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Abstract. The antimicrobial activity of 8 selenoorganic compounds (3-benzisoselenazoles, 1-benzisosel enazolone
oxide and 4-disaryl diselenides) was investigated. It was found that selenoorganic compounds from benzisosel e-
nazolone group suppress growth of some fungi and bacteria. The growth of Saccharomyces cerevisiae 2127-8b
and Candida albicans 258 strains was strongly inhibited by the 2-(4-chlorophenyl)-1,2-benzisosel enazol -3(2H)-one.
Also Ebselen and 2-acetyl-1,2-benzisosel enazol -3(2H)-one caused strong inhibition of Saccharomyces cerevisiae
>127-8b growth but a lower effect was observed in assays with Candida sp. strains. Benzisosel enazolones were
also found to have antibacteria activities. They significantly reduced the growth of Gram-negative Escherichia
coli K-12 ROW and Gram-positive Saphylococcus aureus 209P (Oxford) bacteria strains.
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Introduction

Biological activity of selenoorganic compounds has
been extensively studied during the last decade. Orig-
inally they were described as antiinflammatory, antiox-
idant or glutatione — peroxidase — like agents and as
inhibitors of prostaglandin and leukotriene synthesis, as
well as nitric oxide synthase inhibitors®® *°. These com-
pounds have aso been found to be inducers of interfe-
ron y and tumor necrosis factor in human periphera
blood leukocytes' 1> 13, It was also demonstrated that
selenoorganic compounds have immunotropic activities.
They affected humoral and cdlular immunological re-
sponses in mice and chickens® 4. One of the most inter-
esting preparates with low toxicity — Ebselen (2-phe-

nyl-1,2-benzisosel enazol-3(2H)-one) is a potential anti-
inflammatory drug of the new generation®® and may
find application in therapy of rheumatoid arthritis, pso-
riasis and inflammatory bowel disease?* 26 27 3L 33, 36,

In this paper antifungal activity of selected selenoor-
ganic compounds, and additionally their influence on
Gram-negative and Gram-positive bacteria as control
microorganisms, is reported.

Materials and Methods

Compounds. The selenoorganic compounds were
synthesized according to procedures reported earlier®
212232 Chemical structure of Ebselen — AE 6 (2-phe-
nyl-1,2-benzisose enazol-3(2H)-one), AE 3 (2-dode-
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Fig. 1. Chemica structures of the selenoorganic compounds

cyl-1,2-benzisoselenazol-3(2H)-one 1 oxide), AE 19
(2-(4-chlorophenyl)-1,2-benzisosd enazol-3(2H)-one), AE
21 (big[ (4-carbamoyl phenyl)phenyl]diselenide), AE 35
(bigN,(N-dimethylcarbamoyl)phenyl] disdenide, AE 41
(2-acetyl-1,2-benzisosel enazol -3(2H)-one), AE 43 (bis-
(2-carboxyethylphenyl)disdenide), AE 44 (big(2carbo-
xy-t-buthyl)phenyl]diselenide), are shown in Fig. 1.
These compounds (used in experiments as a stock sol-
ution) were dissolved in dimethyl sulfoxide (DM SO) in
concentration of 1000 pg/ml and frozen. Before experi-
ments each compound (initialy dissolved in DMSO)
was further diluted in tested medium in diminishing
concentrations: 50, 25, 12.5, 6.25, 3.12 and 1.56 pg/ml
and used for experiments.

Microorganisms. Antifungal activity of selenoor-
ganic compounds was tested on selected pathogenic,
clinical origin, yeast-like strains of Candida sp. (Can-
dida albicans 95, 254, 258, C. parapsilosis, C. pseudo-
tropicalis 206, C. guilliermondii and C. krusei) and
nonpathogenic yeast strain Saccharomyces cerevisiae
>127-8b. These strains were obtained from collection
of the Institute of Microbiology, Wroctaw University.
They were stored on Sabouraud agar slants at 4°C.
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Antibacterial activity was evaluated on reference
strains Saphylococcus aureus 209P (Oxford) and Es-
cherichia coli ROW from the collection of Institute of
Microbiology, Wroctaw University. They were stored
in semisolid agar medium at room temperature.

