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Summary: This study aims to examine the antioxidant effects of some Mannich bases containing 

bis-1, 2, 4 triazole, which are synthesized afresh. The antioxidant activities of the derivatives were 

measured using different methods in this study, including reducing power capacity, metal chelating 
activity, superoxide anion radicals scavenging activity, H2O2 scavenging activity and hydroxyl 

radical scavenging. As a result, derivatives had efficient antioxidant and free radical scavenging 

activity when compared to ascorbic acid, BHT and α-tocopherol as associated antioxidants. 
 

Keywords: 1,2,4 – Triazole; Mannich bases; Antioxidant; Radical scavenging; Biological activities 
 

Introduction 
 

Mannich bases have strong biological 

activities such as antibacterial, antifungal, anti-

inflammatory, antimalarial and pesticide features [1]. 
 

It was proclaimed that 1,2,4-triazole and its 

derivatives show numerous pharmacological 

activities. The 1, 2, 4-triazole is a heterocyclic 

compound with five members and contains two 

carbons and three nitrogen with a molecular formula 

of C2H3N3. It has two tautomeric forms. 1H and 4H-

1, 2, 4-triazole is regarded as a pharmacologically 

crucial nucleus. The literature review demonstrates 

that 1, 2, 4-triazole have a wide range of biological 

activities. Compounds with 1, 2, 4-triazole nucleus 

are especially renowned with their distinguished 

antibacterial, antifungal, anti-tubercular, antioxidant, 

anticancer, anti-inflammatory, analgesic, 

anticonvulsant, anxiolytic activities [2-4].  
 

As a result of their beneficial biological and 

pharmacological features, heterocyclic compounds 

and their equivalents and derivatives have drawn a 

great deal of attention recently.  
 

It was aimed to examine the antioxidant 

effects of some Mannich bases containing bis-1, 2, 4 

triazole, which are synthesized afresh, on certain 

antioxidant processes such as reducing power 

capacity, metal chelating activity, superoxide anion 

radicals scavenging activity, H2O2 scavenging 

activity and hydroxyl radical scavenging. 

Experimental 
 

Materials and Methods 
 

All of the solvents were made up of 

analytical-grade reagents. Mannich bases containing 

bis-1,2,4 - triazole derivative, which were used in the 

applications, were synthesized afresh, and they were 

described as proclaimed before [5]. Derivatives 

structure is shown below (Sch. 1). 
 

In Vitro Antioxidant Methods 
 

Reducing Power 
 

The method of Oyaizu was used in order to 

establish the reducing power of the synthesized 

compounds [6]. Different sample concentrations (50-

100-250 μg/mL) in DMSO (1 mL) were blended with 

phosphate buffer (2.5 mL, 0.2 M, pH = 6.6) and 

potassium ferricyanide (2.5 mL, 1%). The mixture 

was incubated at 50oC for duration of 20 minutes, 

then a portion (2.5 mL) of trichloroacetic acid (10% 

w/v) was added to the mixture, and the mixture was 

centrifuged for 10 min at 2000 rpm. The upper layer 

of solution (2.5 mL) was blended with distilled water 

(2.5 mL) and FeCI3 (0.5 mL, 0.1% w/v), after which 

the absorbance at 700 nm was measured using a 

spectrophometer. As standard antioxidant 

compounds, α-tocopherol, ascorbic acid and 

Butylated hydroxytoluene (BHT) were used. Higher 

absorbance of the reaction mixture meant that there 

was greater reducing power. 
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Scheme-1: Chemical structure of derivatives. 

 

Metal Chelating Activity 

 

The method of Dinis et al. was used in order 

predicts the chelation of ferrous ions by the 

synthesized compounds and standards [7]. Shorty, the 

synthesized compounds (50-100-250 μg/mL) were 

added to a 2 mM solution of FeCI2 (0.05 mL). The 

reaction was started by adding 5 mM of ferrozine 

(0.2 mL) and the mixture was shaken robustly, and 

then left to mature at room temperature for duration 

of 10 minutes.  

 

The absorbance of the solution was 

measured at 562 nm using a spectrophotometer after 

the mixture reached stability. All of the test and 

analyses were performed in triplicate and then their 

average was calculated. Decreased absorbance of the 

reaction mixture meant that the metal chelating 

activity increased. The following formula gave the 

percentage of inhibition of ferrozine-Fe2+ complex 

formation: % Inhibition = (A0 – A1/A0) x 100, where 

A0 is the absorbance of the control, and A1 is the 

absorbance in the presence of the samples or 

standards. There was no compound or standard in the 

control. α-Tocopherol and Butylated hydroxytoluene 

(BHT) were chosen as standard antioxidant 

compounds. 

