
This study was designed to investigate the effects of excess (24.5 mg Se/kg feed) inorganic and organic
dietary selenium supplementation on 3-week-old broilers. The experiments lasted 4 days. Intensity of
lipid peroxidation processes (malondialdehyde, MDA) and the amount (reduced glutathione, GSH) and
activity (glutathione peroxidase activity, GSHPx) of gluathione redox system were measured in blood
plasma, red blood cell hemolysate and liver. Voluntary feed intake in the selenium-treated groups reduced
remarkably. Elevated GSH concentration and GSHPx activity were measured in plasma and liver of both
selenium-treated groups compared to the untreated control and the ‘pair-fed’ controls. The lipid peroxi-
dation processes in the liver showed higher intensity than the control due to both selenium treatment. The
applied dose of selenite and selenomethionine does not inhibit, but even improves the activity of glu-
tathione redox system in the liver during the early period of selenium exposure.
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INTRODUCTION

Selenium has been shown to be an essential trace element for both animals and
humans [3], and to be toxic at levels above the requirement [18]. The essentiality of
selenium results from its presence as a necessary component (active site) of several
selenoenzymes, e.g. selenium-dependent glutathione peroxidases, iodothyronine
deiodinases, thioredoxin reductases or selenophosphate syntethase [2]. In feeds and
forages of stock animals selenium exists both in inorganic and organic forms.
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Organic forms of selenium (mainly selenomethionine) are originated from plant ori-
gin feed stuffs, and also yeast products [28], while selenite is a most commonly used
inorganic selenium source for feed supplementation [17]. But in the recent years a
number of in vitro studies demonstrated that selenite undergoes a thiol-dependent
reduction to form selenide and then it is converted into selenocysteine [24]. In its
metabolic process the reaction of selenite with cellular sulfhydryls, mainly with
reduced gluthatione (GSH), leads to form reactive oxygen species, mainly superox-
ide radical and hydrogen peroxide [22]. The produced free radicals are involved in
uncontrolled chain reactions, which affect biomolecules, primarily phospholipids,
causing lipid peroxidation [13]. Selenium toxicosis (acut or chronical) turns up when
the level of oxidative damage exceeds the capacity of antioxidant defense system, or
exceeds the ability of the organism to build the potencially reactive selenocom-
pounds in selenoproteins, or convert them to non-reactive forms. Excess amount of
selenium in the form of SeCys decreases of the methylation of selenium [21]. As a
result of this, hydrogen-selenide (as an intermediate metabolite) is piled up in the
organism. This compound is hepatotoxic and has other negative effects. It has been
reported [21] that the background of occurring teratogenic effects in birds may be
that excess selenium (as sulphur-analog) can be built into structural proteins.
Reaction of selenium with sulfhydyl (-SH) groups of proteins can lead to changes in
the activity of several enzymes, especially in those which need free sulfhydryl groups
to their catabolic activity (e.g. methionine-adenosyltransferase (MAT), succinate-
dehydrogenase (SDH), a lactate-dehydrogenase (LDH) and NADP+-isocitrate-dehy-
drogenase (NADP+-IDH) [16]. Excess amount of selenium in the form of selenite
[25] and also as selenomethionine impairs the amount and/or the activity of the bio-
logical antioxidant defence system through oxygen-free radical generating processes
[29]. As an effect of oxidative stress, membranes (e.g. cell-organelle membranes)
loose their integrity thus lysosomal enzymes can leak out of them causing serious
necrotic damage in tissues [13].

GSH is a tripeptide, commonly distributed in all eucaryotic cells [12], which has
a fundamental role in the detoxification of xenobiotics and free radicals [5], so
among the components of the glutathione system it is one of the most sensitive indi-
cators of oxidative stress [26]. GSH is also a co-substrate of selenium-dependent glu-
tathione peroxidases (GSHPx), which eliminate the harmful peroxides (hydrogen
peroxide or organic peroxides) to form their corresponding alcohols or water [6].

The aim of the present study was to investigate the effect of an inorganic (sodium
selenite) and an organic selenium source (seleno-DL-methionine) on lipid peroxida-
tion processes (MDA) and on the amount of some components of the antioxidant
defense mechanism (GSH) and on the activity of GSHPx in broiler chickens.

