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ABSTRACT

This study was designed to determine and compare the antioxidant effects of synthetic organoselenium
compounds. In experimental trials three different diselenides were used: bis(2-hydroxyphenyl) disele-
nide, bis{[2-(4-hydroxybenzyl)imino]phenyl} diselenide and bis[2-(4-methylphenylsulfonylami-
no)phenyl] diselenide. The compounds were screened for antioxidant activities in human blood under
oxidation stress conditions. Oxidative stress was induced in vitro in human blood platelet samples and
in plasma by 0.1 mM peroxynitrite (ONOO™) or by Fe?". In experimental trials the levels of chosen oxida-
tive stress markers (TBARS, O,", and protein carbonyl groups) were significantly decreased by the action
of the tested compounds. The antioxidative properties and the changes in proteins and lipids in the pres-
ence of new synthesized selenoorganic compounds were studied in vitro and compared with activity of
ebselen (2-phenyl-1,2-benzisoselenazol-3(2H)-one) - a classical antioxidant, well known as the most
important glutathione peroxidase mimetic agent. Our results indicate that the tested diselenides have
distinctly protective effects against oxidative alterations of biomolecules caused by ONOO~ and Fe?" in
blood platelets and in plasma. Therefore it seems that not only ebselen with a wide spectrum of thera-
peutic actions but also other organoselenium compounds can be considered in the future as active phar-

macological agents.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Selenium had been regarded as a toxic element for many years
but later studies have proven its essentiality since selenium defi-
ciency can cause severe disturbances in organisms [1]. The positive
and negative effects of both inorganic and organic compounds
have been studied and the organic compounds of selenium have
been shown to be more efficient and less toxic [2]. Thus, numerous
investigations have been performed to find the most effective syn-
thetic selenoorganic compound which could be a dietary supple-
ment [3]. Among other issues, the question of the relationship
between selenium supplementation and oxidative balance has
been investigated [4]. Our work was carried out with the aim of
studying the possible application of three organic compounds with
abis-phenyl-diselenide-like structure as preventive agents against
disturbance in antioxidant status of blood elements. These Se-com-
pounds are not a source of dietary selenium in human, but they can
be used as drugs, like ebselen.
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The discovery of the role of reactive oxygen species (ROS) and
position of antioxidants in acute (e.g. inflammation) or chronic
degenerative diseases including cardiovascular diseases [5], is a
medical revolution that promises a new age of health. The alter-
ation of structure and function in plasma and in platelet biomole-
cules caused by exogenous ROS occurs as a result of pathologically
enhanced peroxynitrite (PN; ONOO™) production, mainly in vessel
walls [6]. ONOO™ is a potent biological oxidant, generated in vessel
wall, and implicated in several inflammatory disorders and athero-
sclerosis [7]. PN is a mediator of toxicity in pathological processes
with strong oxidizing properties toward biological molecules,
including thiols, ascorbate, lipids, amino acids and nucleotides,and
it can cause strand breaks in DNA [6]. The exposure of proteins to
this potent oxidant results in the oxidation of cysteine, methionine
and tryptophane, the fragmentation of protein molecules and the
formation of carbonyl groups. PN promotes nitration (incorpora-
tion of a nitro -NO; group) of aromatic and aliphatic residues. Par-
ticularly, protein tyrosine residues appear to be main targets for
ONOO™-mediated nitrations with nitrotyrosine and dityrosine for-
mation in response to biological generation of ONOO™~ [8]. The oxi-
dation of proteins by PN disturbs tertiary structure of proteins
responsible for altered signaling pathways and may lead to the
pathogenesis of various diseases [9].
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Ebselen is one of the synthetic antioxidants with a wide spec-
trum of therapeutic actions. It is used as a drug in clinical trials
against stroke, reperfusion injury with antiatherosclerotic and ren-
oprotective effects. It is a potent scavenger of peroxynitrite, hydro-
peroxide as well as hydroperoxides of membrane-bound
phospholipids.

