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Summary

The aim of this study was to investigate the effect on plasma insulin and cortisol concentrations by feeding
Chios ewes with a low energy ration in the late period of gestation. 38 Chios ewes were divided into three groups
as pregnant normal energy (PNE), pregnant low energy (PLE) and non pregnant normal energy (N-PNE). Feeding
with the treatment rations started on day 105 of the gestation and continued until lambing. Blood samples were
obtained on days 120. 127. 134. 141. and 148. during gestation. Plasma insulin concentrations of ewes in the
pregnant normal energy were significantly higher than those of the pregnant low energy on days 134 and 141. No
significant difference was observed in plasma insulin concentration between pregnant normal energy ewes and non
pregnant ewes. Plasma cortisol concentration of ewes in the pregnant low energy was lower on day 120 but higher
on day 134 than those of ewes in the pregnant normal energy. As a conclusion an energy intake of greater than 10
MJ/kg ME should be assured for pregnant ewes in the late pregnancy, although energy level of 8.0 MJ/kg ME does
not cause a serious energy deficiency.
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Sakiz Irki Koyunlarda fleri Gebelikte Enerji Noksanh@min Plazma Insiilin ve Kortizol
Konsantrasyonlar1 Uzerine Etkisi

Ozet

Arastirmanin amaci gebeligin son donemindeki enerji yetersizliginin Sakiz irki koyunlarda plazma insiilin
ve kortizol konsantrasyonlarini incelemektir. 38 adet Sakiz irki koyun normal enerjili gebe grup, yetersiz enerjili
gebe grup ve normal enerjili gebe olmayan grup olacak sekilde ti¢ gruba ayrilmislardir. Gebeligin 105. giiniinden
doguma kadar bulunduklar1 gruplara uygun bir sekilde beslenmeye baglanmiglardir. Kan numuneleri gebeligin 120.
127. 134. 141. ve 148. giinlerinde alinmistir. Normal enerjili gebe koyunlarin 134. ve 141. giinlerindeki plazma
insiilin konsantrasyonlari, yetersiz enerjili gebe gruptakilere gore 6nemli oranda yiiksek ¢ikmistir. Normal enerjili
gebe gruptaki koyunlar ile normal enerjili gebe olmayan gruptaki koyunlarin plazma insiilin konsantrasyonlari
arasinda bir fark bulunmamugtir. Yetersiz enerjili beslenen gebe koyunlar, normal enerjili beslenen gebelerden
gebeligin 120. gliniinde daha diisiik, 134. giiniinde ise daha yiiksek plazma kortizol konsantrasyonlarina sahip
olmuslardir. Sonug¢ olarak koyunlar gebeligin son donemlerinde 10 MJ/kg ME’den daha yiiksek enerji iceren
yemlerle beslenmelidir ve gebeligin son dénemlerinde koyunlarin 8.0 MJ/kg ME ile beslenmesi ciddi bir enerji
eksikligine yol agmamustir.

Anahtar sozciikler: gebelik, insiilin, kortizol, koyun, yetersiz enerji
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Introduction

Pregnancy and lactation periods are
known as the most critical periods in ovine
nutrition (1). Energy requirements of
pregnant ewes significantly increase in the
last period of the pregnancy (2). Sufficient
growth and development of fetus depend on
feeding of the dam with a balanced ration in
the last 6 weeks of gestation in which 70-
80% of fetal growth occurs (1). In addition,
placenta and uterus rapidly develop, and
mammary glands are prepared for lactation.
If the dam enters to the last 6 weeks of
gestation with poor body conditions, this
may result in low survival rate of the fetus.
Furthermore, development of mammary
glands slows down, and the ewe can not
produce milk despite the high genetic
capacity (3).

It has been reported that nutrition in
the last period of gestation affects lambing
performance, milk yield, birth and growth
weights of lambs, and survival rates. It
should be taken into account that nutrition
of ewes becomes more important in the last
period if multiple fetuses and unwilling of
ewe to hay due to pressure of large uterus to
rumen are present. In the last 6 weeks,
sufficient nutrients should be provided to
the ewes (1). Deficiency in any of the main
nutrients including water, lipids,
carbohydrates, proteins, minerals and
vitamins affects growth and reproductive
performance of sheep (3). Many studies
have indicated (1, 3) revealed that nutrition
deficiency resulted in low yield conditions.
Nutrient deficiency during gestation of ewes
causes underdevelopment of the fetus.
Development of hypertension was reported
in lambs when they reached 3-months of
age if they were born from ewes suffering
from malnutrition in the last period of
gestation (4).

