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Synthesis of metal complex 1&2  
Complex 1: An aqueous solution of Copper 

perchlorate is added to sodium hydroxide solution of 
Tyrosine and 4-Nitro pyrazole at 60 C under stirring 
conditions at 60 C for 30 min. Blue precipitate formed is 
washed with methanol and dried. Yield is about 0.35 g. 
 
Results and Discussion 
 
Characterization of the complex 
 
IR Spectrum of Complex (1) 

In complex1 stretching vibration of ν(N-H) 
correspond to peak at 3162 cm−1 and a band is found 
with medium intensity at 1416cm−1 due to the 
symmetric carbonyl stretching νsym (COO−) with 
slightly marked shoulder at 1479 cm−1. Due to the 
presence of crystallisation water ν(OH) stretching 
vibrations appears in the complex corresponding to 
3422 to 3580 cm−1 (Fig. 1).  
 
LC-MS Spectrum of Complex (1) 

In complex1 peak at 413 (m/z) is due to copper 
bound to one tyrosine, one 4-nitro pyrazole and three 
water molecules [Cu(Tyr) (4-NP)3H2O] correspond to 
peak at Similarly peaks at 391 (m/z) correspond to 
removal of one water molecule from the above 
complex [Cu(Tyr)(4-NP)2H2O] and peak at 358 (m/z) 
correspond to complete removal of water molecules 
from the complex [Cu(Tyr)(4-NP)] (Fig. 2). 
 
Electronic Spectrum of Complex (1) 

The UV-VIS spectrum of the metal complex 1 with 
the wavelength range 200-800 nm is recorded using 
DMF (Dimethyl formamide) as solvent. Band at  
294 nm is due to Tyrosine and at 373 nm due to  
4-NitroPyrazole (Fig. 3). 
 
TG-DTA spectrum of Complex (1) 

In the complex thermal decomposition of the 
complex [Cu(Tyr) (4NP)3(H2O)] takes place in two 
steps.In the first step, there is loss of water molecule in 

between 50-150 C with loss of mass 6.7% (cal. 6.8%) 
which is shown in DTA peak at 100 C. In the second 
step decomposition of Tyrosine and 4-Nitro pyrazole is 
found at the temperature 250-300 C with mass loss of 
84.3% (cal.87.9%). In comparison to theoretical mass 
loss the overall loss in mass is 91%which is equal to 
calculated mass (Fig. 4A & B). 
 
Antimicrobial Screening of Complex (1) 

The Antimicrobial activity of the complex1 is 
tested for invitro antimicrobial properties by disc 
diffusion method against E. coli, S. aureus which is 
listed in (Table 1).  

 
Fig 1 — IR Spectrum of Complex (1) 

 
 

Fig 2 — LC-MS spectrum of Complex (1) 
 

 
Fig 3 — Electronic Spectrum of Complex (1) 

 

Table 1 — Inhibition zones for complex 1 in comparsion with 
Standard drug 

Bacteria Inhibition zone(mm) Streptomycin 
S. aureus 3 1.7 
E. Coli 2 1.8 

Dose response of Complex 1 on MCF-7 Cell line 
Conc. (µg/mL) %Cell Survival %Cell Inhibition 

1 95.8 4.2 
10 48.28 51.72 
100 14.46 85.54 
500 14.21 85.79 

Incubation time: 24 h 
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Complex 1 is tested for in vitro antimicrobial 
properties against the gram-positive bacteria S. aureus 
and gram-negative bacteria E. Coli. The diameter of 
inhibition zones is 3 and 2 mm, respectively, (Fig. 5). 
 
Cytotoxic studies 

Complex 1 is subjected to the preliminary anti 
proliferative activity test for their cytotoxicity against 
the cancer cell line MCF-7 (breast, ER positive) by 
MTT assay method. Complex displayed their IC50 
(µg/mL) values of cytotoxic activities in (Table 1 and 
Fig. 6). 
 
Synthesis of metal complex (2) 

A methanol solution of copper nitrate solution is 
added toaqueous solution of Arginine and sodium 

azide under stirring for 30 min at room temperature. 
Solution is allowed for slow evaporation and blue 
crystals are formed in 8 days which are washed with 
methanol. 
 
