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and cardiac and breast muscle were collected for analysis. Five 
eggs from each group were randomly selected each week during 
the depletion period. The whites and yolks were separated before 
pooling and blending. 

No difference concerning egg production and egg weight could 
be detected between the 3 different groups during the experi
mental period. 

Analytical methods 
Blood and tissue samples were analysed for Se content and 

GSH-Px activity while eggs were analysed for Se only. Samples 
of liver, and cardiac and breast muscle in which total and Se 
dependent GSH-Px activity were to be determined were imme
diately frozen in liquid nitrogen and ke:pt below -80°C until 
they were analysed. Samples for Se analysis were frozen at 
-20°C immediately after collection. Material for analysis was 
taken in a semifrozen state to prevent loss of fluid from the 
samples. Samples of whole blood for determination of Se and 
GSH-Px activity were refrigerated for analysis the foHowing day. 
Selenium was determined by a fluorimetric method after digest
ion with nitric and perchloric acid (Ihnat 1974, Norheim & Ny
moen 1981). Total and Se dependent GSH-Px activity were 
determined using cwnene hydroperoxide and hydrogen peroxide 
as substrates, respectively (Paglia & Valentine 1967, Moksnes & 

Norheim 1983). Results are expressed as µkat/l (kg) and µg 
Se/ml (g) wet weight, respectively. The statistical analyses used 
are t-test and linear regression carried out according to MST AT 
(Nissen 1982) . 

RESULTS AND DISCUSSION 
Selenium levels and GSH-Px activity in blood 

After 5 weeks of the supplementary period Se levels and GSH
Px activities in blood were considerably higher in both expel'li
menta:l groups compared to the initial levels (Fig. 1). At the 
end of the supplementary period, after 10 weeks, the Se levels 
in the selenite group and the GSH-Px actiivity in the Se-Met 
group were almost the same as at the start of the supplementa
tion period. 

During the same 10 weeks these same 2 parameters fell to 
about one third of the base-line (initial) levels in the unsupple-
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F i g u r e 1. Effect of selenium supplementation on blood selenium 
levels (µg Se/ml) and GSH-Px activities (µkat/l) in chickens after 
supplementation of the feed with 0.5 mg Se/kg for 10 weeks. Selenium 
sources were sodium selenite ( e), selenomethionine <•), and control <• ). The absolute standard deviations for selenium ranged from 0.01 
to 0.05 µg Se/g blood, and for GSH-Px activities from 6 to 61 µka.t/l 

blood. 

mented control group. The decrease in blood Se and GSH-Px 
activity seen in the experimental groups are difficult to explain, 
but may indicate that Se levels in the feed were· insufficient to 
maintain the high levels obtained previous to a period of increas
ing egg production. 

During the entire supplementary period, blood Se levels were 
significantly higher in the Se-Met group than in the selenite 
group (P < 0.001). These findnigs are in agreement with resulits 
from previous studies in which naturail Se from Se-rich fisih 
meal, wheat and soybean meal, as wen as sodium selenite, were 
used as Se sources (Scott & Thompson 1971). Corresponding 
differences in blood GSH-Px activity were not observed. On the 
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contrary, the selenite group showed the highest activity (P < 
0.001) at the end of the supplementary period. This discrepancy 
in blood Se compared to GSH-Px activity found between the 2 
experimental groups, indicates that some of the Se detected in 
bl;ood in the Se-Met group had not been incorporated into active 
GSH-Px. This finding may probably be explained by the fact 
that Se-Met has two alternative fates in the body: either it can 
be incorporated into body proteins in the place of methionine, 
or it can be catabolized to release Se, which in time will be avail
able for GSH-Px synthesis (Carry et al. 1973, Sunde et al. 1981). 
Inorganic Se, however, does not result in an accumulation of 
Se-Met in these tissues when fed to monogastric animals (Cum
mins & Martin 1967, Jenkins 1968). A greater part of the Se 
detected in blood after selenite supplementation thus seems to 
be available for GSH-Px synthesis. These results support the 
theory that organic and inorganic Se occupy separate metabolic 
pools in the body (Levander et al. 1983). 

During the first 5 weeks of the depletion period, the level of 
blood GSH-Px activity in the experimental groups approached 
that in the controls, most rapidly in the selenite group. When 
using a semilogarithmic plot, the correlation coefficients in the 
selenite and Se-Met groups were r = -0.94 and r = -0.92, re
spectively, enabling us to calculate the regression coefficient for 
the elimination rate from week 0 to 5, being -0.017 in the 
selenite group and -0.013 in Se-Met group, corresponding to 
half lives of h = 18 and ti= 24 days, respectively. The regress-

2 2 
ion coefficients were significantly different (P < 0.001). These 
results indicate that Se-Met supplementation induces a pool of 
Se in tissues which subsequently may be released and used in 
GSH-Px synthesis. 

These findings are in agreement with the results reported by 
Levander et al. (1983) who studied the availability of Se from 
different sources in man. They found that the platelet GSH-Px 
activity decreased more rapidly in the depletion period in the 
group supplemented with inorganic Se as compared to the group 
receiving organic Se. 

The regression coefficient for the elimination rate of Se 
from blood in the period from week 0 to 5 was calculated for 
the Se-Met group to -0.011 (r = -0.94), corrnsponding to a 
half life of 27 days. In the selenite group, however, the curve 
was on,ly linear in the period from week 0-2 (r = -0.91). The 



108 K. Moksnes & G. Norheim 

regression coefficient for this period was calculated to -0.017, 
corresponding to tl = 18 days. 