Feeding ewes with energy deficient
ration results in remarkable decreases in the
insulin secretion (5). Increase of ovulation
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rate by well feeding regime is related to
increase in the concentration of insulin (6).
Insulin enhances the growth of fetus during
the early embryonic development (7).
Cortisol is secreted as a response to stress
conditions (8). Gestation and environmental
stress conditions such as deficient nutrition
cause increases in the plasma cortisol levels
which may lead to abortion. Furthermore,
prepartum increased cortisol level may
suppress the immunity (9).

The aim of this study is to
investigate the changes in plasma insulin
and cortisol levels of ewes fed low energy
during the late period of gestation.

Material and Methods

Thirty-eight Chios ewes at 4 to 6
years of age were used. They were housed
in 3 separate boxes (3x4x5m). A 15-day
flushing was applied to the ewes before
estrus synchronization to increase the
pregnancy rate. The ewes  were
synchronized for estrus to increase the twin
rate and simultaneous pregnancy. For
synchronization, sponges containing 60 mg
of medoxyprogesterone acetate  were
applied to the ewes intravaginally using
special applicators. After 15 days, the
sponges were removed and 600 IU of
PMSG per ewe was administered
intramuscularly. Forty-eight hours after the
injection, the ewes were placed in boxes
with 1 Chios ram per 10 ewes for mating.
On day 105 after random mating, the ewes
were subjected to ultrasound examination to
determine pregnancy. The ultrasound
examination revealed that 24 of the 38 ewes
were pregnant. The animals were divided
into 3 groups: pregnant normal energy
(PNE), pregnant low energy (PLE), and
non-pregnant normal energy (N-PNE). On
day 105 of gestation, the animals were
begun to be fed with the treatment rations
(Table 1).
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Table 1. Composition of the diets (%0).

Table 1
Ingredients PNE PLE N-PNE
Grass hay 34.00 65.00 75.00
Cracked barley 1.60 3.80 5.00
Cracked maize 28.00 1.00 7.50
Sunflower meal 21.00 18.50 1.10
Razmol? 3.00 4.30 8.00
Wheat bran 6.00 3.00 1.50
Cracked wheat 6.00 4.00 1.50
Zeolite” 0.1 0.1 0.1
Vitamin premix® 0.1 0.1 0.1
Salt 0.1 0.1 0.1
Marble powder 0.1 0.1 0.1

#Fine bran, flour and embryo of wheat.

® 1 kg zeolite: SiO, 48.58g, Al,0; 14.72g, CaO 11.11g, MgO 11.65g, FI,05 9.19g, LiO 2.5g,
Na,O 1.28g, K,0 0.44g, TiO, 0.38g, MnO 0.16 g, Cr,03 0.06g, P,0s 0.03g.

°1 kg vitamin premix: vitamin A 10.000.000 IU, vitamin D3 1.500.000 1U, vitamin E 25g, niacin
20g, d-pantothenic acid 7g, vitamin B, 2.5g, vitamin B; 1.5¢, vitamin Bg 1.5g, vitamin Bi,
15mg.

PNE= Pregnant normal energy. PLE= pregnant low energy. N-PNE= Non-pregnant normal
energy.

The feeding regime continued until lambing. All ewes were fed 700g of the
corresponding rations in the morning (08:00) and evening (16:00). Water was provided ad
libitum. Two ewes died in the PNE group during the final periods of pregnancy. It was
determined that 2 ewes had acute pneumonia in the PLE group and 4 ewes had metritis in the N-
PNE group. In total 8 ewes were removed from the 3 groups in this study.
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Feeding between days 0 and 105 of gestation: All ewes (n=38) in all groups were fed a ration
with 11% crude protein (CP) and 8.8 MJ/kg ME (1400 g/day) (Table 1, ration for N-PNE).

