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Abstract-A synthetic seleno-organic compound, 2-phenyl-1,2-benzoisoselenazol-3(2H)-one (PZ 51). 
exhibits GSH peroxidase-like activity in vitro, in contrast to its sulfur analog, PZ 2.5. In addition, PZ 
51 behaves as an antioxidant shown by a temporary protection of rat liver microsomes against ascorbate/ 
ADP-Fe-induced lipid peroxidation, an effect also elicited bv PZ 25 but to a smaller extent. This 
protection against lipid peroxidation is independent of GSH ahd of P-450 monooxygenase activity 

Much of the role of selenium in biology can be 
attributed to the selenoenzyme glutathione per- 
oxidase (GSH Px) [l-3]. Present as selenocysteinyl 
residue, the trace element undergoes a catalytic 
redox cycle involving the selenol and selenenic and/ 
or seleninic acids [4,5]. Since GSH Px catalyses the 
reduction of a wide variety of hydroperoxides, it 
together with GSH constitutes a powerful cellular 
defence system against so-called oxidative stress. As 
enzyme proteins may not readily reach intracellular 
target sites [6], the therapeutic use of GSH per- 
oxidase as a tetrameric enzyme could be limited 
in systemic application, quite apart from potential 
immunological problems. 

The synthesis of seleno-organic compounds which 
exhibit GSH Px-like activity has led to a series of 
substances [7], of which we have studied compound 
PZ.51 and its sulfur analog, PZ25, as a reference 
compound (Scheme I); PZ25 is almost devoid of 

PZ 51 

PZ 2s 
Scheme I 

GSH Px activity. The present report provides infor- 
mation on GSH Px-like activity in vitro and on an 
antioxidant capacity of these compounds in model 
systems which is independent of GSH. The latter 
was studied in the well-characterized microsomal 
system of lipid peroxidation initiated by ADP-Fe/ 
ascorbate [8]; lipid peroxidation was assessed by 
the thiobarbituric acid-reactive material test, alkane 
production, and low-level chemiluminescence. 

MATERIALS AND METHODS 

Biological materials and chemicals. Liver micro- 
somes were prepared from male Wistar rats fed on 
stock diet (Altromin, Lage, F.R.G.) and pretreated 
with phenobarbital (0.1% in the drinking water for 
1 week). PZ 51 and PZ25 were kindly provided by 
A. Nattermann & Co. GmbH (Cologne, F.R.G.). 
Lyophilized GSH peroxidase (1 U/mg) from bovine 
erythrocytes was a gift from Prof. A. Wendel. Other 
chemicals and biochemicals were purchased from 
Fluka (Buchs, Switzerland), Merck (Darmstadt, 
F.R.G.), and Boehringer (Mannheim, F.R.G.). 

Glutathioneperoxidase activity. The assay mixture 
(700~1) consisted of 50 mM potassium phosphate 
buffer, pH 7.0, 1 mM EDTA, 1 mM GSH, 1 mM 
sodium azide, 0.25 mM NADPH, and 1 U/ml GSSG 
reductase. Absorbance at 366 nm was recorded, and 
then a sample containing GSH Px activity (usually 
50 ~1) was added to estimate the sample blank. Sub- 
sequently, hydroperoxide (H202, t-butyl hydro- 
peroxide, or cumene hydroperoxide) was added; 
appropriate blanks were run in the absence of added 
GSH Px activity and in the presence of hydro- 
peroxide. With no GSH in the assay mixture, there 
was no absorbance decrease with PZ 51 or PZ 25 in 
the concentration range studied. 

Microsomal incubation. Microsomes were pre- 
pared as described in [9] and were stored at -18” 
before use. Incubations of microsomal fractions 
(1 mg protein/ml) were carried out under constant 
oxygenation at 37” in 7.5 ml of 0.1 M potassium 
phosphate buffer, pH 7.4, containing 2 mM ADP/16 
PM FeSO,. Lipid peroxidation was started upon 
addition of 0.5 mM ascorbate to the above incubation 
mixture. 

