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Introduction

Two of the most chemically active, hence harmful,
physiologically significant reactive species (RS) are the
hydroxyl radical (*OH) and the hydroperoxyl radical
(*OOH) (Kell et al., 2009). They tend to attack a variety
of molecular sites, especially such that contain conjugated
double bonds. They are associated with lipid
peroxidation, breaking down lipids to malondialdehyde
(MDA) and other MDA-like products (Moore and
Roberts, 1998). Lipid peroxidation and the associated
chain reactions can be prevented with the help of
antioxidants. Antioxidants are molecules that are able to
interact with RS and, via hydrogen atom transfer (HAT)
or electron transfer reactions, “neutralize” the unpaired
electrons of RS, thus making them less harmful to living
systems. The present work deals with an in-vitro
investigation of the impact of two triazole derivatives -
sodium 2-(4-chlorophenyl)-5-(pyrrolidin-1-yl)-2H-1,2,3-
triazole-4-carboxylate and 2-(4-chlorophenyl)-5-
(pyrrolidin-1-y1)-2H-1,2,3-triazole-4-carboxylic acid
(named BNPO1 and BNPO3, respectively) - on the
degradation of 2-deoxyribose, caused by UV-induced
water radiolysis. Additionally, the ability of BNPOI and
BNPO3 to participate in HAT and electron-transfer
reactions would be tested in order to attempt to identify
the molecular sites, responsible for the possible
antioxidant activity.

Materials and methods

Materials

All materials were of highest grade (pro analysis)
SIGMA-ALDRICH (Sigma-Aldrich Chemie GmbH,
Taufkirchen, Germany). Bi-distilled water and 95%
ethanol were used as solvents. For the Deoxyribose
Degradation Assay the following solutions were prepared:
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6.0 mM water solution of deoxyribose; 1% water solution
of thiobarbituric acid (TBA); 3% water solution of
trichloroacetic acid (TCA); 50mM K-Na phosphate saline
solution (PBS) with pH=7.4. The antioxidant capacity by
way of HAT was measured using a stock ethanol solution
of  2,2-diphenyl-1-picrylhydrazyl radical (*DPPH),
prepared according to well-established protocols (Kedare
and Singh, 2011; Molyneux, 2004). The electron-
exchange potential of the substances was established
using the 2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulphonic free radical (ABTSe") assay. For that purpose,
as per Erel (2004a, b) were prepared the following
solutions: 0,4 mmol acetate buffer, pH-5.8; 0.03 mmol
acetate buffer solution, pH=3.6 with ABTS and H,O, in
order to produce the stable ABTSs".

A Shimadzu UV1601 spectrophotometer was utilized
for all UV-VIS measurements. Kinetic setting was used
with 10 second lag time and 300 second measuring time.
Results were calculated using the data obtained after 300
seconds.

For each tested concentration, three parallel
measurements were taken, each one representing an
individual datapoint. Averages and standard deviations
were calculated. Relative changes within the limits of
experimental error were not discussed. The impact of the
varying concentrations on the results obtained was
statistically verified using one-way ANOVA, followed by
Bonferroni post-test.

Deoxyribose Degradation Assay

The investigation utilized a modified protocol by
Halliwell et al. (1987). *OH and *OOH are generated by
UV-induced water radiolysis (Burns and Sims, 1981).
Degradation of 2-deoxyribose to MDA-like products is
estimated with the TBA assay. The following molarities
of each substance were tested: 1*10™ M, 3%107° M, 1%107°
M, 3*#10° M and 1#10° M. The degree of 2—deoxyribose
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degradation was calculated as a Spectrophotometric
Scavenging Index (SPh-SI):
Asample

SPh —SI,% =
DPPH Assay

* 100

control

For each concentration, the absorbance of three types of
samples was measured at A=517 nm — “blank”, “control”
and “sample”. The HAT activity of the substances was
calculated as Radical Scavenging Activity (RSA):

Acontrol - (Asample - Ablank) *

RSA, % = 100

Acontrol
The following molarities of each substance were tested:

1%10* M, 3*10° M and 1#10™ M.
ABTS Assay

For each concentration, the absorbance of three types of
samples was measured at A=660 nm — “blank”, “control”
and “sample”. The participation in electron-exchange
reactions was presented as RSA, calculated with the same
formula as the DPPH test. The following molarities of
each substance were tested: 1#10™ M, 3%10° M and 1*10°
*M.

Results and discussion

Both  substances significantly = suppress the
degradation of 2-deoxyribose at the highest concentration
(1*10* M). At 3*10° M the sodium salt (BNPOI)
behaves as a more potent antioxidant than its conjugate
acid (BNP03). At concentrations of 1#10° M and below,
both substances seem to exhibit a very slight antioxidant
effect.

