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Drug discovery aimed at the methodical extermination of life-threatening bacterial infection, especially considering the 
emergence of multi-drug resistance of pathogenic bacteria has remained a challenge for medicinal inorganic chemistry. In this article, 
the mixed ligand complexes of Cu (II), Co (II), and Ni (II) containing heterocyclic ligands were synthesized and characterized by IR, 
LC-MS, UV, and TG-DTA. Complexes are screened for Anti-microbial activity against human pathogenic bacteria. 
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In recent years, the world’s mortality rate has increased 
due to multi -resistance to antibiotics in treating 
infectious diseases that are directly related to bacteria1-3. 
Therefore, there is a necessity to develop new 
Antibacterial drugs with excellent mechanisms and 
structural activity4-6. Numerous challenges encountered 
in antibiotic chemistry can overcome in bioinorganic 
chemistry7. Coordination chemistry of transition metals 
with biologically active ligands is important in metallo-
enzymes and other biological activities8. In most cases, 
complexation of metal with ligands shows higher 
bioactivities than the free ligands9 and drug resistance 
and some side effects are reduced10. Chelating ligands 
containing donor atoms like O, S, and N have high 
biocidal actions of the metal complexes11-13. When a 
metal ion chelates with ligands the polarity of the metal 
ion gets reduced appreciably, due to the overlap of 
ligand orbital and partial sharing of its positive charge 
with metal atoms. Hence the lipophilicity of the 
complexes increases due to delocalization of the 
π-electron on the chelating ring14-15. Consequently, the 
metal complexes easily penetrate into the cell membrane 
of microbes blocking the enzymes of organisms; in 
some cases, metal complexes also block the synthesis of 
proteins which restricts further growth of organisms. 
It has been found that mixed ligand complexes are 
more active biologically than the ligand itself hence they 
are used in fighting microbial infections16-22. This makes 

the researchers interested in the synthesis of mixed 
ligand complexes. 

In this review various kinds of mixed ligand 
complexes are synthesized with metal atoms of Cu(II), 
Ni(II), Co(II) and ligands such as Riboflavin, Tyrosine, 
Arginine, Bipyridyl, Phenyl- acetic acid as primary 
ligands NCO, N3 are selected as secondary ligands 
and focus is placed on antibacterial activities on six 
pathogens: Shigella sonnei NK4010 (Gram-negative), 
Salmonella enterica serovar C6953 (Gram-negative), 
Aeromonas hydrophilla DH1585 (Gram negative), 
Vibrio cholera 010 gawa CO855 (Gram negative), 
Klebsiella pneumonia MTCC109 (Gram negative), 
Micrococcus luteus MTCC106 (Gram positive). 
Materials and Methods 
 

Chemicals 
All chemicals reagents and solvents are procured 

from renowned companies and were of analytical 
grade used as received without further purification. 
Instruments 

IR spectra are obtained with a Shimadzu IR 
Prestige 21 FT-IR spectrophotometer. Electronic 
spectra are recorded on LABINDIA UV3000+ 
UV/Vis spectrophotometer. LC-MS spectra are 
recorded on AGILANT QQQ (ESI-MS). Mass 
spectrometer. TG-DTA spectra are obtained using 
SDT Q600 V20.9 BUILD 20. 
Synthesis of metal complexes 
Riboflavin complexes 

Coordination compounds of complexes 1 and 2 
were prepared by the addition of 1 mM solutions of 
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metal salts C1 (Cobalt nitrate 0.129 g), C2(Nickel 
nitrate 0.058 g) added to ligand Sodium hydroxide 
solution of Riboflavin at constant stirring for 30 min 
at room temperature. The precipitate are filtered, 
washed with methanol solution, and dried. 
 