Lipid peroxidation assays. The extent of lipid per- 
oxidation in the above incubation mixture was 
assessed by the thiobarbituric acid-reactive material 
test (malondialdehyde accumulation) [lo], alkane 
production [ 111, and low-level chemiluminescence 
[12,13]. 
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Malondialdehyde accumulation was measured at 
53%570nm (A&= 156/mM per cm) with a Sigma 
ZWS II Spectrophotometer (Biochem. Co., Munich, 
F.R.G.). Alkane evolution experiments were carried 
out in 43 ml-sealed flasks as described previously 
[14]. The system was calibrated with calibration gas 
(Messer-Griesheim, Duisberg, F.R.G.) and the 
amounts of alkanes were calculated using a cor- 
rection formula for alkane dilution [ll] and 
expressed.in pmoles alkane formed per mg protein. 
Low-level chemiluminescence was measured with 
an EMI- AM photomultiplier (EMI-Gencom, 
Plainview, New York, U.S.A.) sensitive in the 350- 
800 nm range. Assay conditions for chemilumi- 
nescence were described previously [ 141. Results 
shown in the figures and the table are representative 
of three different microsome preparations. 

RESULTS 

Glutathione peroxidase activity of PZ 51 in vitro 

The selenocompound PZ 51 exhibits a much more 
pronounced r-butylhydroperoxide-dependent GSH 

Px activity than the sulphur analog, PZ 25 (Fig. 1A). 
Correcting for the blank with only the hydroperoxide 
present, the GSH Px-like activity of the latter is 
almost zero. As shown in Fig. lB, there is a linear 
dependence on the concentration of PZ 51 until 
about 20pM, both with HZ02 and t-butyl hydro- 
peroxide, and also with cumene hydroperoxide (not 
shown). The dependence of GSH Px-like activity of 
PZ51 and GSH Px on the concentration of GSH is 
shown in Fig. 1C. Whereas PZ51 shows saturation 
of its peroxidase-like activity beyond 2 mM GSH, 
GSH Px exhibits a linear response, indicating dif- 
ferent kinetic behaviour. 

Antioxidant activity of PZ 51 in microsomal lipid 
peroxidation 

The experimental model used to study the effect 
of PZ 51 and PZ 25 on non-enzymic microsomal lipid 
peroxidation has been previously described [14]. This 
model consists in assessing the duration of the induc- 
tion period or lag phase (Q), which normally pre- 
cedes the initiation of the ascorbate/ADP-Fe- 
induced microsomal membrane lipid peroxidation. 

A t-Butyl Hydroperox~de 
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Fig. 1. GSH Peroxidase-like activity of PZ 51. (A) Absorbance at 366 nm in the assay carried out as 
described in Materials and Methods: note the higher blank with PZ 51 compared to PZ 25 (both 36 PM). 
The reaction was started upon addition of 1 mM I-butyl hydroperoxide. (B) Dependence of GSH 
peroxidase-like activity of PZ 51 and PZ 25 on concentration of the PZ compound assayed in the 
presence of 0.5 mM Hz02 or 1 mM t-butyl hydroperoxide, and 1 mM GSH. (C) Dependence of GSH 
peroxidase activity and GSH peroxidase-like activity of PZ 51 and PZ 25 on GSH concentration; 

measurements were carried out in the presence of 1 mM t-butyl hydroperoxide. 
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Fig. 2. Effect of PZ 51 and PZ 25 on ascorbate/ADP- 
Fe induced MDA (A). ethane (B) and n-nentane (C) 
production of microsomal fractions: Assay conditions‘ as 
described in the Materials and Methods section and in 
Table 1. Time courses in the absence (a) and in the 
presence of PZ 51 (0) and PZ 25 (0). to, induction period 

for control; rsl for PZ 51 and rzs for PZ 25. 

ra reflects, therefore, the occurrence of endogenous 
protective mechanisms against free radical attack to 
membrane lipids. This lag phase can be prolonged 
by antioxidants (r,). 
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PZ 51 (1.6pM) considerably prolongs the lag 
phase (rst) of ascorbate/ADP-Fe-induced lipid per- 

Fig. 3. Time course of chemilumines~ence reaction in the 

oxidation of rat liver microsomes as measured by 
absence and presence of PZ 51 and PZ 25. to, rs, and rzs 

malondialdehyde formation (Fig. ZA), aikane pro- 
corresponding induction periods. Assay conditions as in 