MATERIALS AND METHODS

Tetra H broiler cockerels (3 weeks old) were used for the study, which was conduct-
ed as two experiments. In ‘Experiment A’ the treated group (n = 20) received sodium



selenite (24.5 mg Se/kg feed) (Sigma, St. Louis, MO) supplementation, while in
‘Experiment B’ the treated group (n = 20) was fed with excess dietary selenium as
seleno-DL-methionine (24.5 mg Se/kg feed) (Sigma, St. Louis, MO). The selenium
concentration in the feed of the treated groups was 49 times higher than the maxi-
mum total approved Se content (0.5 mg/kg feed) in the European Union. In
‘Experiment A’ a ‘pair-fed’ control group (n = 20 each) was also used. Otherwise the
experimental design was the same for both experiment. The control groups (n = 20 in
both experiments) received broiler starter diet which contained 0.12 mg Se/kg feed.
Feed and drinking water were provided ad libitum (expect the ‘pair-fed’ control
group, which received the same amount of feed daily that the consumption of the
treated group was on the previous days). Five animals were sampled from each group
at the 24th, 48th, 72nd, 96th hour of the experiment. At every sampling, prior to exter-
mination the body weight of the birds was measured. Blood samples were collected
at extermination. Blood samples were taken into EDTA-Na2 treated tubes and stored
at cooled place (+4 °C) then the plasma was separated from the blood cells with cen-
trifugation. The red blood cells (RBCs) were lysed with deionized water (ratio 1 : 9)
and by freezing and thawing. After extermination post mortem liver samples were
taken. Small amounts (0.5 g) of the liver samples were homogenized in ninefold vol-
ume of isotonic saline (0.65% w/v NaCl). The samples were stored at –20 °C until
further analysis. For determination of malondialdehyde (MDA) concentration in the
blood samples the method of Placer et al. [20] and in case of liver samples the
method of Mihara et al. [15] was used. Tetramethoxypropane (TMP) was used as
standard to generate MDA for setting up the standard curve. GSHPx activity was
measured with the method of Matkovics et al. [11]. The enzyme activity was
expressed as nmol glutathione oxidation per minute at 25 °C and it was calculated to
the protein content. For determination of protein content in case of the plasma and
the RBC hemolysate the Biuret method was used [27]. Total protein concentrations
in the liver samples were measured using the Folin-phenol reagent according to the
method of Loury et al. [10]. The GSH concentration was determined based on the
method of Sedlak and Lindsay [21]. Selenium content of the feed samples was
extracted using microwave acid digestion apparatus (Milestone MLS-1200 MEGA)
and measured by flameless atomic absorption spectrophotometry with Zeeman cor-
rection (UNICAM 939 QZ AA spectrophotometer) using the method of Oster et al.
[19]. Statistical analysis (analysis of variance, LSD-test, linear regression analysis)
was done by Statistica for Windows 4.5 (StatSoft Inc.).

RESULTS

The different selenocompounds in the applied dose did not cause mortality in the
treated groups during the 96 h experiment. Due to the high dietary selenium intake
in both treated groups, the average daily feed intake dropped remarkable as com-
pared to the control. On the 3rd and 4th day of the experiment it was approximately
35–45% of the untreated control (Table 1). The average daily selenium intake per
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kilogram body weight during the experiment was 3.165 mg in the selenite-treated
group and 3.077 mg in the ‘SeMet’ group, while in the untreated control and the
‘pair-fed’ control it was 0.035 mg and 0.018 mg, respectively. 

Due to lower feed intake caused by the excess amount of both forms of dietary
selenium the average body weight of the animals showed continuous decrease dur-
ing the experiment as compared to the control. Significantly lower values were mea-
sured than the control in the selenomethionine treated group at 72nd and 96th hour,
while in the selenite-treated group at 96th hour (Table 2).

