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The antioxidant system of some tissues in guinea pigs with no selenium defi ciency was studied 
after treatment with selenium-containing products. Activity of a selenium-containing enzyme 
glutathione peroxidase was signifi cantly reduced in the kidneys and blood. The kidneys were 
characterized by low activity of glutathione reductase and high activity of SOD. These features 
il lustrate the development of oxidative stress in the kidneys.
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Selenium is an essential element in the body. This es-
sential and biologically active microelement enters the 
composition of many hormones and enzymes. There-
fore, selenium is functionally related to acti vity of all 
organs and tissues [1-4,9-13]. The demands in sele-
nium are satisfi ed by its consumption with the plant 
and animal food. The bioavailability of dietary sele-
nium is of considerable importance [3-4]. Selenium 
is involved in cell metabolism. Inorganic selenium 
(selenites and selenates) is transformed into hydrogen 
selenide. Selenium toxicity is related to the excess 
of hydrogen selenide. Organic selenium exists in the 
form of amino acids (selenomethionine and selenocys-
teine) that are present in proteins. In plant products, 
selenium is mainly presented by selenomethionine. 
Selenocysteine is found in humans and animals [3]. 
Selenium defi ciency is associated with the dietary 
regimen and geographical location. The animals and 
humans receive selenium with food products (from 
the soil through the plants). Selenium defi ciency is 
accompanied by immune dysfunction, changes in the 
antioxidant defense system, iodine defi ciency, decrease 
in the genome stability [13], and preterm aging. These 
abnormalities contribute to the development of various 

diseases. Functions of selenium-containing proteins 
remain unknown [10-11]. Much attention was paid to 
enzymes of hormone metabolism (e.g., selenoprotein 
P, 5’-iodothyronine deiodinase, selenoprotein W, and 
thioredoxin reductase [9,12]) and antioxidant enzyme 
glutathione peroxidase (GPx) [5].

Here we studied the antioxidant systems of the 
kidneys, liver, and blood in guinea pigs receiving se-
lenium-containing products. The animals did not have 
selenium defi ciency, but biological additives were used 
for prophylactic treatment.

MATERIALS AND METHODS

Functions of the antioxidant system were evaluated from 
changes in activities of GPx (EC 1.11.1.9; selenium con-
taining-enzyme), glutathione reductase (EC 1.6.4.2, GR; 
enzyme for the regulation of intracellular reduced gluta-
thione), and SOD (EC 1.15.1.1; enzyme for the neutral-
ization of superoxide radicals). Enzyme activities were 
measured after dietary consumption of the following 
three products of selenium: organic selenium, Selen-Ak-
tiv (Plant of Ecological Nutrition “Diod”); yeast prepara-
tion Bioselen (selenomethionine and selenocysteine); and 
inorganic sodium selenate (Na2SeO4×10H2O). Previous 
studies showed that addition of selenium preparations to 
food products is accompanied by a signifi cant increase 
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in selenium con tent in the kidneys and liver [4]. Activity 
of cytoplasmic antioxidant enzymes was measured in 
these tissues. Moreover, activity of these enzymes was 
measured in the blood.

Male guinea pigs (body weight 259±29 g) were 
divided into 3 groups to receive one of the selenium-
containing products with feed. 

Over the fi rst 10 days, the dose of selenium was 
12.5 μg/kg. In the follow-up period (17 days), the dose 
of dietary selenium was increased to 25 μg/kg. The 
animals received this additive for 27 days. Dry forms 
of organic selenium and yeast selenium were minced 
and added to the porridge. An aqueous solution of in-
organic sodium selenate in the specifi ed dose was also 
added to the porridge. The porridge was cooked from 
a mixture of pearl barley, oat fl akes or ground wheat, 
or whole-grain oatmeal. Control animals fed the por-
ridge with no additive of selenium. All animals also re-
ceived the pelleted feed (in the nighttime), clover hay, 
vegetables, and water (ad libitum). The animals were 
maintained in a vivarium under standard conditions.

The animals were anesthetized with ether before the 
sampling procedure. They were decapitated with a guillo-
tine. The left kidney and hepatic lobe were removed, put 
in a cold solution of 125 mM KCl and 10 mM HEPES 
buffer (pH 7.5), washed 2 times with the same buffer, 
weighted, squeezed, and homogenized in the buffer in 
the 1:2 ratio (1 g tissue per 2 ml buffer). The homogenate 
was centrifuged (6000 rpm) in ice for 15 min. Aliquot 
samples of the supernatant were stored at -20oC. Enzyme 
activity was measured within the next 2-3 days.

The blood (50 μl) and distilled water were put in 
Eppendorf tubes with physiological saline and heparin 
(10 U) to obtain the hemolysate. The preparation of 
samples and measurement of enzyme activity in blood 
hemolysate were performed as described elsewhere 
[7,15]. SOD activity in blood hemolysate was mea-
sured on the day of the experiment. Aliquot samples 
of the hemolysate were taken and stored at -20oC for 
2-3 days to measure activities of GPx and GR.

