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Abstract The present experiment was conducted to study the effects of dietary corticosterone
(CTC) and vitamin E on growth and oxidative stress in broiler chickens. Chicks {Cobb strain) were
divided into 3 (vitamin E) X2 (CTC) blocks. Vitamin E was mixed with basal diet at levels of 0 (E
0), 500 (E500) and 35,000 (E 5000) mg DL-a-tocopheryl acetate/kg. CTC was mixed with basal or
vitamin E diets at a level of 20mg/kg. The body weight gain was significantly lower when the birds
were treated with CTC. However, high dose vitamin E (5,000 mg/kg) reduced the CTC effect. Thus,
the feed conversion ratio was higher in the CTC group and lower when vitamin E was given. CTC
increased abdominal fat content and decreased adrenal glands weight, and vitamin E tended to reduce
these effects. Thiobarbituric acid reactive substance (TBARS) in the liver was elevated by CTC, and
it was significantly reduced by high dose vitamin E. The plasma cholesterol concentration was
increased by CTC, and vitamin E reduced the effect. The plasma CTC concentration tended to be
increased by CTC and this was further unexpectedly increased by vitamin E. In conclusion, the resuits
indicate that CTC induces oxidative stress, hypercholesterolemia and growth inhibition, and these

effects of CTC are minimized by vitamin E.
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Domestic animals are often subjected to different
type of stresses such as restraint, fasting, transport,
and exposure to high or low environmental tempera-
During stress, the hypothalamus-pituitary-
adrenal axis is activated and glucocorticoid hormone
is released from the  adrenal
Glucocorticoid is essential for maintaining life and
normal growth. However, excessive glucocorticoid
causes growth inhibition, muscle proteolysis, fat
deposition® and hypercholesterolemia'®. It has been
also reported that stress increases formation of frec
radicals, initiating lipid peroxidation in {tissues
followed by abnormal lipid metabolism®. Fatty
acids components of membrane lipids are especially
sensitive to hydroxyl radicals and they are trans-
formed in lipid peroxides with the subsequent disrup-
tion of some membrane-associated processes®”. It is

also well known that oxidative damage of proteins can

ture.

cortex¥.

result in reduced biological function and enhanced

susceptibility to proteolysis'®.

gger the metabolic disorder, cell death'® and growth

Thus, free radicals tri-
retardation. However, little attention has been given
to the point that free radical is formed when animals
are exposed to stress. There are a number of studies
showing the relation between glucocorticoid status

21D However, there is

and lipid peroxidation in vitro
little study investigating the whole-body effect of
glucocorticoids on the development of free radicals in
anmimals.

It has been suggested that antioxidant administra-
tion reduces the physiological response to stress in
animals”. The organisms have enzymatic and non
enzymatic defenses against free radical and vitamin E
is a hydrophobic antioxidant playing major roles in

)

non enzymatic defenses®’. It acts as a scavenger for

free radicals and a terminator of lipid peroxidation®.
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Table 1. Composition of basal diet

L bl wir-a eyl =

Under stressful condition, requirement of antioxidants
such as vitamin E' and vitamin C*® are thought to be

' : . iy Ingredients 9%
increased to protect tissue from lipid peroxidation and N _
71.66

to serve as non-specific reduction system from free Ground yellow corn

radicals injury'®. Dehydrated alfalfa meal 3. 77

For reasons mentioned above, we have speculated Purified soybean proteic 13.60

that glucocorticoid enhances formation of free radi- Mineral mixture?® 3.31

cals and thus the effect of glucocorticoid might be Vitamin mixturn’ - 08
minimized by vitamin E as a radical scavenger. L“Lysme_ | 0. 28
Therefore, in the present study, effects of dietary DL'M&thl?mne 0. 32 .
corticosterone and large amount of dietary vitamin E Soybean oil 0. 80
on growth, plasma cholesterol, plasma CTC and he- Analysis
patic TBARS used as an index of lipid peroxidation® Crude protein, % 23
were examined using corticosterone-administered ME 3, 200 keal/kg

chickens.