Table 1
Effect of excess selenium intake on the average daily feed intake

(g/animal)

0–24 h 24–48 h 48–72 h 72–96 h

‘Experiment A’ (sodium-selenite)

Control 53 62.67 61 58
Selenite 38 35.33 27 24

‘Pair-fed’ 38 35.33 27 24

‘Experiment B’ (seleno-DL-methionine)

Control 50 63.33 64 74
SeMet 40 26.67 23 28

Table 2
Changes of body weight (g) during the experimental period

24 h 48 h 72 h 96 h

‘Experiment A’ (sodium-selenite)

Control 222.00a 264.00a 238.80a 255.60a
±31.14 ±35.07 ±34.39 ±12.10

Selenite 216.00a 235.60a 239.60a 213.20b
±15.17 ±39.07 ±35.61 ±31.77

‘Pair-fed’ 229.00a 234.60a 227.40a 236.60ab
±12.94 ±18.66 ±30.23 ±6.54

‘Experiment B’ (seleno-DL-methionine)

Control 243.00a 270.00a 280.00a 292.00a
±13.04 ±48.99 ±37.42 ±32.71

SeMet 246.00a 214.00a 228.00b 234.00b
±28.59 ±15.17 ±32.18 ±19.49

Means designated with different letter within columns are significantly (p < 0.05)
different.



Malondialdehyde concentration

MDA concentration of the blood plasma and RBC hemolysate did not change sig-
nificantly either in case of the sodium-selenite or the selenomethionine treatment as
compared to the untreated control group. Conversely in the ‘pair-fed’ control group
significantly elevated MDA concentration was measured in RBC hemolysate at 24th

and 72nd hour of experiment. MDA concentration of the liver homogenate was ele-
vated compared to the untreated control group due to the sodium-selenite and also
the selenomethionine treatment, which was significant at 72nd hour in the selenite
group and at 96th hour in both treated group. In the ‘pair-fed’ control group elevated
MDA concentration was measured on and after the 48th hour, which was significant-
ly higher not only than the untreated control but also than the selenite treated group
(Table 3).

Reduced glutathione concentration

GSH concentration of the blood plasma was significantly lower at 24th hour, while
significantly higher at 72nd and 96th hours of treatment due to the excess selenome-
thionine supplementation than in the control group. GSH concentration of the RBC
hemolysate was significantly higher at 24th hour and significantly lower at 72nd hour
in the selenomethionine treated group than in the control. The selenite treatment did
not cause significant changes either in blood plasma or in RBC hemolysate compared
to the control. GSH content of ‘pair-fed’ control group was significantly lower at 48th

hour in blood plasma and at 96th hour in RBC hemolysate compared to the untreated
control group. GSH concentration of liver exceeded the untreated control group dur-
ing the whole experiment due to both selenium treatments. In the feed-restricted
‘pair-fed’ control group the GSH concentration of the liver was significantly lower
than the untreated control and the selenite treated group (Table 4).

Glutathione peroxidase activity

In the ‘SeMet’group the GSHPx activity of blood plasma showed strong correlation
with its GSH concentration (r = 0.831, P < 0.001). At 24th hour of experiment the
GSHPx activity of the selenomethionine treated group was significantly lower than
the control due to the lack of its co-substrate, namely the reduced glutathione. Not
only in blood plasma, but also in liver homogenate of the selenomethionine treated
group, strong correlation (r = 0.543, P < 0.05) was found between the GSH concen-
tration and the GSHPx activity. The GSHPx activity of the treated group exceeded
the control during the whole experiment due to the co-substrate surplus. In the liver
of the selenite treated group (r = 0.603, P < 0.01) and also the ‘pair-fed’ control group
(r = 0.920, P < 0.001) strong correlations were found between the GSH concentration
and the GSHPx activity. The co-substrate surplus caused elevated GSHPx activity in
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Table 3
Effect of excess selenium on MDA concentration of the investigated tissues

Blood plasma RBC hemolysate Liver homogenate
MDA (nmol/ml) MDA (nmol/ml) MDA (μmol/g)

24 h 48 h 72 h 96 h 24 h 48 h 72 h 96 h 24 h 48 h 72 h 96 h

‘Experiment A’ (sodium-selenite)

Control 4.81b 5.22a 6.04a 5.99a 7.07a 7.82b 8.74a 9.05a 3.12a 4.08b 3.27c 3.21b
±2.84 ±2.23 ±2.08 ±1.27 ±1.36 ±0.90 ±1.10 ±4.47 ±0.81 ±2.46 ±1.86 ±1.62

