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Horseradish peroxidase inhibition and antioxidant activity
of ebselen and related organoselenium compounds
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Abstract—Horseradish peroxidase (HRP) inhibition and glutathione peroxidase (GPx) activities of ebselen and some related deriv-
atives are described. These studies show that ebselen and ebselen ditelluride (EbTe2) with significant antioxidant activity, inhibit the
HRP-catalyzed oxidation reactions. In addition, inhibition of lipid peroxidation and singlet oxygen quenching studies were carried
out. Although the inhibition of HRP by ebselen is comparable with that of EbTe2, the inhibitory effect on c-radiation induced lipid
peroxidation and the GPx activity of ebselen is found to be much higher than that of EbTe2.
� 2006 Elsevier Ltd. All rights reserved.
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Ebselen (2-phenyl-1,2-benzisoselazol-3(2H)-one), an
organoselenium compound, has been shown to protect
tissue against oxidative damage by reducing hydrogen
peroxide and other hydroperoxides.1 The hydrogen per-
oxide reducing ability of ebselen, therefore, mimics the
antioxidant selenoenzyme, glutathione peroxidase
(GPx).2 The catalytically active selenium in ebselen
reduces hydroperoxides at the expense of thiol. Similarly
to the GPx catalytic cycle, the selenol form of ebselen re-
acts with hydroperoxides to form a selenenic acid, which
reacts with thiol to produce the corresponding selenenyl
sulfide intermediate. This intermediate further reacts
with an additional thiol to reproduce the selenol. There-
fore, ebselen, when combined with suitable thiol com-
pounds such as glutathione (GSH), dithioerythritol, N-
acetyl cysteine, dihydrolipoate, etc.,3 can reduce hydro-
gen peroxide to water and attenuate lipid peroxidation
by reducing organic, cholestrol, cholesterol ester- and
phospholipid peroxides.4 In contrast to this reductive
detoxification of hydroperoxides, ebselen is a poor free
radical scavenger and consequently this is not regarded
as a significant component of its pharmacodynamic
activity.5
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Although the biological activity of ebselen has been
extensively studied,6 the effect of ebselen and its deriva-
tives on metalloproteins have not been studied in detail.
However, a few reports have appeared in the literature,
which show that some organoselenium compounds with
reactive selenolate moiety can inhibit certain metallo-
proteins.7 Recently, the role of metal coordination in
the antioxidant activity of selenium has been reported.8

Ebselen and other related compounds have been report-
ed to be inhibitors of constitutive endothelial nitric
oxide synthase (ceNOS),9 lipoxygenases,10 and c-Jun
N-terminal kinase.11 In this paper, we report the effect
of ebselen on horseradish peroxidase (HRP) activity.
In addition, we report the GPx-like antioxidant activity
and the effect of ebselen and related derivatives on sin-
glet oxygen and lipid peroxidation (see Scheme 1).
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Scheme 1. Ebselen and related derivatives.
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Figure 1. Absorbance at 645 nm (ABTS��) in presence of different

concentration of ebselen and its derivatives (a, Eb; b, EbMe; c, EbBz;

d, EbTe2).
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Figure 2. Lineweaver–Burk plots for the reduction of H2O2 by ebselen

and its derivatives (a, Eb; b, EbMe; c, EbBz).
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The inhibition of horseradish peroxidase (HRP) was
studied by using spectrophotometric method.12 The
IC50 values for the inhibition of HRP by ebselen and
other related compounds are summarized in Table 1.
Interestingly, ebselen inhibited the HRP activity with
an IC50 value of 16.9 ± 1.4 lM, indicating that ebselen
may strongly inhibit peroxidase-catalyzed oxidation
reactions. The Se-methylated and Se-benzylated deriva-
tives of ebselen (EbMe and EbBz, respectively), on the
other hand, do not show any significant inhibition.
The ditelluride (EbTe2) was found to be almost as po-
tent as ebselen in the inhibition. These observations re-
veal that the oxidation of selenium or tellurium centres
in ebselen and ditelluride (EbTe2) may be responsible
for the inhibition. At a concentration of 100 lM, the
methyl and the benzyl derivatives inhibited only 25.5%
and 33.1%, of the HRP activity, respectively. On the
other hand, the diselenide (EbSe2) exhibited a significant
inhibition, although the inhibitory activity of this com-
pound was found to be much lower than that of ebselen
and the ditelluride (see Fig. 1).

