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Abstract:

The aim of this work was to evaluate the possibility of using of the new selenoorganic ring compound, 3-(o-chlorobe-
nzoylamino)-2-(o-tolylimino)-4-methyl-4-selenazoline, as a selenium supplement by investigating the influence of its short-term
administration on Se accumulation and antioxidant status in kidney. For 10 days, adolescent male Wistar rats were treated with saline
(control group), Na�SeO� (Se-IN group) or the studied compound (Se-ORG group) (5 × 10�� mg Se/g of once a day) via a stomach
tube. The selenium concentration, total antioxidant status (TAS), activities of the antioxidant enzymes superoxide dismutase (SOD)
and glutathione peroxidase (GPx), concentrations of ascorbic acid (AA) and reduced glutathione (GSH) and concentration of ma-
lonyldialdehyde (MDA) were determined in the kidney homogenates. TAS was significantly reduced in the Se-ORG group com-
pared to the control. Reduced glutathione was markedly decreased in Se-treated animals compared to the control and in the Se-ORG
group compared to the Se-IN group. Malonyldialdehyde was significantly increased in the Se-supplemented groups compared to the
control group but considerably less so in the Se-ORG group. All other studied parameters displayed no significant differences. No in-
crease in the accumulation of selenium and the partial impairment of the antioxidant status and enhancement of lipid peroxidation in
the kidneys resulting from Se treatment could suggest that in the first period of administration, excess selenium was excreted with
urine, leading to a disturbance of kidney functions. Comparison of the effect of our compound with that exerted by inorganic
Na�SeO� suggests that the studied compound could be considered as a possible supplement after further investigations, including de-
termination of selenium excretion with urine, as well as repetition of this study using a wide range of doses and periods of
supplementation.
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Introduction

Selenium had been regarded as a toxic element for
many years [33]. Later studies have proven its essen-

tiality, but a very narrow range separates its adequate
and toxic levels in an organism [21]. As selenium de-
ficiency can cause severe disturbances in organisms
[9, 24, 29], and an insufficient amount of this element
has been found in soil or water in different regions,
there is a growing concern for efficient Se supple-
ments [12, 18, 33]. The positive and negative effects
of both inorganic and organic compounds have been
studied [31]. Organic compounds have been shown to
be more efficient; thus, numerous investigations have
been performed aiming at finding the most effective
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supplement [34]. Among other issues, the question of
the relationship between Se supplementation and oxi-
dative balance has been investigated [23, 26, 36, 40,
42]. An antioxidative enzyme, glutathione peroxidase
(GPx), has often been the subject of such studies, as it
contains selenium [6, 19, 41]. The action of GPx is di-
rectly connected with two other antioxidants: an en-
zyme superoxide dismutase (SOD) and non-
enzymatic reduced glutathione (GSH) [7]. SOD cata-
lyzes the conversion of superoxide O2

• into hydroxide
peroxide H2O2, which is in turn subjected to GPx-
catalyzed reduction to water in the presence of re-
duced glutathione [13, 14, 42]. These three molecules
work together to transform the highly harmful reac-
tive oxygen species O2

• and H2O2 into water.

Ebselen, a cyclic organic compound with an isose-
lenazole structure, is believed to display particularly
beneficial actions [32] and is believed to deserve fur-
ther studies due to its potential medical applications
[30]. It was shown to possess GPx-like properties [19,
32]. Our work was carried out with the aim of study-
ing the possible application of another ebselen-like
organic compound with a selenazoline-structure as
a selenium supplement. Because selenium has been
shown to have preventive effects against heavy metal
toxicity [20, 21] and has been found to prevent kidney
damage under harmful conditions [38], and because
renal oxidative stress has been shown to be involved
in heavy metal toxicity [1, 4, 11], we decided to
evaluate the influence of our new selenocompound on
the antioxidant status in the kidney.

