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Summary 
We considered the role played by selenium-dependent glutathione peroxidase (GSH-Px) in relation to the 
metabolic changes due to nutritional management in a flock ofthe Assaf breed in Spain, housed in an intensive 
management system. Our objective was to examine the relationship between the nutritional management of this 
flock during different productive stages and GSH-Px. The modifications of ASAT and CK activities, closely 
connected to the pathological changes in GSH-Px values, were also recorded. The animals were divided into two 
groups: control and experimental ewes. 
Our results showed that neither physiological condition nor litter size had any influence on the GSH-Px values; 
the main modifications were due to the diet of these animals, especially if the diet was rieh in essential fatty 
acids. The evolution of ASAT and CK activities, and their relationship to GSH-Px and nutrition, is also 
described. 
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Zusammenfassung 
Titel der Arbeit: Ein anderer Aspekt der Glutathionperoxidase: Ihre Beziehung zu metabolischen 
Veränderungen im Zusammenhang mit dem Futterungsmanagement bei Assaf-Schafen 
Untersucht wurde die Bedeutung der Selen-abhängigen Glutathion-Peroxidase(GSH-Px) in Bezug auf füt
terungsbedingte Stoffwechselveränderungen in einer Herde von Assaf-Schafen unter intensiven Haltungsbedin
gungen. Fragestellung war ein möglicher Zusammenhang zwischen dem FUtterungsmanagement in ver
schiedenen Produktionsphasen und der GSH-Px-Aktivität. Desweiteren wurden Änderungen der AST- und CK-
Aktivität berücksichtigt, welche mit der GSH-Px eng verknüpft sind. Die untersuchten Mutterschafe wurden in 
Kontroll- und Versuchsgruppe unterteilt. Die Ergebnisse zeigen, daß die GSH-Px-Werte weder durch den physi
ologischen Zustand noch durch die Zahl der Lämmer beeinflusst wurden. Die stärksten Veränderungen ergaben 
sich durch die Fütterung, vor allem durch Rationen mit hohem Gehalt an essentiellen Fettsäuren. Die Entwick
lung der AST und CK-Aktivität sowie deren Beziehung zur GSH-Px werden ebenfalls beschrieben. 

Schlüsselwörter: Glutathione-Peroxidase, Stoffwechsel, Mutterschafe, Trächtigkeit 

Introduction 
Many reactions required for the maintenance of normal metabolism and the production 
of energy in the cell produce potentially toxic free radicals as unwanted by-produets 
(CHESTER and ARTHUR, 1988). Normally, the body is protected against reactive 
oxygen metabolites and their toxic products by a wide ränge of known defence 
mechanisms, like antioxidant enzymes. Several essential nutrients are involved in the 
manufacture of known components of antioxidant defence. In this sense, MILLER et 
al. (1993) explained the role played by nutritional management in this respect. 
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Seienium-dependent GSH-Px plays an important role in the cellular antioxidant 
defence system. This enzyme reduces hydrogen peroxide and lipid hydroperoxides, 
potentially harmful prooxidants that may promote peroxidation of polyunsatured 
phospholipids in biological membranes (LOPEZ ALONSO et al., 1997). 
It is well known that normal metabolism may be modified under many conditions, 
such as physiological Status. During pregnancy or lactation large amounts of free 
radicals occur as intermediate products in the metabolic pathways (CASTILLO et al, 
1998). When, during these situations, the animals reeeive an unbalanced diet the 
antioxidative Systems can be overloaded. If free radicals are not eliminated, these 
metabolic pathways will easily be deregulated, bringing about pathological conditions; 
the final consequence of which will be the inability to maintain reproduction (LOPEZ 
ALONSO et al., 1998). 
Many studies (MILLER et al., 1993) point out that the antioxidant requirements of 
dairy animals may be higher than is generally recognized, and intakes of the 
antioxidants needed to control reactive oxygen metabolite balance effectively may 
exceed the amounts supplied by average feeds. In this sense, supplementation with all 
known nutrients required for antioxidant defence in adequate and balanced amounts 
would be beneficial, although additional research is needed, however, to identify 
optimal amounts of each nutrient. 
For this reason, we are studying the metabolic profile ofthe Assaf breed in Spain. The 
latter represents a small percentage of the total dairy ovine census in Castilla-Leön 
region and we have found that there are no studies conducted solely on this breed for 
understanding their physiology, nutritional requirements, diseases, management and 
appropriate breeding methods. In a prior report, based on the Assaf breed (CASTILLO 
et al., 1999), we pointed out that there is a widespread misunderstanding in relation to 
the nutritional management of this breed. In fact, in the Castilla-Leön region many 
ovine flocks present a similar nutritional programme, independently of the ovine breed 
and their produetions. We concluded in that report the presence of two critical 
moments in relation to diet, and their metabolic consequences: early and late 
pregnancy. At these moments the ewes received a diet based on low-energy foods and 
excessive concentrate intake, respectively. 
Our objective now is to examine a possible relationship between this nutritional 
management and the evolution of one of the most important antioxidant enzymes in 
the body: GSH-Px. The modifications of ASAT and CK activities closely connected to 
the pathological changes in GSH-Px values were also recorded. 