- Materials and Methods

Animals and schedule

One-day-old male broiler chickens of Cobb strain
were supplied by a local commercial hatchery
(Kumiai Hina Center, Kajiki, Kagoshima-Prefecture,
Japan). They were housed in an electrically-heated
battery brooder and were provided with water and a
commercial starter diet (21% CP ; Minami Nihon
Kumiai Shiryo Kabusiki Kaisha, Kagoshima-City,
Japan) ad libitum for the first 7 days. On day 7,
thirty-six birds of similar body weight (about 150g)
were selected, grouped and housed in wire-bottomed
aluminum cages (49cm height)(40 cm width X 67 cm
depth), and six replications were made per treatment.
The experiments were conducted I1n temperature-
controlled rooms with 14 h light-10h dark cycle. The
temperature of the room was 25°C, and relative hu-
midity was maintained at 50-70% throughout the
experiment.

Experimental diets and feeding

The composition of a basal diet (3,200 kcal ME/kg
and 23% crude protein) is shown in Table 1. The
basal diet was fed ad libitum during the prefeeding
period (from 7 to 9 days of age). Thereafter, chicks
(153 g+9) were divided into CTC— and CTC+
groups, and each group was further divided into EO
(n=6), E500 (n=6) and E5000 (n=6) blocks. E
500 and E 5000 blocks received the basal diets
replaced corn with DL-a-tocopheryl acetate. E 500
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* Contained (/kg) : CaCO; 210g, CaHPO, 660g, NaC(l
113g, MnSO,-4-5H,0 6.600g, ZnSO:-TH,O 4,000g,
FeSOQ, 6.145g, CuS0,-7H,0 233mg, NalO; l6mg, H
Se; 6 mg.

" Contained (/kg) : retinol 1,750,000IU, cholecalciferol
200,000 1U, riboflavin 2.5 g, thiamine 1 g, pyridoxine 0.5 g,
cyanocobalamin 10mg, pantothenic acid 4 g, nicotinic acid
10g, menadione 250mg, folic acid 200mg, choline
chloride 300 mg, biotin 25 mg, DL-a-tocopheryl acetate 2.5
g, sucrose 978 g.

and E 5000 diets contained 500 and 5,000 mg vitamin
E/kg, respectively. DL-a-tocopheryl acetate was
purchased from Nakalai Tesque (Kyoto, Japan).
CTC was mixed with basal or vitamin E diets at level
of 20mg/kg. CTC was purchased from Sigma
Chemical Co. (St. Louis, MO, USA). The birds
were treated with vitamin E and CTC from 9 to 15
days of age and from 11 to 15 days of age, respective-
ly. Body weights and feed intake were recorded
daily. At the end of the experimental period, ali the
birds were sacrificed by decapitation. Blood samples
were collected into heparinizedtest tubes, quickly
centrifuged at 5,900 X g for 10 min at 4°C to separate
plasma, and stored at —20°C until analysis. And the
birds were dissected to remove pectoral superficial
muscle, abdominal fat, liver and adrenal glands.
Pectoral muscles weights were used as measures of
skeletal muscle growth because pectoral muscles can
be easily dissected and their lipid contents are lower
than those of the thigh muscles. The rates of growth
of breast muscles are similar to those of thigh muscles
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between 2 and 4 weeks of age'”. P
Chemical analyses 120 -
E Plasma cholesterol concentration : Plasma concen- i
| tration of cholesterol was measured by an enzymatic E 1o
; cholesterol assay using a commercial kit, Cholesterol "f &80
' E-Test Wako (Wako Pure Chemical Industries, Ltd., _;: 0
‘ Osaka, Japan). § 0l
| Lipid peroxidation : Lipid peroxidation in the liver g
was assessed as the concentration of TBARS by a 204 o
l method of Ohkawa et al.'¥. TBARS, in particular, _ ot
‘ malondialdehyde (MDA), are products of the oxida-
tive degradation of polyunsaturated fatty acids, and ®) 200

thus used as an index of oxidative stress.