 

Hydrogen Peroxide Scavenging Activity 

 

The procedure of Ruch et al. was followed 

while the hydrogen peroxide scavenging assay was 

carried out [8]. This method is based on the principle 

that there is a decrease in the absorbance of H2O2 

when H2O2 is oxidized. The solution of 43 mM H2O2 

was prepared in 0.1 M phosphate buffer (pH 7.4). 

Different compound concentrations (50-100-250 

μg/mL) in 3.4 mL phosphate buffer were added to 0.6 

mL H2O2 solution (43 mM), and then the absorbance 

of the reaction mixture was recorded at 230 nm. The 

sodium phosphate buffer without H2O2 was included 

in a blank solution. All of the test and analyses were 

performed in triplicate and then their average was 

calculated. Decreased absorbance of the reaction 

mixture meant that the Hydrogen peroxide 

scavenging activity increased. The following formula 

was used in order to calculate the percentage of H2O2 

scavenging by compounds and standards = (A0 – 
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A1/A0) x 100, where A0 is the absorbance of the 

control, and A1 is the absorbance in the presence of 

the samples or standards. As standard antioxidant 

compounds, ascorbic acid and butylated 

hydroxytoluene (BHT) were used.  

 

Superoxide Radical Scavenging Activity 

 

The method of Liu et al. was used with 

slight changes in order to create the superoxide 

radicals [9]. Approximately 1 mL of nitro 

bluetetrazolium (NBT) solution (156 µM NBT in 100 

mM phosphate buffer, pH 7.4), 1 mL NADH solution 

(468 µM in 100 mM phosphate buffer, pH 7.4) and 

0.1 mL of solution of compounds at different 

concentrations (50-100-20 µg/mL) DMSO were 

blended. 100 µL of phenazinemethosulphate (PMS) 

solution (60 µM PMS in 100 mM phosphate buffer, 

pH 7.4) was added to the mixture in order to initialize 

the reaction. The reaction mixture was incubated at 

25 0C for duration of 5 minutes. Then the absorbance 

at 560 nm was measured against blank samples. 

Decreased absorbance of the reaction mixture meant 

that superoxide anion scavenging activity increased. 

All of the data were obtained by calculating the 

average of the triplicate analyses. The following 

formula was used in order to calculate the percentage 

of the inhibition of superoxide anion scavenging 

formation: % Inhibition = (A0 – A1/A0) x 100, where 

A0 is the absorbance of the control, and A1 is the 

absorbance in the presence of the samples or 

standards. As standard antioxidant compounds, 

ascorbic acid and butylated hydroxytoluene (BHT) 

were used. 

 

Hydroxyl Radical (•OH) Scavenging Activity 

 

2-deoxy-D-ribose oxidative degradation 

through hydroxyl radicals as described by Halliwell 

et al. [10] was used with slight changes in order to 

establish the compounds’ hydroxyl radical-

scavenging ability. The reaction mixture, which 

included various compound dilutions (50-100-20 

µg/mL) in DMSO (1 mL), 150  µL of 2.8 mM 2-

deoxy-D-ribose (200mM 5ml), 60 µL of FeSO4.7H2O 

(20mM 50ml), 30 µL of EDTA (10mM 50ml), 150 

µL of H2O2(1 M 50ml) and 60 µL of ascorbic acid 

(500mM 5ml) was vortexed. Then, 2.5 ml KH2PO4 

buffer (pH: 7.4) was added and the mixture was 

incubated at 370C for a duration of 60 minutes. 

Thenceforth, 1 mL of %2 thiobarbituric acid in 10% 

trichloroacetic acid was added. Then the mixtures 

were vortexes and heated in a water bath at 1000C for 

15 minutes. The reaction was halted by a 5 min. ice 

water bath. The mixtures were then centrifuged at 

room temperature at 12,000xg for 5 min. The 

absorbance resilient was measured at 532 nm. The 

following formula was used in order to calculate the 

scavenging effect of hydroxyl radicals (%): Hydroxyl 

radical scavenging activity (%) = (A0 – A1/A0) x 100, 

where A0 the control reaction (containing all reagents 

except the test compound) at 536 nm and A1 is the 

absorbance in the presence of the samples or 

standards. As standard antioxidant compounds, 

Ascorbic acid and butylated hydroxytoluene (BHT) 

were used. 

 

Radical scavenging activities were 

calculated with inhibition percentage equation. Data 

obtained was then analyzed using linier regretion 

equation to determine IC50. Percent of inhibitions 

were plotted against concentrations, and the equation 

was the line used to obtain IC50  value. The IC50 value 

denotes the concentration of a sample that is required 

to scavenge 50% of free radicals. A lower IC50 value 

indicates greater antioxidant activity. 

