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A series of 1,2,4-triazole derivative compounds substituted with groups of phenol and pyridine were synthesized
in high yields and screened against several antioxidant activity parameters such as DPPH, ABTS, metal
chelating, reducing power and the total antioxidant activity. The compounds showed better than expected
antioxidant activity between the studied biological activity parameters. Among these, compound G(2-(5-
mercapto-4H-1,2,4-triazol-3-yl)phenol) had a high total antioxidant activity potential with value of 232.12+6.89
mmol/ml. Also showed fairly good ABTS cation radical and DPPH radical scavenging activity with values of
ICs0 = 4.59+4.19 and I1Cso = 7.12+2.32ug/mL respectively. Further, the antioxidant potential of heterocyclic
compounds that 1,2,4-triazole derivatives containing different functional groups were compared with various
tests performed and has been shown to increase the activity of electron donating groups. Therefore, the present
study demonstrates that phenol and pyridine substituted 1,2,4-triazole compounds would be a better prospective

in the development of antioxidant agent.

INTRODUCTION

In recent times there is increasing interest in the
nitrogen-containing such as triazole heterocyclic compounds as
utilized in medicinal chemistry. Currently the drugs used for
treatment such as Ribavirin (antiviral agent), Rizatriptan
(antimigraine agent), Alprazolam (anxiolytic agent), Fluconazole
and Itraconazole (antifungal agents) are the best examples for
potent molecules possessing triazole nucleus. (Knabe et al., 1983;
Lopes et al., 2004). The 1,2,4-Triazoles is another heterocyclic
ring having value as human therapeutic agents. Biological
activity studies related with 1,2,4-triazole ring system promotes it
as an interesting class of heterocyclic compounds with a broad
spectrum of pharmacological activities which include antifungal
(Karabasanagouda et al., 2007), anti-inflammatory, analgesic
(Chawla et al., 2012), antitumor (lbrahim, 2009), anthelmintic
(El-Khawass et al., 1989), antibacterial (Holla et al., 1996),
antihypertensive, antidepressant, anticonvulsant and antiviral
(Kritsanida et al., 2002). Free radicals are chemical species
containing one or more unpaired electrons, most of them being
unstable and capable of abstracting electrons from other
molecules.
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The predominant reactive oxygen species generated by
cell metabolism or by exogenous factors include hydrogen
peroxide (H,O,), the hydroxyl radical (HO), the superoxide anion
radical (O.,*"). These free radicals have essential roles in cell
signaling, apoptosis and gene expression. On the other hand,
excessive free radical attack can damage DNA, proteins and lipids,
resulting in diseases like cancer, neurological degeneration and
arthritis, as well as the process of aging (Halliwell and Gutteridge,
1990; Halliwell et al., 1992). Therefore, considerable speculation
has been directed towards the identification of antioxidants for use
in preventive medicine. The radical-mediated oxidation of DNA is
related to many diseases (Jomova et al., 2010). In addition, the
radical-scavenging capacities of antioxidants can be estimated by
reacting with 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonate)
cationic radical (ABTS) (Re et al., 1999)and 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH)(Foti et al., 2011). During the
inflammatory processes many reactive species are produced,
among them reactive oxygen species (ROS) such as, superoxide
radical (O,*7), hydrogen peroxide (H,O,), hypochlorous acid
(HOCI), singlet oxygen (*O,) and peroxyl radical (ROOs), as well
as reactive nitrogen species (RNS), like nitric oxide (¢NO) and
peroxynitrite anion (ONOO"). Indeed, ROS and RNS are also
produced by the endothelial cells, Kupffer cells, neutrophils and

© 2015 Ahmet Cetin and Ibrahim Halil Gegibesler. This is an open access article distributed under the terms of the Creative Commons Attribution License -
NonCommercial-ShareAlikeUnported License (http://creativecommons.org/licenses/by-nc-sa/3.0/).