Selenium levels and GSH-Px activity in organs 
At the beginning of the depletion period, disHnct d1ifferenc.es 

in Se levels and GSH-Px activities were observed between the 
different organs, liver tissue showing the highest and breast 
muscle the lowest values (Fi.:g. 2 and Table 2). Within each 
organ, the Se-Met group showed much higher Se levels than the 
selenite group. As regards breast muscle, the Se levels in the 
selenite group were only about 25 % of those in the Se-Met group, 
while the corresponding figures for heart muscle and liiver were 
50 % and 60 % respectively. Simliar differences in GSH-Px 
acitivity could not be detected. The two supplemented groups are 
therefore combined in Table 2. The higher Se levels in the Se
Met group therefore do not contribute to the GSH-Px activi,ty, 
and selenium levels in this case do not give an adequate es.timaite 
of the physiological Se status of the body. A firm conclusion as 
to whether these tissue deposits derived from Se-Met serve as an 
important long-term source of Se as body proteins turns over 
cannot be reached on the basiis of the present experiment, be
cause of the short duration of both the repletion and depletion 
period and the limited number of animals. Slightly Longer half
life of the blood GSH-Px activity in the Se-Met group, however, 
indicates such an effect in the first few weeks. On the other 
hand, higher organ concentrations of Se without corresponding 
hiigher GSH-Px activity, were detected throughout the whole de
pletion period. Only small differences between total and Se
dependent GSH-Px activities were observed throughout the deple
tion period. In liver, and cardiac and breast muscle, the average 
Se-dependent activity was 81 ± 8, 94 ± 5 and 87 ± 7 per cent of 
the total enzyme activity, respectively, when cons;i'dering all 
chickens analysed (Table 2). Similar results have been observed 
in ducklings (Xu & Diplock 1983). Schafer et al. (1982) dem
onstrated that the percentage of Se-dependent GSH-Px is de
pendent upon the amount of Se in the feed, varying from 0 % 
in Se-depleted hens to 82 % in hens receiving a supplement of 
0.9 mg Se/kg feed. In. sheep, the proportion of total GSH-Px in 
liver which is dependent upon Se is smaller, varying from 22 % 
when the feed contained 0.13 mg Se/kg to 54 % when the feed 
contained 1.3 mg Se/kg (Moksnes & Norheim 1983). 
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At the end of the experiment the enzyme actiiVity in the Se
supplemented groups was less than in the control group. This 
may be explained by the observation that animals on low Se 
intake can utilize Se better for GSH-Px than animals on higher 
levels (Sandholm et al. 1981). 

Selenium in eggs 
At the start of the depletion period, there were s.tgnificant 

differences between egg Se levels in the 3 groups, this being 
especially true for the egg whttes (Table 3). A rapid decrease in 
the Se level followed during the depletion phase, reaching the 
control leve·l after 2 weeks in egg white and egg yolk in the 
sodium selenite group (Group 1) and after 4 weeks in yolk lin 
the Se-Me·t group (Group 2). From week 4 to 9, the rate of de
crease levelled off. The excretion of Se through egg white was 
prolonged in the Se-Met group, levels not falling to the control 
level even after 9 weeks of depletion. This prolonged excretion 
may be due to a slower protein turnover in the precursor pools 
used for egg white synthesis as compared to egg yolk. The ex
cretion pattern seen here is rin contrast to the results obtained by 
Kiiiintee & Kurkela (1980) who observed a sharp drop in egg 
white Se during the initial depletion phase which then rose be
fore again declining slowly to the basal level. This discrepancy 
may be due to different Se sources and to the short feeding 
period (only 4 weeks) as compared with the present experiment. 

Table 3. Effect of selenium supplementation on egg yolk an.d egg 
white selenium levels (µg Se/g wet weight). 

Weeks 
0 1 2 3 4 5 6 7 8 

Group 1 Egg yolk 0.81 0.41 0.33 0.33 0.38 0.35 0.38 0.43 0.32 
(Selenite) Egg white 0.13 0.05 0.06 0.05 0.04 0.06 0.09 0.06 0.05 
Group 2 Egg yolk 0.99 0.74 0.48 0.42 0.38 0.39 0.35 0.36 0.30 
(Se-Met) Egg white 0.65 0.26 0.14 0.11 0.10 0.10 0.14 0.08 0.09 
Group 3 Egg yolk 0.3"1 0.32 0.30 0.33 0.34 0.36 0.35 0.33 0.29 
(Control) Egg white 0.05 0.05 0.05 0.04 0.04 ·0.06 0.05 0.05 0.05 

9 

0.30 
0.06 
0.35 
0.0.9 
0.34 
0.06 
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CONCLUSION 
There is a closer relationship between Se concentrations and 

GSH-Px activity in different organs in chickens supplemented 
wiith sodium selenite than in those supplemented with Se-Met. 
The higher Se concentration in blood and tissues obtained with 
Se-Met is in agreement w,i1th the observation that Se-Met can be 
incorporated into general body proteins without contributing to 
the GSH-Px activity. In this case, the Se levels do not give an 
adequate estimate of the physiological Se status of the body. 
Though the short duration and small scale of this experiment 
do not allow any firm conclusions to be drawn, the results never
theless support the theory that different forms of Se occupy 
separate metabol.ic pools in the body, and that the Se pool 
formed after Se-Met supplementation can be mobilized for GSH
Px synthesis during a Se depletion period. As assessed by blood 
and organ tissue GSH-Px activity, there is no clear indication 
that Se-Met is superior to sodium selenite as a feed additive to 
prevent Se deficiency in cihickens. 
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