 

Results and Discussion 

 

Mannich reactions that lead to the synthesis 

of organic molecules in a single step containing 

different functional groups in a single molecular 

structure have become one of the commonly used 

methods in the study of drug designs. Mannich 

bases, with high water solubility, are preferred 

chemical structures in preparing pro drugs [11, 12].  

 

Pharmaceutical chemistry is the most 

important usage area of Mannich base, and %35 of 

the publications in this area are about Mannich base. 

In Pharmaceutical Chemistry; it is used in 

analgesics, antibiotics and anti-cancer drugs [13]. 

 

Triazoles and thiadiazole constitute a 

practical subject with chemical activities suitable to 

be placed on the structure of the various 

substituents, especially their tautomeric properties 

[14, 15]. In the studies done with triazole 

derivatives in literature, effective compounds of 

antimicrobial [16], antiviral [17], cytotoxic [18], 

anti-inflammatory [19], analgesic [20], 

anticonvulsant [21], antidepressant [22], diuretic 

[23], anticancer [24], antifungal [25], anti-parasitic 

[26] and antinociceptive [27] have been found. 

  

The fact that both triazoles and Mannich 

bases are biological active compounds has 

suggested the idea of synthesizing of Mannich bases 
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over 1,2,4-triazoles, and has caused these 

compounds to acquire a wide application area in 

pharmaceutical chemistry. In our study, we think 

that we can contribute to the works on this issue by 

searching the antioxidant activity of some Mannich 

bases containing bis-1,2,4-triazoles. Antioxidants 

are closely strictly associated with their bio 

functionalities, such as the reduction of chronic 

diseases like DNA damage, mutagenesis, 

carcinogenesis and inhibition of pathogenic bacteria 

growth. These bio functionalities are usually related 

to the cessation of free radical reproduction in 

biological systems. As a result, antioxidant capacity 

is extensively used as a medical bioactive 

component parameter.  

 

A wide variety of in vitro methods have 

been set up to assess radical scavenging ability and 

antioxidant activity.  The antioxidant activity of the 

target compounds was compared with BHT, α-

tocopherol and ascorbic acid in this study. In vitro 

tests (reducing power, metal chelating activity, 

hydrogen peroxide scavenging activity, superoxide 

radical scavenging activity, and hydroxyl radical 

scavenging activity) were used in order to evaluate 

the antioxidant activity of the test compounds. 

 

In the literature, there are studies 

investigating potential antioxidant effects of 1,2,4- 

triazole derivatives and mannich bases 

simultaneously using all or some of these methods 

we planned in our study. Furthermore, there are 

many studies revealing the antioxidant effects of 

1,2,4-triazoles with methods other than the methods 

we study on. [28 - 39]. For example, in one of the 

studies, it was observed that the phenyl achyl 

derivative in 1,2,4-triazole ring possesses 

antioxidant activity for oxygen and nitric oxide free 

radicals [40]. In another study, the antioxidant 

properties of 8-chloro- [1,2,4] triazole derivatives 

were revealed [41]. Compounds with good 

antioxidant effect among 1,2,4-triazole derivatives 

were determined using hydrogen peroxide 

scavenging activity as the standard ascorbic acid 

method in another study [42]. In another study [43] 

potential antioxidant 1,2,4 triazole compounds were 

reported.  

 

We are unable to compare the results of 

similar studies in the literature with the results of 

our test compounds due to antioxidant method 

differences and the differences of groups linked to 

the triazole ring. However, there are studies in the 

literature containing groups close to our test 

compounds, which show the antioxidant effect of 

1,2,4 triazole derivatives by using one or more of 

the methods we use and support our results [35, 44]. 

When we assess these studies and our results, we 

can assert the idea that especially piperazine 

secondary amine bis 1,2,4 triazole derivative L1 and 

L2 compounds may have potential antioxidant 

effects in the light of the data we obtained. 

 

As for L4 and L5 compounds, we can say 

that the antioxidant effects of these compounds are 

at a level that can be considered well, having regard 

to the fact that they are able to yield results close to 

standard antioxidants. We determined that L3 

compound remain at very low levels in all methods 

other than the hydroxyl trapping activity, when 

compared to the activities of standard antioxidants. 

Thus, we can say that the potential antioxidant 

activity of L3 compound is low when compared to 

other compounds. 