Amino acid complexes 
Coordination compounds of complexes 3 and 4 

were prepared by the addition of 1 mM solutions of 
metal salts C3 (Nickel sulphate hexahydrate 0.262 g), 
C4 (Copper nitrate 0.241 g) added to 1 mM solutions 
of L3( Bipyridyl 0.156 g), L4 (Arginine 0.774 g and 
Sodium azide 0.069 g) at room temperature under 
constant stirring for 30 min. The precipitate formed is 
filtered, washed with methanol solution and dried. 
 

Bipyridyl complexes 
Coordination compounds of complex 5 and 6 were 

prepared by the addition of 1mM solution of metal 
salt Copper per chlorate hexahydrate (0.37 g) added to 
a 1 mM methanolic solution of the ligand L5 
(Bipyridyl 0.156 g) at room temperature and L6 
(Sodium isocyanate 0.081 g) added at 60C for  
30 min. The precipitate formed is filtered, washed 
with methanol solution and dried. 
 

Phenyl acetic acid complexes 
Coordination compounds of complex 7, 8 and 9 

were prepared by the addition of 0.5 mM solution of 
Copper per chlorate hexahydrate (0.185 g) added to 

0.5 mM solution of the ligand L6 (phenyl acetic acid 
0.068 g), 1mM solution of ligand L7 (Sodium 
thiocyanate 0.04 g), 1 mM solution of ligand L8 
(Sodium Azide 0.03 g), 0.5 mM solution of L9 (Ortho 
phenyl diamine 0.054 g) under constant stirring at 
60C for 30 min. The precipitate formed is filtered, 
washed with methanol solution and dried. 
 

Antimicrobial activity using disc diffusion assay 
Complexes are tested against human pathogenic 

bacteria isolates determined by the disk diffusion method 
in Mueller-Hinton Agar23, the method is essentially a 
qualitative or semi- quantitative test indicating sensitivity 
or resistance of microorganisms to the test materials as 
well as the bacteriostatic or bactericidal activity of a 
compound. These complexes are screened for Anti 
Pathogenic activity against six pathogens. 

Shigella sonnei NK4010 (Gram negative), Salmonella 
enterica serovar C6953 (Gram negative), Aeromonas 
hydrophilla DH1585 (Gram negative), Vibrio cholera. 
 

Results and Discussion 
 

Physico-chemical properties 
The colour, yield, molecular weights, physical 

appearance, solubility of their complexes are shown in 
(Table 1). 
 

IR-spectra 
The main stretching frequencies of the IR spectra 

are listed in (Table 2). 

Table — 1 Physio-chemical properties 

S. No Complexes Colour Yield (%) Mol.Wt Physical Appearance Solubility 
1 Complex 1 Green 0.43 g (72%) 507.36 Precipitate DMF 
2 Complex 2 Yellow 1 g (75%) 471.09 Precipitate DMF 
3 Complex 3 Brown 0.38 g (64%) 613.28 Crystals DMF 
4 Complex 4 Blue 0.163 g (34%) 409.14 Crystals DMF 
5 Complex 5 Blue 0.25 g (49%) 472.68 Crystals DMF 
6 Complex 6 Blue 0.23 g (38%) 331.82 Crystals DMF 
7 Complex 7 Sky blue 0.187 g (63%) 406.86 Precipitate DMSO 
8 Complex 8 Greenish Blue 0.168 g (59%) 580.05 Precipitate DMSO 
9 Complex 9 Dark brown 0.147 g (48%) 650.02 Crystalline precipitate DMSO 

 

Table 2 — IR-spectra 

S. No Compounds 
ν (N-H) 

cm−1 
ν (C=O) 

cm−1 
ν (C=N) 

cm−1 
ν (O-H) 

cm−1 
ν (COO-) 

cm−1 
ν (N3) 
cm−1 

ν (NCO) 
cm−1 

ν (ClO4) 
cm−1 

1 Complex 1  1635 1528 3385     
2 Complex 2  1647 1544 3384     
3 Complex 3 3261  1575  1446    
4 Complex 4 3385   3122 1479    
5 Complex 5  1603 1557 3439    1087 
6 Complex 6     1411  2199  
7 Complex 7    3569   2259  
8 Complex 8  1741  3408  2051   
9 Complex 9   1514 3383    1087 
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LC-MS 
 

Mass spectra 
The most important peaks in the LC-MS spectral 

data of all complexes are listed in (Table 3). 
 