Methods. The preliminary experiments were per-
formed on overnight cultures of bacteria and fungal
strains. The yeast strains were grown on liquid and
solid Sabouraud medium. The bacteria were grown in
broth medium and solid agar medium? %,

The samples of overnight precultures of the inves-
tigated strains wereinoculated into fresh broth (for bac-
teria) and Sabouraud liquid medium (for fungi) to get
10 and 10° cells per 1 ml, respectively. Next the stand-
ard broth technique to determine minimal inhibitory
concentration (MIC) vaue for tested selenoorganic
compounds according to McGinnis® was applied.
These cultures were cultivated at 28°C (fungi) and at
37°C (bacteria). Survival of the microorganisms was
determined at selected time (0, 4, 24 h). Viable counts
in each interval were determined by colony scoring on
solid agar medium for bacteria and on Sabouraud solid
medium for fungi after 2 day incubation at 28°C and
37°C, respectively. As controls we used culture media
without selenoorganic compounds.

Additionally, an antifungal activity of chosen com-
pounds, AE 6 and AE 19, was tested on S cerevisiae
>127-8b suspended in 0.9% physiological saline.

Results

To determine an antifungal activity of selenoorganic
compounds we have used assays performed on nonpa-
thogenic S. cerevisiae 127-8b and pathogenic C. albi-
cans 258 strains. Eight selenoorganic preparations were
administered to the medium, where the fungal strains
were growing.

We have found that 4 drugs under investigations
inhibited the growth of S cerevisiae 2127-8b. The in-
hibition was differentiated and depended on concentra-
tion of selenic compounds in medium. Preparate AE 19
used in concentrations 50.0, 25.0, 12.5 and 6.25 pg/ml,
significantly decreased the number of colonies of
S cerevisae>127-8b (Fig. 2). MIC for AE 19 in Sab-
ouraud medium was determined between 6.25-12.5
pg/ml. Ebselen (AE 6) inhibited the growth of S cere-
visiae ¥127-8b when was used in concentration 50.0,
25.0 and 12.5 pg/ml (Fig. 3). MIC for this compound
was determined between 12.5-25.0 pg/ml. The antifun-
gal activity of compound AE 3 was lower (Fig. 4). The
same activity, as preparate AE 19, exhibited preparate
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Fig. 2. Effect of the compound AE 19 on S cerevisiae 2127-8b in Sabouraud medium
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Fig. 3. Effect of the compound AE 6 on S. cerevisiae 2127-8b in Sabouraud medium
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Fig. 4. Effect of the compound AE 3 on S. cerevisiae 2127-8b in Sabouraud medium
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Fig. 5. Effect of the compound AE 41 on S cerevisiae 2127-8b in Sabouraud medium
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Fig. 6. Effect of the compound AE 19 on C. albicans 258 in Sabouraud medium
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Fig. 8. Effect of the compound AE 3 on C. albicans 258 in Sabouraud medium
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Fig. 9. Effect of the compound AE 41 on C. albicans 258 in Sabouraud medium

AE 41 (Fig. 5). Preparates AE 21, AE 35, AE 43 and
AE 44 had no influence on that fungi strain growth.

The effect of AE 6 and AE 19 selenic compounds
on S cerevisiae 2127-8b suspended in physiological
sdline, was aso investigated. It was found that after 24 h
of incubation both preparates caused the decrease in
cell number of S cerevisiae strain (Table 1). In this
condition MIC for both compounds is similar (2.5-5.0
pg/ml). These results showed that MIC for tested pre-
parates depends on condition of cultivation.

Clinical, pathogenic strain C. albicans 258 was af -
fected by selenoorganic compouds in different kind.
The preparate AE 19 caused a strong reduction in col-
ony forming units of C. albicans 258 (Fig. 6). A lower
effect had Ebselen (Fig. 7). MIC for AE 19 was found

as 25 pg/ml and for AE 6 and AE 41 above 25 pg/mil.
AE 3 had no effect (Fig. 8). A dight activity exhibited
preparate AE 41 (Fig. 9). Preparates AE 21, AE 35, AE
43 and AE 44 had no antifungal effect on C. albicans 258.

Antifungal activity of AE 6 and AE 19 was inves-
tigated in experiments performed on selected strains of
Candida sp. It occurred that both preparates affected all
tested fungi. In some cases (C. albicans 258, C. para-
psilosis, C. guilliermondii and C. krusei) compound
AE 19 applied in concentration 12.5 pg/ml was more
efficient as compared with Ebselen (Table 2).

