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The activity of glutathione peroxidase (GSH-Px, E.C. 1.11.1.9.) was
determined in heparinized whole blood, blood plasma and washed
erythrocytes from goats before and up to 4 weeks after the admini
stration of selenium (0.4 mg /10 kg BW) and vitamin E (20 mg/10 kg
RW) or only vit o E (20 mg/10 kg BW). It was Ioun d that Se admini
stration caused a significant increase in enzyme activity in whole
blood and washed erythrocytes first detected 2 weeks after the intra
muscular injection of Se. No changes were observed in plasma from
the treated animals. Minor and insignificant changes were seen in the
vit oE treated control animals. It is concluded that GSH-Px activity in
blood plasma or serum is of no value as a short-term indicator of the
selenium status of goats but whole blood is a good indicator of the
long-term status.

goat ; glutathione peroxidase; selenium;
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One specific biochemical role of selenium has been estab
lished, i.e, as a component of the enzyme glutathione peroxidase
(GSH-Px, E.C. 1.11.1.9.). This enzyme catalyzes the reduction of
H202 and various hydroperoxides with reduced glutathione
(GSH) as a cofactor.

In the blood, GSH-Px is present mainly in the erythrocytes
where it acts as an integral part of the antioxidative system pro
tecting hemoglobin from oxidation to methemoglobin by hydro
peroxide (Mill & Randall 1958) .
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As there are 4 moles of selenium to 1 mole of enzyme a close
correlation between selenium concentration in blood and GSH-Px
activity in erythrocytes has been established for cattle (Wilson
«- Judson 1976), sheep, pigs (Jprgensen et 01. 1977), horses
(Caple et 01. 1978) and humans (Thompson et 01. 1977) . Conse
quently, the activity of the enzyme, which is more easily deter
mined than elemental selenium, is used as an indicator of the
selenium status in animals.

High blood plasma GSH-Px activity was found in pigs by
Jprgensen et al, (1977) . Later Hakkarainen et al, (1978) demon
strated a close correlation between blood selenium and serum
GSH-Px in pigs. These authors preferred determination of serum
GSH-Px to erythrocyte enzyme activity determination in eval
uating selenium status in the pig, as the response to changes
was faster in serum.

The present study was undertaken to investigate the possi
bility to use plasma GSH-Px activity in goats as a short-term
indicator of selenium status in this species.

MATERIAL AND METHODS

Nine adult female goats (Swedish Land Breed) were used in
this experiment. They were kept together in boxes and had free
access to feed and water. Blood samples were obtained from the
jugular vein into heparinized Vacutainers® ('"'-' 15 LV/ml, Becton
Dickinson, cat. no . 606480) .

The GSH-Px activity was determined according to Paglia «
Valentine (1967) as previously described (Hussein «- Jones
1981) in whole blood, washed erythrocytes and blood plasma.
Cumenehydroperoxide was used as substrate in the analyses.

Six of the animals were given an intramuscular injection of
a selenium, vit amin E preparation (Tokosel vet, Agrivet AB,
Uppsala, Sweden) at a dose of 0.4 mg Se and 20 mg vit. E per
10 kg body weight (BW). Three animals were injected with
the same amount of vit. E (Ido-E Aquosum vet., AB Ferrosan,
Malmo, Sweden) as a control group. Blood samples were taken
from all animals 5 h after the injection and once every week
thereafter for 4 weeks. The blood samples were divided into 2
portions, one portion for the determination of the enzyme activity
in whole blood hemolysate, the second portion was centrifuged
and the plasma removed for enzyme determination. The sedi-
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mented erythrocytes were washed 4 times with phosphate buffer,
pH 7.5 (74.8 g Na2HPO•.2H20 and 10.88 g KH2PO. in 1 I of dist.
water) and resuspended in this buffer to retain the original blood
volume before determination of the enzyme activity.

The experimental group was compared to the control by the
t-test.

RESULTS

The activity of GSH-Px in whole blood is presented in Table
1. A significant increase in the enzyme activity (P < 0.001) was
seen in the 2, 3 and 4 week samples after selenium admini
stration compared to the pre-treatment values. The control ani
mals showed a slight and non-significant increase in the enzyme
activity during the experimental period. Since the enzyme activity
in the washed erythrocytes was almost identical to the whole
blood values the erythrocyte values will not be presented here.

Tab I e 1. The activity of GSH-Px in whole blood of goats injected
intramuscularly with Se (0.4 mg/10 kg BW) and vito E (20 mg/10 kg
BW) compared during a 4-week period to control animals given only

vit, E (20 mg /10 kg BW).