Feeding between day 106 of gestation and birth: The ewes in PNE were fed a ration containing
13% CP and 10 MJ/kg ME, while those in PLE were fed a ration containing 13% CP and 8.0
MJ/kg ME.

The ration for the ewes in N-PNE contained 11% CP and 8.8 MJ/kg ME. Blood samples (10 ml)
were  taken from the jugular vein into tubes with and  without

anticoagulant before feding in the morning on days 120. 127. 134. 141. and 148. during
gestation. The samples were centrifuged at 3000 rpm for 10 min for separating plasma and
serum. The plasma and serum samples were stored at -20°C until analyzed. Plasma insulin and
cortisol concentrations were analyzed by commercial test kits (DSL-1600 insulin RIA,
Diagnostic Systems Lab. USA.; DSL-2100 active cortisol RIA, Diagnostic Systems Lab. USA.
respectively) and radioimmunoassay.

Statistical Analyses: Parameters including insulin and cortisol were statistically compared
between PNE and PLE ewes and PNE and N-PNE ewes using Independent-sample t-test. In
addition, concentrations of insulin and cortisol were compared between sampling days using
One-Way ANOVA (Duncan’s test). SPSS was used for all statistical analysis. (SPSS for
Windows. Standard version 10.00 SPSS Inc. Headquarters, Chicago, USA.1999). All results
were expressed as mean + SD. A significance level of P<0.05 was employed in the analysis of
data from treatment groups.

Results

Mean plasma insulin concentrations between PNE ewes and N-PNE ewes. The
of pregnant ewes fed with PNE and PLE plasma insulin concentration of PNE

rations and those of N-PNE ewes are
presented in Table 2. Results indicated that
the insulin concentration of PLE was always
lower during the study period compared to
the other two treatment groups. Plasma
insulin  concentrations of PNE were
significantly higher than those of PLE on
days 134 and 141 (P<0.001 and P<0.05,
respectively). No significant difference was
observed in plasma insulin concentrations

exhibited a significant decrease on day 127
followed by an increase on day 134 and
then gradually decreased. The highest
plasma insulin concentration in PLE
animals was observed on day 120 and then
significantly (P<0.05) decreased during the
subsequent days. In N-PNE ewes, there
were no  differences in insulin
concentrations between sampling days.
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Table 2 Plasma insulin concentrations during late pregnancy of Chios ewes fed different

(nU/ml, x+SD).
Pregnancy n PNE n PLE n N-PNE
Day 120 10 4.38+0.75° 8 3.17+0.95° 9 4.25+0.89 °

1.50+0.32 3.34+0.89 2

o0

Day 127 8  2.40+0.85° 7

Day 134 10 3.89+1.07%' 7 1.17+0.28 %2 7 3.39+1.18°

Day 141 8  3.18+0.88™3 9 2.42+0.48°* 7 4.09+1.00°
7

Day 148 7 3.05+0.83 " 7 1.88+0.62 " 3.35+0.75 °

abed Ditferent superscripts indicate significant differences in same column (P<0.05).
2 statistical difference is significant between two groups within lines (P<0.001).
%4 Statistical difference is significant between two groups within lines (P<0.05).

PNE= Pregnant normal energy. PLE= pregnant low energy. N-PNE= Non-pregnant normal energy.

Mean plasma cortisol concentrations of pregnant ewes fed with PNE and PLE rations
and those of N-PNE ewes are presented in Table 3. Plasma cortisol concentration of PLE was
lower on day 120 but higher on day 134 than those of PNE. PNE had significantly (P<0.05)
higher plasma cortisol concentration than those of N-PNE ewes on day 120 whereas no
significant difference was found between the two groups on the subsequent sampling days.
Plasma cortisol level in PNE showed a significant increase only on day 148. On the other hand,
plasma cortisol concentration continuously increased in PLE until day 134 and then slightly
decreased followed by a significant (P<0.05) increase on day 148. In N-PNE animals, plasma
cortisol concentration did not change significantly between sampling days.

Table 3 Plasma cortisol concentrations during late pregnancy of Chios ewes fed different
(ng/ml, x+SD).

