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INTRODUCTION

The current development in the formation of free radicals, 
reactive Nitrogen species (RNS) and reactive oxygen spe-
cies (ROS) is producing a medical revolution in science. 
Antioxidants and free radicals have become usually a main 
term in modern discussions of disease mechanisms.1 Nu-
merous radicals lacking stability and profoundly reactive 
in nature. They either give an electron or accept an electron 
from other molecules.2 These are highly reactive species, 
fit into the nucleus and in the layers of the cells harming 
biologically significant molecules such as, DNA, proteins, 
carbohydrates and lipids.3 Free radical reactions can bring 
irreversible deleterious changes in individual during the life 
time. These problems can appear in the form of hereditary 
and environmental changes.4 These seemed as infections, 
in particular stages induced by hereditary and ecological 

elements. Cancer and atherosclerosis are two main reasons 
of death, are remarkable “free radical” infections disorders. 
It is probable that endogenous radical responses, similar 
to that started by ionizing radiations may bring about tu-
mor formation.5 Studies on atherosclerosis find out the like 
hood that the disorders may be because of the free radical’s 
responses, containing diet-determined lipids in the blood 
vessels and serum to produce peroxides and different other 
compounds. These compounds incite endothelial cell dam-
age and bring alterations in the arterial walls.6

Many scientific observations give proves that RNA and 
DNA are exposed to oxidative damage. Especially it has 
been investigated that DNA is the major target in ageing 
and cancer.7 Oxidative nucleotide for example glycol and 
8-hydroxy-2-deoxyguanosine is found to be increased 
during oxidative damage to DNA under UV radiation or 
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ABSTRACT
Introduction: The term radical is originally implied, to a portion of a molecule which cannot exist independently in nature. The 
Development of these radicals is driven by thermal hemolysis, high energy radiation and photolysis. Free radical attacks cause 
cell damage and homeostatic disruption. Targets of free radicals are all kinds of molecules in the body, such as lipids, nucleic 
acids and proteins are the major targets. Antioxidants are substances capable of slowing or stopping oxidation pathways that 
occur under the effect of reactive oxygen moieties or free atmospheric oxygen.
Objectives: The main objective of the present study was to judge the advantages of the newly synthesized Copper (II) com-
plexes in contrast to oxidative stress caused by free radicals utilizing different assays.
Methods: The antioxidant ability of Cu (II) complexes were measured employing different assays including, DPPH free radical 
scavenging ability, ferric reducing antioxidant potential (FRAF) and total antioxidant ability assay.
Results: In the DPPH scavenging potential assay, ferric reducing antioxidant potential and total antioxidant ability assay, RI-1 
complex was studied to be more spectacular among the copper(II) complexes. Inhibiting ability of the complexes was RI-1 > 
NM-3 > AM-2 > SR-3. The Antioxidant scavenging potential was conformed as dose dependent which increases with the in-
crease of complex concentration.
Conclusion: The Copper (II) complexes were found to have high antioxidant abilities.
Key Words: Antioxidants, Cu (II) complexes, DPPH, Free radicals, FRAF, Total antioxidant ability assay
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free radical damage. It has been reported that mitochon-
drial DNA is highly susceptible to oxidative damage that 
have part in various diseases and malignancy. It has been 
recommended that 8-hydroxy-2-deoxyguanosine can be 
used as a natural manufacturer for the oxidative stress.8 
All of the higher classes of the biomolecules may be at-
tacked by the free radicals but lipids are probably the most 
susceptible. Cell membranes are the best sources of poly-
unsaturated fats (PUFAS) which are readily attacked by 
oxidizing radicals and the process is as known as lipid 
peroxidation, which is more harmful because it is a self-
perpetuating chain reaction.9 The peroxyle radicals are 
the carriers of the chain reactions they can oxidize PUFA 
compounds and start new chain reaction to initiate lipid 
hydro peroxide (LOOH) that can breakdown to yet more 
radical’s species and to a wide range of compounds, espe-
cially aldehydes.10