Finally, we used Gram-negative and Gram-positive
bacteria as control microorganisms and investigated the
effect of selenoorganic compounds on E. coli K-12
ROW and S. aureus 209P (Oxford).
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Table 1. Surviving of Saccharomyces cerevisiae 3127-8b in physi-
ological saline under the influence of selenoorganic compounds

Compounds
Concen- AE 19 AE 6
(trat/| OT) time of incubation (h)
m
Ha 0 24 0 24
CFU*/ml
0? 21 mo° 2.1 [mo°
(03 2.0 mos 2.0 mo°
0.625 . 14 10° 2.0 (n0°
125 2.7 M0 9.8 [10° 2.7 P 14 mo°
2.50 3.7 (M0° 1.1 o°
5.0 0 0

* Colony forming units,  control, b control + DMSO.

Compounds AE 19 and AE 6 in concentration 12.5
and 25.0 pg/ml significantly depress the growth of E. coli
K-12 ROW. AE 19 was dightly, efficient (MIC 12.5
pg/ml) (Table 3). Compounds AE 41, AE 3, AE 21,
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AE 35, AE 43 and AE 44 had no effect on multiplica
tion of this bacterium strain.

Similar results we obtained in experiments per-
formed on S aureus. Compounds AE 19 and Ebselen
in concentration 12.5 and 25.0 pg/ml suppress the
growth these bacteria to zero. In concentration 6.25
pg/ml AE 19 decreased the number of S aureus cells
stronger than AE 6. AE 41 used in 12.5 and 25.0 pg/ml
induced the inhibition of bacteria growth and AE 3 ac-
complished it when applied in concentration 6.25, 12.5
and 25.0 pg/ml (Table 4). Preparates AE 21, AE 35,
AE 43 and AE 44 had no antimicrobial effect on
S aureus 209P (Oxford). MICs for 4 active preparates
were: AE 19 — 6.25-12.5; AE 6 — 125, AE 41 and AE
3 -12.5-25 pg/ml.

Discussion

It is well established that selenium is an essential
food additive for animals and men athough it may be

Table 2. The effect of selenoorganic compounds on pathogenic Candida sp. strains in Sabouraud medium

Compounds
Strai Concentration AE 19 AE 6
rans (ug/mi) time of incubation (h)
24 0 24
CFU*/ml

C. albicans 258 0? 5.0 (o’ 5.0 (o’
o . 5.3 (107 . 5.3 107
12.5 3.9 Mo 2.7 108 3.9 [0 6.8 (1108
25.0 0 1.4 mo*
C. albicans 95 0? 3.1 o’ 3.1 o’
oP s 2.1 o’ s 2.1 07
12.5 1.9 (1o 4.4 M0° 1.9 HIO 1.3 o’

25.0 0 0
C. albicans 234 0? 5.9 o’ 5.9 (o’
oP s 4.0 0’ s 4.0 (107
12.5 2.3 10 3.8 t10® 2.3 10 3.9 mo°

25.0 0 0
C. parapsilosis 210 0? 2.0 [(n0° 2.0 [10°
oP s 2.0 [10° s 2.0 [10°
12.5 5.2 [0 4.4 Mo 5.2 [0 2.3 [m0°
25.0 1.0 103 1.4 o3
C. pseudotropicalis 206 0? 49 o’ 4.9 Mo’
oP s 49 M0’ s 4.9 07
12.5 6.0 (10 1.3 108 6.0 [0 1.1 (o
25.0 1.3 me® 1.9 me®
C. quilliermondii 23 (0 8.8 (110’ 8.8 10’
o . 8.0 [0 . 8.0 107
12.5 9.2 o 2.4 M 9.2 0 8.4 [M0®

25.0 0 0
C. krusai 13 (0 1.3 Mo’ 1.3 0’
oP s 1.3 o . 1.3 M0’
12.5 3.4 Mo 4.4 MO? 3.4 [0 6.0 (m0*
25.0 0 2.0 (ot

* Colony forming units,  control, b control + DMSO.
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Table 3. The effect of selenoorganic compounds on Escherichia coli K-12 ROW in broth medium