Fig. 2. 

duction (Figs. 2B and ZC), and low-level chemi- 
luminescence (Fig. 3). A less pronounced effect is 
obtained with 1.6pM PZ 25 (qs), as shown in the 
same figures. In spite of this prolongation of the 
induction period, the maximal malondialdehyde and 
aikane production, and chemiluminescence intensity 
are similar to control values. The difference between 
the induction periods in malondialdehyde and alkane 
(Fig. 2) on the one hand and chemiluminescence 
(Fig. 3) on the other hand might be due to the slightly 
different incubation procedures applied. The to and 
r (1.6yM PZ) values are listed in Table 1 for the 
parameters of lipid peroxidation. Since n-pentane 
has a greater lipid solubility than ethane, a slightly 
higher to value for n-pentane was observed. 

The r/r0 ratio, which indicates the relative increase 
in duration of the lag phase in the presence of PZ, 
would reflect the resistance of microsomes to lipid 
peroxidation [14]. Figure 4 shows the dependence of 
the 4% ratio on PZ concentration for chemi- 
luminescence measurements and emphasizes the 
greater efficiency of PZ 51 as compared to its sulphur 
analog PZ 2.5. The effect of PZ is dependent on 
microsomal protein concentration in the assay system 
(not shown), as already found with diethyldithio- 
carbamate in the same concentration range [ 141, and 
it might involve a specific binding to microsomal 
components. PZ 51 is also more effective than PZ 
25 in preventing the onset of microsomal lipid per- 
oxidation as reflected by alkane evolution (Fig. 5). 
At 60 min incubation time, ethane, n-butane, and n- 
pentane have been measured in the presence of 
different concentrations of PZ in the incubation mix- 
ture. Twofold higher amounts of PZ 25 than PZ 51 
are necessary to observe the similar inhibitory effects 
on alkane production, 

It should be mentioned that these effects of PZ 

Control fl 
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Fig. 4. Effect of different PZ 25 and PZ 51 concentrations 
on q/q ratio estimated by chemiiumi~es~en~e. Assay con- 

ditions as in Fig. 2. 

on microsomal fractions have been obtained in the 
absence of GSH in the incubation medium. This was 
necessary because of the antioxidant capacity of GSH 
itself [M-16], especially in the concentration range 
necessary to support the GSH Px-like activity of PZ 
51. 

The absence of reducing equivalents for the cyto- 
chrome P-450 monooxygenase system (as NADPH), 
as in the present non-enzymatic-induced lipid per- 
oxidation, excludes a possible microsomaI-depen- 
dent metabolism of the selenocompound, which 
might divert electrons to other pathways than the 
lipid peroxidation free radical process. 

DISCUSSION 

This study presents a synthetic seleno-organic 
compound, PZ 51, exhibiting a GSH Px-like activity 
in uitro; previous work by Caldwell and Tappel [17, 
lg] and Yasuda et al. [ 191 were centered on selenium- 
containing amino acid analogs (see Ref. 20for a more 
detailed analysis). In addition, this new compound 
might display an antioxidant activity through a hypo- 
thetical free radical quenching capacity. However, it 
must be stressed that the term antioxidant is used in 
the present context as the capacity of retarding the 
initiation of lipid peroxidation, and it does not imply 
necessarily a free radical quenching activity. 

The sulfur analog, PZ 25, which has no GSH Px- 

Ethone 

b 

Table 1. Induction periods of ascorbate/ADP-Fe induced 
lipid peroxidation from controls (q,). PZ 51 (rs,) and PZ 
25 (TX) determined by MDA, ethane and n-pentane pro- 

duction and chemiluminescence (CL) formation 

Induction 
period 
(min) MDA Ethane n-Pentane CL 

til 13 15 22 12 
r-i, 62 54 61 33 
rz 18 22 30 15 
r&0 4.4 3.6 2.8 2.x 
ndm 1.3 1.5 1.4 1.3 

Assay conditions as described in Materials and Methods. 
Controls: 10 pi DMSO. PZ 51 and PZ 25: 1.6 PM in 10 ii] 
DMSO. 

like activity, exerts an antioxidant property only in 
a higher concentration range. The molecular mech- 
anism of this effect is not clear yet. Because the 
only difference between the two compounds is the 
exchange of Se for S, it may be assumed that the 
different efficiency of these compounds would be 
closely related to the selenium of sulphur moiety. 
The hydrophobic nature of these compounds might 
assure a better interaction with membrane lipids, 
thus accounting for the low concentration necessary 
to achieve this protecting effect against lipid 
peroxidation. 