 

Determination of reducing power 

 

The reducing capacity of a compound may 

strongly indicate its potential antioxidant activity 

[45]. Fe3+/ferricyanide complex is reduced to the 

ferrous form as a result of the reductants such as 

antioxidant substances content of the antioxidant 

samples. Thus, Fe2+ can be examined by measuring 

the formation of Perl’s Prussian blue at 700 nm [46]. 

The reducing powers of the compounds were 

monitored in different concentrations. Then, the 

results obtained were compared with BHA, BHT and 

α-tocopherol. The Fe3+– Fe2+ transformation was 

examined using Oyaizu’s method in the presence of 

target compounds in order to measure the reductive 

ability [6]. 

 

The antioxidant activity of a putative 

antioxidant has been linked to numerous 

mechanisms, including the prevention chain 

initiation, binding of transition metal ion catalyst, 

decomposition of peroxides, prevention of continued 

hydrogen abstraction, reductive capacity and radical 

scavenging [13]. In this method, absorbance of 50, 

100 and 250 μg/ml of compound at 700 nM, values 

are expressed. IC50-values can not be determined. 

 

In Table 1 and Figure 1, the reducing power 

of the target compounds and standards (ascorbic acid, 

BHT and α-tocopherol) using the potassium 

ferricyanide reduction method is shown. With the 

increase in the concentration, the reducing power of 

the test compounds also increases. The L1 sample 
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showed a strong reducing capability when compared 

to all other compounds at 50 µg/ml L1. The 

compound L1 also showed a significant reducing 

power (Fig. 1) when compared to the standards (BHT 

and α-tocopherol) in all concentrations. The 

compound L3 showed a lower absorption at all 

concentrations (50-100-250 µg/ml) than the standarts 

and other compounds, while the compounds L2, L4 

and L5 were determined to have higher absorption 

than α-tocopherol but a lower one than the other 

standards at maximum concentration (250 µg/ml). 

 

 
 

Fig. 1: Comparison of reducing power capability of 

test compounds and standard antioxidant 

compounds such as BHT, α-tocopherol, 

ascorbic acid at the concentrations (50–100-

250 µg/mL). 
 

The reduction capacity of a compound is 

associated with its capability of transferring electrons 

and of is consider as an important indicator of its 

potential antioxidant activity. The following order 

shows the reducing power of the compounds and 

standards at maximum concentration (250 µg/ml): 

Ascorbic acid > L1 > BHT > L2 > L4 > L5 > α-

tocopherol > L3.  It was particularly observed that L1 

compound exhibits the best activity. We can 

therefore think that among the compounds, the L1 

compound can be the best potential antioxidant. In 

the literature, there are studies suggesting that 1,2,4-

triazole and Mannich bases complying with the 

results we obtained have antioxidant effects 

depending on the reduction force. For example, in a 

study [28] it was shown that 1,2,4-triazole derivatives 

show a good reductant activity. In another study [47] 

it was demonstrated that certain mannich bases have 

antioxidant effects by showing a much better 

reduction power than BHT and Trolox that are used 

as a standard. 1,2,4-triazole derivatives were 

examined in another study [29]. In another study, and 

it was determined that they exhibit a reduction 

activity that can be considered well, although it is 

lower than the standards. A different study [48] 

showed that triazole derivatives are good reductants. 
 

Compound L1 containing 

trifluoromethylphenyl-piperazine moiety showed a 

better reducing capability than the other compounds. 

The existence of trifluoromethylphenyl-piperazine 

moiety may have a significant role as a better 

electron donor and thus may help the stabilization of 

the free radical form after donating electron. This 

may then lead to a maximum reducing capability. 

Compound L3 containing pyrrolidin moiety showed a 

feeble reducing capability. The other compounds L2, 

L4 and L5 exhibited a relatively better absorbance 

than α-tocopherol and L3, and thus good reductive 

activities. Metal ions complexes may be reduced to 

their lower oxidation states or to take part in electron 

transfer reaction by L2, L4 and L5 compounds. That 

is, these compounds exhibit the capability electron 

donor to scavenge free radicals. 
 

Determination of Hydrogen peroxide scavenging 

activity 
 

Hydrogen peroxide exhibits powerful 

oxidizing effects. It can be generated in vivo by 

various oxidizing enzymes, including superoxide 

dismutase. Hydrogen peroxide can cut across the 

membranes and slowly oxidize several compounds 

[49].  
 

The hydrogen peroxide scavenging 

capability of the test compounds were given in Figure 

2 and Table 2, and they were compared to those of 

the reference compounds BHT and ascorbic acid. The 

results obtained from Figure 2 and Table 2 showed 

that the superoxide radical scavenging activity of the 

samples was not dependent on the concentration. 