Cetin and Gegibesler / Journal of Applied Pharmaceutical Science 5 (06); 2015: 120-126 121

macrophages as mechanism of defense against foreign infectious
pathogens (Vapaatalo, 1986; Halliwell et al., 1988; Mouithys-
Mickalad et al., 2000; Nikolic and Breemen, 2001).

To date, the prevention of oxidative stress related
diseases has been tentatively achieved by the development of
antioxidant compounds that are able to scavenge ROS and RNS,
and thus avoid radical-induced oxidation damage. When a
validated scaffold has been identified, the study of structure
reactivity relationship (SAR) may provide useful information for
the understanding of its mode of action and to the improvement of
the antioxidant activity of future generated compounds.

In the present study, due to a wide range of applications
to find their possible antioxidant activity, some 1,2,4-triazole
derivatives A-M, functionalized with phenolic, thiol, 2-hydroxy
benzene, and pyridine groups were evaluated by using different
antioxidant methodologies such as:2,2'-azinobis(3-
ethylbenzothiazoline-6-sulfonate)  cationic  radical (ABTS)
scavenging, reducing power, 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) free radical scavenging, total antioxidant and metal
chelating activities. The search and evaluation of 1,2,4-triazole
compounds and their derivatives with a specific pharmacological
activity is a demanding task in the drug discovery process. In this
context, the study of structure reactivity relationship (SAR) is a
valuable tool for the planning of potential novel drugs and, in a
later stage, for the development of novel treatments.

MATERIALS AND METHODS

Materials

The Ferrous chloride, a-tocopherol (Vit E), 1,1-diphenyl-
2-picryl-hydrazyl (DPPH), 3-(2-pyridyl)-5,6-bis(phenylsulfonic
acid)-1,2,4-triazine (ferrozine), butylatedhydroxyanisole (BHA),
ethylene-diaminetetraacetic acid (EDTA), trichloroacetic acid
(TCA) Diammonium salt of 2,2-azinobis(3-ethylbenzothiazoline-
6-sulfonate) (ABTS salt), were purchased from Merck, Sigma-
Aldrich and Fluka. Other agents and solvents were of analytical
grade and used without further purification directly.

Synthesis of Compounds

The required compounds were prepared as reported in
literature (Genc et al., 2004;Dincer et al; 2005; Cansiz et al.,
2012). Thus, 5-Pyridin-4-yl-4H-1,2,4-triazole-3-thiol (A)4-Ethyl-5-
pyridin-4-yl-4H-1,2,4-triazole-3-thiol(B)4-Phenyl-5-pyridin-4-yl-
4H-1,2 4-triazole-3-thiol (C)4 - (4-Methylphenyl)-5-pyridin-4-yl-
4H-1,2,4-triazole-3-thiol (D)4-Benzyl-5-pyridin-4-yl-4H-1,2 4-
triazole-3-thiol (E)4-Allyl-5-pyridin-4-yl-4H-1,2,4-triazole-3-thiol
(F)2 - (5-mercapto-4H-1,2,4-triazol-3-yl) phenol (G)2 - (4-Ethyl-
5-mercapto-4H-1,2,4-triazol-3-yl) phenol (H)2 - (5-Mercapto-4-
phenyl-4H-1,2,4-triazol-3-yl) phenol (1)2 - [5-Mercapto-4-(4-
methylphenyl)-4H-1,2,4-triazol-3-yl] phenol (K)2 - (4-Benzyl-5-
mercapto-4H-1,2,4-triazol-3-yl) phenol (L)2 - (4-Allyl-5-
mercapto-4H-1,2,4-triazol-3-yl) phenol(M)were prepared:
structures are listed in Table 1.

DPPH free radical-scavenging activity

The samples were tested with DPPH free radical
according to the method previously defined by Zovko Koncic et
al., (2010)with some modifications. Shortly, 0.5 ml of synthesized
compounds and synthetic antioxidant compound (BHA) prepared
at different concentrations (12,5-400 pg/ml) were taken into test
tubes and stirred with 2.5 ml of 2 mM DPPH solution. The mixture
was stirred thoroughly and incubated for 30 min in dark laboratory
conditions. The absorbance at a wavelength of 517 nm was
measured by UV spectrophotometry. To determine DPPH free
radical scavenging activity (FRSA) was used in the following
equation.