Materials and Methods

A newly synthesized selenium organic compound
with a ring structure, 3-(o-chlorobenzoylamino)-2-(o-
tolylimino)-4-methyl-4-selenazoline, was used [25].
The experiment was carried out on three groups of
adolescent male Wistar rats (ten animals each): con-
trol was treated with saline, the Se-IN group was

treated with sodium selenite (Na2SeO3), and the Se-
ORG group was treated with our compound. The
weights of the animals at the beginning of the experi-
ment were within the range of 110–150 g. The organic
compound given to the Se-ORG group was suspended
in an emulsion composed of oil, arabic gum and water
in the following proportion: 2:1:1.5, whereas sodium
selenite was provided in a water solution. The admini-
stration was performed through a stomach tube. Sele-
nium compounds were given to the rats at a dose of
5 × 10–4 mg Se/g of b. w. once a day for a period of
10 days. The body weight of the animals was meas-
ured every day before Se administration. Rats had
free access to standard feed LSM and drinking water.
After the end of the experiment, animals were sacri-
ficed under pentothal narcosis, and the kidney tissues
were collected. Ten percent (w/v) tissue homogenates
were prepared in 0.1 mol dm–3 Tris-HCl buffer, pH =
7.4. Supernatants were obtained by centrifugation at
5000 × g for 30 min. The prepared material was
stored at –18°C.

The following parameters were determined in the
kidney homogenates: selenium tissue concentration,
total antioxidant status (TAS), activities of the anti-
oxidant enzymes superoxide dismutase (SOD) and
glutathione peroxidase (GPx), concentrations of the
non-enzymatic antioxidants ascorbic acid (AA) and
reduced glutathione (GSH), and the concentration of
the lipid peroxidation marker malonyldialdehyde
(MDA).

Selenium concentration in the tissue was measured
using the spectrophotometric method described by
Bem [5]. SOD and GPx activities were determined
using the diagnostic kits RANSOD and RANSEL pro-
duced by RANDOX and were expressed in U/mg of
protein and U/g of protein, respectively. TAS was
measured using the diagnostic kit produced by RAN-
DOX and expressed in µmol/g of protein. The
reduced glutathione concentration was determined us-
ing the BIOXYTECH® GSH-400TM kit produced by
OxisResearchTM and was expressed in µg of GSH/mg of
protein. The ascorbic acid (AA) concentration was de-
termined using the modified Kyaw method [35] and
expressed in µmol of AA/g of protein. The malonyldi-
aldehyde (MDA) concentration was determined using
the method by Ledwo¿yw et al. [22] and was ex-
pressed in nmol of MDA/mg of protein. Protein con-
tent was measured using the method of Bradford [8].
The assays were performed using the SPECORD M40
spectrophotometer (Zeiss Jena).
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Statistical analyses were performed using the sta-
tistical packet SPSS v.12 pl. Comparisons between
control and tested groups, as well as between the Se-
IN and Se-ORG groups, were made using Tukey’s
HSD test or Dunnett’s T3 test. Values were consid-
ered significant when p < 0.05. The choice of multiple
comparisons test was dependent on the evaluation of
variance homogeneity in compared groups, which
was performed using Leven’s test. In the event of
homogeneous variances, Tukey’s method of Honestly
Significant Differences, the HSD test, was used,
whereas when variances in groups were non-homo-
geneous (p < 0.05 in Leven’s test), T3 Dunnett’s test
(applicable in the case of non-homogeneous variances)
was applied.

The study was performed according to statutory
bioethical standards and was approved by the I Local
Ethical Commission of the Medical University of
Lublin, acceptance no. 65/AM/2004.

Results

In the Se-IN group treated with sodium selenite, re-
duced glutathione was significantly decreased,
whereas malonyldialdehyde (a lipid peroxidation pro-
cess marker) was markedly increased compared to the
control. All other studied parameters remained un-
changed compared to the control group. Rats given
organic selenium showed changes similar to those of
the inorganic Se group compared to the control, ex-
cept for TAS, which was observed to be significantly
diminished. Comparisons between Se-supplemented
groups displayed no significant differences, except for
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reduced glutathione, which was markedly decreased
in the Se-ORG group compared to the Se-IN group.
All the obtained results are presented in Figure 1.