Results and Discussion 
 
IR Spectrum of Complex (2) 

The spectrum exhibited a band at 3385 cm–1 
due to the stretching vibration of υ(N-H) of the  
amine group. Due to the stretching vibrations of both 
symmetric and a symmetric vibrations bands are 
observed in between the region 1680-1350 cm–1. The 
absence of N3 ligand in the complex is shown due to 
the absence of strong peak at 2085 cm–1 in IR 
spectrum (Fig. 7). 
 
LC-MS spectrum of Complex (2) 

In complex 2 peak at 237 (m/z) and 410 (m/z) is 
due to copper bound to one mole of Arginine  
[Cu (Arg)] and two moles of Arginine [Cu (Arg)2] 
(Fig. 8). 
 
Electronic spectrum of Complex (2) 

The UV-Visible spectrum of the metal complex  
2 is recorded in Dimethyl formamide as solvent. 
Complex displayed two bands at 283 nm and 384 nm 
due to d-d transitions of Cu(II) ion in the complex 
(Fig. 9). 

 
 
Fig 4 — (A) TG spectrum of Complex (1); and (B) — DTA 
spectrum of complex (1) 
 

 
Fig 5 — Inhibition zones for complex against (A) S. aureus; and 
(B) E. Coli 

 
Fig. 6 — Complex displayed good cytotoxicity of IC50
9.13 µg/mL 

 

 
Fig 7 — IR spectrum of Complex (2) 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 60, MARCH 2023 
 
 

234

TG-DTA spectrum Complex (2) 
The decomposition of the complex [Cu (Arg)2] on 

heating takes place in three steps. During the first  
step loss of uncoordinated water takes place in 
between 40-110 C with loss in mass of 8.7%  
(obs. 9.0%). This is in accordance with endothermic 
band observed in the DTA curve at 110 C. Peak is 
observed at 290 C in the temperature range  
120-290 C which corresponds to the partial 
decomposition of arginine mass loss of 35% (obs. 
33%). Finally, the peak observed at 460 C correspond 
to the decomposition of Arginine with mass loss of 
43% (obs. 42.2%). The overall mass loss is 84.9% 
(obs. 84.1%) which is equal to theoretical value  
(Fig. 10A & B). 
 

Antimicrobial screening of [Cu(Arg)2]  
In vitro Antimicronial activity is screened for the 

complex by disc diffusion method against E. coli,  
S. aureus and listed in (Table 2). 

In complex 2 the diameter of inhibition zone is of  
3 mm (Fig. 7) against E. Coli and S. aureus. 

Cytotoxic studies 
The Complex was subjected to the cytotoxicity 

against human cancer cell line MCF-7 (breast, ER 
positive) by MTT assay method (Fig. 11). The IC50 

 
Fig 8 — LC-MS spectrum of Complex(2) 

 

 
Fig 9 — Electronic spectrum of Complex (2) 

 

 
 
Fig 10 — (A) TG spectrum of Complex 2; and (B) DTA spectrum 
of complex (2) 
 

 
Fig 11 — Effect of complex 2 on MCF-7 Cell Viability for 24 h 
Incubation time 
 

Table 2 — Inhibition zones for complex 2 in comparsion with 
Standard drug 

Bacteria Inhibition zone (mm) Streptomycin 
S. aureus 3 1.7 
E. Coli 3 1.8 

Dose response of complex 2 on MCF-7 Cell line 
Conc (µg/mL) %Cell Survival %Cell inhibition 

0.1 90.46 9.54 
1 82.83 17.17 
10 68.02 31.98 

100 40.85 59.15 
500 10.58 89.42 

Incubation time: 24 h 
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values against MCF-7 are listed in (Table 2). Complex 
(2) displayed cytotoxicity of IC50 70.54 µg/mL. 
 
Conclusion 

Mixed ligand complexes are more biologically 
active than individual ligands. Chelation has been 
linked to the development and treatment of a variety 
of diseases, including cancer. Copper complex 
conjugates with amino acids like arginine and tyrosine 
have been shown to be highly effective against breast 
cancer. These complexes outperformed traditional 
drugs like streptomycin in terms of activity. 
Complexes were also shown to be cytotoxic against 
breast cancer cells at micro molar concentrations for 
24 h, with IC50 values of 9.13 g/mL and 70.54 g/mL. 
As a result, these complexes may lead to the creation 
of novel metal-based medicines with antibacterial 
action as well as cytotoxicity. Unwanted side effects 
can be eliminated using improved medication delivery 
technologies such as nanotechnology. 
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