Material and Methods 
Animals 
The study was conducted on a flock located in Valladolid, in central Spain. Thirty-five 
ewes ofthe Assaf breed, ranging from 3 to 6 years of age and of an average weight of 
60 Kg, were selected. The animals were housed in an intensive management system. 
The animals were randomly assigned to 2 groups: the experimental group (n = 25) 
comprised those that were going to become pregnant and lactate during the 
experiment, and the control group comprised 10 non-pregnant animals. The 
experimental ewes were synchronized in anoestrus, using a Standard technique 
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(BRITT, 1989). Three weeks before mating all the ewes were injected with 50 mg of 
barium selenate, subcutaneously (Zooselen®, Esteve Laboratories, Spain) in 
accordance with to prior studies on sheep (ZACHARA et al., 1993; SAEZ et al., 
1996). All the animals were housed in the same environmental conditions and received 
the same diet (Fig.). Pregnancy was diagnosed in the second month after 
synchronization by ultrasound scanning, establishing at this moment two groups: 
single (n =11) and twin pregnancies (n = 14). 

1. Diet for the dry period (from anoestrus -> 3rd. month of pregnancy) 
• Alfalfa hay 
• Trace dement and vitamin Supplement (Baymix, Ovilac® Bayer)* 

2. Diet for late pregnancy (from 3rd. month -> parturition) 
• Mixed forage (alfalfa and ryegrass) 
• Concentrate (com silage, soybean meal, sunflower meal) 
• Trace dement and vitamin Supplement (Baymix, Ovilac® Bayer)* 

3. After delivery until 10 days after parturition the concentrate of this diet was 
supressed and the animals were maintained solely on forage. 

4. Lactation diet (from 10 days after parturition and during lactation) 
• Com silage 
• Soybean meal 
• Alfalfa hay 
• Trace element and vitamin Supplement (Baymix, Ovilac® Bayer)* 

Fig.: Nutritional protocol ofthe flock (Ernährungsprotokoll der Herde) 
(*) Composition ofthe Baymix.Ovilac® (Composition for 100 Kg): Vitamin A: 40.000.000 UI; Vitamin D3: 8.000.000 UI; Vitamin E: 100 
g; Mg: 6 Kg; Cu: 50 g; Fe: 25 g; I: 10 g; Mo: 3 g; Mn: 200 g; Zn: 300 g; Co: 4 g; Se: 3 g; CINa: 10 Kg; Ca: 12 Kg; P: 6 Kg. The Supplement 
was administered in a dose of 20 g/Kg DM. 

Sample collection and analyses 

Blood samples were taken from selected ewes between 8.00 and 9.30 prior to the 
morning feeding. Sampling began in the anoestrus period, when synchronization was 
induced, considering it as a baseline sample. The following samples were taken on the 
75th day and the 90th day of pregnancy, 10 days before and after parturition and 
finally, one month after parturition (lactation). This protocol was carried out from 
March to October. 
Blood samples were collected by jugular venipuneture. Each sample was placed into 
heparinized tubes and tubes for serum Separation. GSH-Px was measured with a 
commercial kit (Ransel,® Randox Laboratories, U.K.) based on the method of 
PAGLIA & VALENTINE (1967). Haemoglobin was determined by the Standard 
cyanmethaemoglobin method (HAINLINE, 1958). Serum creatin kinase (CK) and 
aspartate aminotransferase (ASAT) activities were expressed in International Units per 
liter (IU/1) and were assayed using kinetic procedures with commercial reagents 
(Cromatest® Reagents, Knickerbocker Laboratories, Spain). 
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Statistical analyses 
The reported values are mean ± std error. A Statistical test was performed using a two-
way analysis of variance to check the influence of physiological Status and litter size 
on the blood parameters. The Statistical differences were established taking into 
account a p<0.05 (WILLIAMS, 1994). 

Results 
Developmental changes in the studied parameters in both experimental and control 
ewes, and the significance levels appreciated between pregnant and barren animals 
during the experience are reflected in Table 1. Table 2 shows the mean values in ewes 
carrying Singles and twins. 

Table 1 

Mean values (u 1 std. error) ofthe different parameters in control and pregnant ewes during the different phases 
of the study (Durchschnittswerte (u 1 Standard Abweichung) der verschiedenen Parameter Kontrollschafe und 
bei trächtigen Schafen während der verschiedenen Versuchsphasen) 
p h a s e GSH-Px (IU/g Hb) ASAT (IU/L) CK (IU/L) 

Control Pregnant Control Pregnant Control Pregnant 
Bassline 605.23 ± 17.61"' 69.0±3.63 15.44 ±2.67" 
75 day 754.21 + 19.21" 817.43 ±28.54b 62.90 + 4.59" 62.35 + 4.34b 3 8.70 + 3 351 14 04 + 1 39B 

Comparison R S , N , S , N S. 

