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ABSTRACT
In recent years, it has attracted great attention to determine and appraise synthetic antioxidants with high free
radical scavenging capacity associated with various disorders. Because synthetic antioxidants are widely used in
place of native antioxidants as they are influential and less expensive. In this study, the antioxidant activity of the
newly synthesized asymmetric diimine Schiff base was determined by using DPPH (2,2-diphenyl-1picrylhydrazyl) radical scavenging, ferrous ion chelation (FIC) activity and total antioxidant activity
(Phosphomolybdenum assay) methods. The effective concentration (IC50) values were calculated for the Schiff
base and standards. According to the results of DPPH radical scavenging, ferrous ion chelation and total
antioxidant methods, Schiff base showed a well antioxidant activity. It was determined that Schiff base is reactive
towards DPPH radicals (IC50, 180.0 μM) and especially Fe+2 ions (IC50, 76.3 μM). It was also found that it actively
reduces the Mo(VI) ion to the Mo(V) form (IC50, 121.5 μM). The our results indicate Schiff base, may be a fine
candidate as a source of synthetic antioxidants and possibly strong drug.
Keywords: Free radicals; oxidative stress; DPPH; Schiff base.

1. INTRODUCTION
Free radicals and reactive oxygen species (ROS) like as superoxide and hydrogen peroxide anions and hydroxyl
radical are produced in specific organelles of the cell under physiological conditions (Haraguchi, 2001). The
balance between antioxidants and free radicals is requisite for appropriate physiological function. Free radicals
attack significant macromolecules causing cell damage and homeostatic disruption. All kinds of molecules in the
body are targets for free radicals. In addition, free radicals can reason oxidative stress (Aruoma, 1996). Oxidative
stress, which occurs as a result of the imbalance between antioxidant defenses and free radical production causes
severe damage to a wide variety of molecular species, including lipids, proteins, and DNA, leading to the
progression of serious diseases (McCord, 2000; Lobo et al., 2010). For this, it is very important to develop new
compounds with higher antioxidant activity to blocking the generation of ROS and free radicals and, accordingly,
to treat these radical-related diseases.
In this paper, it was aimed to investigate the antioxidant activity of the asymmetric diimine Schiff base 2-(4-(2hydroxybenzylideneamino)benzylideneamino)benzoic acid.

2. MATERIAL AND METHODS
2.1. Synthesis of the asymmetric diimine Schiff base
The synthesis of the asymmetric Schiff base was reported firstly in our previous work (Yilmaz et al., 2017; Yilmaz
et al., 2018).
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2.2. Determination of antioxidant activities
2.2.1. DPPH radical scavenging assay
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay described Ogunmoyole et al. (2013) was utilized
to quantify the scavenging activity of the asymmetric Schiff base. Various concentrations (125, 250, 375, 500 and
625 μM) of the asymmetric Schiff base were confused with a DPPH solution (4 mg/100 mL), which was followed
by placing the mixtures in an upright position in the dark at room temperature. After 30 min of incubation,
absorbance reduction was recorded at 517 nm with a microplate reader (Epoch, Biotek, USA). Ascorbic acid in
the same concentrations with the asymmetric Schiff base served as a positive control. The % inhibition of both
ascorbic acid and asymmetric Schiff base was calculated by using the following formula (Ibrahim et al., 2017):
Inhibition (%) =

(𝐴𝑐 − 𝐴𝑠)⁄
𝐴𝑐 × 100

where Ac = Measured absorbance of the control, As = Measured absorbance of the sample (Ibrahim et al., 2017;
Ahmad et al., 2017). IC50 values correspond to a sample concentration which is essential for scavenging half of
DPPH-free radicals.
2.2.2. Ferrous ion chelating assay
The iron chelating propertiy of the asymmetric Schiff base was evaluated by using O-phenantroline color
procedure (Sánchez-Moreno et al., 2002). Different concentrations (100, 200, 300 and 400 μM) of the asymmetric
Schiff base were added to methanolic solution (3.7 mL) of ferrous chloride (0.1 mL, 2 mM). The reaction was
started by the adding of ferrozine (0.2 mL, 5 mM), then the mixture was shaken vigorously. After 10 min of
incubation, absorbance reduction was determined at 562 nm with a microplate reader (Epoch, Biotek, USA).
EDTA (ethylenediaminetetraacetic acid) in the same concentrations with the asymmetric Schiff base served as a
positive control (Şirin and Aslım, 2019). The Fe2+ chelating activity was calculated by using the following formula
(Ibrahim et al., 2017):
Chelating effect (%) =