To understand the effect of H2O2 and ABTS2� on the
HRP inhibition, we carried out some experiments in
which the concentration of one of the substrates (perox-
ide or ABTS2�) was varied while keeping other one con-
stant (Figs. S1 and S2, supporting information). The
Lineweaver–Burk plots obtained by increasing the
H2O2 concentration reveal that the inhibition of HRP
by ebselen is different from that of EbSe2 and EbTe2.
While the H2O2 concentration does not have much effect
on the inhibition of HRP by ebselen, the inhibition by
EbSe2 and EbTe2 appears to be reversed by increasing
the peroxide concentration.

Recently, it has been shown that Fe-containing peroxi-
dases such as lactoperoxidase can be inhibited by orga-
noselenium compounds that exhibit significant
glutathione peroxidase-like antioxidant activities.7

Therefore, ebselen may inhibit HRP by reducing hydro-
gen peroxide or by reacting with the oxidized enzyme,
because ebselen is a well-known GPx mimic that reduces
hydrogen peroxide and organic peroxides by using thiol
co-substrates.2,3 To this end, we have investigated the
GPx activity13 of ebselen and related derivatives
(Fig. 2) and correlated the GPx activity of these com-
pounds with their HRP inhibitory activities. While the
HRP inhibition activities of ebselen and EbTe2 correlate
well with their GPx activities, the methyl (EbMe) and
benzylic (EbBz) compounds, which show significant
GPx activity, do not show any appreciable HRP inhibi-
Table 1. Antioxidant profile of ebselen and its related derivatives

1O2+substrate k (·106 M�1 s�1) Lipid peroxidation

IC50, 280 Gy

G

K

Eb 4.16 ± 0.12 25 lM 13

MeEb 14.7 ± 3.3 100 lM 5

BzEb 6.65 ± 0.25 75 lM 2

EbSe2 Does not scavenge at 1 mM 19% at 200 lM —

EbTe2 9.9 ± 0.41 175 lM 2

a The IC50 value is the concentration at which lipid peroxidation is inhibited
tion. This indicates that the HRP inhibition by selenium
or tellurium compounds cannot be directly correlated
with their GPx-like behaviour, since the GPx activity
of selenium/tellurium compounds also depend on the
reactivity of these compounds with thiols in addition
to their reactions with peroxide. It has been shown that
the GPx activity of selenium compounds not only de-
pends on the reactivity of the selenol intermediates to-
wards hydrogen peroxide, but also depends on the
reactivity of the selenenyl sulfide intermediates towards
thiols.3a As there is no thiol present in the HRP inhibi-
tion experiments, only the reactivity of the selenium/tel-
lurium compounds towards hydrogen peroxide may
determine the HRP inhibition potency of the test
compounds.
Px activity

m (·10�3)

GPx activity

Vmax (lM min�1)

HRP inhibition (IC50)a (lM)

.15 182.9 16.9 ± 1.4

.25 37.5 >100

.2 39.5 >100

— 50.0 ± 1.0

.3 31.2 17.3 ± 1.7

by 50%.
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In order to find out the effect of ebselen and related
derivatives on lipid peroxidation and singlet oxygen,
we have carried out singlet oxygen quenching and lipid
peroxidation experiments.14,15 The extent of c-radia-
tion-induced lipid peroxidation in liposomes was moni-
tored as thiobarbituric acid reactive substances
(TBARS) in the absence and the presence of different
concentration of ebselen and its derivatives. The perox-
idation was found to be inhibited in the presence of
ebselen and related compounds. At a constant c-radia-
tion dose of 280 Gy, inhibition of peroxidation was fol-
lowed at different concentration (0.025–0.150 mM) of
ebselen and its derivatives. The TBARS formation was
found to decrease with increasing concentration of ebse-
len and its derivatives. As shown in Figure 3, ebselen is
found to be the most potent antioxidant having IC50 val-
ue of 25 lM. In the series, ebselen diselenide (EbSe2)
was found to be the least effective. It showed only 19%
protection to the liposomes at 200 lM. The IC50 values
for EbMe, EbBz and EbTe2 were found to be 100, 75,
and 175 lM, respectively. When aqueous liposomal
solutions were exposed to c-radiation, the hydroxyl rad-
icals produced during water radiolysis, induced lipid
peroxidation in the liposomes.16 Inhibition by ebselen
derivatives may be due to the reaction with either
hydroxyl radicals or peroxyl radicals produced during
lipid peroxidation. Figure 3 shows the inhibition of
TBARS formation by ebselen and its derivatives at a
given concentration (50 lM).