FRSA(%)=[(A¢-A1)/A]x100

A, is the absorbance values without specimen and A; the
absorbance in the presence of specimen. As opposed to increasing
concentration of specimens decline of absorbance is an indication
that destroyed DPPH radical. Antioxidant activity results are
expressed as I1Csy value (ug extract/mL) that reduces by half the
effective concentration of DPPH radicals and was calculated by
interpolation from linear regression analysis.

Ferrous chelating capacity

The ferrous chelating capacity of samples and the
reference compound (EDTA) was conducted following the method
used by Decker and Welch (1990) with slight modifications. 2 ml
of extract, sub-fractions and reference compound (EDTA) of
concentration labeling between 25 and 250 pg/mL were added to
50 pl of 2 mM FeCl, and well mixed. The reaction mixture was
incubated in laboratory conditions. The reaction occurred by the
addition of 100 ul 5 mM ferrozine. After 10 min of incubation
period, the absorbance of the solution was measured at 562 nm
using a UV-visible spectrophotometer. For the ferrous-chelating
activity, 1Cs, values were calculated using the equation as
described above was used for DPPH free radical scavenging
activity.

Assay of Reducing Power

The reducing power was determined according to the
method of Oyaizu (1986) with slight modifications various
concentrations of triazole derivatives (2.5 ml) were mixed with 2.5
ml of 200 mM sodium phosphate buffer (pH 6.6) and 2.5 ml of 1%
potassium ferricyanide.

The mixture was incubated at 50 °C for 20 min. After 2.5
ml of 10% trichloroacetic acid (w/v) were added, the mixture was
centrifuged at 1000 rpm for 8 min. The upper layer (5 ml) was
mixed with 5 ml of deionized water and 1 ml of 0.1% of ferric
chloride, and the absorbance was measured spectrophotometrically
at 700 nm. The assays were carried out in triplicate and the results
expressed as mean values * standard deviations. BHA, BHT and
a-tocopherol were used as standards. It was indicated that high
absorbance of the sample was good reducing power in the reaction
conditions.
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Evaluation of total antioxidant capacity by
phosphomolybdenum method

The total antioxidant capacity of samples was evaluated
by the method of Prieto, Pineda, and Aguilar(1999) with slight
modifications. The antioxidant capacity of the extracts was
measured spectrophotometrically using a phosphomolybdenum
method, based on the reduction of Mo(VI) to Mo(V) by the sample
analyte and the subsequent formation of specific green
phosphate/Mo(V) compounds. An aliquot of 0.1 mL of sample
solution (100 pg/mL) was combined with 1 mL of reagent solution
(0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). The tubes were capped and incubated in a
boiling water bath at 95 °C for 90 min. After the samples had
cooled to room temperature, the absorbance of the aqueous
solution of each was measured at 695 nm against blank. A typical
blank solution contained 1 mL of reagent solution and the
appropriate volume of the same solvent used for the sample and it
was incubated under same conditions as rest of the sample. Stock
solutions of a-tocopherol were prepared in methanol. The total
antioxidant activity was expressed as equivalents of a-tocopherol
(mmol a-tocopherol/ml).

ABT Scation radical scavenging activity

To determine the antioxidant activity of compounds,
ABTS cation radical-scavenging activity was employed in this
study with slight modifications (Re et al., 1999). The ABTS cation
radical cation was generated by mixing ABTS stock solution (7
mM in water) with 2.45 mM potassium persulfate. This mixture
was kept at ambient temperature for 24 h until the reaction was
complete and the absorbance was stable. Briefly, 1.9 ml of an
ABTS cation radical was added to 0.1 ml of different
concentrations of standard (trolox) or samples. After 10 min, an
absorbance was read at 734 nm, and distilled water was used as a
blank (each measured in triplicate). The ICs, is the concentration
of an antioxidant that is required to quench 50% of the initial
ABTS cation radicals under the experimental conditions given.
Trolox, a well-known antioxidant, was used as a positive control.