Electronic spectral analysis 
The electronic spectra of the complexes showed 

strong absorption bands in the Ultraviolet-Visible 
region (200-800 nm), allocated to the transitions 
π→π* and n →π *, verifying coordination of metal 
ions to the ligand are listed in (Table 4). 
 

Thermal analysis 
Thermo gravimetric analysis of the complexes was 

used to obtain information about the thermal stability 
of the complexes. The results of the thermal analysis of 
the metal complexes are given in (Fig. 1 & Table 5). 
 

Evaluation of antimicrobial activity 
The antimicrobial activity of metal complexes was 

performed by using different bacteria and the results 
are summarized in (Table 6). 

These complexes showed better activity against six 
human pathogens: Shigella sonnei NK4010 (Gram 
negative), Salmonella Enteric serovar C6953 (Gram 
negative), Aeromonas hydrophilla DH1585 (Gram 
negative), Vibrio cholera 010 gawa CO855 (Gram 
negative), Klebsiella pneumonia MTCC109 (Gram 
negative), Micrococcus luteus MTCC106 (Gram 
positive). This indicates their usefulness as broad-
spectrum antibacterial agents (Fig. 2). 

It was found that these transition metal complexes 
are having cytotoxicity against human cancer cell line 
MCF-7, A-431, HepG-2 and anti-microbial activity 
against E. coli, S. aureus and antifungal activity 
against R. oligospores as mentioned in previous 
papers24-38. Among the above -mentioned complexes 
[Cu (Bpy)(H2O)3]ClO4¯ (9) makes it more active 
against human pathogens due to the presence of  
N-donors in the Bipyridyl and presence of ClO4¯ 
which are the general functional groups present in 
antibacterial agents39. 
 
Conclusion 

This review reveals that the complexes are 
effective Anti cancer agents as well as Anti-microbial 
agents. These complexes are well characterized by 
using FT-IR, LC-MS, UV-Vis, and TG-DTA. This 
spectral data has supported the above concerned 
geometry of the complexes. The ligands of the 
complex coordinate with metal ion via O and N. The 
mixed ligand complexes showed a broad range of 
antimicrobial activity against six pathogenic species: 
Shigella sonnei NK4010 (Gram negative), Salmonella 
entericaserovar C6953 (Gram negative), Aeromonas 
hydrophilla DH1585 (Gram negative), Vibrio cholera 
010 gawa CO855 (Gram negative), Klebsiella 
pneumonia MTCC109 (Gram negative), Micrococcus 
luteus MTCC106 (Gram positive) at 150 µL 
concentration as well as E. coli, S. aureus and  
R. oligospores. The outcomes of our study suggest 
that the ligands bearing N-donors have great  
potency as antibacterial agents hence among  the  nine  
 

Table 3 — Mass Spectra 

S. No Complex m/z 

1 Complex 1 377 [Ribo] 
505 [Co(Ribo)4H2O] 

2 Complex 2 377[Ribo] 
450 [Ni(Ribo)H2O] 

3 Complex 3 597[Ni(Tyr)2Bpy]H2O 
613 [Ni(Tyr)2Bpy]2H2O 

4 Complex 4 175 [Arg] 
237 Cu[Arg] 

410 [Cu(Arg)2] 
5 Complex 5 318 [Cu(Bpy)] ClO4 

375 [Cu(Bpy)(H2O)3] ClO4 
474[Cu(Bpy)(H2O)3] (ClO4)2 

6 Complex 6 219 [Cu(Bpy)] 
261 [Cu(Bpy)(NCO)] 
307[Cu(Bpy)(NCO)2] 

7 Complex 7 380[Cu(PAA)2NCO] 
425[Cu(PAA)2(NCO)2] 

447 [Cu(PAA)2(NCO)2H2O] 
8 Complex 8 416 [Cu(PAA)2(N3)2] 