Compounds
Concen- AE 19 AE 6 AE 41
(t:‘/';?) time of incubation (h)
0 2 4 24 0 2 4 24 0 2 4 24
CFU*/ml
0? 8.5 [110° 3.8 (107 2.4 [M0® 2.4 [10° 85 [10° 3.8 (107 2.4 [1M0° 2.4 [110° 85 [MO° 3.8 (107 25 M0® 2.4 [110°
o° 3.8 (1107 2.4 (M0® 2.4 10° 3.8 (1107 2.4 M0® 2.4 10° 3.8 (1107 2.5 (MO® 2.4 10°
3.125 3.2 (107 2.4 MO® 25 10° 4.3 07 2.4 moé 25 me° 35 07 2.7 (MO® 2.6 [10°
6.25 2.0 (M0® 6.0 (M0® 2.5 1O° 43 M0’ 7.4 (07 2.0 MO° 3.0 (107 2.8 MO® 2.7 [10°
125 0 0 0 0 0 6.6 [10? 3.1 07 1.5 Mmo® 2.7 10°
250 0 0 0 0 0 0 14 o* 5.0 Mo* 2.5 mo°
* Colony forming units,  control, b control + DMSO.
Table 4. The effect of selenoorganic compounds on Staphylococcus aureus 209 P Oxford in broth medium
Compounds
Concentration AE 19 AE 6 AE 3 AE 41
(ng/ml) time of incubation (h)
0 24 0 24 0 24 0 24
CFU*/ml
(02 1.8 (o’ 15 10° 1.8 10’ 15 mo° 1.8 (o’ 15 10° 1.8 10’ 15 me°
oP 15 mo° 15 me° 15 10° 15 mo°
3.125 1.0 108 3.8 10? 1.6 (o8 10 ue®
6.25 9.2 o° 2.0 o’ 2.0 o 9.5 o’
12.50 0 0 4.0 (10t 10 tue®
25.00 0 0 0 0

* Colony forming units,  control, b control + DMSO.

highly toxic when used in excessive doses*’. On the
other hand, it is known that the toxicity of many sele-
noorganic structures is remarkably low. It was dis-
covered that the selenoorganic compounds have many
activities which appear to be connected with the
presence of Se. It has to be taken into consideration that
Se for years has been known for its association with
humoral and cellular immunity®® 4 5 Deficiency of
selenium has been observed in HIV-infected and AIDS
patients what suggested that this can contribute to the
pathology AIDS as a constituent of glutatione peroxi-
dase*. These observations indicate that Se may play
important role in viral biochemistry” %, To determine
antimicrobia activity of selenic drugs under study one
should use assays with different fungi and their pro-
dUCtSl’ 2, 16, 18, 23, 35.

The main finding of present study is that some of the
selenoorganic compounds have the antifungal activity.

We have shown in this report that among the tested
compounds benzisosel enazol ones exhibited significant
antifungal activity. To this group belong N-substituted
benzisoselenazolones, such as Ebselen (AE 6) and two
its analogues — AE 19 and AE 41. The representative

of the second group having a selenoxide function —
compound AE 3, was not active as an antifungal factor
against pathogenic yeast-like strains of Candida sp.
Disaryl diselenides having carbamoil or carboxyalkil
function (AE 21, 35, 43 and 44) had no influence on
fungi growth.

Because of limited number of the compounds tested
it is difficult to discuss the relationship between struc-
ture of drug and biological response. Nevertheless, the
antimicrobial activity of the compounds having benzi-
soselenazolone moiety (AE 6, 19, 41) is substantially
higher than activity of other selenoorganic compounds
tested. It seems to be possible that selenium — nitrogen
bond, present in the heterocyclic ring is a crucial factor
for activity, such as in case of other selenium and ni-
trogen-containing heterocycles (1, 2, 3 selenodiazoles
and 1, 2, 5 selenodiazoles) as reported by LALEZARI et
al.Y” and Hunt and PITTiLLO®.

Our preliminary results may be useful to find fun-
gistatic of fungicidal drugs. Antimicrobial activity of
benzisoselenazolones, especially AE 19 and their low
toxicity make these compounds interesting as potential
therapeutic agents.



192

References

1

10.

11

12.

13.

14.

15.

16.

17.

ALEKSANDROWICZ J., DoBROWOLSKI J., LISIEWICZ J.,, SMYK
B. and SkoTNicki A. (1975): Effect of selenium on the growth
of carcinogenic fungi and the cytotoxic action of aflatoxin B-1
in cell of lymphocytes and on the embryonal development of
Xenopus laevis. Pol. Arch. Med. Wewn., 53, 203-217.

. BIEN M., LAcHowicz T. M., SAUTER E., L uczyNski J. and WITEK

S. (1995): Antifunga activity of some model soft lysosomotropic
compounds. Bull. Pol. Acad. Sci. Biol. Sci., 43, 105-112.