Selenite 4.13b 5.77a 5.39a 5.53a 6.42a 9.23ab 10.26a 6.56a 5.31a 4.68b 10.08b 7.89b
±0.79 ±1.11 ±0.66 ±1.89 ±0.26 ±1.82 ±1.64 ±1.47 ±4.74 ±4.20 ±5.97 ±2.85

‘Pair-fed’ 7.25a 5.10a 6.51a 4.34a 8.72a 9.70a 5.68b 7.03a 7.44a 11.28a 18.12a 14.67a
±1.27 ±0.52 ±1.42 ±0.94 ±1.64 ±1.81 ±2.10 ±0.50 ±6.00 ±4.02 ±0.75 ±8.55

‘Experiment B’ (seleno-DL-methionine)

Control 2.05a 1.63a 3.50a 1.80a 5.21a 3.55a 3.03a 3.25a 2.97a 2.88a 7.23a 4.20b
±0.86 ±0.36 ±1.97 ±0.71 ±1.64 ±0.83 ±0.84 ±0.37 ±1.17 ±1.29 ±0.24 ±1.92

SeMet 1.92a 2.15a 4.70a 3.03a 3.87a 4.56a 3.73a 3.55a 4.71a 6.12a 9.81a 8.04a
±0.62 ±0.70 ±1.26 ±2.29 ±1.43 ±1.98 ±2.65 ±1.64 ±1.38 ±3.09 ±2.31 ±0.48

Means designated with different letter within columns are significantly (p < 0.05) different.
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Table 4
Effect of excess selenium on GSH concentration (μmol/g protein) of the investigated tissues

Blood plasma RBC hemolysate Liver homogenate
MDA (nmol/ml) MDA (nmol/ml) MDA (μmol/g)

24 h 48 h 72 h 96 h 24 h 48 h 72 h 96 h 24 h 48 h 72 h 96 h

‘Experiment A’ (sodium-selenite)

Control 6.86a 6.12a 6.23a 9.08ab 14.44a 14.22ab 13.67ab 17.14a 1.67a 2.04b 1.75b 1.75a
±2.46 ±1.84 ±4.69 ±4.87 ±4.42 ±4.86 ±7.30 ±5.63 ±0.43 ±0.39 ±0.55 ±0.22

Selenite 5.74a 5.18a 7.53a 12.49a 12.83a 16.56a 8.75b 17.65a 2.15a 2.42a 2.52a 2.03a
±0.52 ±0.43 ±6.85 ±4.29 ±4.49 ±3.88 ±2.73 ±4.02 ±0.66 ±0.37 ±0.64 ±0.18

‘Pair-fed’ 6.57a 3.47b 10.47a 5.89b 14.35a 11.27b 16.23a 10.69b 2.30a 1.10c 1.20b 1.03b
±1.43 ±0.40 ±1.21 ±0.79 ±3.98 ±2.98 ±4.45 ±1.53 ±0.85 ±0.12 ±0.37 ±0.14

‘Experiment B’ (seleno-DL-methionine)

Control 5.60a 4.80a 3.86b 4.17b 9.38b 7.66a 13.51a 12.70a 1.79a 2.08a 3.11a 1.79b
±0.71 ±1.21 ±0.72 ±1.65 ±3.03 ±2.66 ±3.11 ±5.39 ±0.37 ±0.18 ±0.15 ±0.51

SeMet 3.94b 4.75a 6.35a 6.89a 12.47a 6.77a 8.57b 13.24a 2.51a 3.37a 3.83a 3.52a
±0.26 ±1.00 ±0.77 ±1.58 ±1.54 ±2.00 ±2.66 ±6.03 ±1.00 ±1.28 ±1.49 ±1.04

Means designated with different letter within columns are significantly (p < 0.05) different.
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Table 5
Effect of excess selenium on GSHPx activity (U/g protein) of the investigated tissues

Blood plasma RBC hemolysate Liver homogenate
MDA (nmol/ml) MDA (nmol/ml) MDA (μmol/g)

24 h 48 h 72 h 96 h 24 h 48 h 72 h 96 h 24 h 48 h 72 h 96 h

‘Experiment A’ (sodium-selenite)