Table. 1:Chemical structure of 1,2 4-triazole derivative compounds.

RESULTS AND DISCUSSION

DPPH radical scavenging activity

The DPPH radical scavenging activity 1,2,4-triazole
derivatives containing phenol groups (H-M) have shown
comparable antioxidant potential with the BHA. whereas the
compounds (A-F) showed a moderate DPPH radical scavenging
activity. In compounds (A-F) pyridine rings are present at triazole
ring while in compounds (G-M) the phenol ring are present at
triazole ring which different contributed in the radical scavenging
ability. It is clear from the results that the antioxidant potential of
compounds is associated with the substituents on mentioned 1,2,4-
triazole rings. The inhibition percentage of compounds and Vit-E
at different concentrations are given in Fig.1A.Compound G
showed highest DPPH scavenging activity with percent inhibition
0f 93.751+0.47 at concentration of 100pg/ml, when compared with
the other compounds. This increased activity may be due to
existence of the —SH, -C¢HsOH, and —-NH groups. The presence of
phenolic group was inadequate for antioxidant activity.

DPPH radical scavenging is a widely used method to
evaluate antioxidant activities in a relatively short time compared
with other methods. DPPH radical scavenging activities of
synthesized compounds (A-M) were tested using ethanolic
solution of the stable free radical DPPH. The freshly prepared
DPPH solution exhibits a deep purple color generally convert them
to a colorless/ bleached product when an antioxidant is present in
the medium. Thus, antioxidant compounds can quench DPPH free
radical by providing hydrogen atoms or by electron donation
resulting in absorbance at 517nm and the more rapidly the
absorbance decreases, the more potent the antioxidant activity of
the compounds. The 1,2,4-triazole derivatives compounds was
found to be significantly active against DPPH radical. On DPPH
assay, 1Cs, values were obtained for compounds and BHA, so that
a lower value of ICs, indicated a higher antioxidant activity and
vice versa. Table 1 shows the statistical analysis of DPPH radical
scavenging activity and value of ICs, obtained from antioxidant
activity of compounds and BHA (as a reference compound). The
compound G with an ICsy value 7.12+2.32 pug/mL was found to be
more active than the standard antioxidant BHA.
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Fig. 1: Free radical-scavenging activities of compounds measured using the DPPH radical(A), Ferrous ion chelating activities of compounds at different
concentrations (B), Reducing power of compounds at different concentrations by spectrophotometric detection of the Fe3+-Fe2+ transformation (C), High
absorbance at 700 nm indicates high reducing power. Concentration-response curves for inhibition of the absorbance of ABTS cation radical at 734 nm for

compounds (D). Results are means + SD (n =3).
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Fig. 2 Total antioxidant activity of compounds measured by phosphomolybdenum reduction assay. Each value represents means + SD (n = 3).
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Ferrous ion chelating activity

Ferrous ion chelating activities of the compounds and
EDTA are shown in Table 1 ICs, for Fe* chelating ability
were60.16+£2.65, 66.76+1.14 and 79.29+2.33 pug/ ml for
compounds G, M and L, respectively. Furthermore, the percentage
inhibition of compounds obtained from Fig.1Breveal that the metal
chelating effects of the compounds D were concentration-
dependent the other compounds were not. Thus the compounds D
demonstrate a marked capacity for iron chelating, suggesting that
their action as peroxidation protectors may be related to their iron
chelating capacity. However, the ferrous ion chelating activities of
compounds were lower than the EDTA (ICs, =28.48+0.65g/ ml)It
was reported that the compounds with structures containing two or
more of the functional groups, such as -OH. -SH.-COOH.-PO3H.,.
C=0.-NR,.-S--O- in a favourable structure-function
configuration should have chelation activity (Lindsay,
1996; Yuan et al, 2005; Gulcin, 2006). In this respect,
compound G may chelate the ferrous ions with hydroxyl and thiol
groups.