Hydrogen peroxide scavenging activity of L1 at 

maximum concentration (250 µg/Ml) was determined 

as 51.5%; while BHT and ascorbic acid showed 

41.3% and 52% hydrogen peroxide scavenging 

activity at the same concentration, respectively. The 

hydrogen peroxide scavenging effect of compounds 

and standard compounds at this concentration 

decreased in the following order: Ascorbic acid > L1 

> L2 > L4 > BHT > L5 > L3. Compound 

L1scavenged hydrogen peroxide much more strongly 

than the other compounds. It was considered that 

such a strong scavenging power resulted from the 

existence of trifluoromethylphenyl - piperazine 

moiety.  
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Table-1: Reducing power of test compounds. 
Test Compounds Reducing powera 50 μg/ml Reducing powera 100 μg/ml Reducing powera 250 μg/ml 

L1 0,94±0.04 1,09±0.04 1,38±0.04 

L2 0,52±0.07 0,73±0.05 0,91±0.02 

L3 0,3±0.06 0,45±0.03 0,59±0.03 

L4 0,43±0.02 0,58±0.04 0,89±0.06 

L5 0,41±0.03 0,53±0.03 0,82±0.05 

Ascorbic acidb 0,92±0.05 1,21±0.04 1,64±0.04 

BHTb 0,47±0.03 0,68±0.04 1,31±0.09 

α-tocoferolb 0,32±0.06 0,48±0.02 0,76±0.05 
aAbsorbance of 50, 100 and 250 μg/ml of compound at 700 nM, values are expressed as mean ± SD                 b Ascorbic acid, BHT and  α-

tocoferol were used as controls. 

 

Adding hydrogen peroxide to cells in culture 

may cause the transition metal ion dependent OH 

radicals mediated oxidative DNA damage. It appears 

that the levels of hydrogen peroxide at or below 

around 20–50 mg have restricted cytotoxicity to 

many cell types. So, the elimination of hydrogen 

peroxide is critical for the protection of 

pharmaceutical and food systems [49]. Except for 

compounds L3 and L5, all of the new compounds 

showed greater hydrogen peroxide scavenging 

activity than that of BHT. L1 and L2 exhibited a 

comparable or similar H2O2 scavenging activity to 

that of standard reference ascorbic acid under in vitro 

conditions. The L5 test compound exhibited good 

reducing capability when compared to L4 and BHT 

at 100 µg/ml. Compound L3 exhibited the lowest 

activity among the standards and other groups in all 

concentrations, and thus no H2O2 scavenging activity. 

 

 
 

Fig. 2: Comparison of H2O2 scavenging activities of 

test compounds and standard antioxidant 

compounds such as BHT and ascorbic acid 

at the concentrations (50–100-250 µg/mL). 

 

According to the extrapolated IC50-values, 

L2 compound exhibits the highest inhibitory activity. 

These results show that L1 and L2 among all of the 

test compounds proved to be the best compounds for 

H2O2 scavenging activity. In the literature there are 

several studies showing that 1,2,4 triazole 

compounds showing compliance with our results 

have the effect of H2O2 scavenging. In a study [189], 

the intermediate level of H2O2 scavenging activity of 

certain mannich bases were revealed. Also in another 

study [190], hydrogen peroxide activities were 

examined in order to evaluate antioxidant effects and 

triazoles showing a good level of activity were 

determined. 

 

Determination of Superoxide Scavenging Activity 
 

Superoxide anions are indicators of active 

free radicals with the potential of reacting with 

biological macromolecules and thus causing tissue 

damage [10]. Superoxide has also been blamed in 

several pathophysiological processes for its 

transformation into more reactive species such as 

hydroxyl radical that lead to lipid peroxidation. It has 

also been observed that superoxide directly starts 

lipid peroxidation [50]. Again, it has been indicated 

that antioxidant features of certain flavonoids are 

effective principally by means of the scavenging of 

superoxide anion radical [51]. Superoxide anion has 

an important role in the generation of other ROS such 

as hydrogen peroxide, hydroxyl radical, and singlet 

oxygen, that induce oxidative damage in lipids, 

proteins, and DNA [52]. 
 

Furthermore, superoxide anion is an oxygen-

centred radical, which has selective reactivity. 

Several enzyme systems in autoxidation reactions 

and enzymatic electron transfers univalently reducing 

molecular oxygen generate these species. Some iron 

complex, including cytochrome c. can also be 

reduced by it [53]. 
 