Whether PZ 51 is able to replace GSH Px in rats 
fed a selenium deficient diet, where GSH Px activity 
is decreased [17], or to provide an additional per- 
oxidase activity against oxidative stress in rats fed a 
standard diet remains to be studied. Furthermore, it 
is necessary to investigate whether the effect of PZ 
51 in vitro relies more on a peroxidase-like activity 
or on a more unspecific free radical quenching 
capacity (cf. Ref. 21). 
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Fig. 5. Effect of PZ 25 (0) and PZ 51 (0) concentration on alkane production. Assay conditions as in 
Materials and Methods. PZ was dissolved in 10 ~1 DMSO, controls were with 10 ~1 DMSO. Control 
values for alkane production expressed in pmol x mg protein-’ in the PZ 25 experiment: Ethane, 6.0; 
n-butane. 1.5; n-pentane, 39.8; in the PZ 51 experiment: Ethane, 8.5; n-butane, 1.8; n-pentane, 51.4. 

Incubation time 60 min. 



A novel biologically active seleno-organic compound 3239 

REFERENCES 

1. G. C. Mills, J. biol. Chem. 234, 502 (1957). 
2. J. T. Rotruck, A. L. Pope, H. E. Ganther, A. B. 

Swanson, D. Hafeman and W. G. Hoekstra, Science 
179,588 (1973). 

3. L. Flohe, W. A. Gtinzler and H. H. &hock, FEBS 
Len. 32, 132 (1973). 

4. A. Wendel, W. Pilz. R. Ladenstein, G. Sawatzki and 
U. Weser, Biochim. biuphys. Actu 377,211 (1975). 

5. H. E. Ganther. Chemica ScriDta 8A. 79 (1975). 
6. A. M. Micheelson, 0. Dangeon, K. &get: P. Durosay, 

Et. Perdereau and C. Carbaroux, Molec. PhysiQ~. 3,27 
(1983). 

7. Patents: Ger. Offen. 3027073/4/5, 3041036; Ger. Pat. 
Appl. P. 322628416; 3239387; A. Nattennann & Cie 
GmbH. 

8. S. D. Aust and B. A. Svingen, in Free Radicals in 
Biology, Vol. V (Ed. W. A: Pryor), pp. l-28. Aca- 
demic Press. New York (1982). 

10. F. Bernheim, M. L. C. Bernheim and K. M. Wilbur, 
J. biol. Chem. 174,257 (1948). 

11. A. Miiller and H. Sies, Meth, Enrymol. 105,311(1984). 
12. A. Boveris, E. Cadenas and B. Chance, Fedn. Proc. 

Fedn. Am. Sots. exp. Biol. 40, 195 (1981). 
13. E. Cadenas and H. Sies, Me&. Enzymol. 105. 221 

(1984). 
14. G. M. Bartoli, A. Miiller, E. Cadenas and H. Sies, 

FEBS Lert. 164, 371 (1983). 
15. B. 0. Christophersen; B&hem. J. 106, 515 (1968). 
16. R. F. Burk. B&him. bioohvs. Acfa 757. 21 (1983). 
17. K. A. Caldwell and A. L: Tappet, B~~~~ern. .3, l&3- 

1647 (1964). 
18. K. A. Caldweil and A..L. Tappel, Archs. Biochem. 

Biophys. 112, 196 (1965). 
19. K. Yasuda, H. Watanabe, S. Yamazaki and S. Toda. 

Biochim. biophys. Res. Commun. 96, 243 (1980). 
20. A. Wendel, M. Fausel, H. Safayhi, G. Tiegs and R. 

Otter, Biochem, Pharmac. 33, 3241 (1984). 
21. M. J. Parnham and S. Kindt. Biochem. Pharmac. 33. 

9. R. F. Poyer &d P. B. MeCay,‘.& biol. Chem. 246,263 
(1972). 

3247 (1984). 