Transition metals have a pivotal role in the generation of
oxygen free radicals in living organism. The production of these
radicals may lead to lipid peroxidation, protein modification and
DNA damage. Chelating agents may inactivate these metal ions
and potentially inhibit the metal-dependent processes (Finefrock et
al., 2003). Compounds with metal chelating activity have ability to
convert metal ions into insoluble metal complexes or generate
steric hindrance, which can prevent the interactions between
metals. In the presence of chelating agents the complex formation
is disrupted with the result that the red colour of the complex is
decreased.

Measurement of colour reduction therefore allows
estimation of the chelating activity of the coexisting chelators
(Yamaguchi et al., 2000). The ferrous state of iron accelerates
lipid oxidation by breaking down the hydrogen and lipid peroxides
to reactive free radicals. The ferric iron (Fe*") is the relatively
biologically inactive form of iron. Fe**but ion produces radicals
from peroxides, even though the rate is tenfold less than that of
Fe** ion, which is the most powerful pro-oxidant among the
various types of metal ions (Calis et al., 1993). Chelating agents
may not activate metal ions and potentially inhibit the metal-
dependent processes (Finefrock et al., 2003). Free iron is known to
have low solubility and a chelated iron complex has greater
solubility in solution, which can be contributed solely by the
ligand. Furthermore, the compound-iron complex may also be
active, since it can participate in iron-catalyzed reactions.

Reducing power capacity

The capacity of reducing power of 1,24-triazole
derivatives was almost comparable with the synthetic antioxidant,
Vitamine E (Vit-E). The reducing power of test compounds
increases with increase in concentration. Compounds C-D and L
exhibited very low absorption, whereas compounds A, I, M and G
were found to have higher absorption at a high concentration of
200 pg/ml. The actively mentioned 1,2,4-triazole derivatives could

reduce the most Fe** ions, which had a higher reductive activity
than the reference standard of Vit-E. Reducing power of the
compounds mostly depended on the groups where the compounds
were substituted. The presence of pyridine, thiol and phenol
functions in the 1,2,4-triazole compounds may play an important
role to act as a better electron donor which may enhance reducing
power ability of active compounds. The reducing power of the
investigated the 1,2 4-triazole derivatives differed according to
containing phenol and pyridine groups. This may be due to the
substitution of electron-releasing groups at 1,2,4-triazole
compounds, which may be helping for stabilization of the free
radical form after donating electron and thus to leading
maximum reducing ability compared to other less active
compounds.

The reducing capacity of a compound may serve as a
significant indicator of its potential antioxidant activity. Reducing
power is a measure of reductive ability of antioxidants and is
evaluated by the transformation of Fe** to Fe*" in the presence of
compounds. The reducing ability of a compound generally
depends on the presence of reductants (Duh et al., 1999), which
have been exhibited antioxidative potential by breaking the free
radical chain, donating a hydrogen atom (Gordon, 1990). The
presence of reductants (i.e. antioxidants) causes the reduction of
the Fe*'/ ferricyanide complex to the ferrous form. Therefore, the
Fe** can be monitored by measuring the formation of Perl’s
Prussian blue at 700 nm. Fig.1C show the dose-response curves
for the reducing power of synthesized compounds (A-M)
examined as a function of their concentration. The data shows that
the reducing power of compounds increased in a dose dependent
manner.

ABTS cation radical-scavenging activity

As shown in Fig.1Din the 1,2,4-triazole derivatives
decrease the concentrations of ABTS cation radical at different
concentrations demonstrating that 1,2,4-triazole ring and its
substituted functional groups such as —OH —-SH and —-NH can
guench ABTS cation radical efficiently. The ABTS radical-
scavenging activity of the compounds (A-M) revealed that
amongst all the tested compounds. Among the triazole compounds
compound G was found to be the best, followed by compounds A
and M. Compounds B and D exhibited minimum scavenging
activity against ABTS cation radical. Compounds H and F
exhibited similar activity (Tablel). The ABTS cation radical
scavenging activity of compound G was pretty good than that of
trolox.