NBT in this system is reduced by superoxide 

anion that is derived from dissolved oxygen by PMS–

NADH coupling reaction. Superoxide anion reduces 

the yellow dye (NBT2+) in order to produce the blue 

formazan measured spectrophotometrically at 560 nm 

in this method. Antioxidants can prevent the 

formation of blue NBT [54]. The decrease of 

absorbance at 560 nm with antioxidants shows the 

consumption of superoxide anion in the reaction 

mixture. 
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Table-2: Hydrogen peroxide scavenging activity of test compounds. 

Test Compounds 
Hydrogen Peroxide Scavenginga 

(%Inhibition) 50 (µg/ml) 

Hydrogen Peroxide Scavenginga 

(%Inhibition) 100 (µg/ml) 

Hydrogen Peroxide Scavenginga 

(%Inhibition) 250 (µg/ml) 

IC50
a 

(µg/ml) 

L1 49,58±2.61 50,23±2.84 51,55±3.35 86,25±3.70 

L2 50,35±3.33 51,05±1.40 51,03±3.43 47,60±2.81 

L3 24,88±1.82 27,91±1.67 33,23±1.23 nt 

L4 34,89±2.15 39,31±2.89 42,03±1.66 nt 

L5 38,23±2.43 40,25±1.12 40,12±1.45 nt 

Ascorbic acidb 50,43±3.14 51,45±2.42 52,01±4.43 48,12±3.35 

BHTb 27,82±1.80 38,71±2.98 41,83±1.38 nt 
aValues are expressed as mean ± SD, nt: not tested 
b Ascorbic acid and BHT were used as controls. 

 

Table-3: Superoxide scavenging activity of test compounds. 

aValues are expressed as mean ± SD, nt: not tested 
b Ascorbic acid, BHT and α-tocoferol were used as controls 

 

 
 

Fig. 3: Comparison of Superoxide scavenging 

activity of test compounds and standard 

antioxidant compounds such as BHT, 

Ascorbic acid and α –tocopherol at the 

concentrations (50–100-250 µg/mL). 

 

In Figure 3, the superoxide radical 

scavenging activity of the test compounds at 50–100-

250 µg/mL when compared to the same amount of 

BHT, α-tocopherol and ascorbic acid is shown. The 

results obtained from Figure 3 showed that the 

superoxide radical scavenging activity of the samples 

was not dependent on the concentration.   

 

As is seen in Table 3, IC50-values for the 

samples tested were not determined except L3; the 

percentage inhibition of superoxide anion radical 

generation at 250 µg/mL concentration of L2 is 67,01 

%; while BHT, ascorbic acid and α –tocopherol 

showed 77.2%, 69.4% and 65.7% superoxide anion 

radical scavenging activity at the same concentration, 

respectively. L2 exhibited the highest superoxide 

radical scavenging activity among α-tocopherol and 

the other test compounds at a concentration of 250 

µg/mL. The superoxide radical scavenging activity of 

test compounds were in the following order at this 

concentration, respectively: BHT  >Ascorbic acid  > 

L2 > L1> α –tocopherol > L4 > L5 > L3. The 

compounds L2 and L1 exhibited a similar antioxidant 

potential to that of the standard. Compounds L4 and 

L5 exhibited limited superoxide anion scavenging 

activity, while L3 compound exhibited the lowest 

activity among the standards and other compounds in 

all concentrations.  

 

The results showed that compound L1 

containing trifluoromethylphenyl-piperazine moiety 

and L2 containing benzylpiperazine moiety exhibited 

the best superoxide anion scavenging activity among 

all other compounds from all synthesized derivatives. 

Thus, the existence of trifluoromethylphenyl-

piperazine and benzylpiperazine moiety was 

determined to be crucial for their superoxide anion 

scavenging activity. 

 

According to these results, it can be said that 

L1 and L2 compounds have the best superoxide 

radical scavenging activity among the compounds. In 

the literature, superoxide radical scavenging activities 

of certain derivatives in the structure of 1,2,4, 

triazole. For example, certain derivatives that may 

Test Compounds 

Superoxide radical scavenging 

activitya 

(%Inhibition) 50 (µg/ml) 

Superoxide radical scavenging 

activitya 

(%Inhibition) 100 (µg/ml) 

Superoxide radical scavenging 

activitya 

(%Inhibition) 250 (µg/ml) 

IC50a 

(µg/ml) 

L1 62,88±4.27 64,84±4.10 66,18±4.02 nt 

L2 62,11±4.12 63,98±3.60 67,01±5.40 nt 

L3 53,21±3.35 51,01±3.35 48,98±2.65 75,30±2.42 

L4 60,33±3.65 60,77±4.67 62,19±3.22 nt 

L5 59,48±2.41 61,01±4.26 61,66±2.43 nt 

Ascorbic acidb 64,11±4.32 68,33±5.01 69,45±5.76 nt 

BHTb 69,3±3.24 75,05±5.51 77,29±4.86 nt 

α-tocoferolb 57,44±2.35 63,12±2.33 65,73±4.16 nt 
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have a good level of superoxide radical scavenging 

activity were examined determined when examining 

1,2,4, triazole derivatives [55]. 