(𝐴𝑐 − 𝐴𝑠)⁄
𝐴𝑐 × 100

where Ac = Measured absorbance of the control, As = Measured absorbance of the sample (Ibrahim et al., 2017;
Ahmad et al., 2017). The IC50 values correspond to a sample concentration required to chelate half of the ferrozineFe2+ complex formation.
2.2.3. Total antioxidant activity (Phosphomolybdenum assay)
Total antioxidant activity of the asymmetric Schiff base was evaluated by using the phosphomolybdenum
procedure (Uyoh et al., 2013). At acidic pH, molybdenum Mo(VI) ion is reduced to Mo(V) by removing an
electron from the antioxidant. Different concentrations (50, 100, 150, 200, 250 and 500 μM) of the asymmetric
Schiff base were mixed with reagent solution (3.0 mL) containg sodium phosphate (28 mM), ammonium
molybdate (4 mM) and sulfuric acid (0.6 M). The mixture was incubated at 95 °C for 90 min, then was cooled to
room temperature. The rise in absorbance of the mixture was recorded at 695 nm by using a microplate reader
(Epoch, Biotek, USA). Ascorbic acid and the sample mixture containing no complexes were employed as the
reference standard and the control, respectively (Ibrahim et al., 2017). The following formula was used to calculate
the reducing power:
Reducing power (%) =

(𝐴𝑐 − 𝐴𝑠)⁄
𝐴𝑐 × 100

where As = Measured absorbance of the control, As = Measured absorbance of the sample (Ahmad et al., 2017).
The effective concentration (IC50) value was calculated for the asymmetric Schiff base and standard.
2.3. Statistical analysis
Statistical analyzes are given as statistical and mean value ± standard deviation (SD) using IBM SPSS 20.0
program. Significant differences among the means of data were indicated using the One-Way Anova Tukey’ HSD
test. Statistical significance was determined as p < 0.05 at the 95% significance level. All antioxidant tests were
performed in at least three replicates.

Received 14 August 2021; Received in revised form 25 August 2021; Accepted 18 September 2021;
Available online 25 September 2021;
doi: 10.46291/ICONTECHvol5iss3pp7-12

Page 8

ICONTECH INTERNATIONAL JOURNAL OF SURVEYS, ENGINEERING, TECHNOLOGY
ISSN 2717-7270
Journal homepage: http://icontechjournal.com/index.php/iij
Volume 5 (2021) Issue 3

3. RESULTS AND DISCUSSION
The new asymmetric diimine Schiff base having free carboxyl group (Figure 1) was synthesized and characterized
by different spectroscopic methods and elemental analysis in our previous work (Yilmaz et al., 2017; Yilmaz et
al., 2018).

Figure 1. The asymmetric diimine Schiff base

3.1. Antioxidant activity of the asymmetric Schiff base
3.1.1. DPPH radical scavanging activity
DPPH scavenging activity method have been widely used to determine antioxidant properties (Kahriman et al.,
2013; Dudonne et al., 2009; Ünver et al., 2016; Naik et al., 2013; Nawaz et al., 2009).
In this paper, the asymmetric Schiff base was researched comparison with standard ascorbic acid. The IC50 values
found for the asymmetric Schiff base and the natural antioxidant ascorbic acid are shown in Table 1. Measurements
showed that the asymmetric Schiff base have significant radical scavenging ability depending on the dose (*p <
0.05). The asymmetric Schiff base exhibited a lower scavenging activity than ascorbic acid. Although the
asymmetric Schiff base showed lower activity than ascorbic acid, it has higher activity than many complexes in
the literature. Ibrahim et al. (2017) reported that Schiff base ligand and their metal complexes present low radical
inhibitory effect with high IC50 values ranged from 328.05 to 558.31 μM. According to this literature, it can be
suggested that the inhibitory effect of the new asymmetric Schiff base is much better than these compounds.
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Table 1. Scavenging activity results of the asymmetric Schiff base.
% Inhibiton Mean (n=3) ± SD

Compounds
125 µM
Schiff base

250 µM

375 µM

48.25±0.02 51.34±0 52.15±0.03

Ascorbic acid 81.57±0

IC50 (µM)
500 µM

55.78±0.03 58.60±0

81.87±0 82.02±0.001 82.18±0

82.48±0

625 µM
180.0±0.03

27.0±0.12

Data are given as the mean ± SD. *p < 0.05.