In the present study our experiments have been designed to
investigate and compare the role of the three different synthetic
diselenides: bis(2-hydroxyphenyl) diselenide, bis{[2-(4-hydroxy-
benzyl)imino]phenyl} diselenide and bis[2-(4-methylphenylsulfo-
nylamino)phenyl] diselenide (Fig. 1) in the defence of blood
platelet and plasma components against oxidative damages caused
by PN using the measurement of the level of well-known oxidative
stress biomarkers. We measured the concentration of thiobarbitu-
ric acid reactive substances (TBARS) - the marker of lipid peroxida-
tion. The strength of selenoorganic compounds against protein
oxidation induced by ONOO~ was evaluated by proteomic tech-
niques targeting protein carbonylation. The formation of carbonyl
groups was used as a marker of protein oxidation. Amino acid
modifications may be responsible for the loss of somebiochemical
and physiological protein functions and lead to the pathological
consequences [10]. We provoked platelet and plasma lipid peroxi-
dation also by using Fe?*. The toxicity of iron is attributed to its
ability to reduce molecular oxygen and in consequence to form
partially reduced oxygen species. Iron involved in free radical pro-
duction and iron-chelate complex is capable to form strong oxi-
dants, which can oxidize numerous biomolecules [11]. Moreover,
we studied the effect of tested compounds on blood platelet activa-
tion corresponding to thrombin-induced arachidonic acid path-
way. During thrombin-induced platelet activation endogenous
arachidonic acid is liberated from membrane phospholipids and
rapidly metabolised by cyclooxygenase (COX), mainly to throm-
boxane A, (TXA;) and prostaglandins (PGs) simultaneously with
MDAformation [12]. The amount of MDA formed during enzymatic
peroxidation of arachidonic acid reveals that the arachidonate
pathway is associated with the superoxide anion (O,") generation
[13]. During the enzymatic oxidation step of arachidonic acid in
platelets by COX-1, O," may be generated as a by-product of ROS.
0, production in activated platelets is mainly dependent on
NADPH oxidase or xanthine oxidase [14].

The aim of our study was to investigate the antioxidative
properties of diselenide derivatives due to their ability to inhibit
carbonyl group generation and Fe?*-induced lipid peroxidation.
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The antiplatelet activities of tested compounds were estimated
by reduction of superoxide anion generation and the inhibition of
MDA formation.

2. Materials and methods
2.1. Materials

Peroxynitrite was synthesized according to the method of Pryor
and Squadrito [15]. Freeze fractionation (—70 °C) of the PN solution
formed a yellow top layer, which was retained for further studies.
The top layer typically contained 80-100 mM PN as determined
spectrophotometrically at 302nm in 0.1M NaOH
(€302nm = 1679 M! cm’1).

Ebselen, Thrombin, Cytochrome c, Rabbit anti-DNPH antibodies,
Anti-rabbit antibodies, TBA were purchased from Sigma (St. Louis,
MO, USA). Selenoorganic compounds (Fig. 1) were synthesized in
the Department of Organic Chemistry, Biochemistry and Biotech-
nology, Wroclaw University of Technology (Wroclaw, Poland)
and were donated by Prof. J. Mlochowski. Stock solutions of seleno-
organic compounds were made in 50% dimethylosulphoxide
(DMSO) at a concentration of 100 uM (the final concentration of
DMSO in the samples was less than 0.5%) and kept frozen. All sam-
ples were incubated with corresponding volumes of DMSO, served
as a control and were handled in an identical manner. Transport ef-
fects (0.5% DMSO) under the conditions of our model of experi-
ments were negligible. All other reagents were analytical grade
and were provided by commercial suppliers.

2.2. Isolation of blood platelets and plasma

Human blood was obtained from young (20-25 years) healthy,
non-smoking men and collected into ACD solution (1.36% citric
acid/2.5% sodium citrate/2% dextrose; 5:1 v/v). Blood platelets
and plasma were isolated by differential centrifugation of blood
[16]. The platelets were counted by the photometric method
according to Walkowiak et al. [17]. The final platelet concentration
was about 4 x 108 platelets/ml. The entire platelet washing proce-
dure was performed in plastic tubes and carried out at room tem-
perature. Washed human platelets were suspended in the modified
Tyrode’s Ca*?/Mg*? free buffer (127 mM NaCl, 2.7 mM KCl, 0.5 mM
NaH,PO,4, 12 mM NaHCO3, 5 mM HEPES, 5.6 mM glucose, pH 7.4).
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Fig. 1. Ebselen and diselenide containing compounds used in this study. (1) - ebselen; (2) - bis{[2-(4-hydroxybenzyl)imino]phenyl} diselenide; (3) - bis(2-hydroxyphenyl)
diselenide; (4) - bis[2-(4-methylphenylsulfonylamino)phenyl] diselenide; and (5) - bis(2-aminophenyl) diselenide.
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The study was performed under the guidelines of the Helsinki
Declaration for Human Research and approved by the committee
on the Ethics of Research in Human Experimentation at the Univer-
sity of £6dz (KBBN-UL/I/21/2011).