Pregnancy n PNE n PLE n N-PNE
Day 120 9 60.9+21.5°* 8 54.3+12.8%% 7 41.8+12.4%°
Day 127 8 66.7+16.2°" 6 67347 8 47.2+13.4°
Day 134 7 60.6+15.9 > 7 89.6+6.7 ®2 39.3+9.0 ®
Day 141 9 57.9+14.2° 9

6
67.2+19.8 7 43.6£12.9°2
7

Day 148 8 87.9+23.6° 10 105.5+17.0° 53.8+11.6°

2¢ Different superscripts indicate significant differences in same column (P<0.05).
12 Statistical difference is significant between two groups within lines (P<0.05).

PNE= Pregnant normal energy. PLE= pregnant low energy. N-PNE= Non-pregnant normal
energy.
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Discussion

In sheep as in other mammals, the
blood insulin level is regulated by the blood
glucose concentration, while the cellular
metabolism of glucose is regulated by this
hormone (5, 10). Bergman et al. (11)
reported that insulin resistance developed in
sheep resulted from unbalanced
alimentation that caused fattening. Faulkner
and Martin (12) determined that insulin
level increased twice 2-6 h after feeding.
The same researchers reported that plasma
insulin level of sheep under negative energy
balance was low. Gonda et al. (10) reported
that increasing energy level in the rations of
rams resulted in an increase in plasma
insulin ~ level. The plasma insulin
concentrations of PLE ration were found

response to stress conditions such as
pregnancy and environmental temperature
(8, 15) Green (16) reported that plasma
cortisol level increased in ewes fed with
deficient ration on the days 100 and 125 of
gestation period. Henze et al. (17) found
that cortisol levels increased in ewes with
pregnancy toxemia. Similarly with findings
of other researchers (15, 16, 17), we
observed lower cortisol concentrations in N-
PNE ewes than in pregnant and higher
concentrations of this hormone in PLE ewes
than in PNE ewes (Table 3).

Cortisol increases fetal glucogenesis
at the end of pregnancy (13). Maternal
cortisol reaches fetus by passing placenta
resulting in an increase in the level of fetal
cortisol. Cortisol also triggers the parturition
mechanism (18). Chen et al. (19) and Roche
et al. (20) reported that cortisol levels of
maternal plasma in cow and goat
continuously increased. In agreement with
the results of those researchers, significant
increases in cortisol levels of pregnant ewes
were observed in the last week of pregnancy
(day 148) in the present study. There are
various approaches about the reason for this
increase. Some researchers (18, 21) thought
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lower than those of PNE or N-PNE ewes
(Table 2). This finding is consistent with
those reported by Faulkner and Martin (12)
and by Gonda et al. (10) EI-Sherif and
Assad (13) reported that the insulin
response is decreased Dby gestation.
However, the absence of a significant
difference between insulin concentrations of
PNE ewes and N-PNE ewes (Table 2)
indicates that pregnancy does not affect
insulin secretion.

As in other mammals, cortisol in
sheep increases permeability of muscle cells
to aminoacids and glucose, acts as
antagonist to insulin (14), is the chief
corticosteroid released as

that increased cortisol in the last 10-15 days
of gestation plays an important role for
maturation of lungs, digestive system, brain
and kidneys of fetus as well as facilitating
the enlargement of the uterus. Fowden et al.
(22) reported that cortisol stopped growth of
axial skeleton and fetal growth in general.
Some other researchers (19, 20) believed
that increased cortisol before the delivery
prepares the fetus for potential trauma
during birth and for adapting the
postparturition environment.

In our study, plasma insulin
concentrations of all pregnant animals
decreased towards the end of pregnancy, the
fetus’s growth rate may be declining this
period. Beaceuse insulin is a hormone that
encourages the growth of the fetus. Cortisol
increase in the levels of both groups of
pregnant ewes as a cause, 8.0 MJ/kg ME
and 10 MJ/kg ME diet with sources of stress
in sheep in late pregnancy is tought to be
created.

As a result of the current study, it is
concluded that an energy intake greater than
10 MJ/kg ME should be ensured for ewes in
the last period of pregnancy, although an
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energy level of 8.0 MJ/kg ME kg does not
cause a serious energy deficiency.
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