.30 ± 0.48 

Cu10 47.90 ± 1.20 10.20 ± 0.52 66.80 ± 5.10 

Cu11 10.85 ± 0.52 10.45 ± 0.34 14.10 ± 1.85 

CuCl₂ >100 >100 >100 

phenim (ligand) 9.05 ± 0.25 95.80 ± 2.10 >100 

Cisplatin 62.50 ± 3.50 78.90 ± 5.10 76.40 ± 3.20 

3.5   DNA Binding Studies  
 

The fluorescence intensity of the ethidium bromide (EB)–calf thymus DNA complex was quenched by 

increasing concentrations of CuSB-1 (0-50 μM) as shown in Figure 2. This is suggestive of the displacement of 

DNA-bound EB by CuSB-1. There was no appreciable quenching of fluorescence in the absence of DNA or EB، 

despite the presence of CuSB-1. In addition، there was no such effect in the presence of either the free ligand 

(phenim) or the copper salt (CuCl₂).  

 
 

Fig (2): Fluorescence quenching of calf thymus DNA-ethidium bromide complex with increasing 

concentrations of CuSB-1 [Cu(phenim)Cl₂]. The inset is the Stern–Volmer plot of I₀/I (where I₀ is the 

fluorescence intensity in the absence of CuSB-1 and I the fluorescence intensity in the presence of CuSB-1) 

versus [CuSB-1]/[DNA]، showing the binding of the copper(II) complex with DNA 
 

The Stern-Volmer quenching constant (KSV)، obtained from the linear regression of the plot، was found to be 0.28، 

implying that CuSB-1 has a moderate binding constant with DNA.  
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3.6   Antitumor Effect of CuSB-1  
 

Following treatment with CuSB-1 [Cu(phenim)Cl₂] for one month، the specific tumor growth rate in the 

Group III animals decreased by ~55%، while only a ~22% decrease was seen in the Cisplatin-treated group (Group 

IV)، compared with no treatment tumor-bearing animals  (Group II) (p < 0.05). Moreover، the tumor doubling time 

(DT) almost doubled، as observed in previous reports (Sánchez et al.، 2006) (Table 3). As shown in Figure 3، a 

remarkable suppression (p < 0.05) in the tumor growth rate was observed within two weeks of treatment with CuSB-

1، which was further enhanced after four weeks (p < 0.01). By contrast، cisplatin only showed significant effects on 

tumor prevention after four weeks (p < 0.05).  

 

 
 

Fig (3): Tumor volume changes in tumor-bearing animals after the treatment with CuSB-1 [Cu(phenim)Cl₂] 

and Cisplatin over 4 weeks. Data are presented as mean ± S.E.M. (n = 11). * And ** represent statistically 

significant differences at p < 0.05 and p < 0.01، respectively، from the untreated tumor group at the same time 

intervals 
 

The significant gain in body weight seen in untreated tumor-bearing animals - likely a consequence of growing 

tumors - was significantly decreased after treatment with CuSB-1 (p < 0.01) and cisplatin (p < 0.05) at four weeks، 

but to a greater extent with CuSB-1 (Figure 4).  

Fig (4): Body weight variations of animals during the course of treatment with CuSB-1 [Cu(phenim)Cl₂] and 

Cisplatin. Data represent mean ± S.E.M (n = 11 for tumor and treatment groups; n = 10 for control group). * 

and ** represent significant differences (p < 0.05 and p < 0.01، respectively) compared to the control group 

(tumor) at the same time points  
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In summary، these results show that، although cisplatin is very effective in vitro، it’s in vivo antitumor activity was 

relatively weak، while CuSB-1 demonstrated stronger antitumor effects (Figures. 3، 4، and Table 5).  
 

