
Molecules 1998, 3, 164-166

molecules
ISSN 1420-3049

© 1998 MDPI. All rights reserved. Molecules http://www.mdpi.org/molecules/

Glutathione Peroxidase-like Activities of Oxygen-Containing Diselenides
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Abstract: Various diselenides 1 – 8 have been examined with respect to their glutathione peroxidase-like
activities (GPx-activities) as an index of their antioxidant properties. The glutathione oxidase activities of
these compounds have also been reviewed reflecting the pro-oxidant properties (GOx-activities) and could be
used as an index of cell toxicity. Based on a qualitative structure-activity relationship some trends are
suggested.
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Introduction

Glutathione peroxidases (GPx) are antioxidant seleno-

enzymes protecting various organisms from oxidative

stresses by catalyzing the reduction of hydroperoxides at

the expense of glutathione [1]. After the discovery of sele-

nium as selenocysteine (SeCys) in the active site of GPx

[2], there has been a growing interest in the biochemistry

of selenium. Other selenium-containing enzymes have

been identified recently [3]. X-ray diffraction studies on

GPx have shown that the two nitrogen atoms of Gln-70

and Trp-148 are located very near the selenium atom of

SeCys-35 in the active site [4]. Based on this observation,

various organoselenium compounds containing other

heteroatoms have been synthesized to mimic the active site

of GPx [5]. Mostly nitrogen containing selenium com-

pounds have been investigated which can act as GPx mi-

mics [6]. Recent simulations of the catalytic cycle of gluta-

thione peroxidase by molecular modelling stress again the

importance of heteroatoms near the selenium [7]. It is

known from several investigations, that heteroatoms in an

1,3-distance to selenium can interact with selenium in

forming pseudo hypervalent compounds [8]. Some of the

compounds studied are diselenides which can catalyze the

reduction of hydroperoxides by thiols [5b,9] (Scheme 1).

ROOH + 2 R'SH
cat. (R''Se)2

ROH H2O R'SSR'+ +

Scheme 1. Catalytic reduction of hydroperoxides.
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Results and Discussion

In the course of our studies concerning asymmetric

reactions with chiral selenium electrophiles, a series of

new diselenides containing an oxygen as heteroatom in

close proximity to selenium were prepared [10]. The asym-

metric induction observed was investigated in detail and is

due to an interaction between the oxygen and the selenium

[11]. We were interested to evaluate the GPx-like activity

for the oxygen-containing diselenides 1 – 8 (Figure 1). The

antioxidant properties (GPx activities) and the pro-oxidant

properties (glutathione oxidase [GOx] activities) were

investigated (Table 1).
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Figure 1. Diselenides prepared and investigated.

Table 1. GPx and GOx activities of diselenides 1 – 8.

Diselenide GPx activities

(20 µM Se-Equivalents)

[nmol of NADPH•min–1]

100 µ M H2O2

GPx activities

(20 µM Se-Equivalents)

[nmol of NADPH•min–1]

200 µ M t-BuOOH

GOx activities

(20 µM Se-Equivalents)

[nmol of NADPH•min–1]

1 26.6 13.9 1.1

2 20.2 13.0 0.3

3   8.7 4.7 0 a)

4 18.8 9.5 0.3

5 14.5 7.8 0.2

6 27.5 14.8 1.0

7 17.9 11.5 0.4

8 30.2 17.7 0.9

a) not detectable.

The diselenides were prepared by short synthetic se-

quences as described [10]. The GPx activities were mea-

sured with the protocol of Paglia et al. using the gluta-

thione reductase coupled assay with either hydrogen

peroxide or tert-butyl hydroperoxide as oxidant [12]. The

diselenides were tested at 20 µM selenium equivatents. The

GOx activites were derived from the kinetics of NADPH

oxidation without peroxides in air-saturated buffer with

catalase. In the presence of thiol, oxygen is reduced by the

diselenides in an one-electron transfer process leading to

the production of reactive oxygen species. The GOx
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activites are therefore an estimation of the cytotoxicity of

these molecules. The results are summarized in the Table.

As it can be seen from the Table, all diselenides in-

vestigated showed GPx-like activities. The most active

compounds are the molecules 1, 6, and 8. All bis-ortho

substituted diselenides (2 – 4) showed significantly lower

activity which could be attributed to steric hindrance. As

shown with compound 3, an electron withdrawing

substituent seems detrimental for the GPx-like activity,

which parallels the decrease of electron density at the

selenium atom. The opposite effect is obtained in

compound 8, which shows the highest activity of this

series. Interestingly, diselenide 5 with a methoxy group

instead of a hydroxy group exhibits only 50 % of the

activity of compound 1. Finally, the lower activity of

compound 7 could indicate a less favourable interaction

between oxygen and selenium. The pro-oxidant (GOx)

activities of all diselenides tested are very low. Comparing

the measured values for the GOx activities, the compounds

1, 6, and 8 should be more cytotoxic than the other

diselenides investigated.

Conclusions

From the data obtained, it seems that compound 2
might be a good candidate regarding the glutathione per-

oxidase (GPx) activity as well as the glutathione oxidase

(GOx) activity. Further investigations would be necessary

to conclude on the cytoprotective effect of the diselenides

investigated, although some trends can already be seen

from the results described herein.
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