The higher activity of the organotellurium compound
(EbTe2) as compared to the ebselen diselenide derivative
(EbSe2) indicates that peroxide-decomposing capacity as
well as chain-breaking ability play role to inhibit c-radi-
ation induced lipid peroxidation in liposomes under the
conditions used. These observations are further support-
ed by the singlet oxygen quenching studies. Although
replacement of sulfur by selenium is known to modify
the biological activities considerably, a similar role of
tellurium in biosystems has not been discovered proba-
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Figure 3. Effect of different concentration of ebselen and its derivative

(0.025–0.15 mM) on the amount of TBARS formed on c-irradiation-

induced lipid peroxidation of liposomes at 280 Gy. Inset shows the

relative protection of 50 lM of ebselen and its derivative on the c-

radiation-induced lipid peroxidation (a, Eb; b, EbMe; c, EbBz; d,

EbTe2).
bly due to their great sensitivity to light and air. Howev-
er, in recent years, the biological importance of
tellurium has attracted considerable attention, as evi-
denced by several model studies on the antioxidant
and photochemotherapeutic properties of synthetic
organotellurium compounds.17

The higher efficiency of ebselen as compared to that of
its sulfur analogue in the prevention of lipid peroxida-
tion initiated via radicals, on the thiol reduction of ferric
cytochrome c and reduction of peroxynitrite are signifi-
cant examples where, the redox properties of selenium
plays an important role.6a However, basic structural
modification in organoselenium compound can also al-
ter their redox activity. Therefore, we carried out singlet
oxygen quenching studies in the presence of different
ebselen derivatives. The energy of the singlet oxygen is
22.5 kcal/mol above the ground state of the triplet oxy-
gen.18 Depending upon the substrates, singlet oxygen re-
acts either by electron transfer or by addition across the
double bond to form endoperoxides.18 The latter reac-
tion is found to be crucial step in lipid peroxidation. Sin-
glet oxygen in absence of any quencher has a lifetime of
66.0 ± 1.0 ls in dicholoroethane. However, in the pres-
ence of different concentration of ebselen and its deriva-
tives, the lifetime of the singlet oxygen was found to
decrease. The bimolecular rate constant for the reaction
between singlet oxygen and ebselen derivatives (Eq. 2)
was calculated from the Stern–Volmer plots (Fig. 4).

1O2 ! 3O2 þ hm ð1270 nmÞ ð1Þ

1O2 þ Ebselen-derivative!
kq

Product ð2Þ
In these studies, methyl ebselen (EbMe) was found to be
the most active compound with a bimolecular rate con-
stant of 1.47 ± 0.33 · 107 M�1 s�1 and ebselen diselenide
was found to be the least active, which did not show any
noticeable activity even at 1 mM concentration. Thus,
all the derivatives except ebselen diselenide (EbSe2)
showed singlet oxygen quenching ability and the
quenching rate constant was in the order of
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Figure 4. Stern–Volmer plot for quenching of singlet oxygen by

ebselen and its derivatives (condition: Solvent: dichloroethane Sensi-

tizer: Hypocrellin-A excitation wavelength: 532 nm). a, Eb; b, EbMe;

c, EbBz; d, EbTe2.
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�107–106 M�1 s�1. It has been reported that singlet oxy-
gen reacts with selenium compounds to form the corre-
sponding selenoxide.17 This observation is consistent
with the involvement of a charge transfer complex in
the deactivation of singlet oxygen.19 The singlet oxygen
reacts mainly with the selenium atom and the reactivity
of ebselen and its derivative with singlet oxygen mainly
depends upon the electron density on the chalcogen
atom. In the case of methyl derivative, due to the elec-
tron-donating effect of methyl group, the density on
the selenium atom increases, while in case of the benzyl
derivative the electron-withdrawing effect on the benzyl
group decreases the electron density on the selenium
atom. The rate constant also depends upon the one elec-
tron reduction potential of the radical. In the series,
methyl ebselen has the lowest reduction potential
(E = 1.43 V vs NHE)20 and has high reactivity with the
singlet oxygen, whereas ebselen diselenide has high
reduction potential and has least reactivity. Although
ebselen and its derivatives seem to react with free radi-
cals or singlet oxygen at different rates, their contribu-
tion to the total antioxidant capacity should be
proportional to their respective physiological concentra-
tions. Thus from the rate constant it can be inferred that
very high concentration (�10�3 M) of the compounds
are required to scavenge the singlet oxygen efficiently
inside the cells.

n summary, we have shown that ebselen and ebselen
ditelluride (EbTe2) inhibit the HRP activity and their
inhibitory potency was found to be much higher than
that of the corresponding methyl and benzyl derivatives.
The oxidation of selenium or tellurium in these com-
pounds may account for their efficient inhibition
properties.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/
j.bmcl.2006.07.085.
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