. BtAszczyk B., INGLOT A. D., KowALczYK-BRONISZ S. H.,

SZYMANIEC S. and MrocHowsk! J. (1995): Immunotropic acti-
vities of benzisoelenazolones and organic diselenides in mice.
Arch. Immunol. Ther. Exp., 43, 305-311.

. BtAszczyk B., INGLOT A. D., TOIVANEN P., MLOCHOWSKI

J. and SzyMANIEC S. (1995): Effect of benzisose enazolones
and organic diselenides on graft-versus-host reaction and im-
munoglobulins levels in chickens. Arch. Immunol. Ther. Exp.,
43, 299-303.

. CEMBRzYNsSKA-NowAK M. and INGLOT A. D. (1992): Human

lymphoid target cells for the cytokine-inducing seleno-organic
compounds. Arch. Immunol. Ther. Exp., 40, 235-240.

. Czyrskl J. A. and INGLOT A. D. (1991): Mitogenic activity of

selenoorganic compounds in human peripheral blood leuco-
cytes. Experientia, 47, 95-97.

. FISCHER H., TERLINDEN R., LOHR J. P. and RONER A. (1988):

A novel biologically active selenoorganic compound VIII. Bio-
transformation of Ebselen. Xenobiotica, 18, 1347-1359.

. GAo J. X. and IssekuTz A. C. (1993): The effect of Ebselen on

polymorphonuclear leukocyte migration to joints in rats with
adjuvant arthritis. Int. J. Immunopharmacol., 7, 793-802.

. HUNT D. E. and PITTiLLO R. F. (1966): Antimicrobial activity

of 1,25 selenadiazoles. Antimicrob. Agents Chemother.,
6, 551-554.

HuNT N. M., Cook E. P. and FRAGONAIS J. C. (1991): Inter-
ference with oxidative processes inhibits proliferation of human
periphera blood lymphocytes and murine B-lymphocytes. Int.
J. Immunopharmacol., 12, 1019-1026.

INGLOT A. D., MtocHOWSKI J., ZIELINSKA-JENCZYLIK J., PIA-
seckl E., LEbwoN T. and KrLoc K. (1996): Selenoorganic com-
pounds as modest immunostimulants an approach to structure-
-activity relationship. Arch. Immunol. Ther. Exp., 44, 67—-75.
INGLOT A. D., PIAsECKI E., ZACZYNSKA E. and ZIELINSKA-
-JENCZYLIK J. (1992): Selenoorganic compounds induce inter-
feron and tumor necrosis factor in human but not in rat or
mouse lymphoid cdls. Arch. Immunol. Ther. Exp., 40, 169-173.
INGLOT A. D., ZIELINSKA-JENCZYLIK J., PIASECKI E., SYPER
L. and MrocHowskl J. (1990): Organoselenides as potentia
immunostimulants and inducers of interferon gamma, and other
cytokines in human peripheral blood leucocytos. Experientia,
46, 308-311.

IssekuTtz A. and Lores N. (1992): Effect of Ebselen on poly-
morphonuclear leucocyte adhesion to and migration through
cytokine-activated vascular endothelium. Int. J. Immunophar-
macol., 14, 1383-1390.

KIREMIDJAN-SCHUMACHER L., Roy M., WisHE H. I., COHEN
M. W. and Stotzky G. (1992): Regulation of cellular immune
response by selenium. Biol. Trace Elem. Res,, 33, 23-35.
KUNERT J. (1989): Antifungal effects of selenocystine and its
derivatives on dermatophytes. Mycoses, 32, 354—-358.
LALEZARI |., SHAFIEE A., KHORRAMI J. and SOLTANI A. (1978):

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

31.

32.

M. Bien et d.: Antifungal Activity of Ebselen Analog

Selenium heterocycles XXII: Synthesis and antibacterial anti-
funga activities of arylsulfonyl-1,2,3, selenadiazoles. J. Pharm.
Sci., 67, 1336-1338.

McGINLEY K. J. and LEYDEN J. J. (1982): Antifungal activity
of dermatological shampoos. Arch. Dermatol. Res., 272, 339—
342.

Mc GINNIs (1980): Laboratory handbook of medica mycology.
Academic Press, New York.

MHizHA S. and MtocHowsk! J. (1997): Synthesis of 2-acryl
and 2-sulfonyl benzisolenazol-3(2H)ones. Synth. Commun.
Chem., 27, 283-291.