90 day 803.70 + 60.17'" 872.27 + 28.70b 69.18 16.99' 64.50 + 4.97" 24 50 + 3 71' 16 9 9 + 1 6 2 ' 
Comparison R S . RS , Q 0 4 5 

lOdaysb.p. 469.54 ±20.25 IV 461.50 ± 14.68c 37.75 +1.831" 37.81 ± 1.61c 16.50 + 2.29'' 20.13 + 341° 
Comparison N.S. N.S. N S 

10 days a.p. 465.15 ±55.87'v 470.72 ± 15.36° 41.66 ±2.72 , v 59.28 ±4.61b 27.05 + 8 34' 20 23 ± 2 28" 
Comparison R S . O.QiQ RS. 
L a c t a t i o n 366.35 ± 39.75v 340.10 ± 32.50d 56.50 ± 5.5411 63.21 + 3.62' 12.72 ±2.59' 20 63 ± 3 94a 

Comparison R S ; RS^ 0 025 
* b.p. and a.p. mean before and aller parturition, respectively. 
The leuers a, b, c... or signs I, II. III... in each column indicate values that are significantly different (p<0.05). In each column appears the 
significance levels appreciated in the comparison between groups during the study. 

Table 2 

Mean values (p. ± std. error) ofthe studied parameters in twins and single bearing ewes. There are represented 
the significance level when we analyzed the effect of litter size (Durchschnittswerte (u + Standard Abweichung) 
der untersuchten Parameter bei Schafen mit Einlings- und bei solchen mit Zwillingstraechtigkeit. Dargestellt ist 
das Signifikanzniveau bezüglich des Einflusses der Lämmerzahl) 

Parameter Group 75 d pregnancy 90 d pregnancy lOdaysb.p. 10 days a.p. Lactation 

GSH-Px (Ul/g Single 768.95 ± 59.96 879.95 + 63.23 437.55 ± 24.20 467.88127.21 309.35 + 36.55 
Hb) Twin 850.55132.92 867.94131.72 481.45115.00 474.04113.62 370.86154.18 

N.S. R S . R S . N.S. N.S. 
ASAT (IU/L) Single 65.8015.25 74.5019.85 36.0012.51 56.7114.36 63.0013.37 

Twin 54.8713.14 57.0013.08 39.3312.09 61.8518.42 63.4215.65 
0.042 0.040 N.S. N.S. N.S. 

CK (IU/L) Single 14.85 + 2.47 17.1912.48 20.3515.79 18.4613.42 26.13 16.15 
Twin 13.2311.97 16.8412.39 19.9414.50 22.0013.14 15.1214.43 

N.S. R S . R S . N.S. 0.040 
*b.p. and a.p. mean before and after parturition, respectively. 

Beginning with the GSH-Px evolution, a remarkable fact was that both control and 
pregnant (single and twins) groups showed the same evolution without Statistical 
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differences, reflecting that neither physiological condition nor litter size had any 
influence on the GSH-Px values. Considering only the behaviour of this enzyme 
bnngs out the increase that appears between the anoestrus period and the 90d of 
pregnancy, with a notable decrease in late pregnancy which is maintained after 
lambing. In lactation the values are the lowest ofthe study. We wish to point out that 
in sptte of these stgntficative changes, the mean activities of GSH-Px throughout the 
experiment were within optimal ranges (ZACHARA et al., 1993- SAEZ et al 1995-
MORGANTE et al., 1998). ' 

In relation to ASAT activity, it is clear that the onset of lactation is the only period that 
determines Statistical differences between the control and experimental groups 
(lactating ewes present higher values) whereas the beginning of pregnancy establishes 
differences between Singles and twins (single-bearing ewes show higher activities) In 
the evaluation ofthe evolution of ASAT it is interesting to appreciate the notable 
decrease that appears in all ewes in late pregnancy, parallel to the decrease in GSH-Px 
activity. 

Lastly, taking into account the results ofthe CK it is clear that during the experiment 
and in spite ofthe peculiar nutritional management of this flock, the animals did noi 

5 A L T O C U , ^ ^ T 8 ! ' 3S iS S h ° W n b y t h e P ^ l o g i c a l values during the study 
(KANEKO, 1989). On the other hand, the CK activities did not change in a significant 
manner dunng the experiment although it is possible to observe differences between 
groups: in the 90d of pregnancy and lactation phases if we consider control and 
experimental groups, and the lactation if we take into account the litter size. 