2.3. Sample preparation

Samples of platelet suspensions or plasma were pre-incubated
(37 °C, 20 min) with selenoorganic compounds (at final concentra-
tions of 1-100 uM), and then were treated with ONOO~ (0.1 mM,
2 min, 37 °C) or with Fe?* (37 °C, 20 min.) or with thrombin (6 U/
ml, 37 °C, 5 min). In platelets samples (prepared as mentioned be-
fore) the levels of MDA/TBARS and O, were measured. In prepared
plasma samples TBARS and carbonyl groups were estimated. To
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Fig. 2. The effects of selenocompounds on carbonyl group formation in blood platelet proteins. (1) - Ebselen; (2) -

determine the level of carbonyl groups in platelets proteins, pre-
pared samples were additionally dissolved in lysis buffer (2% Tri-
ton-X-100, 100 mM EDTA and 100 mM Tris-HCl; pH 7.4) [18]
and platelet lysates were used.

2.4. Thiobarbituric acid reactive substances estimation

Samples (plasma or platelet suspensions) without (control) or
after exposure to tested selenium compounds and Fe?* were mixed
with an equal volume of 15% (w/v) cold TCA in 0.25 M HCl and with
an equal volume of 0.37% (w/v) TBA in 0.25 M HCI. Then samples
were immersed in a boiling water bath for 10 min. After cooling
and centrifugation absorbance at 535 nm was measured. Results
were expressed as nmoles of TBARS per mg of proteins [19].
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bis{[2-(4-hydroxybenzyl)imino]phenyl} diselenide; (3) -

bis(2-hydroxyphenyl) diselenide; and (4) - bis[2-(4-methylphenylsulfonylamino)phenyl] diselenide. The results were measured as nmol carbonyl groups/mg of platelet
proteins and expressed as percentage of that recorded for 100 pM ONOO™-induced carbonylation. The effects of all tested compounds at three different concentrations were
statistically significant compared to the control according to Kruskal-Wallis test, p < 0.0001.
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2.5. Production of malondialdehyde (MDA) in blood platelets
stimulated by thrombin

Samples of blood platelet suspensions non-treated (control) or
treated with tested selenium were incubated with thrombin and
further procedure was the same as TBARS estimation [20].

2.6. Superoxide anion generation

Cytochrome c reduction method [21] was used to test the O5"
generation in control and in platelets pre-incubated with tested
compounds and incubated with thrombin. For that an equal vol-
ume of Tyrode’s buffer, containing cytochrome c (160 pM), was
added to suspension of platelets. After incubation, the platelets
were sedimented by centrifugation at 2000g for 5 min and the

supernatants were transferred to cuvettes. Reduction of
Ebselen, 1
ONOO-

100 -

80 A

2 60 -
c
o
(4]
A
)

X 40 -

20 -

0 4

10pM  100pM
3
ONOO-

100 -

80 -

2 60 -
c
o
o
e
o

X 40

20 -

0 4

OpM 10pM 100 uM

Fig. 3. The effects of selenocompounds on carbonyl group formation in plasma proteins. (1) -

cytochrome ¢ was measured spectrophotometrically at 550 nm.
To calculate the molar concentration of O, an extinction coeffi-
cient for cytochrome c of 18700 M~ ! cm ™! was used.

2.7. Detection of protein carbonyl groups in human plasma and blood
platelets by an ELISA method

Detection of carbonyl groups by an ELISA method in plasma and
blood platelets proteins (control or pretreated with tested com-
pounds and then with ONOO ™) was carried out according to a meth-
od described by Buss et al. [22] modified by Almadari et al. [23].
Concentration of protein in supernatants of platelet lisates were
estimated by BCA method. 200 pl of diluted standards, platelet pro-
tein samples (5 pg protein per 1 ml PBS) and PBS as blank were
added into wells. Plasma or platelet lysate proteins reacted with
dinitrophenylhydrazine (DNPH) and then were non-specifically
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Ebselen; (2) - bis{[2-(4-hydroxybenzyl)imino]phenyl} diselenide; (3) - bis(2-

hydroxyphenyl) diselenide; and (4) - bis[2-(4-methylphenylsulfonylamino)phenyl] diselenide. The results were measured as nmol carbonyl groups/mg of plasma proteins
and expressed as percentage of that recorded for 100 M ONOO™-induced carbonylation. The effects of all tested compounds at three different concentrations were
statistically significant compared to the control according to Kruskal-Wallis test, p < 0.0001.
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Fig. 4. The effects of selenocompounds on the lipid peroxidation induced by Fe