3.1.2. Ferrous ion chelating activity (FICA)
Among the transition metals, the most significant lipid prooxidant owing to its elevated reactivity is iron. Fe2+ ion
(ferrous ion) may cause ROS generation in living systems. Thence ferrous ion chelating ability of compounds may
be an important indicator of antioxidant capacity (Halliwell and Gutteridge, 1984; Güder and Korkmaz, 2012;
Temel et al., 2015).
In this paper, it was determined that the asymmetric Schiff base affects the formation of ferrous complex with the
ferrozine and thus had chelating activity (*p < 0.05). The asymmetric Schiff base showed dose dependent a high
Fe2+ chelating activity close to standard EDTA (Table 2). In addition, the asymmetric Schiff base has Fe2+ chelating
activity higher activity than many complexes in the literature. Ibrahim et al. (2017) reported that Schiff base and
transition metal complexes have high IC50 values ranged between 238.26 and 419.56 μM showing their low

Received 14 August 2021; Received in revised form 25 August 2021; Accepted 18 September 2021;
Available online 25 September 2021;
doi: 10.46291/ICONTECHvol5iss3pp7-12

ICONTECH INTERNATIONAL JOURNAL OF SURVEYS, ENGINEERING, TECHNOLOGY
ISSN 2717-7270
Journal homepage: http://icontechjournal.com/index.php/iij
Volume 5 (2021) Issue 3

chelating activity. This indicated that the chelating activity of the asymmetric Schiff base is much better than these
compounds.

Table 2. Ferrous ion chelating activity results of the asymmetric Schiff base.
% Chelation Mean (n=3) ± SD

Compounds

100 µM

200 µM

IC50 (µM)

300 µM

400 µM

Schiff base

89.26±0.02 91.65±0.01

92.78±0.001

93.47±0

EDTA

96.01±0

97.85±0.03

97.85±0.02

96.05±0

76.25±0.02

55.0±0.69

Data are presented as the mean ± SD. *p < 0.05.

3.1.3. Total antioxidant capacity
The asymmetric Schiff base studied using phosphomolybdate method showed substantial antioxidant activity, with
the reducing power having increased as the concentration of the compound was elevated (*p < 0.05). Thus, it was
seen that the asymmetric Schiff base have higher Mo(VI) reducing activity at higher concentrations. The
asymmetric Schiff base showed less molybdenum ion reducing activity than ascorbic acid (Table 3), however were
much better than IC50 results in the range of 327.48-524.69 µM given in literature for a Schiff base and their
transition metal complexes (Ibrahim et al., 2017).

Table 3. Molybdenum ion reducing activity results of the asymmetric Schiff base.
% Reduction Mean (n=3) ± SD

Compounds
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IC50 (µM)

50 µM

100 µM

150 µM

200 µM

250 µM

500 µM

Schiff base

24.19±0.01

41.98±0

54.81±0.03

61.79±0

66.67±0.1

80.89±0

121.47±0.1

Ascorbic
acid

31.88±0

54.15±0.01

60.34±0.001

67.13±0.00
1

71.52±0.00
1

82.26±0.00
3

89.47±0.02

Data are presented as the mean ± SD. *p < 0.05.

4. CONCLUSION
In this study, to reveal the antioxidant potential of the asymmetric diimine Schiff base, its DPPH radical
scavenging, ferrous ion chelation and total antioxidant activities were investigated. The results showed that the
asymmetric Schiff base is reactive versus DPPH radicals and Fe+2 ions. In addition, it was determined that the
asymmetric Schiff base have Mo(VI) reducing activity. The asymmetric Schiff base indicated the most active
chelating activity among other antioxidant activity studies.
As a result, it was determined that the Schiff base exhibited a significant antioxidant activity. Therefore, the
asymmetric Schiff base may be suggested as potent a synthetic antioxidant for the treatment of oxidative damage
related dysfunction and diseases.
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