551 [Cu(PAA)3(N3)2] 
9 Complex 9 169 [Cu]ClO4 

648 [Cu(PAA)2(OPD)2ClO4] 

Table 4 — Electronic spectral analysis 

S. No Complex Frequencies Assigning Geometry 

1 Complex 1 280 nm 
380 nm 

π→π* 
n →π * 

Distorted 
Octahedral 

2 Complex 2 275 nm 
350 nm 

π→π* 
n →π * 

Square planar 

3 Complex 3 280 nm 
360 nm 

π→π* 
n →π * 

Distorted 
Octahedral 

4 Complex 4 283 nm 
384 nm 

π→π* 
n →π * 

Square planar 

5 Complex 5 280 nm 
400 nm 

π→π* 
n →π * 

Square 
pyramidal 

6 Complex 6 280 nm 
350 nm 

π→π* 
n →π * 

Square planar 

7 Complex 7 280 nm 
350 nm 

π→π* 
n →π * 

Square 
pyramidal 

8 Complex 8 280 nm 
360 nm 

π→π* 
n →π * 

Square 
pyramidal 

9 Complex 9 280 nm 
380 nm 

π→π* 
n →π * 

Square 
pyramidal 
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Fig 1 — (A) IR Spectrum of complex (5); (B) IR Spectrum of complex (7); (C) LC-MS Spectrum of Complex (4); (D) LC-MS Spectrum 
of Complex (5); (E) Electronic Spectrum of Complex (4); (F) Electronic Spectrum of Complex (5); (G) TG Spectrum of complex (4); and 
(H) DTA Spectrum of complex (4)
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Table 5 — Thermal analysis 

S. No Compounds TG range DTA range N Mass found Loss Calculated 

1 [Co(Ribo)4H2O] 100-200C 150C 

3 

14% 16.7% 

200-300C 250C 52.5% 59.5% 

300-500C 450C 86.4% 89.3% 

2 [Ni(Ribo)2H2O] 50-150C 100C 
3 

6.7% 6.8% 

250-300C 280C 84.3% 84.9 % 

3 [Ni(Tyr)2Bpy]2H2O 50-100C 90C 

3 

3% 5% 

200-300C 200C 26% 30% 

300-500C 300C 60% 60% 

4 [Cu(Arg)2] 40-110C 110C 

3 

8.7% 9% 

120-290C 290C 35% 33% 

300-495C 460C 43% 42.2% 

5 [Cu(Bpy)(H2O)3](ClO4)2 100-200C 150C 
2 

3.8% 4% 

350-400C 380C 96.2% 98.4% 

6 [Cu(Bpy)(NCO)2] 50-220C 240C 
2 

71.9% 71.3% 

250-300C 300C 94.1% 94.1% 

7 [Cu(PAA)2(NCO)2H2O] 50-200C 100C 

3 

11.5% 11.7% 

200-300C 220C 16.1% 17.1% 

300-500C 460C 45.6% 46.6% 

8 [Cu(PAA)3(N3)2] 50-250C 250C 
2 

10.09% 10.63% 

280-400C 280C 57.2% 57.9% 

9 [Cu(PAA)2(OPD)2ClO4] 200-250C 220C 
2 

14.2% 14.6% 

250-400C 250C 64.2% 67.8% 
 

Table 6 — Evaluation of Antimicrobial activity 

S. No. 
Compound  
(Sample No.) 

Concentration 

Growth inhibition zones (in diameter) of pathogenic bacteria 

Shigella 
sonnei 

NK4010 

Salmonella 
enterica serovar 

typhi C6953 

Aeromonas 
hydrophilla 
IDH1585 

Vibrio 
cholera; 