2* in blood platelets. (1) -
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Ebselen; (2) - bis{[2-(4-hydroxybenzyl)imino]phenyl} diselenide;

(3) - bis(2-hydroxyphenyl) diselenide; and (4) - bis[2-(4-methylphenylsulfonylamino)phenyl] diselenide. The results were measured as nmol TBARS/mg of platelet proteins
and expressed as percentage of that recorded for Fe?*-induced peroxidation. The effects of all tested compounds at three different concentrations were statistically significant

compared to the control according to Kruskal-Wallis test, p < 0.0001.

adsorbed to an ELISA plate. The anti-dinitrophenylhydrazine (anti-
DNPH) antibodies were used to detection of carbonyl groups
according to Almadari et al. [23] procedure.Hydrogen peroxide oxi-
dized fibrinogen (10 nmol of carbonyl groups/mg of fibrinogen) was
prepared for use in the standard curve. The linearity of the ELISA
method was confirmed by the construction of a standard curve
(nmol carbonyl groups/mg of Fg). The amount of carbonyl groups
present in Fg after treatment with PN (0.1 mM) was determined
spectrophotometrically as described by Levine et al. [24].

2.8. Data analysis

All the values in this study were expressed as mean + SD. Re-
sults were analyzed under the account of normality with Shap-
iro-Wilk test and Equality of Variance with Levene test. The
significance of differences between the values was analyzed

depending on the Levene test by ANOVA followed by Tukey multi-
ple comparisons test or Kruskal-Wallis test [25-27]. A level
p <0.05 was accepted as statistically significant.

3. Results

The antioxidative properties of three different types of disele-
nide derivatives were studied and compared with the activity of
ebselen. All synthetic organoselenium compounds were tested at
a dose range of 1-100 uM and all of them displayed antioxidative
effects. The carbonyl group formation induced by ONOO™ in plate-
let (Fig. 2) or plasma proteins (Fig. 3) in the presence of organose-
lenium compounds was distinctly inhibited in vitro, as it was
determined by ELISA method. The protective effects of all investi-
gated compounds were dose-dependent and statistically signifi-
cant. The antioxidative effects of blood platelet protein
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Fig. 5. The effects of selenocompounds on the lipid peroxidation induced by Fe?* in plasma. (1) - Ebselen; (2) - bis{[2-(4-hydroxybenzyl)imino]phenyl} diselenide; (3) -
bis(2-hydroxyphenyl) diselenide; (4) - bis[2-(4-methylphenylsulfonylamino)phenyl] diselenide. The results were measured as nmol TBARS/mg of plasma proteins and
expressed as percentage of that recorded for Fe?*-induced peroxidation. The effects of all tested compounds were statistically significant according to Tukey test, p < 0.05.

carbonylation were significant (p < 0.05, Fig. 2), whereas the pro-
tection of plasma protein against oxidation measured by inhibition
of carbonyl group formation was not so strong (Fig. 3). Compared
to ebselen, tested compounds displayed stronger inhibitory effects
in ONOO™-induced protein carbonylation in plasma as well as in
platelets (Figs. 2 and 3). Among three synthesized selenoorganic
compounds the weakest protective action against oxidative chal-
lenge afforded by ONOO~ was compound 3 (Figs. 2 and 3).

As shown in Fig. 4 all diselenide derivatives at the concentra-
tions of 1-100 uM reduced lipid peroxidation in blood platelets
treated with Fe?*; plasma lipid peroxidation was slightly dimin-
ished only at the highest concentrations of diselenides (Fig. 4).
The activity of ebselen was very similar to 3, which among seleno-
organic analogues possessed the weakest defense properties
against Fe?* toxicity (Figs. 4 and 5).

The presence of selenium organocompounds slightly inhibited
COX-mediated arachidonic acid pathway in blood platelets

stimulated by thrombin (Fig. 5). Generation of superoxide anion
in platelets was reduced only by 100 M concentration of com-
pound 2 (Fig. 6A). Among tested compounds only compound 3
caused a significant decrease of lipid peroxidation measured by
MDA production (Fig. 6B). The thrombin activation of blood plate-
lets was not inhibited by ebselen (data not presented).

