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Introduction

Reactive oxygen species are formed during many
metabolic reactions–metabolism of nutrients, biosynthesis
of certain substances, electron transport in the
mitochondria, for instance phagocytosis and
inflammatory processes, trauma and physical exercise. To
get rid of reactive oxygen species, the human body uses
various antioxidant systems. Antioxidants used1) are
hydrophilic, i.e., water soluble, which are greater in the
extracellular fluid (vitamin C, uric acid, selenium,
bioflavonoids, and i.) and the lipophilic ones, i.e., fat-
soluble, which act mainly on the membranes within cells
(vitamin E, beta-carotene, ubiquinone Q10, etc.)1).
Antioxidant activity is defined as the ability of a particular
compound or a mixture of compounds to inhibit oxidative
degradation. One should distinguish two concepts, namely
antioxidant capacity and activity. Antioxidant capacity
provides information on the duration of the antioxidant
effect, whereas the activity is characterized by an initial
process dynamics during the antioxidant at a specific
concentration of an antioxidant2). 

The �β-adrenergic receptors antagonists (�β-ARAs) have
been primarily used as drugs in the treatment of
cardiovascular diseases such as ischaemic heart disease,
angina pectoris, arrhythmia, hypertension, cardio -
myopathy, or as prevention after myocardial infarction3).
In addition, more recently they have been accepted in the
heart failure therapy. Part of the beneficial cardiovascular
effects shown by such a group of compounds has already
been associated with the antioxidant properties that some
of them have possessed – carvedilol, atenolol, carteolol
ormetipranolol4). 

Experimental methods

Compounds under the study:
Alkylesters of 4 {2-hydroxy-3-[(4-pyridine-2-yl)pipe -

razine-yl]-propoxy} phenylcarbamic acid monochloride.

ABTS method
Chemicals: Potassium dihydrogen phosphate

(CentralChem, SR), potassium persulfate (Sigma-Aldrich,
USA), 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid), (ABTS, Sigma-Aldrich, USA), ethanol
(CentralChem, SR), distilled water. Method used: Into
a 10 ml volumetric flask an amount of 0.038 g of ABTS
radical was added and was made up with distilled water.
Into another 10 ml flask, 0.007 g of potassium dihydrogen
phosphate and water were added as well. Prepared
solutions were mixed in a ratio of 1 : 1 to give a blue-
green colour, and left to stand for 24 h in the dark at room
temperature. After 24 h, a volume of 1.1 ml of
concentrated radical was transferred to a 50 ml volumetric
flask and ethanol was added up to the mark. To the
volume of 2 ml of ABTS solution, 100 µ�l of the sample
(c = 10–4 mol/l) was added. After 5 minutes, the
absorbance of each solution was measured at λ = 734 nm.
As the reference solution, a reaction system without the
sample was used. Ascorbic acid was applied as the control
solution5).

Evaluation of results: Presence of active substances
with antioxidant agent led to discolouring of the solution,
which was measured spectrophotometrically.
Antioxidant activity (%) = 100 × (Ap – A)/Ap, where Ap is
the absorbance of the reference solution, A the absorbance
of the samples DPPH method.

Chemicals: 1,1-Diphenyl-2- (2,4,6-trinitrophenyl)
hydrazyl (DPPH, Sigma-Aldrich, USA), methanol
(CentralChem, SR).

Method used: DPPH (m = 1 mg) was dissolved in
methanol and the solvent was made up to a 50 ml
volumetric flask. To the 200 �µl of evaluated compounds
(c = 10–4 mol/l) was added 1.8 ml of DPPH radical. The
activity of the samples was evaluated after 30 min by
measuring the absorbance of each solution at λ = 517 nm.
As referenced solution was considered reaction system
without the sample. Ascorbic acid was applied as a control
solution5).

Evaluation of results: After DPPH radical solution
reduction, the colour changed from the original purple to
yellow. The colour change was measured
spectrophotometrically according to the equation given
bellow.

Antioxidant activity (%) = 100 × (Ap – A)/Ap, where Ap
is the absorbance of the reference solution, A the
absorbance of the samples.

FRAP method
Chemicals: Sodium acetate (CentralChem, SR), 35%
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solution of hydrochloric acid (CentralChem, SR), ferric
chloride (CentralChem, SR), 2,4,6-tris-(2-pyridyl)-s-
-triazine (TPTZ, Sigma-Aldrich, USA).