Plasma CTC concentration : Plasma CTC concen-
tration was measured by a radioimmunoassay using a
commercial kit (ICN Biomedicals, Inc., California,
USA). '
| Statistical analyses
| Data were analyzed by two-way analysis of variance
(ANOVA) using the General Liner Model procedure
of the statistical analysis system software package 0
(Release 6.09, SAS Institute Inc., Cary, NC, USA)
with Duncan’s multiple-range test. A P value <0.05 © 3
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The body weight gain, feed intake and feed conver-

sion ratio during 4 days from 11 to 15 days of age are
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shown in Fig. 1. The body weight gain was markedly
decreased when the birds were treated with CTC and

this was statistically significant when analyzed by
ANOVA. But there was no effect of CTC when high e B
dose vitamin E was given. When the results were EQ  ES00 ES000

expressed as percentage of CTC— group, they were 61 Fig. 1. Effect of corticosterone (CTC) and

" l gy | vitamin E on body weight gain (A), feed intake (B)
| 1+10% (E0), 57=£19% (E500), 88=12% (E5000), and feed conversion ratio (C) in male broiler

and it was clearly shown that high dose vitamin E chickens. CTC was included in the diet at the level

_ L _ of 20mg/kg. E 500 and E 5000 diets contain 500 mg
significantly minimized the CTC effect. The feed and 5000mg a-tocopheryl acetate/kg, respectively.

Feed conversion rafio
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intake was not changed. The feed conversion ratio Values are expressed as means +SD. Means
was significantly higher in the CTC+ group and the ?ﬁ%‘;g) different letters are significantly different (P
CTC effect was reduced by high dose vitamin E. R

ANOVA showed that the effect of CTC and interac- ANOVA .
tion of CTC and vitamin E on feed conversion ratio Body weight r..4 intake Feed conver-
were significant. CIC o000l NS gmj\'noT?)tlm

The relative weights of organs are shown in Fig. 2. Vitamin F NS NS NS
The relative weight of pectoral superficial muscle was CTCX Vitamin E NS NS = <00
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Fig. 2. Effect of corticosterone (CTC) and
vitamin E on pectoral superficial muscle weight (A),
abdominal fat content (B) and adrenal glands weight
(C) in male broiler chickens. CTC was included in
the diet at the level of 20mg/kg. E 500 and E 5000
diets contain 500mg and 5,000mg a-tocopheryl
acetate/kg, respectively. Values are expressed as

means SIDD. Means bearing different letters are
significantly different (P <0.05).

ANOVA

1 Pectoral muscle Abdominal ftfaf Adrenal glands
CTC NS <Q0.01 <0. 001
Vitamin E NS NS NS
CICXViaminE NS NS NS
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Fig. 3.  Effect of corticosterone (CTC) and
vitamin E on hepatic TBARS (A), plasma cho-
lesterol concentration (B) and plasma corticosterone
concentration (C) in male broiler chickens. CTC
was included in the diet at the level of 20mg/kg. E
500 and E 5000 diets contain 500mg and 5000mg
a-tocopheryl acetate/kg, respectively. Values are ex-
pressed as mean TSD. Means bearing different
letters are significantly different (P <0.05).

ANOVA

WT ) TBAIiS” Cholestemf ) CTC
CTC < 0. 0L < (. 000 < 0. 0001
Yitamin E < 0. 05 < 0. 01 <{0.001
CTCXVitaminE =~ NS NS <0. 01
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not significantly different from the CTC- (Fig. 2-A).
However, absolute weight of the muscle was
significantly decreased by dietary CTC (data 1s not
shown). There was no effect of vitamin E on the
muscle weight. ANOVA showed that the effect of
CTC on abdominal fat content was significant, and
vitamin E tended to reduce the effect (Fig. 2-B).
Adrenal glands weight was decreased by CTC and the
effect tended to be reduced by high dose vitamin E
(Fig. 2-C).