Table (5): Inhibition of breast tumor growth by CuSB-1 in vivo  
 

Treatment 
Initial tumor 

volume (cc) 

Final tumor volume 

(cc) after 30 days 

Specific 

growth rate 

Tumor doubling 

time (days) 

Group I (vehicle-

treated، n = 10) 
ND ND ND ND 

Group II (tumor 

control، n = 11) 
11.4 ± 1.4 30.2 ± 2.7 0.033 21 

Group III (CuSB-1 

treated، n = 11) 
11.7 ± 1.3 17.9 ± 1.5ᵃ 0.015 45 

Group IV (Cisplatin 

treated، n = 11) 
11.9 ± 1.2 26.4 ± 1.8ᵇ 0.025 28 

 

3.7   Histopathological Findings  
 

Histology studies showed that after one month of treatment with CuSB-1 [Cu(phenim)Cl₂], multiple 

apoptotic bodies were formed in the breast tumor tissues (Figure 5C، with higher magnification in Figure 5D، 

arrows). By contrast، the untreated tumor-bearing group showed a large number of proliferating ductal carcinoma 

cells، filling the whole microscopic field (Figure 5B). The histological analysis of the Cisplatin-treated group 

showed only slight changes compared to the vehicle-treated group، with a few apoptotic bodies (Figure 5E and 5F). 

Breast sections of control animals (Figure 5A) did not show any proliferating cells or apoptotic bodies، and showed 

normal tissue architecture.  
 

 

Fig (5): Hematoxylin and eosin (H&E) staining of breast tissues from various groups. (A) Control group 

(200×); (B) untreated tumor group (200×); (C) tumor treated with CuSB-1 [Cu(phenim)Cl₂] (200×); (D) 

magnified view of apoptotic cells with chromatin condensation (indicated by arrows) (400×); (E) tumor 

treated with Cisplatin (200×); and (F) magnified view of apoptotic cells with chromatin condensation 

(indicated by arrows) (400×)  
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As shown in Figure 6، CuSB-1 treatment resulted in a significant decrease in the mitotic index (p < 0.05) and a 

significant increase in the apoptotic index (p < 0.01). While cisplatin also increased the apoptotic index (p < 0.05)، 

the effect was not as significant as that observed with CuSB-1.  

 

Fig (6): Mitotic index and apoptotic index in tumor tissues after treatment with CuSB-1 [Cu(phenim)Cl₂] and 

Cisplatin in H&E stained tissue sections. Data are expressed as mean ± S.E.M of at least 10 different fields in 

each group. * and ** represent significant difference at p < 0.05 and p < 0.01، respectively، from untreated 

tumor animals  
 

These results are in agreement with previous reports، suggesting that CuSB-1 has a better effect than cisplatin in 

inducing apoptosis in tumor tissues.  
 

3.8   Antioxidant Enzyme Analysis  
 

We evaluated the effects of CuSB-1 [Cu(phenim)Cl₂] on tumor tissues by measuring antioxidant enzymes. 

Figure 7 shows that the activity of catalase and glutathione peroxidase was decreased by about 5-fold and 1.5-fold، 

respectively، after CuSB-1 treatment as compared to the untreated tumor group. However، the activity of glutathione 

reductase was significantly higher (2-fold، p < 0.05) in CuSB-1-treated tumor tissues compared to untreated tumor 

tissues.  
 

Fig (7): Changes in antioxidant enzyme activities in the breast tumor tissues of different groups treated with 

CuSB-1 [Cu(phenim)Cl₂]. Values are mean ± S.E.M of four separate experiments. *، ** and *** show 

significant differences at p < 0.05، p < 0.01 and p < 0.001، respectively، when compared with the normal 

control group (Group I). #، ## and ### indicate statistically significant differences at p < 0.05، p < 0.01 and p 

< 0.001، respectively، compared to the untreated tumor group (Group II) 
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These results suggest that CuSB-1 has a profound effect on the antioxidant system in tumor cells، which may 

contribute to an increase in oxidative stress-induced cell death.  
 

The FT-IR spectral results provide good evidence for coordination of the phenim Schiff base ligand to the Cu(II) ion 

in all complexes Cu1-Cu11. The free Schiff base ligand exhibits a typical azomethine (C=N) stretch band at 1625 

cm⁻¹، as reported previously [24]. The UV-Visible spectroscopy also confirms the structure and coordination of Cu 

(II) complexes. The π→π* transitions (260-290 nm) and n→π* transitions (320-360 nm) are common for aromatic 

Schiff base ligands and azomethine groups، respectively [25]. The ligand-to-metal charge transfer (LMCT) bands in 