O1 Ogawa 
C0835 

Klebsiella 
pneumonia 
MTCC109 

Micrococcus 
luteus 

MTCC106 

0 CR 150 µL 20 mm 11 mm 14 mm 14 mm 12 mm 8 mm 

1 
[Co(Ribo)4H2O] 
(3) 

150 µL 12 mm 7 mm - 10 mm 7 mm 10 mm 

2 
[Ni(Ribo)2H2O] 
(5) 

150 µL 14 mm 7 mm - - 10 mm - 

3 
[Ni(Tyr)2Bpy]2
H2O (6) 

150 µL 14 mm - - 10 mm - - 

4 [Cu(Arg)2] (8) 150 µL 14 mm 7 mm - 10 mm - - 

5 
[Cu(Bpy)(H2O)3

]ClO4¯ (9) 
150 µL 34 mm 25 mm 20 mm 28 mm 16 mm 24 mm 

6 
[Cu(Bpy)(NCO)
2] (10) 

150 µL 20 mm 7 mm 10 mm 16 mm - 12 mm 

7 
[Cu(PAA)2(NC
O)2H2O] (13) 

150 µL 16 mm 7 mm - 16 mm - 10 mm 

8 
[Cu(PAA)3(N3)2

] (14) 
150 µL 16 mm 7 mm - 10 mm - 10 mm 

9 
[Cu(PAA)2(OP
D)2ClO4](15) 

150 µL 18 mm 11 mm - 16 mm - 11mm 
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Fig. 2 — (A) Inhibition zones for complex 1-9 against S. sonnei; (B) Inhibition zones for complex 1-9 against S. typhi; (C) Inhibition 
zones for complex 1-9 against A. hydrophilla; (D) Inhibition zones for complex 1-9 against V. cholera; (E) Inhibition zones for complex 
1-9 against K. pneumonia; and (F) Inhibition zones for complex 1-9 against M. leuteus 
 
complexes prepared [Cu (Bpy) (H2O)3] ClO4¯ (9)  has 
shown better activity compared to other complexes 
which might be a suitable strategy to develop novel 
therapeutic tool for development of new metal based 
drug. Further studies of these complexes explore its 
clinical inference to life threating infection.  
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Yerli Y & Şen F, Metalo components exhibiting  
significant anticancer and antibacterial properties:  
A novel sandwich-type like polymeric structure. Sci Rep, 
(2020). 

7 Dawood Z & Ibrahim M, Preparation of some Nickel (II) 
complexes containing mixed ligands (Salicylaldehyde 
Semicarbazone and Carboxylic Acids). Iraq Nat J Chem,  
30 (2008) 330. 

8 Jaworr SS, Patil SA & Torgalmath SS, Synthesis and 
characterization of heteroleptic Schiff base transition  
metal complexes: A study of anticancer, antimicrobial,  
DNA cleavage and anti-TB. J Coord Chem, 71 (2018) 271. 

9 Kasuga NC, Sekino K, Koumo C, Shimada N, Ishikawa M & 
Nomiya K, Synthesis, structural characterization and 
antimicrobial activities of 4-and 6-coordinate nickel(II) 
complexes with three thiosemicarbazones and semicarbazone 
ligands. J Inorg Biochem, 84 (2001) 55. 

10 Buschini A, Pinelli S, Pellacani C, Giordani F, Ferrari MB & 
Bisceglie F,  Synthesis, characterization and deepening in the 
comprehension of the biological action mechanisms of a new 
nickel complex with antiproliferative activity. J Inorg 
Biochem, 103 (2009) 666. 

11 Datta S, Seth DK, Butcher RJ & Bhattacharya S, Mixed-
ligand thiosemicarbazone complexes of nickel: Synthesis, 
structure and catalytic activity. Inorganic Chim Acta,  
377 (2011) 120. 