BNPO1 displayed very close to zero tendency to
participate in HAT reactions with DPPH within the entire
range of investigated concentrations. BNPO3 interacted
with the stable radical to a small extent at the highest
concentration. Its activity dropped in a concentration-
dependent manner to practically zero at 1*10” M. Since
both substances did not manifest any significant activity
at 1¥10° M, the authors deemed it unnecessary to test
lower concentrations.

At the highest concentration both substances
interacted with ABTS*" to a limited extent, the activity of
BNPO1 being slightly higher. The activities of both seem
to decrease in a concentration-dependent manner to near
zero within the limits of the experimental error at 1%107
M, therefore, the authors decided not to test lower
molarities.

Conclusions

Based on the aforementioned experimental data, the
following conclusions can be drawn:

- both BNPO1 and BNPO3 are in-vitro scavengers of
free radicals, derived by UV radiolysis of water in
presence of 2-deoxyribose. Their activity decreases in a
concentration-dependent manner;

- BNPO1 does not participate significantly in HAT
reactions with DPPH, while BNPO3 manifests an
observable activity at concentrations above 1*10° M. The
authors propose that the higher observable HAT activity
of BNPO3 is due to the active hydrogen from the carboxyl
group;

- both compounds interact with ABTSs" - BNPO1
seems to be a better scavenger of the stable radical at
1#10* M compared to its conjugate acid. The activity
decreases in a concentration-dependent manner to
practically zero at 1%10™ M.

Acknowledgements

The authors gratefully acknowledge the financial
support from the Medical University-Sofia Grant
Commission (Grant No. 141/2021).

References

Burns, W.G., Sims, H.E, 1981. Effect of radiation type in water
radiolysis. J Chem Soc, Faraday Trans 1: Physical
Chemistry in Condensed Phases 77(11), 2803-13.

Erel, O., 2004a. A novel automated method to measure total
antioxidant response against potent free radical reactions.
Clin Biochem. 37(2), 112-9.
https://doi.org/10.1016/j.clinbiochem.2003.10.014

Erel, O., 2004b. A novel automated direct measurement method
for total antioxidant capacity using a new generation, more
stable ABTS radical cation. Clin Biochem. 37(4), 277-85.
https://doi.org/10.1016/j.clinbiochem.2003.11.015

Halliwell, B., Gutteridge, J.M., Aruoma, O.l., 1987. The
deoxyribose method: a simple “test-tube” assay for
determination of rate constants for reactions of hydroxyl
radicals. Anal Biochem. 165(1), 215-9.
https://doi.org/10.1016/0003-2697(87)90222-3

Kedare, S.B., Singh, R., 2011. Genesis and development of
DPPH method of antioxidant assay. J. Food Sci. Technol.
48(4), 412-22. https://doi.org/10.1007/s13197-011-0251-1

Kell, D.B, 2009. Iron behaving badly: inappropriate iron
chelation as a major contributor to the aetiology of vascular
and other progressive inflammatory and degenerative
diseases. BMC Med Genomics 2(1, :1-79.
https://doi.org/10.1186/1755-8794-2-2

Molyneux, P., 2004. The use of the stable free radical
diphenylpicrylhydrazyl (DPPH) for estimating antioxidant
activity. Songklanakarin J. Sci. Technol. 26(2), 211-9.
https://doi.org/10.4236/fns.2013.48 A001

Moore, K., Roberts, L.J., 1998. Measurement of lipid
peroxidation. Free Radic. Res. 28(6), 659-71.
https://doi.org/10.3109/10715769809065821

Maced. pharm. bull., 68 (Suppl 1) 397 - 398 (2022)



https://doi.org/10.1016/j.clinbiochem.2003.10.014
https://doi.org/10.1016/j.clinbiochem.2003.11.015
https://doi.org/10.1016/0003-2697(87)90222-3
https://doi.org/10.1007/s13197-011-0251-1
https://doi.org/10.1186/1755-8794-2-2
https://doi.org/10.4236/fns.2013.48A001
https://doi.org/10.3109/10715769809065821

	Antioxidant properties of a novel triazole ligand
	Lozan Todorov1*, Nadya Hristova2, Nataliya Belskaya3; Irena Kostova1

	1 Department of Chemistry, Faculty of Pharmacy, Medical University – Sofia, 1000 Sofia, Bulgaria
	3 Ural Federal University, 19 Mira Str., Yekaterinburg 620002, Russian Federation
	Introduction
	Materials and methods
	Materials

	Results and discussion
	References