Pretreatment 5 h 1 w 2 w 3 w 4 w

Exp. Mean
Animals Ilkat/l 444 A,B,C 555 497 545 A 634 B 892 C
n=6

Range 371-531 449-688 434-688 484-658 593-667 686-1231
-------_._-_._------

Control Mean
Animals ILkat /1 335 452 359 352 468 530
n=3

Range 248-485 409-477 230-466 250-505 373-604 373-702

Figures followed by the same upper case letter are significantly dif-
ferent at P < 0.001.

Table 2 shows the GSH-Px activity in plasma for the treated
and the control animals. The plasma enzyme activity was low
throughout the experiment both in experimental and control
animals.
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T ab I e 2. The activity of GSH-Px in blood plasma fr om goats in
jecte d intramuscularly with Se (0.4 mg/l0 kg BW) and vit oE (20 mg/
10 kg BW) compare d during a 4-we ek period to co ntrol animals give n

only vit, E (20 mg/l0 kg BW) .

Prctrea tm cnt 5 h 1 w 2 w :1 w 4w

Exp. Mean
Animals It kat/I 2.0 2.1 2.5 2.6 2.1 1.6
n = 6

Range 1.6- 2.6 1.6-2.4 2.0-3.7 2.2- 2.8 1.8-2.7 1.2-1.8
_ ___• _ _ • • _ • • • _ . _ _ _ ____ _ - --. _ _ _ _ 0 -

Cont ro l Mean
Animals 2.0 2.0 2.0 2.0 1.9 1.6
n =3

Han ge 1.9-2.1 1.9-2.1 2.0- 2.0 1.9-2.2 1.6-2.1 1.2-1.9

DISCUSSION
The present result s show tha t GSH-Px ac tivity in goa t hlood

in creases fr om 2 week s a fte r administration of selenium . A
sim ila r delay in th e increa se of enzyme activity was found in
horses (Caple et al, 1978 ), cattle (Thom pson et al. 1981 ), and
rats ( H afeman el al, 1974 ) . Since mature eryth ro cy te s a re in
capable of protein syn thesis th e respon se in GSH-Px activity will
be related to the turnover time for the circ ulating eryth rocytes.
The adm in is te red se leni um must be in corporated w ith the syn
th esi sed GSH-Px into th e ce ll during the hemat opoiesi s . Acc ord
in g to Sclutlm ct al. ( Hl75) the ery th rocy te life span in goats is
125 days. The present result s confi rm th e suggestion by Hafeman
et al. ( Hl74 ) that ery th rocyte GSH -Px activity is a long-t erm
measure of the se len ium intake of a n a nimal ,

The low blood pl asma enzyme ac tivi ty shown in this expe r i
m ent is in agreement with previ ous studies in ruminants, e.g.
by Richard ct al. (1981) and Th ompson et al , (1981) . Hakkarai
nen et al. ( Hl78) on the other hand found hi gh enzyme activities
in blood se r um from pigs. These au tho r s used ser um in stead of
pl asma as they did not find any difference between thes e two
m a teria ls. However, in many cases it is an advantage to usc
pl a sma as the ri sk of hemolysis in se r um is gre a te r . The low
enzyme acti vity in plasma fr om goa ts will not, as demonstrated
in this study, influence the det ermination of the enzyme in whole

blood.
Thus, when using GSH-Px activity to monitor the se len ium

s tat us of the a nimal, th e eryth rocyte life span of the speci es
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concerned must he horne in mind. Whole blood GSH-Px activity
is a good indicator of the long-term selenium status of goats and
significant changes will not be observed until about 2 weeks
after the administration of therapeutic doses of selenium. Deter
mination of GSH-Px activity in blood plasma or serum from
goats is of less value and could not be used as a short-term indi

cator of the selenium status.
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SAMMANFATTNING

Effekler av selentilljiirsel pd aktioiteten av glulalhionperoxidas i blod
plasma ocli roda blodkroppar hos gel.

Aktivitelen av enzymet glutationperoxidas (GSH-Px, E.C. 1.11.1.9 .)
bestarndes i heparlniserat helblod, plasma och tvattade blodkroppar
fran getter fore oeh efter intramuskular tillforsel 'IV selen (0.4 rug/
10 kg kroppsvikt) och vitamin E (20 mg/l0 kg kroppsvikt) eller en
bart vit. E (20 mg /l0 kg kroppsvikt) . TillfOrsel av Se gay en signi
fikant okning :IV enzymaktiviteten i helblod och tvattade blodkroppar
matbar fran 2 veckor efter tlllf'orseln av Se. Plasmaproven uppvisade
inga Iorandrtngar, Proven fran de getter som enbart falt vit. E visade
mindre och icke signifikanta andrrngar av GSH-Px aktiviteten. Slut
satsen av experimenlet blir att enzymaktivileten i blodplasma eller
serum inte kan anvandas som en indikator pa getens kortsiktiga selen
status men att bestamning av GSH-Px i helblod eller roda blodkroppar
a r en god indikator pa djurets Iangsiktiga selenstatus.
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