Antioxidants are known to be a free radical scavenger, hy-
drogen donor, electron transporters, peroxide composer 
singlet oxygen liquor, catalyst blocker and metal chelating 
specialists.11 Both catalytic and non-enzymatic cancer pre-
vention agents found in intercellular and cellular condition to 
decrease toxicity. Man-made and natural food antioxidants 
are used in food, mostly those containing oils and fats are 
more important because they inhibit oxidation in foods. The 
phenolic and butylated hydroxytolune (BHT) are the best ex-
amples. The food industry and medical industry are broadly 
used these complexes as antioxidant.12However, high vola-
tility, instability and cancer causing nature of butylated hy-
droxytolune and BHA at high temperature have changed 
the user’s priority from synthetic to natural antioxidants. 
The value of certain compounds in medical treatment and 
genomic research is based on the capacity of the compounds 
to bind or break double standard DNA. The   hydrolytic and 
oxidative breaking pathways are tangled in the DNA break-
ing reactions. Oxidative   cleavage of DNA is bringing about 
by different methodologies.13

The binding potential of target compound with DNA is the 
major source for making the comparison of cleavage ef-
ficiency of the complexes to that of the control.14 Copper is 
one of the most important microelement in all living forms 
and also part of many biological enzymes in the last years, 
many investigations have shown that the Cu amount of an-
tibody and tissues are considerably higher in the cancer of 
breast, prostate, lung and brain. Moreover, Cu is also re-
lated to angiogenesis, which is essential for tumor prolif-
eration, invasion and metathesis.15 Cu has been utilized in 
olden days in metal base analyses.16 Cu is a bio, essential 
element and performs a vital role in life processes and its 
compounds are selecting agents for a growth malignancy 
cure.17

MATERIALS AND METHODS

Chemicals and reagents
2,2-Diphenyl-1-picrylhydrazyl radical (DPPH), Ascorbic 
acid, iron (III) chloride, EDTA, Tris buffer, o-phenenthro-
line, sulfuric acid, sodium phosphate, ammonium molybdate 
and ethanol purchased from Sigma Aldrich Pakistan at ana-
lytical grade.

METHODS FOR ANTIOXIDANT ACTIVITIES

DPPH Free Radical Scavenging Ability 
A stock solution of 85 M DPPH in ethanol and stock solution 
of 6000 M of test compound is prepared and different con-
centration of samples is mixed with a fixed amount of 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) mixture. Absorbance from 
all tests are measured immediately up to 2 hrs. Vitamin C is 
used as a standard.18 The results were intimate as percentage 
inhibition calculated according to equation given below:

Inhibition (%) =(Ab - Ac/Ab) ×100

(Where Ab = Absorbance of the control and Ac = Absorb-
ance of the sample)

Iron Reducing Power assay
The reducing powers of sample drugs were measured by 
using the reported method. The complexes of different con-
centrations were mixed with Iron (III) chloride, phosphate 
buffer (PH 6.6) and o-phenanthroline. The absorbance was 
measured at 490 nm. The increase in absorbance showed 
the reducing power of the compounds. Ethylenediaminetet-
raacetic acids (EDTA) were used as a positive control and 
mixture without the drug were used as a blank.19

Reducing the power of the tested compounds was calculated 
by using the following formula: 

Reducing power (%) = (Ac – Ab/ Ac) × 100

(Where, Ab = Absorbance of the blank and Ac = Absorbance 
of the sample)

Total Antioxidant Capacity
The total antioxidant assays of the tested complexes were 
determined by using the reported method. All compounds in 
different concentrations were mixed with sodium phosphate, 
ammonium molybdate and sulfuric acid into Eppendorf tube. 
All tubes were heated in the thermal block at 95 0C for 1.5 
hrs. After cooling the mixtures to normal temperature, the 
increase in absorbance was calculated at 695 nm using Vita-
min-C as standard.20

Reducing ability of the compounds and ascorbic acid was 
measured by employing the following formula:   
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Reducing power (%) = (Ab – As/ Ab) ×100                                            

(Where, Ab = Absorbance of the blank and As = Absorbance 
of the sample)

Statistical analysis
Graph pad prism version 6 was used to calculate IC50 ± 
SEM values.

RESULTS 

DPPH radical scavenging assay
Percentage inhibition of the DPPH radicals at different con-
centration of copper(II) complexes are graphically indicated 
in graph 1. The IC50 along with SEM values for ascorbic 
acid was found to be 56.48 + 12.52. The IC50 values for the 
copper(II) complexes RI -1, NM-3,AM-2 and SR-3 were 
found to be 12.08 + 9.303,38.25+ 6.081,44.045 + 5.215 and 
300.25 + 5.182. Among the copper(II) complexes, scaveng-
ing potential of the RI -1 complex was studied to be more 
spectacular, NM-3 complex represents low ability, the com-
plex AM-2 showed least ability and the complex SR-3 was 
found to be satisfactory. The DPPH scavenging potential was 
conformed as amount dependent which increases with the 
increase of complex concentration.