Control 5.00b 4.54b 4.30a 5.00a 4.00b 4.73a 6.43a 5.56a 2.08a 2.22a 1.76b 1.82b
±4.50 ±2.21 ±0.59 ±0.78 ±1.30 ±1.84 ±2.66 ±1.16 ±0.15 ±0.25 ±0.34 ±0.55

Selenite 2.14b 7.05a 5.59a 6.66a 3.27b 5.60a 4.86a 2.28b 2.21a 2.50a 3.15a 2.37a
±0.20 ±0.22 ±0.49 ±1.78 ±1.03 ±1.21 ±1.45 ±0.75 ±0.74 ±0.43 ±0.49 ±0.65

‘Pair-fed’ 9.26a 4.82b 4.94a 2.10b 5.65a 5.32a 5.84a 2.35b 2.49a 1.29b 1.42b 1.19b
±1.92 ±0.69 ±0.78 ±0.39 ±1.42 ±0.57 ±1.45 ±0.34 ±0.74 ±0.20 ±0.40 ±0.17

‘Experiment B’ (seleno-DL-methionine)

Control 9.14a 8.62a 6.55b 6.97a 5.59a 3.05a 7.32a 4.70a 1.50a 1.91b 3.05a 1.82a
±1.48 ±1.75 ±1.38 ±2.69 ±1.55 ±0.90 ±1.84 ±1.84 ±0.42 ±0.27 ±0.46 ±0.63

SeMet 5.82b 6.71a 9.03a 8.19a 5.97a 3.66a 5.00a 6.14a 2.05a 2.74a 3.36a 2.73a
±0.66 ±1.39 ±1.01 ±1.01 ±1.51 ±1.44 ±3.34 ±1.54 ±0.93 ±0.66 ±0.75 ±1.09

Means designated with different letter within columns are significantly (p < 0.05) different.



the selenite treated group, while in the ‘pair-fed’ control group – as it was measured
on and after the 48th hour of experiment – the lack of GSH was associated with
decreased GSHPx activity (Table 5).

DISCUSSION

According to the results of these experiments the main effect of dietary selenium
overdose is the decrease of feed intake and increase of the amount and activity of glu-
tathione redox system in the liver during the early period of selenium exposure.

Our results are slightly controversial to those of Gowdy and Edens [7] done with
dietary sodium-selenite and selenomethionine in different concentrations (0.3, 0.6,
1.2, 5, 10 and 15 mg Se/kg) in broilers, where no significant differences were
observed during the 21 days long experiment in the body weight of the selenome-
thionine treated animals.

Remarkably lower body weight was found by [1] in broilers than the control due
to excess (6 mg Se/kg) selenomethionine and sodium-selenite treatment (11.1% and
25.5%, respectively). Contrary to this, in our experiments the selenomethionine treat-
ed group showed marked decrease in body weight (19.9%) than the sodium-selenite
treated one (16,6%).

Selenium in feed (3–6 mg/kg) as sodium selenite, caused dose-dependent increase
in hepatic GSH concentration of rats as described by [9]. The significantly higher
GSH concentration of the liver due to both selenium treatments is remarkable in view
of the findings in the literature, which show that in consequence of fasting the
reduced glutathione content of liver of avian species declines very fast
[4, 14]. In the feed-restricted ‘pair-fed’ control group the GSH concentration of the
liver was significantly lower than in the untreated control and the selenite treated
group, which shows clearly the above-mentioned glutathione depletory effect of
reduced feed intake. It seems that when the reduced feed intake is connected with
high selenium intake and the stress caused by it, this glutathione depletory effect does
not occur. The increase of the GSHPx activity and the MDA concentration during the
experiment are in line with the results of [8], but in contrary to the above-mentioned
study, in the present experiment owing to the excess selenomethionine the GSH con-
tent did not decrease. The changes in malondialdehyde concentration in the liver of
the ‘pair-fed’ control group show that, when the reduced glutathione content and as
a consequence of it, the activity of glutathione peroxidase decreases, it is always
accompanied by an increase in malondialdehyde concentration showing the intensi-
ty of the lipid peroxidation processes.
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