Free radical-scavenging property is the basic feature for a
compound to be an antioxidant. For this, which are simple, fast
and reliable ABTS cation radical scavenging activity used to test
the ability of 1,2,4-triazole derivatives. This was assessed by
taking hydrogen atom, under in vitro conditions and then adding
increasing concentrations of test compounds. The absorbance was
taken at 734 nm. It is well accepted that the ABTS cation radical
scavenging by antioxidants is attributable to their hydrogen
donating ability.
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The total antioxidant activity

The total antioxidant activity (equivalent to a-tocopherol)
values in mmol/ml are presented in Table 1 varied in synthesized
compounds and ranged from 22.64+7.18 to 232.12+6.89
mmol/mL. The highest total antioxidant activity have been
detected in compound G with the value232.12+6.89mmol/mL and
the lowest in compound C with the value22.64+7.18mmol/mL.
Compounds B, E and L (139.04+2.13, 137.08+2.92 and
135.56+1.73mmol/mL, respectively), Compounds F and H
(77.64+0.32 and 72.20+1.32mmol/mL) and Compounds A and
D(37.64+3.76 and 38.84+3.43mmol/mL) demonstrated the similar
total antioxidant activities among themselves(see Fig.2).

The total antioxidant activity (TAA) of the synthesized
compounds was evaluated by the phosphomolybdenum method.
The methods already available for the evaluation of TAA due to its
simplicity and the cheap reagents it uses.The assay is based on the
reduction of Mo(VI) to Mo(V) by the test compounds and
subsequent formation of a green phosphate/Mo(V) complex at acid
pH. The results of the total antioxidant activity (TAA) are
expressed as mmola-tocopherol per ml. The higher the TAA value,
the more effective the antioxidant activity.

Table 2: Antioxidant activity of compounds in the performed assays.

ICso(pg/mL)a TAA®

Compounds ABTS® DPPHC CAT (mmol/ml)

A 7062565  7827t1.27 10034:061 182.88+4.43
B 34624670 265484263 109.56+112  139.04+2.13
C 11954123 200.35+473 105794208  22.64+7.18
D 7554+418 95394150 151.18+071  38.84+343
E 5.66+187 10048+113 211684134 137.08+2.92
F 8804073 10652+434 181824718  77.64+0.32
G 4594419 7124232  60.16+2.65 232.12+6.89
H 8784323  69.78+351  07.8+212  72.20+132
| 5614169 1846218  8143:248  37.64+3.76
K 8574077  89.46+2.15 126834547  100.00+4.13
L 12.93+421  8910+044 79294233  13556+173
M 467273 3848299  66.76+1.14 147.64+3.14
Trolox 5.76+0 54 ND ND ND
BHA ND  38.04+0.98 ND ND
EDTA ND ND  28.48+0.65 ND

ND: Not detected

Concentration that shows 50% activity.

b2 2'-azinobis(3-ethylbenzothiazoline-6-sulfonate) cationic radical scavenging
activity.

“1,1-diphenyl-2-picryl-hydrazyl free radical scavenging activity.

dChelating activity.

*Total antioxidant activity (equivalent to a-tocopherol)

CONCLUSION

The some heterocyclic compounds are being recognised
as a source of numerous bioactive compounds. Many of them were
shown to possess antioxidant properties and inhibit radicals by the
effect of electron donating groups or supplying hydrogen atom.
The 1,2,4-triazole derivative compounds were shown to have
significant antioxidant properties as measured by various
antioxidant assays. These heterocyclic compounds have the
potential of being easily may be synthesis with high efficiency and
for use in forward pharmacological studies. Moreover, the
synthesis procedure of compounds offers several advantages

including good yields, operational simplicity and cleaner reaction
which makes it a useful and attractive process for the synthesis of
these compounds. In this study relationship with substituted
functional groups to 1,2,4-triazole rings and antioxidant potentials
were found for the tested compounds relies mainly on their
electron-rich moieties, which hold high resonance stability.
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