MtocHowsKl J., GRYLEWSKI R. J., INGLOT A. D., JAKUBOWSKI
A., JucHNIEWICZ L. and KLoc K. (1996): Synthesis and proper-
ties of 2-carboxyalkyl-1,2-benzisosel enazol-3(2H)-ones and re-
lated organo-selenium compounds as nitric oxide synthase in-
hibitors and cytokine inducers. Liebigs Ann., 2, 1751-1755.
MtocHowsk! J., KLoc K., SYPer L., INGLOT A. D. and PIA-
SECKI E. (1993): Aromatic and azaaromatic diselenides, benzi-
soselenazoles and related compounds as immunomodul ators ac-
tive in humans synthesis and properties. Liebigs Ann. Chem.,
35, 1239-1244,

MoawAD E. B., YousiF M. Y. and MCTwALLY M. A. (1989):
Synthesis of certain heteroaryl-fused pyrimidines and pyriolines
and seleno- and thia-diazoles eith naphthyl substituent as poten-
tia antifungal agents. Pharmazie, 44, 820-822.

OsHITA M., TAKEI Y., KAWANO S., FusumoTto M. and KAMA-
DA T. (1994): Protective effect of Ebselen on constructive he-
patic vasculature: prevention of al cohol-induced effect on portal
pressure in perfused livers. J. Pharmacol. Exp. Ther., 271, 20—
24,

PARNHAM M. J., DowLING E. J., BROQUET C. and BRAQUET
P. (1994): Seleno-organic compounds as potential pharmacen-
ticals. Proceedings of STDA Fifth International Symposium,
8-10, May, Brussels.

PARNHAM M. J. and GRAF E. (1987): Seleno-organic com-
pounds and the therapy of hydroperoxide-linked pathological
conditions. Biochem. Pharmacol., 36, 3099-3102.

PAaTRICK R. A., PETERS P. A. and Issekutz A. C. (1993): Eb-
selen is a specific inhibitor of LTB4-mediated migration of
human neutrophils. Agents Actions, 40, 186-190.

PrRUCHNIK F. P., BIEN M. and LAcHowicz T. M. (1996):
Properties of binuclear rhodium(l1) complexes and their anti-
bacterial activity. Metal-Based Drugs, 3, 185-195.

ScHEWE C., SCHEWE T. and WENDEL A. (1994): Strong inhibi-
tion of mammalian lipoxygeneses by the antiinflammatory sele-
no-organic compound Ebselen in the absence of glutathione.
Biochem. Pharmacol., 48, 65—74.

. SIES H. (1993): Ebselen a sdleno-organic compounds as gluta-

thione peroxidase mimic. Free Radic. Biol. Med., 14, 313-323.
SpaLHOLZ J. E. and STEWART J. R. (1989): Advances in the
role of mineralsin immunobiology. Biol. Trace Elem. Res,, 19,
129-151.

SyPeER L. and MtrocHowskl J. (1998): Lithium disdenide in
aprotic medium a convenient reagent for synthesis of organic
diselenides. Tetrahedron, 44, 6119-6130.

. TABUCHI Y., SUGIYAMA N., MARUCHI T., FURUSAWA M. and

FURUHAMA K. (1995): Ebselen a seleno-organic compound
protects against ethanol-induced murine gastric mucosal in both
in vivo and in vitro system. Eur. J. Pharmacol., 272, 2-3.

. TAYLOR E. W., RAMANATHAN C. S,, JaLLUM R. K. and NADIM-

PALLI R. G. (1994): A basis for new approaches to the che-



M.

35.

36.

Bieh et al.: Antifungal Activity of Ebselen Analog

motherapy of AIDS novel genesin HIW-1 potentialy — encode
selenoproteins expressed by ribosomal frameshifting and termi-
nation suppression. J. Med. Chem., 37, 2637—2654.

VAARTAJA O. (1973): Benomyl P.C.N.B. and sodium selenate
as agents to protect fungal cultures from penicillium and other
contaminates. Can. J. Microbial., 19, 1172-1175.

WAGNER S., ScHucH G., AKERBOON T. P. M. and SIES
H. (1994): Transport of Ebselen in plasma and its transfer to

193

binding sities in the hepatocyte. Biochem. Pharmacol., 48,
1137-1144.

37. ZACHARA A. Z. and CZERWIONKA-SZAFLARSKA M. (1994):
Rola selenu w okresie ptodowym i zyciu niemowlat. Post. Hig.
Med. Dosw., 48, 471-490.

Received in June 1998
Accepted in December 1998