4. Discussion

Ebselen and its analogues are catalysts for the decomposition of
peroxynitrite [28]. Ebselen protected induced by peroxynitrite sin-
gle-strand break formation in DNA more effectively than its sulfur
analogue [29]. Ebselen and its analogues also protect against lipid
peroxidation induced by multiple inductors (transition metals,
ascorbate or ADP) [30]. Iwaoka and Tomoda tested many disele-
nide analogues as a glutathione peroxidase analogue. Other studies
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Fig. 6. The effects of selenocompounds on thrombin-induced blood platelet activation. (A) The effect of bis{[2-(4-hydroxybenzyl)imino]phenyl} diselenide on level of O," in
blood platelets. The results were measured as nmol O /mg of platelet proteins and expressed as percentage of that recorded for thrombin-induced stimulation. The effect of
highest concentration (100 uM) was statistically significant according to Tukey test p <0.05. (B) The effect of bis(2-hydroxyphenyl) diselenide on level of TBARS
(Malondialdehyde — MDA) in blood platelets. The results were measured as nmol TBARS/mg of platelet proteins and expressed as percentage of that recorded for thrombin-
induced stimulation. The effects of all tested compounds at three different concentrations were statistically significant compared to the control according to Tukey test, at

concentration 1 pM p < 0.05, at concentration 10 uM and 100 uM p < 0.0001.

also shows that synthetic diselenides imitate glutathione peroxi-
dase [31-33]. Diphenyl diselenide also protect against peroxyni-
trite-mediated endothelial cell death [34].

The current studies examine the antioxidative effects of syn-
thetic organoselenium compounds such as diselenide derivatives
and compare to ebselen in oxidative stress model of blood
components.

Among the studied compounds only compound 3 exhibited
antioxidant property similar to ebselen activity, whereas com-
pounds 2 and 4 demonstrated stronger antioxidant potential.
Bis{[2-(4-hydroxybenzyl)imino]phenyl} diselenide (compound 2)
might be unstable in aqueous solution and may hydrolyze into
bis(2-aminophenyl) diselenide (compound 5) (Fig. 1). This might
indicate that in our study we observed effect of compound 5 not 2.

Blood platelets play a central role in the pathogenesis of athero-
sclerosis and thrombosis. Platelet adhesion and aggregate forma-
tion are critical events that occur in wunstable coronary
syndromes. Coronary atherosclerosis is the primary cause of heart
diseases in industrialized nations. It is well recognized that plate-
lets play a key role in thrombotic vascular occlusion at the rup-
tured coronary atherosclerotic plaque, leading to acute ischemic
episodes, the acute coronary syndromes (ACSs) [35]. The activity
of glutathione peroxidase containing selenium, in platelets is par-
ticularly high and is very sensitive to the requirement of selenium.
This sensitivity could explain why the selenium-deficiency caused
the increase of platelet aggregation, thromboxane B, production
and synthesis of the lipoxygenase-derived compounds in blood
platelets. The selenium administration could increase plateletglu-
tathione peroxidase activity and inhibit platelet hyperaggregation
and leukotriene synthesis [36]. Ebselen and three new diselenide
derivatives were screened for their antiplatelet activity and their
ability to diminish a thrombin-provoke platelet responses. During
thrombin-induced platelet activation endogenous arachidonic acid
is liberated from membrane phospholipids by phospholipases, and
rapidly metabolised by COX, mainly to proaggregatory factor -
TXA, simultaneously with MDA formation. The amount of MDA
formed in the arachidonic acid cascade is a marker of platelet

[12]. Thus our studies were focused on protective effects of tested
compounds on arachidonic cascade with MDA production in blood
platelets stimulated by thrombin. Ebselen has been demonstrated
to inhibit biosynthesis of TXA, due to the modulation of the COX
pathway inplatelets [37]. Although literature data have indicated
mostly the potential usefulness of ebselen as a therapeutic agent
for the prevention of thrombotic events, the current study showed
that arachidonic acid pathway in platelets and TXA, generation
was markedly inhibited by compound 3. Arachidonic acid pathway
is associated with the superoxide anion generation [13]. Upon
platelet stimulation by thrombin, during the enzymatic oxidation
of arachidonic acid, the generation of superoxide from oxygen oc-
curs due to NADPH oxidase and xanthine oxidase [14]. Even
though ebselen has been shown to be an inhibitor of leukocyte
NADPH oxidase [38], we demonstrate that O," generation in blood
platelets was only slightly abolished by compound 2, whereas
other compounds had no preventive effects.