As expected, TBARS in the liver was markedly
elevated by CTC treatments as shown in Fig. 3-A.
The in TBARS due to CTC was
significantly reduced by high dose vitamin E. The
ANOVA clearly showed that feeding vitamin E
significantly reduced CTC-induced TBARS incre-
ment. It was also shown by ANOVA that plasma
cholesterol concentration was significantly increased
by CTC, and high dose vitamin E reduced the effects.
(Fig. 3-B). Plasma concentration of CTC tended to
be increased by CTC and this was unexpectedly fur-
ther increased by vitamin E (Fig. 3-C). ANOVA
showed that the effects of CTC and vitamin E and the
interaction of CTC and vitamin E were all significant.

merement

Discussion

We investigated the effects of corticosterone and
vitamin E on growth inhibition and lipid peroxidation
in chickens using hepatic TBARS as an index of
oxidative stress. TBARS was increased when chick-
ens were treated with CTC and it was reduced when
large amount of vitamin E was given. This indicates
that glucocorticoid induced free radicals production
CTC also caused hepatic hypertrophy
(data is not shown). ANOVA showed that relative
liver weight was significantly increased by CTC.
These results are consistent with our previous study
using rats'®.

It has been reported that the growth of broiler
chickens is impaired in a dose-depended manner by
dietary corticosterone®. In the present experiment,
body weight gain was decreased to about 60% of the
CTC—. However, this was not caused by the reduc-
tion of feed intake. Growth inhibition due to CTC

has been mainly explained by enhanced muscle

in the liver.
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proteolysis”. Skeletal muscle proteins may be
damaged by oxidative stress as reported by Hunt et al.
10 The growth inhibition due to CTC observed in
the present experiment might partly be caused by
oxidative stress since high dose vitamin E reduced the
growth inhibition.
ratio due to CTC was also minimized by high dose
vitamin E as was shown by ANOVA. Requirement
of vitamin E as an antioxidant is thought to be in-
creased to protect tissue from lipid peroxidation in
CTC-+ group. Thus, high dose vitamin E may play
an iinportant role when animals are exposed to severe
stress. Indeed our previous study showed that the
increased lipid peroxidation caused by CTC treatment
is the result of a reduction in the activities of anti-
oxidative enzymes, and the vitamin E effect is derived
from the restoration of the antioxidative enzymes'®.
Despite the growth inhibition and decreases in the
muscle weight, abdominal fat content was increased
by CTC. It is also well known that glucocorticoids
cause hypercholestemlemiam. Recent studies show
that hypercholesterolemia is accompanied by increases
in lipid peroxidation®'”. In the present experiment,
CTC significantly increased plasma cholesterol con-
centration and hepatic TBARS. And vitamin E
reduced the effects of CTC on both plasma cholesterol
and hepatic TBARS. This is consistent with the
results of Watkins et al.?® who reported that 7-
tocotrienol and a-tocopherol reduced plasma choles-
terol and plasma TBARS in hypercholesterolemic
rats. These results indicate that CTC-induced ab-

normalities in lipid metabolism are caused by oxida-

An increment of feed conversion

tive stress, and thus vitamin E normalizes these effects.

Chronic corticosteroid administration or stimula-
tion of the adrenal glands results in slower growth in
young birds®. As expected, adrenal glands wel ght
were significantly decreased by CTC in the present
experiment, and the adrenals weight tended to be
increased by vitamin E.

Contrary to the expectation, increase in plasma
CTC concentration due to CTC treatment was further
increased by dietary vitamin E and ANOVA showed
that the interaction of CTC and vitamin E was signifi-
This is very interesting, but we have no data to
Yitamin E

cant.
explain this phenomenon at the present.




TANIGUCHI, OHTSUKA and HAYASHI

and CTC might share the metabolic system such as
glucuronide conjugation system in the liver and they
might be competitively metabolized by the system.
Consequently, plasma CTC concentration might be
further increased by high dose vitamin E.

In conclusion, the present study indicates that CTC
induces free radicals formation and oxidative stress
followed by hypercholesterolemia and growth inhibi-
tion, and these effects of CTC are minimized by vita-

min E.

10)
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