12 Ferrari MB, Bisceglie F, Pelosi G, Tarasconi P, Albertini R & 
Dall’Aglio PP, Pinelli S, Bergamo A & Sava G, Synthesis, 
characterization and biological activity of copper complexes 
with pyridoxal thiosemicarbazone derivatives. X-ray crystal 
structure of three dimeric complexes. J Inorg Biochem,  
98 (2004) 301. 

13 Islm F, Hossain M, Shah NM, Barua HT, Kabir M &  
Khan MJ, Synthesis, characterization, and antimicrobial 
activity studies of Ni (II) complex with pyridine as a ligand. 
Chem Soc, (2015). 

14 Chang E, Simmers C & Knight A, Cobalt complexes as 
antiviral and antibacterial agents. Pharmaceuticals, 3 (2010) 
1711. 

15 Husseiny AF, Aazam ES & Al Shebary J, Synthesis, 
characterization and antibacterial activity of schiff-base 
ligand incorporating coumarin moiety and it metal 
complexes. Inorg Chem, 3 (2008) 64. 

16 Yamgar RS, Nivid Y, Nalawade S, Mandewale M,  
Atram RG & Sawant SS, Novel Zinc (II) complexes of 
heterocyclic ligands as antimicrobial agents: Synthesis, 
characterisation, and antimicrobial studies. Bioinorg Chem 
Appl, (2014) 1. 

17 Reza MY, Hossain MB, Islam MS & Alam S, Antimicrobial 
studies of mixed ligand transition metal complexes of 
malonic acid and heterocyclic bases. Pak J Biol Sci, 6 (2003) 
1314. 

18 Uddin S, Hossain MS, Latif MA, Karim MR, Mohapatra RK 
& Kudrat-E-Zahan M, Antimicrobial activity of Mn 
complexes incorporating schiff bases: A short review.  
Am J Heterocycl Chem, 5 (2019) 27. 

19 Sharma N, Prakash R & Chaturvedi K, Spectroscopic and 
antimicrobial studies of mixed ligand complexes of transition 
metal (II) ions with nitro quinoline and dibenzoyl methane. 
Sci Rev Chem Comm, 2(2012)108. 

20 Saha S, Dhanasekaran D, Chandraleka S, Thajuddin N & 
Panneerselvam A, Synthesis, characterization and 
antimicrobial activity of cobalt metal complexes against drug 
resistant bacterial and fungal pathogens. Adv Biol Res,  
4 (2010) 224. 

21 Nomiya, K, Takahashi S, Noguchi R, Nemoto S, Takayama T 
& Oda M, Synthesis and characterization of water-soluble 
silver(I) complexes with L- histidine (H2his) and (S)-(-)-2-
pyrrolidone-5-carboxylic acid (H2pyrrld) showing a wide 
spectrum of effective an- tibacterial and antifungal activities. 
Crystal structures of chiral helical polymers. [Ag(Hhis)]n and 
{[Ag(Hpyrrld)]2}n in the solid state. Inorg Chem, 39 (2000) 
3301. 

22 Legler A, Kazachenko A, Kazbanov V & Per’yanova O, 
Synthesis and antimicrobial activity of silver complexes with 
arginine and glutamic acid. Pharm Chem, 35 (2001) 35. 

23 Kenny MA, Pollock HM, Minshew BH, Casillas E & 
Schoenknecht FD, Cation components of Mueller-Hinton 
agar affecting testing of Pseudomonas aeruginosa 
susceptibility to gentamicin. Antimicrob Agents Chemother, 
17 (1980) 55. 

24 Faúndez G, Troncoso M, Navarrete P & Figueroa G, 
Antimicrobial activity of copper surfaces against suspensions 
of Salmonella enteric and Campylobacter jejuni. BMC 
Microbiol, 4 (2004) 19. 