Ebselen is believed to display particularly beneficial effects due
to its potential medical applications [39]. Ebselen is well known to
be effective in protecting of various compounds from being oxi-
dized or nitrated by ONOO™~ [40]. Ebselen has radical scavenging
properties, and it is reported as a PN scavenger [41] with capacity
to react with the PN radical intermediates [42]. Ebselen is a GPX mi-
metic compound [43] but some authors hypothesized that its reac-
tivity with PN mimics a peroxynitrite reductase activity of
selenoproteins [44]. The radical scavenging activity was also con-
firmed for other low-molecular-weightselenocompounds, includ-
ing diselenides, which displayed the most pronounced effect [45].
Detailed mechanistic studies show that ebselen and its analogues
react directly with PN to generate highly unstable selenoxides that
undergo a rapid hydrolysis to seleninic acids [28]. Because ebselen
has been shown to have protective effects against ONOO ™~ action we
studied the activity of different selenocompounds on the oxidative
damages of biomolecules caused by PN in vitro. Our results demon-
strate that all tested compounds protected proteins against
destruction induced by ONOO™ as manifested by a significant de-
crease of carbonyl group formation in blood platelets as well as in
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plasma proteins. In our study we found the inverse correlation be-
tween selenium compound concentrations and the inhibition of
protein carbonylation. Theantiplatelet action of ebselen is known
to be due to its inhibition of platelet aggregation and decrease of
P-selectin exposition on platelet surface [46]. Our results revealed
that ebselen as well as other tested selenoorganic compounds were
able to drastically reduce the oxidative effect of PN on platelet pro-
teins. The results of presented study suggest that the selenoorganic
derivatives of ebselen (compounds 2 and 4), can scavenge ONOO™
more efficiently than ebselen.

The antioxidant activity of selenocompounds is dependent on
substituents on the aromatic ring. Therefore, the compounds con-
taining an aromatic ring with more substituents e.g. compounds
2 and 3 possess the better antioxidant activity. The chemical struc-
ture of compounds has an important role in establishing its appli-
cations as a biological antioxidant [47]. The other data confirm our
suggestion that the antioxidant activity is sensitive to substituents
on the aromatic ring [48] and indicate also that antioxidant activity
of selenoorganic compounds is significantly dependent on the elec-
tronic effects of the substituents on the aromatic ring [49]. The
comparison of the level of carbonyl groups generated in plasma
proteins after ONOO™ action in the presence of studied compounds
confirmed thatpreventive effects of both ebselen and compound 4
were similar, whereas two other compounds were more efficient in
reducing of protein oxidation.

Antioxidative properties of all tested compounds could be also
observed in a model of Fe?**-induced lipid peroxidation in blood
platelets and in plasma samples. In our experiments we confirmed
that ebselen has an antioxidant effect but less efficient than com-
pounds 2 and 4. The results obtained with the model of lipid per-
oxidation derived from the reaction of hydroxyl radical with linolic
acid confirmed the highest antioxidant effect of diselenide deriva-
tives among tested selenoorganic compounds. Ebselen exerted its
antioxidant capacity not only by the GPx-mimicking activity, but
also by catalyzing the reduction of peroxide and inhibiting the for-
mation of oxidant species [45]. We demonstrated that diselenide
derivatives exhibited the same profiles and should be used as can-
didates for pharmacological investigation. All tested compounds
reduced in the dose-dependent manner the lipid peroxidation in-
blood platelets, but they were less efficient in inhibition of plasma
lipid peroxidation, and displayed an inhibitory activity only at the
highest concentration. Contrary to diphenyl diselenide derivatives,
in our experimental protocol ebselen did not show a significant
antioxidant effects.

5. Conclusion

In summary, the strong antioxidative properties of diselenide
derivatives are the most important findings of the present study.
Their antioxidative activities appear to be more powerful than
commonly reported activity of ebselen. Our data demonstrate that
not only ebselen but also diphenyl diselenides possess radical scav-
enging properties and are able to inhibit protein carbonylation and
lipid peroxidation and this way these compounds might have bio-
logical relevance. The further studies are required to establish if
these compounds like ebselen might be used as pharmacological
tools.
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