380-450 nm regions suggest strong metal-ligand interactions، which are important for redox activity and biological 

activity [26]. The broad and weak d-d bands (600-720 nm) indicate distortion (possibly of Jahn-Teller type) in the 

octahedral or square pyramidal geometry of Cu (II) (d9) complexes [27]. It is important to note that LMCT and d-d 

bands are red shifted in complexes containing strong field ligands (CN⁻ and SCN⁻) suggesting strong ligand-metal 

interactions، and therefore، greater stability of the metal. This is in line with ligand field theory where high field 

ligands cause larger crystal field splitting and therefore، larger effect on electronic transitions [28]. Synthesis and 

purity of the complexes were also verified by elemental (CHN) analysis. The calculated and found values 

(deviations < ±0.4%) indicate the stoichiometry is correct and there are minimal impurities. These deviations are 

probably caused by experimental error or traces of solvent، but are acceptable for metal complexes [29].  
 

The cytotoxicity results indicate the prepared copper (II) Schiff base complexes exhibit varying antiproliferative 

activities، which depend on the nature of the ligands. CuSB-1 [Cu (phenim)Cl₂] is the most active complex with IC₅₀ 

values in the low micromolar range for the three cell lines (MCF-7، PC3 and HEK-293). This increased potency is 

probably a result of the optimal coordination geometry of the tridentate ligand (phenim)، stabilising the Cu(II) ion 

while also maintaining flexibility for biological interactions. The lower activity of the free ligand (phenim) and 

copper salt (CuCl₂) suggests that the complex is necessary for activity، suggesting a possible synergy between the 

metal and the ligand. This is consistent with previous reports in which the metal ion enhances the lipophilicity، 

enhancing the absorption into the cells and interaction with biological targets (DNA and proteins) [11،30]. 

Moreover، the variation in IC₅₀ values of complexes Cu1-Cu11 indicates that the monodentate ligands play a role in 

modulating the activity. In particular، complexes with better donor ligands (e.g.، CN⁻، SCN⁻) were more active than 

complexes with weaker donor ligands، presumably as a result of more ligand field stabilization and modification of 

the metal potentials [3]. These effects influence the ability of the complex to undergo redox cycling and to generate 

reactive oxygen species (ROS) that will cause oxidative stress and cell death in cancer cells [31]. CuSB-1 was found 

to be more active than Cisplatin in vitro. This may be due to the different mode of action of copper complexes، 

which is not only due to DNA binding but also involves the redox damage، proteasome and mitochondrial damage، 

while cisplatin mainly causes DNA crosslinks [32،33]. The DNA binding data is also consistent with the 

cytotoxicity data. The decrease in fluorescence of the EB-DNA complex in the presence of CuSB-1 indicates CuSB-

1 disrupts the EB-DNA complex suggesting that it does bind strongly to DNA. The absence of quenching in control 

experiments (no DNA or EB، or free ligand and CuCl₂) indicates that the quenching is indeed due to the Cu(II) 

complex. The Stern-Volmer quenching constant (KSV = 0.28) indicates moderate binding، which is consistent with 

non-covalent binding (intercalation or groove binding). The aromaticity of the phenim ligand can facilitate π-

stacking with the DNA bases، while the Cu (II) metal centre can increase the binding through electrostatic 

interactions with the anionic phosphate backbone of DNA [34]. Moreover، the relatively low KSV value suggests 

optimal binding strength and reversibility، which is important for anticancer drugs since excessive binding can lead 

to non-specific toxicity [35].  
 

The displacement of EB also supports the idea that CuSB-1 displaces EB and may therefore be an intercalator which 

may lead to DNA cleavage، as has been seen for other copper (II) Schiff bases [36،20]. In vivo studies demonstrate 

the better anti-tumor effect of CuSB-1 ([Cu (phenim) Cl₂]) compared to conventional chemotherapy. The high tumor 

volume suppression (55%) and decrease in the specific growth rate in CuSB-1-treated mice indicates that the 

complex effectively prevents tumor growth. In contrast، Cisplatin showed weak antitumor effect (22%) revealing the 

enhanced effect of the copper complex. This enhanced antitumor activity can be attributed to the redox activity of 