 

Determination of Chelating Capacity 

 

Ferrous chelating capacity was important as 

it reduced the catalyzing transition metal 

concentration in lipid peroxidation. It was indicated 

that chelating agents are useful as secondary 

antioxidants as they reduce the redox potential and 

thus stabilize the metal ion’s oxidized form. 

Ferrozine can form complexes with Fe2+ 

quantitatively. The complex formation is obstructed 

when chelating agents are present, and this decreases 

the red colour of the complex. Thus, measuring the 

reduction of colour enables the estimation of the 

chelating activity of the coexisting chelator [56]. 

Transition metals play an important role in the 

formation of oxygen free radicals in living 

organisms. The ferric iron (Fe3+) is the comparatively 

biologically inactive form of iron. Yet, it can be 

reduced to the active Fe2+ depending on the 

circumstances, and especially pH [57]. It can also be 

oxidized back by means of Fentontype reactions with 

the production of hydroxyl radical or Haber-Weiss 

reactions with superoxide anions.The production of 

these radicals may cause lipid peroxidation, protein 

modification, and DNA damage. Chelating agents 

may not trigger metal ions and possibly prevent the 

metal dependent processes [58]. The production of 

highly active ROS, including O2
• −, H2O2, and OH• is 

also catalyzed by free iron by means of Haber-Weiss 

reactions: 

 

O2
• − + H2O2⟶ O2 + OH− + OH• [59].  

 

Iron is known to be the most significant lipid 

oxidation pro-oxidant among all transition metals as a 

result of its high reactivity. The ferrous state of iron 

decomposes the hydrogen and lipid peroxides into 

reactive free radicals by means of the Fenton 

reactions, thereby speeding up the lipid oxidation: 

 

Fe2+ + H2O2⟶ Fe3+ + OH− + OH•. [60] 
 

Fe3+ ion also generates radicals from 

peroxides. However, the rate is ten times less than the 

rate of Fe2+ ion, the most powerful pro-oxidant 

among various metal ion types [61].  
 

In Figure 4, the ferrous ion chelating 

activities of the compounds and standards are 

demonstrated. Figure 4 shows that the chelating 

capacity of the samples is not concentration 

dependent. In addition, only L1 demonstrated a good 

activity when compared to the other compound. 

However, it was not a good a activity when it was 

compared to the standards. On the contrary, other 

compounds showed exhibited quite low ion chelating 

activities. The chelating capacity of the test 

compounds were in the following order at maximum 

concentration (250 µg/mL): BHT  > α –tocopherol> 

L1 > L2 > L5 > L4 > L3 respectively. 
 

 
 

Fig.4: Comparison of iron chelating capacity of test 

compounds and standard antioxidant 

compounds such as BHT and α –tocopherol 

at the concentrations (50–100-250 µg/mL). 
 

As is seen in Table 4, IC50-values for the samples 

tested were not determined except L1. For Table 3, it 

can be said that the test compound possesses a good 

level of metal chelating activity among the test 

compounds as the L1 compound exhibits chelating at 

a level close to standard antioxidants. In the 

literature, there are studies on the metal chelating 

activity in order to put forth the antioxidant effects of 

triazoles. In one of these studies [62], it was shown 

that triazole derivatives are good chelators and 

possess antioxidant potential. In another study [48], 

triazole derivatives that come out to be good 

chelators were determined. As for another study [63], 

antioxidant effects of (1,2,4)-Triazole derivatives 

were put forth with regard to their metal chelating. 

Data obtained as a result of our study also support 

these studies in the literature and revealed the 

chelating activities of bis 1,2,4- triazole derivatives. 
 

Determination of Hydroxyl radical scavenging 

activity 
 

Hydroxyl radicals generated by the 

reduction of hydrogen peroxide and radiation, 

contribute significantly to the molecular and cellular 

damage within biological systems. Thus, scavenging 

and preventing the formation of hydroxyl radicals is 

of upmost importance. 
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Table-4: Metal chelating activity of test compounds. 