Used method: Acetate buffer was prepared by adding
3.1 g of sodium acetate and 16 ml of concentrated acetic
acid to a 1000 ml volumetric flask and made up with
distilled water. TPTZ (m = 0.1562 g) and 0.177 ml of
a 35% HCl solution were made up with distilled water
into a 50 ml volumetric flask. FeCl3 (m = 0.2703 g) was
dissolved in a 50 ml volumetric flask and made up to the
mark with distilled water. FRAP solution was made by
mixing 25 ml of acetate buffer, 2.5 ml of TPTZ and 2.5 ml
of FeCl3 solution. To 100 µ�l of a compound solution
(c = 10–4 mol/l) 3 ml of FRAP solution were added.
Absorbance was measured after 5 min at λ = 593 nm,
using an ascorbic acid solution as the control solution5).
Evaluation of results: The results were evaluated as the
analogical amount of ascorbic acid (µ�g/ml) = A/0,134,
where A is the absorbance of compounds.

Results and discusion

In the area of   chemical analysis and biological
evaluation of drugs, many methods have been developed
to determine the total antioxidant activity of the sample
(Total Antioxidant Activity – TAA). The purpose of these
methods is to characterize compounds in such conditions
close to the physiological environment of the anti -
oxidant7).
There is an effort to interpret antioxidant activity of the
sample in a way that would be methodical, material and
instrumental accessible and usable for numerous serial
analyses. Their results should correspond to the biological
value of the test substance. Chemical methods (TEAC,
FRAP, DPPH, ABTS, ORAC or DCI) are based on the
use of agents providing the oxygen free radical colour
products which prevent the formation of antioxidants
contained in the sample8).

The capability of inspected compounds to act as
potential antoxidants was evaluated following the given
methods (DPPH, ABTS and FRAP), respectively. The
results obtained could be influenced by some physico-
chemical aspects: lipohydrophilic properties of the
molecules under the study, by isosteric replacement of
ether bond for carbamoyloxy moiety, and by electrostatic
and steric effects of pyridin-2-yl fragment9) (Table 1).

In terms of the chemical structures of tested compounds
4a1–4d1, the elongation of the alkyl side chain has not led

to more promising antioxidative substances in all
performed methods. Following the DPPH method in the
compound 4b1 could be regarded as the most potent
substance. On the other hand, results of ABTS testing
have shown a connection between elongation of the alkyl
side chain and activities of analyzed substances. The
highest potential has been estimated for compound 4d1.
Antioxidant properties of aryloxyaminopropanols 4a1,
4b1, 4c1, 4d1 determined by the FRAP method have not
characterized their antioxidant activity because the
method only describes the reduction potential of
antioxidants and has not defined the ability to scavenge
free radicals. Therefore the antioxidant activity of the
inspected substances by the DPPH and ABTS method
could not be compared to the antioxidant activity of the
FRAP method. Nevertheless, any connection between the
length of the alkyl side chain and the activity has not been
revealed. The highest activity has been shown for the
molecule 4c1, the lowest one for compound 4a1. For more
convenient interpretation of the results, the outgoings of
the analyzed substance have been compared to those of
�β-blockers in clinical use (carvedilol, atenolol) with
antioxidative features and two strong antioxidants
(Trolox, ascorbic acid).

It has been revealed that the antioxidant activity of
atenolol and carvedilol determined by the DPPH method
was notably lower than that of any other substance under
study. Results from the ABTS study have pointed
a similar antioxidant ability of carvedilol as compared to
tested compounds. Atenol has reached the capability
similar to the lowest active substance 4a1 only. Results
from the FRAP determination have shown a lower redox
potential of both analyzed β�-blockers. On the other hand,
trolox and ascorbic acid have shown a strong
antioxidative potential in all performed methods. 

Conclusion

Considering the important role of antioxidants in
biological systems, series of original β-adrenergic
receptor antagonists have been evaluated in vitro for their
ability to reduce the DPPH, ABTS and FRAP radicals as
well. The results might contribute to their cardiovascular
therapeutic benefits.

Focusing on performed in vitro experiments, it has been
suggested that a presence of the carbamoyloxy moiety
could be regarded as favourable structural modification.
However, relatively high lipophilicity of all the

Table 1. The potential of the compounds 4a1–4d1 to reduce the DPPH, ABTS and FRAP radicals

Entry R1 Molecular weight %DPPH %ABTS
FRAP

(µµ�g/ml)

4a1 CH3 422.91 54.41 30.46 1,00  

4b1 C2H5 436.94 64.26 32.39 1.12  

4c1 C3H7 450.97 61.28 39.86 1.05  

4d1 C4H9 464.99 63.28 47.58 0.99

Carvedilol – 406.74 14.81 26.05 0.91

Atenolol – 266.34 14.92 39.47 0.91

Trolox – 250.29 97.31 98.11 12.04

ascorbic acid – 176.12 93.25 96.67 11.95
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compounds under study might not be considered an
explicit guarantee of their antioxidant potential. No
significant relationships between elongation of the alkyl
side chain and antioxidant activity have been revealed.

Potential therapeutical benefits based on current in vitro
assays results should be the motivation for a closer study
of other in vitro or in vivo systems and processes, in search
of new cardiovascular therapeutics.
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