Activities of antioxidant enzymes GPx, GR, and 
SOD were measured biochemically [7,15]. GPx ac-
tivity was measured using 5,5’-dithiobis/2-nitroben-
zoic acid (DTNB). GR activity was estimated from 
a decrease in the amount of NADPH required for 
the reduction of oxidized glutathione. SOD activity 
was evaluated in the superoxide-generating reaction 
of epinephrine autooxidation. Adrenochrome forma-
tion was recorded at 347 nm [6,7]. SOD activity in 
the supernatants of tissue homogenates was measured 
by a modifi ed method. The study with tissue homog-
enates was performed using 0.1 M carbonate buffer 
(pH 10.6). The experiment with blood samples was 
performed with 0.2 M carbonate buffer. Before addi-
tion of epinephrine, the samples were preincubated for 

40 sec to reach the linear region. Optical density was 
recorded for 2 min.

The measurements were performed on a Multi-
scan Plus device and Uvikon 923 spectrophotometer 
(time Driver regimen).

The correction for nonspecifi c oxidation of NADPH 
was introduced to evaluate the rate of NADPH oxida-
tion with study enzyme. The sample was studied in 
the absence of oxidized glutathione (substrate). Pro-
tein concentration in supernatants was measured by 
the method of Lowry. Hemoglobin concentration was 
estimated as described previously [7]. Enzyme activ-
ity in blood hemolysate was calculated per 1 μl whole 
blood, 1 mg hemoglobin, and 0.1 optical density units 
(at 280 nm).

The results were analyzed by Student’s t test (Mi-
crosoft Excel software).

RESULTS

Selenium-containing products had the most signifi -
cant effect on enzyme activity in the kidney (Tables 
1-3). The preparation of organic selenium produced 
a strong effect on activity of study enzymes in the 
kidneys. Activities of GPx and GR decreased by 40 
and 18%, respectively. SOD activity was signifi cantly 
elevated under these conditions (by 99%; Table 1). 
This preparation is an organic compound of selenium 
(Selexen, 9-phenyl-octahydroselenoxanthene). Selexen 
was synthesized at the Medical Radiological Research 
Center and Medbiofarm Company (V. V. Shakhtarin et 
al.). In the body, this product plays a metabolic role of 
GPx. These features probably contribute to a decrease 
in activity of endogenous GPx and GR. A relationship 
exists between GR and GPx, which maintains the pool 
of reduced glutathione. Feeding of the yeast prepara-
tion had a slight stimulatory effect on GR (32%), but 
did not modify activity of other antioxidant enzymes. 
Activation of GR can be associated with the presence of 
selenium and sulfur-containing amino acids (methionine 
and cysteine) in this product. Inorganic sodium selenate 
induced signifi cant activation of SOD in the kidneys 
(89%). The increase in SOD activity under the infl uence 
of selenium-containing products refl ects the generation 
of superoxide radicals. Hence, this treatment is accom-
panied by oxidative stress in the kidneys.

The yeast preparation also had a strong effect on 
antioxidant enzyme activity in the kidneys of guinea 
pigs. Activities of GPx and SOD decreased by 45 and 
38%, respectively. GPx activity was elevated by 40% 
after treatment with inorganic sodium selenate (Table 
2). The preparation of organic selenium did not modify 
acti vity of antioxidant enzymes in the liver (as dif-
ferentiated from the kidneys; Table 2). The liver is 
an organ for detoxifi cation and active metabolism. 
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Functional activity of the studied enzymes in the liver 
is probably less dependent on exogenous factors.

Antioxidant enzyme activity was evaluated in the 
hemolysate of blood samples from animals after feed-
ing of selenium-containing products (Table 3). Irre-
spective of the method of measuring enzyme activity, 
we showed that organic selenium and sodium selenate 
have little effect only on GPx (decrease in enzyme 
activity by 28 and 47%, respectively). Activities of GR 
and SOD in blood hemolysates did not change after 
feeding of biological additives (Table 3).

We conclude that feeding of selenium-containing 
products is followed by a decrease in activity of en do-
genous GPx in the kidneys and blood. These chan ges 
are accompanied by the development of oxidative stress 
in the kidneys. Antioxidant enzymes of the liver exhib-
ited a weak reaction to biological additives. The con-
sumption of selenium-containing preparations proba-
bly produces a good effect during selenium defi ciency, 
since antioxidant enzymes “respond” to “exogenous” 
(dietary) selenium under these conditions. However, 
this treatment should be accompanied by the control 
over functional activity of the kidneys. The feeding 

of selenium-containing products in the absence of se-
lenium defi ciency can be followed by inactivation of 
endogenous GPx and development of oxidative stress 
in the kidneys. Selenium-rich products can be recom-
mended for the prevention of selenium defi ciency. Se-
lenium content in these products decreases in the fol-
lowing order: coconut>pistachio>pork fat>garlic>salt-
water fish>wheat bran>cep>eggs>soya>white rye 
bread>liver>crude rice>beef heart>chicken meat> 
beef>lentil>sunfl ower seeds [8]. The feeding of seleni-
um-containing products should be under strict control 
during selenium defi ciency and liver disorders.
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