Discussion 
One conclusion that we have reached in this study is that neither physiological 
condition nor litter size influenced GSH-Px evolution, This can only be explained by 
taking mto account nutritional factors. We think that seasonal trends, under our 
husbandry conditions, must be carefitlly considered because the relationship between 
the animals, the Vegetation and the local geology and soil composition is not as close 
as in grazing animals (ANDRES et al., 1997). WHEATLEY and BECK (1983) 
pointed out the differences between these two Systems in the sense that housed ewes 
receive a high dry-matter intake which induces the increase in mineral and 
ohgoelement Status (including selenium) and hence, in gluthathione activity In 
addition, the handling of the different foods (ensilage or haymaking), determines 
important modifications in their characteristics which do not always run parallel to 
seasonahty. For this reason it is difficult to compare our results with other studies 
carried out on grazing animals. Thus, we will analyse the changes in GSH-Px activity 
taking into account the nutritional management of the flock and their metabolic 
consequences. 

Firstly, it is interesting to point out the high levels reached in the early-pregnancy 
period, which is caused by the effects of barium selenate supplementation. The highest 
levels reached at 90d are because the majority ofthe glutathione peroxidase in whole 
blood is incorporated into the red blood cells at the time of erythropoiesis So the 
complete response in GSH-Px activity to a Se supplementation will require a time span 
equal to the average life span of the erythrocyte, which in the case of sheep is 
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approximately 120 days (LOPEZ ALONSO et al., 1998). These effects of Se 
supplementation added to vitamin-mineral Supplement are evident if we consider the 
diet that was fed to the ewes at this moment. Alfalfa-hay is not only a low-energy 
food, as was demonstrated in a prior report on this same flock (CASTILLO et al., 
1999) but gives low levels of Se, essential for glutathione peroxidase synthesis. This is 
due to their poor Se accumulaüon (ANDRES et al., 1991) and the high presence of 
vitamin E antagonists (BEDO et al., 1992; CHURCH, 1993). This fact might be 
enough to predispose ewes to peroxide intoxication if the animals had not received 
supplementation. 
The notable decrease in late pregnancy can be explained by considering the properties 
of the specific diet that the animals received. The administration of a rich-concentrate 
diet gives energy that can be appreciated through a recovery in glucose, triglyceride 
and NEFA values, the latter higher than those recorded as physiological (CASTILLO 
et al., 1999). This last coincidence is important for us. The NEFA values in blood have 
been considered as an indirect measure of feed intake in housed animals (FOX et al., 
1991). On the other hand, it is well known that rich-grain diets present high levels of 
essential fatty acids (McDONALD et al., 1986). An adverse effect of this kind of diet 
in ruminants is the increased conversion of polyunsatured fatty acids, derived from 
essential fatty acids, to lipid peroxides. This fact implies an increase in the 
requirements of antioxidants, like vitamin E and glutathione peroxidase 
(CLARENBURG, 1992; CAPPA, 1996). In lactation the decrease in GSH-Px 
advances and can be attributed to the decrease in the protective effect of barium 
selenate, as described SAEZ et al. (1996). 
Finally, we wish to study both ASAT and CK enzymes. In relation to the former, the 
decrease in late pregnancy is significant in relation to the remaining phases. It appears 
that any phase affects on hepatic activity more than late pregnancy. Nevertheless the 
ASAT Interpretation might not only be considered closely connected with 
physiological condition, but also to the metabolic bürden associated with nutritional 
factors (BRZOSTOWSKY et al., 1995). Low-energy diets, like alfalfa-hay or low 
levels of concentrate, imply a hepatic effort for triglyceride metabolization as energy 
supply (BARTLEY, 1989). When the animals receive a diet rieh in glucogenic 
precursors (such as starch) and energy, there is an increase in ruminal propionate 
production and indirectly, glucogenesis with a lesser hepatic effort (HERDT, 1988). In 
late pregnancy, and in spite of high NEFA levels, as a result of the feed intake, the 
recovery in glucose values and the normal ASAT activities indicate the absence of 
fatty infiltration ofthe liver in both groups, and especially in pregnant ewes. 
The highest ASAT activities in the single-bearing group during early pregnancy might 
be due to the lesser capacity of these ewes, in comparison to the twin-bearing group, 
for improving hepatic activity at the beginning of this period (FREETLY and 
FERRELL, 1997). Finally, the differences that appear between control and pregnant 
groups after lambing can only be attributed to the increased hepatic activity 
characteristic of dairy ewes at the onset of lactation (CASTILLO et al., 1999). 
The CK values showed the absence of muscular damage, especially when the diet was 
rieh in polyunsatured fatty acid derivates (SMITH et al., 1994). So, little importance 
might be placed on the changes in serum CK activity, especially when ASAT is 
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considered, as WEST (1989) described in the study of normal ovine pregnancy. 
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