25 Kabbani AT, Hammud HH & Ghannoum AM, Preparation 
and antibacterial activity of copper and cobalt complexes of 
4-chloro-3-nitrobenzoate with a nitrogen donor ligand. 
Pharm Chem Bull, 55 (2007) 446. 

26 Hossain MS, Camellia FK, Uddin N, Zahan MK, Banu LA & 
Haque MM, Synthesis, characterization and biological 
activity studies of mixed ligand complexes with schiff base 
and 2,2'-bipyridine. Asian J Chem Sci, 6 (2019) 1. 

27 Kumari SA, Babu BK, Satyanarayana CC, Padma M &  
Latha BS, Metallo pharmaceuticals: Synthesis, 
characterization and bio-active studies. Indian J Biochem 
Biophys, 56 (2019) 325. 

28 Kumari SA, Babu BK & Prasad MSNA, Bio-active 
phenylacetic acid complexes: Synthesis, structure and 
antimicrobial activities. J Chem Pharm Sci, 12 (2019) 10. 

29 Kumari SA, Babu BK & Rao KM, Bio-active amino acid 
complexes: Synthesis, structure and antimicrobial activities.  
J Chem Pharm Sci, 12 (2019) 47. 

30 Kumari SA, Babu BK & Neeraja G, Synthesis, structure and 
antimicrobial activities. J Chem Pharm Sci, 12 (2019) 39. 

31 Efthimiadou EK, Karaliota A & Psomas G, Mononuclear 
metal complexes of the second-generation quinoline 
antibacterial agent enrofloxacin: Synthesis, structure, 
antibacterial activity and interaction with DNA. Polyhedron, 
27 (2008) 1729.  

32 Zhang Q & Lu Q, Bin New combination chemotherapy of 
cisplatin with an electron-donating compound for treatment 
of multiple cancers. Sci Rep, (2021). 

33 Askari B, Rudbari HA, Micale N, Schirmeister T, Maugeri A 
& Navarra M, Anticancer study of heterobimetallic platinum 
(II) ruthenium (II) and platinum(II)-rhodium(III) complexes  



INDIAN J. BIOCHEM. BIOPHYS., VOL. 59, FEBRUARY 2022 
 
 

196

with bridging dithiooxamide ligand. J Organomet Chem,  
900 (2019) 120918. 

34 Guarra F, Pratesi A, Gabbiani C & Biver T, A focus on 
the biological targets for coinage metal-NHCs as potential 
anticancer complexes. J Inorg Biochem, 217 (2021) 
111355. 

35 Khan M.H, Cai M, Deng J, Yu P, Liang H & Yang F, 
Anticancer function and ros-mediated multi-targeting 
anticancer mechanisms of Copper (II) 2-hydroxy-1-
naphthaldehyde complexes. Molecules, 24 (2019) 2544. 

36 Sabithakala T & Chittireddy VRR, DNA Binding and  
in vitro anticancer activity of 2-((1H-benzimidazol-2-yl) 
methylamino) acetic acid and its copper (II) mixed-

polypyridyl complexes: Synthesis and crystal structure. Appl 
Organomet Chem, 32 (2018) 4550. 

37 Denoyer D, Clatworthy SAS & Cater MA, Copper 
complexes in cancer therapy. Met Ions Life Sci, 16 (2018) 
469. 

38 Ferraro G, Pratesi A, Cirri D, Imbimbo P, Maria-Monti D, 
Messori L & Merlino A, Arsenoplatin-ferritin nanocage: 
Structure and cytotoxicity. Int J Mol Sci, 22 (2021) 1874. 

39 Tong KC, Lok PK, Wan D, Hu Y, Fung ME, Chang XY, 
Huang S, Jiang H & Che CM, An anticancer gold (III)-
activated porphyrin scaffold that covalently modies 
protein cysteine thiols. Proc Natl Acad Sci USA, 117 
(2020) 1321. 

 