The selenium concentrations in the kidney were
unchanged in the supplemented groups compared to
the control or in the Se-ORG group compared to the
Se-IN group (Fig. 2).

There were significant differences in the changes in
the body weights of the treated animals. The body
weight of the Se-IN group was diminished both com-
pared to the control and the Se-ORG group through-
out the whole experiment. On the contrary, in the Se-
ORG group, the animals’ growth was similar to that
observed in the control group at the beginning of
treatment. A slight inhibition of growth was observed
in the middle of the treatment period, but starting with
the seventh day, this effect was overcome (Fig. 3).

Discussion

Our work was undertaken with the aim of searching
for new selenium supplements. The need for selenium
supplementation has been acknowledged for many
years, but the question of its proper form remains un-
solved. Some data have revealed the superiority of or-
ganic forms [34, 37], whereas other works have
shown fully opposite results [9]. Considering organic
forms, both synthetic compounds and Se-enriched
natural products (yeast, algae, broccoli, Japanese rad-
ish sprouts) have been investigated, and the natural
forms have been found less bioavailable than the syn-
thetic supplements [9, 12, 17, 37].

Generally, in our study no significant influence of
inorganic selenium on elements of the antioxidant
barrier was observed, except for decreased GSH, al-
though TAS was found to be diminished. In rats re-
ceiving organoselenium, depletion of TAS and GSH
was more significant, but on the other hand, the eleva-
tion of MDA concentration vs. control was lower in
this group than in animals given inorganic selenite.
Considering that no changes in tissue selenium con-
centration in rats undergoing Se supplementation
were found and that the applied dose was relatively
high, whereas the time of exposure was relatively
short, it is possible that excess selenium was excreted
by the kidneys, causing the disturbance in oxidant
balance in this organ. In the organic selenium group,

this could have been overcome because lipid peroxi-
dation processes were less intensive but it was con-
nected with noticeable impairment of antioxidant bar-
rier. The available data concerning the influence of se-
lenium on pro- and antioxidative processes in the
kidneys are partially consistent with our results.

Sodium selenite administration (1 mg/kg twice a day
for 10 days) resulted in significant depletion of in-
creased MDA and full restoration of depleted reduced
glutathione and glutathione peroxidase in the kidneys
of rats exposed to cadmium [11].

Ognjanoviæ et al. [27] provided healthy and Cd-
exposed rats with the same dose of Na2SeO3 that was
used in this study, but for a period twice as long, and
observed a decrease in the concentration of lipid per-
oxides. Ascorbic acid concentration was increased in
healthy rats, but remained unaltered in Cd-exposed
rats; we did not observe any AA changes in our ex-
periment. In our work inorganic selenium elevated
kidney SOD activity insignificantly; however, the
longer supplementation resulted in a significant increase.
Thus, it could be presumed that at the beginning of treat-
ment, selenium causes enhancement of prooxidative pro-
cesses, which can be overcome during further exposure.

In Se-deficient rats, SOD activity and lipid peroxi-
dation in the kidneys were significantly increased and
GPx activity was slightly decreased. A single intraperito-
neal injection of sodium selenite (0.2 mg/kg of Se) slightly
enhanced GPx activity, but was inefficient in altering lipid
peroxidation and SOD, which remained enhanced [2].

Intraperitoneal injections of sodium selenite at dif-
ferent doses (20–80 µg Se/kg/day) for 15 days did not
affect kidney GPx activity in rats [16].

Oral administration of selenium (2 mg/kg) for 7
days did not change MDA and GSH levels in healthy
rats, whereas in animals exposed to cisplatin, an insig-
nificant elevation of GSH and a marked depletion of
MDA were observed [15].