  

Metal chelating activitya 

(%Inhibition) 

50 (µg/ml) 

Metal chelating activitya 

(%Inhibition) 

100 (µg/ml) 

Metal chelating activitya 

(%Inhibition) 

250 (µg/ml) 

IC50 (µg/ml) a 

L1 43,25±1.42 48,22±2.71 51,09±3.23 125,42±9.28 

L2 40,91±1.40 42,5±2.23 41,03±2.43 nt 

L3 19,8±1.90 23,71±1.96 31,33±1.13 nt 

L4 37,77±1.32 39,74±1.48 40,03±1.55 nt 

L5 38,08±1.38 38,37±1.43 40,22±1.64 nt 

BHTb 65,42±2.52 70,33±5.76 75,42±5.40 nt 

α-tocoferolb 55,88±3.14 60,58±4.16 65,02±4.23 nt 
a  Values are expressed as mean ± SD,  nt: not tested 
b BHT and α-tocoferol were used as controls 

 

Table-5: Hydroxyl radical scavenging activity of test compounds. 

Test Compounds 

Hydroxyl radical scavenging activitya 

(%Inhibition) 

50 (µg/ml) 

Hydroxyl radical scavenging activitya 

(%Inhibition) 

100 (µg/ml) 

Hydroxyl radical scavenging 

activitya 

(%Inhibition) 

250 (µg/ml) 

IC50
a 

(µg/ml) 

L1 43,01±2.23 75,55±5.15 89,23±6.38 60,35±2.44 

L2 42,11±2.12 74,52±4.77 90,25±6.85 58,49±3.14 

L3 40,13±1.89 71,03±3.76 89,21±6.18 64,04±4.17 

L4 44,33±2.40 73,58±4.74 87,77±3.70 65,33±4.23 

L5 37,85±1.40 72,54±3.42 89,84±1.66 59,14±3.16 

Ascorbic acidb 45,21±2.54 78,07±3.22 92,54±7.72 56,12±3.68 

BHTb 38,52±5.05 72,82±4.04 90,02±7.28 64,82±3.40 
aValues are expressed as mean ± SD, 
b Ascorbic acid and BHT were used as controls. 

 

 

According to the results ın Table 5, hydroxyl 

trapping activity of our compounds was found to be 

in a good level. In a study, it has been reported that 

there are derivatives containing 1,2,4 triazole and 

exhibit good hydroxyl trapping activity [48]. 

 

 

As is seen in Table 5, of all the samples 

tested, compound L2, which has the lowest IC50-

value, exhibits the strongest antioxidant activity 

against hydroxyl radical. Hydroxyl radical 

scavenging activities of the positive controls 

increased ascorbic acid and BHT respectively. 

 

 

Figure 5 shows the radical inhibition 

percentages of the compounds and standards. It can 

be inferred from the results that Hydroxyl radical 

scavenging activity of the test compounds and 

standards (Ascorbic acid and BHT) increases with the 

increase of the concentration. In addition, all of the 

compounds exhibited similar or equal hydroxyl 

radical scavenging activity with one another. 

Nonetheless, compound L2 exhibited the highest 

Hydroxyl radical scavenging activity among BHT 

and the other test compounds at a concentration of 

250 µg/mL. The superoxide radical scavenging 

activity of test compounds were in the following 

order at this concentration: Ascorbic acid> L2 > BHT  

>L5 > L1 > L3 > L4 respectively. 

 

 
 

Fig. 5: Comparison of Hydroxyl radical scavenging 

activity of test compounds and standard 

antioxidant compounds such as BHT and 

Ascorbic acid at the concentrations (50–100-

250 µg/mL). 

 

Conclusion 

 

To conclude, the successful synthesis and biological 

activity of new Mannich bases which contain bis-

1,2,4 – triazole groups were shown in the study. The 

results obtained from this study shows that the test 

compounds (especially L1 and L2) are effective 

antioxidants when compared to standard antioxidant 

compounds such as BHT, α- tocopherol and ascorbic 

acid in different in vitro tests: reducing power, 

superoxide anion radical scavenging, hydrogen 
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peroxide scavenging, metal chelating activities and 

Hydroxyl radical scavenging activity. 

 

The antioxidant activity showed that all of 

the compounds that were tested have good 

antioxidant activity under in vitro conditions. This 

may result from the existence of piperazine, 

dipropylalmino, methyl piperidine moiety in addition 

to phenyl, methyl, benzyl and ethyl group. The 

results of the present study demonstrated that these 

new bases containing bis-1,2,4 – triazole groups can 

be useful as a reactive oxygen scavenger. Hence, test 

compounds may emerge as a new type of reactive 

oxygen species scavenger. According to the data 

above, test compound can be used for delaying or 

preventing the oxidation of the compounds and 

extending the shelf life of pharmaceuticals. 

Synthesizing new derivatives can be used as a 

protection tool in biological systems and in modern 

chemistry. Thus, it is concluded that further study 

should be carried out in such a large scope of 

investigation. 
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