Cu (II) that enables the complex to undergo intracellular redox cycling that leads to the production of reactive 

oxygen species (ROS). The increased ROS levels cause oxidative stress، resulting in DNA، protein and lipid 

damage، and induce apoptosis in cancer cells [37]. Unlike cisplatin، which has a single target (DNA crosslinking), 

copper complexes such as CuSB-1 display a multi-faceted mechanism of action، including oxidative stress، 

mitochondrial targeting، and survival pathway blockade [38]. The doubling time of tumors is also increased (~2-

fold)  ،  suggesting an antiproliferative effect of CuSB-1. This would mean that CuSB-1 kills tumour cells and also 

blocks cell growth. This is probably due to the interference with regulatory processes such as the Akt pathway and 
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cell cycle checkpoints، which are often altered in cancer [39]. This weight control experiment also indicates the 

effectiveness of CuSB-1. The body weight of tumor bearing mice was significantly enhanced، but this was reversed 

by CuSB-1. Importantly، the absence of significant weight loss points to low systemic toxicity، a major side effect 

of cisplatin therapy. This could be due to the selective redox activity of the copper complex in cancer cells، which 

are under higher oxidative stress [40].  
 

The histopathological investigations also support the activity of CuSB-1. The large number of apoptotic bodies and 

chromatin condensation seen in the tumors indicate the induction of high levels of apoptosis، whereas the control 

tumors show a dense growth of carcinoma cells. In contrast، only a low number of apoptotic bodies were observed 

in the cisplatin-treated tissues without the presence of chromatin condensation، suggesting that it is not as effective 

as an inducer of apoptosis. These observations are consistent with previous work that copper complexes were found 

to induce apoptosis via both intrinsic (mitochondrial) and extrinsic pathways [41]. The mitotic index and the 

apoptotic index provide strong evidence for the mode of action. The mitotic index of CuSB-1 was found to be 

dramatically reduced and the apoptotic index dramatically increased، which is an indication of a shift from growth to 

death. This is important in cancer treatment as it may lead to a reduction of tumor growth and death of cancer cells. 

The elevated apoptotic index in CuSB-1 compared to cisplatin may be due to the induction of the apoptotic 

pathway، which may have occurred via activation of caspases and other pro- or anti-apoptotic proteins such as Bax 

and Bcl-2 [42]. The decrease in the activity of the antioxidant enzymes in the tumor following CuSB-1 treatment 

suggests a disruption of the antioxidant system. Catalase and GPx play a crucial role in the degradation of reactive 

oxygen species (ROS) (hydrogen peroxide and lipid peroxides، respectively) and in the maintenance of the redox 

status [43]. The 5-fold reduction in the activity of catalase indicates a significant reduction in the metabolism of 

hydrogen peroxide in tumor cells. This can result in increased oxidative stress and damage to macromolecules 

(DNA، proteins and lipids). By contrast، the increased glutathione reductase (GR) activity in CuSB-1-treated tissues 

(~2-fold) could be a response to the oxidative stress. This enzyme is able to convert the oxidized glutathione 

(GSSG) into reduced glutathione (GSH) to attempt to restore the glutathione redox balance [44]. But، although the 

activity of GR is higher، the antioxidant system is impaired due to the lower activity of catalase and GPx. This 

results in an increase in the total ROS level، and therefore، apoptosis. CuSB-1 has a selective effect on antioxidant 

systems as a result of the redox capability of Cu (II). Cu (II) complexes are capable of Fenton reactions (Cu(II) to 

Cu(I) or vice versa) and production of ROS. This becomes even more effective in cancer cells as they are in a state 

of oxidative stress، so are more vulnerable to ROS attack [35]. Thus، CuSB-1 takes advantage of this by overriding 

the antioxidant response of the cells and hence، causes oxidative stress and cell death.  The biochemical results are 

in line with the histopathological and apoptotic changes described above، which revealed an increase in apoptosis 

and reduction in proliferation. This has been shown to lead to mitochondrial dysfunction، the release of cytochrome 

c and subsequent caspase activation and apoptosis [45].  
 

 

4- CONCLUSION 
 

This study synthesized and characterized copper (II) Schiff base complexes of phenim and the most active 

compound was CuSB-1 [Cu(phenim)Cl₂]. CuSB-1 was found to have good in vitro cytotoxicity and DNA binding، 

which implies potential interactions with biomolecules. The in vivo experiments showed good tumor growth 

inhibition، apoptosis، and better antitumor activity than Cisplatin. CuSB-1 acts via the modulation of the antioxidant 

system resulting in cell death through the ROS-mediated pathway. In conclusion، CuSB-1 is a potential multi-target 

cancer drug and hence needs to be investigated further.  
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