Selenium at a dose of 0.2 mg/kg/day given as so-
dium selenite for 20 days exerted no influence on re-
nal MDA level and markedly depleted GSH concen-
tration both in healthy and Hg-exposed rats. This sug-
gests that selenium was not effective for preventing oxi-
dative damage of kidneys resulting from mercury expo-
sure. That may be connected with the considerable accu-
mulation of mercury in the tissue of the kidneys, which
was even more enhanced by selenium pretreatment [1].

Na2SeO3 at a dose twice as high as that used in this
study did not alter MDA level in the kidneys of
healthy rats or those subsequently treated with cis-
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platin; however, in this case, selenium was given only
twice and the study time was considerably shorter.
Reduced glutathione was found to be significantly de-
pleted in healthy animals, whereas in those treated with
cisplatin, Se pretreatment resulted in no changes [3].

The influence of oral 30-day pretreatment with
Na2SeO3 was studied in rats subsequently subjected
to intramuscular injections of a synthetic glucocorti-
coid prednizolone for 3 days. Lipid peroxidation level
was found to be decreased at the beginning of the
study, but after 48 h, it was similar as that of the pred-
nizolone group. GPx activity was still significantly
elevated compared to the prednizolone group. The
similar results were noted for GSH, but after 48 h the
changes were insignificant. As the changes in lipid
peroxidation and GSH levels were not persistent, they
could be regarded as transient effects [6].

In healthy and Al-exposed rats receiving Na2SeO3,
the lipid peroxidation level in the kidney was signifi-
cantly decreased, but both the dose (200 µg/ kg) and
the time period of the experiment (30 days) were dif-
ferent than those in our experiment [10].

Cases et al. [9] observed depletion of GPx activity
and Se concentration in kidneys of Se-deficient rats.
Furthermore, the influence of Se supplementation in
three different forms (Na2SeO3, selenomethionine
and Se-rich Spirulina algae) at a dose of 75 µg/kg diet
over 56 days was studied. Selenium supplementation
restored Se levels, but sodium selenite and selenome-
thionine were more effective than Se-rich Spirulina.
GPx activity was enhanced in Se-supplemented rats,
but still remained depressed [9]. In our work no sig-
nificant changes in either kidney Se or GPx were ob-
served. However, it is possible that there can be some
differences in the reactions of organisms to Se supple-
ments depending on initial selenium levels before Se
administration.

In mice exposed to cigarette smoke, selenium at a
dose of 3.5 µg/kg body weight given in the form of
seleno-L-methionine for three or five months depleted
both GPx and SOD activities in the kidney [28].

We observed no significant effect of organic sele-
nium on kidney SOD. A similar effect of oral admini-
stration of DL-selenomethionine was obtained in rats
when low and high doses of mercury were adminis-
tered to rats during pregnancy. MDA and GSH levels
were not altered in that experiment [39].

In rats fed Se-enriched Japanese radish sprouts (2.4 ppm
of selenium), GPx activity in the kidneys were not affected

compared to that in control rats. Higher doses
(5.0–12.5 ppm) caused a significant decrease in GPx
activity [17].

All presented data demonstrate that both the prob-
lem of adequate and efficient forms of Se supplemen-
tation and the question of selenium’s influence on kid-
neys remain open. The results of our study suggest
that in the first part of administration, excess selenium
is excreted with urine, causing impairment of kidney
functions, including antioxidant barrier deterioration.
As no accumulation of selenium was observed, it
seems advisable to include the determination of sele-
nium excretion with urine in further experiments. The
comparison of the effect of our compound with that
exerted by inorganic Na2SeO3 shows that although
antioxidant defence is more impaired by organic Se,
lipid peroxidation level is lower in this group. Moreo-
ver, growth seemed to be considerably disturbed in
animals receiving inorganic sodium selenite, whereas
it was not as severely disrupted in rats given the stud-
ied compound. The results encourage further investi-
gations concerning the application of the studied com-
pound as a possible supplement, including the study
of selenium excretion with urine, as well as use of dif-
ferent doses and periods of supplementation.
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