Graph 1:  DPPH radical scavenging assays of copper(II) com-
plexes and ascorbic acid.

Ferric reducing activity 
The copper (II) complexes were evaluated for the antioxi-
dant properties in 0- phenanthroline color method. Graph 2, 
illustrates the % reduction ±SEM, IC50 ±SEM which shows 
the significant values of ferric ion indicates the reductive 
abilities of different evaluating compounds. The IC50 value 
along with SEM for the ethanolic solution of the standard 
was found to be 24. 56±8. 544. The IC50 for the copper(II) 
complexes, RI-1, NM-3, AM-2 and SR-3 were found to be 

169. 189±5. 465,121. 075±3. 750,219. 26±3. 180 and 120. 
15±11. 16 respectively. Among the copper(II) complexes 
the compound SR-3 was recorded as high ability of reduc-
ing power, NM-3 complex showed less ability, the complex 
AM-2 and the compound RI -1 was recorded to be satisfac-
tory. 

Graph 2:  Ferrous ion-chelating assay of copper(II) complexes 
and EDTA.

Total Antioxidant capacity 
The phosphomolybdate method has been utilized for the 
evaluation of total antioxidant capacity of the copper(II) 
complexes using ascorbic acid as a standard. Graph 3, il-
lustrates the % reduction mean at different concentrations 
with IC50± SEM. The IC50±SEM value of the standard was 
found to be 61. 74±10. 44. And the IC50±SEM values for 
the copper(II) complexes RI-1, NM-3, AM-2 and SR-3 were 
found to be 224. 17±3. 215,422. 26±2. 044,504. 12±1. 412 
and 568. 60±2. 622 respectively. Among these compounds 
RI-1 was found to be better, the compound NM-3 showed 
less potential, the compound AM-2 and SR-3 were found to 
be satisfactory. 

Graph 3:   Molybdenum ion reducing activity of copper (II) com-
plexes and ascorbic acid.
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DISCUSSION

DPPH radical scavenging, ferric reducing antioxidant poten-
tial (FRAF) and total antioxidant activity assays are widely 
used techniques for understanding, finding and to determine 
the antioxidant ability of the compounds in view of respon-
sive capability to find active components at small amount. 
The absorbance of DPPH radicals is decreased when it inter-
acts with antioxidants. In the present study the DPPH radical 
scavenging capacity of the copper(II) complexes in ethanol 
solution was also investigated by using ascorbic acid as a 
standard. The ferric ion reducing properties are also dose 
dependent and higher activities were recorded at higher 
concentration of the compounds comparable with that of 
standard ascorbic acid. The obtained results present that all 
compounds in Copper(II) complex actively reduces Mo(VI) 
ion to Mo(V), Fe(III) ion into Fe(II) ion and also show the 
reactivity towards DPPH radicals. Of these mechanisms, 
copper (II) complexes clearly have antioxidant parts that can 
give an electron or a hydrogen atom. All compounds have a 
remarkably significant and concentration dependent antioxi-
dant activity.

CONCLUSION

The methods used in the current study to evaluate the anti-
oxidant properties of copper(II) complexes were well es-
tablished. Nonetheless, these investigations conformed the 
insight into the antioxidant nature of Copper(II) complexes 
as a beginning of synthetic antioxidant, but due to the com-
plexity and different mechanisms from in vitro, this solution 
cannot be applied to in vivo system. The research method-
ologies followed in this work for copper(II) complexes to 
confirm as a source of synthetic antioxidants are accepted 
worldwide. In future research, these results should be wid-
ened in a mixture of antioxidant methods in vitro and in vivo 
from the determination of antioxidant content. Research in-
volving other synthetic compounds is also worth investigat-
ing in future research.

Abbreviations
BHT: Butylated hydroxy toluene; SEM: Standard error of the 
mean; ROS: Reactive oxygen species; RNS: Reactive nitro-
gen species SOD: superoxide DNA: Deoxyribonucleic acid; 
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raacetic acid; FRAF: ferric reducing antioxidant potential.
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